14' - MAR 2006 SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREOF
BACKGROUND OF THE. I NVENTION 1. Field of the Invention 5 The pre epm
invention relates to a seni conduct.or display device using a ' uZgisr
el enent (an el enment using a sem conductor thin film. Further, the present
i nventi on reI ates to el ectronic equi prrent usi ng the sem conduct or display
devi ce 2. Description of the Related Art 10 -
Techni ques ﬁ%&%@ﬁﬁgj{;)WEUég&ANﬁ UFACTWRENGY METHORBeveral nm
to several hundreds of nmthick) formed on a substrate having an
insulating surface in order to f orTRIEREG® n filmtransistor (TFT) have been
in the spotlight in recent years. Thin film transistors, are wdely '
appl i ed to el ectroni c devices such as ICs and sem conduct or di spl ay
devices," and in parti cui3 devel oped as sw tching

el ements for liquid 1 ' aN BRANFE|  di spl ay devices. EL
di spl ay devices are also referred to as organl c EL displays (CELDs) and as
organic light-emtting diodes (OLEDs). EL display devices are
self-li?g‘t.-gﬂfti_{i Eﬁ EL devices have a structure in which a |ayer

cont ai nf g &rPdrgalT @B pound (EL |ayer) is sandwi ched between a pair of
20 el ectrodiﬁ?(an anode and a cathode), and the EL |ayer usually has a

| ani Rat i on u@iet'?lerr?st Hﬂ"qné‘r?f‘né? Bh @ raué?‘ﬁrcé’ petge h‘é)‘PlélaY rERvEoEiNggal ayer
a |light eemtt(rl(% % n electron tran ortrgl iayer de eIoRed by
Tang, el at.,  of EastHah ROBY{5iPg 2 SERiGeR: F“s?éﬁ U& tﬂéf U

| am nat | R0 SLL Ut ure. o h| s truct ure. has extr ‘f tt| ng

ef fici eNcy, and most e esttﬂg %Efoﬁr%e&“w“%\%@e EHIY I s,%ay ¥Esr ched
and dev y this structure. Electro | um nescence generated by
t he addﬁ?gﬁglg% pgrrmérfect ric field is obtained in the

2. Description of the Related Art
10 ‘Techniques of using a semiconductor thin film {on the order of several nm to several
hundreds of nm thick) formed on a substrate having an insulating surface in order to form
a thin film transistor (TFT) have been in the spotlight in recent years. Thin film
transistors are widely applied to electronic devices such as ICs and semiconductor display
devices, and in particular, are rapidly being developed as switching elements for liquid
15  crystal display devices and EL display devices. |
EL display devices are also referred to as organic EL displays (OELDs) and as organic
light-emitting diodes (OLEDs). |
EL display devices are self-light-emitting. EL devices have a structure in which a
layer containing an organic compound (EL layer) is sandwiched between a pair of
20 electrodes (an anode and a cathode), and the EL layer usually has a lamination structure.
A lamination structure of a hole transporting layer, a light-emitting layer, and an electron
transporting layer developed by Tang, et al., of Eastman Kodak Company can be given
as a typical lamination structure. This structure has extremely high light-emitting,

efficiency, and most of the EL display devices currently being researched and developed




EL el ement, which has an anode | ayer, an EL | ayer, and a cathode | ayer.
There is emssion of light in the organic conpound when returning to a_
base state froma singlet 5 excitation state (fluorescence), andl SviddR 2008
returning to a base state froma triplet excitation state
(phosphorescence), and the EL di splay device of the present invention nmay
use bot renhploeshiokerlit@bd, em ssion. Further, a structure in which a hole
injecting layer, a hole transporting layer, a light- emtting |ayer, and an

el ectron traileqes lunifledcayes geﬁéf’atécf]{? tiﬂ@taﬁgitéog oﬁ%ﬁl Egt?igﬁggid?@ Oﬁgieg%&e 12 2

structure in which a hole injecti ayer,
i gt - erfl elongerlcAybich BB 6h ARSIk AP AT B9 LVEL 0] a0, elget on

injecting layer are lam nated in order on s éd.

. Dopi ng amissicmbeliglalin Sheh ; - nt_pignent into the, light-emtting
I ayerﬂmay allso beg pérrlf or n}ég%ﬁlﬁqrﬁq aygr s orre?r% MRPARAE sAte o siieta

th Batiedh d p . i thi t his
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speci fication. The above stated hole 1 njec

| ayer, lexghtbtiemsiatd (thossly®esceBESC tj | ayer, and .el ectron
injecting layer ar e&glt hlg?ef%che ?f Iaﬁ((g:)gtrl\% glﬁ%%‘{eﬁgﬁ o?ﬁ S PESYIRYNUQ: o ¢ hat

t he em ssayomsedfoch irgpes oblight@nidiog! ement is referred to as driving of the EL
elenent in thi's specification. Note also that, throughout this

speci fi cat i durther,ghtruerdrt ir wbichahobd iBfERALS 1&ef T8Iy, o@f#ﬁ?ﬁﬂe&%ﬁl‘ | ayer,
e Il =

and a cathode are referred to as EL elenents. An actl i spl ay

devi ce Kagtinglaye| ampbit éleqron trinspoRdind lﬁ*érta)/edlgfnitﬂfté&%n%rd&%%gb&ﬁog\é{”%@h has a

TFT and an EL elenent.. An inmage is displayed in the pixel

cont K| lisergicture iretwbichrai toleinjaceing Idyes aitog: drﬁhs?abﬂir@uagr STRAE-Wifhhg Ly, 25 10
particular, a high nobility can be obtained froma TFT Using a
seni con@belestror iramsphatinlgyer, eng st aldciron isfkred Mye 26 LARnaeH MO AaYe! -
(crystalline TFT), and it is therefore possible to integrate functionality
circuit Sné’f‘ﬁodﬁ Sk kedr Bwiegnof o matdrzbswhhis gHhdrddle RQBombndigks i i on
' mge dlligﬁlt-%%/rﬁtting layer may also be performed.
All layers formed between an anode and a cathode are referred to generically as an
15 EL layer within this speciﬁc'ation. ‘The above stated hole injecting layer, hole transporting
lgyer, light-emitting layer, electron transporting layer, and electron injecting layer are
therefore all contained within the EL layer. D
Note that the emission of light by the EL element is referred to as driving of the EL
element in this specification. Note also that, throughour this specification, light-emirtting
20 elements formed by an anode, an EL layer, and a cathode are referred to as EL
elements.
An active matrix EL display device has a pixel portion with a plurality of pixels, each
of which has a TFT and an EL element. An image is displayed in the pixel portion by
controlling the electric current flowing in the EL element with TFT.
25 In particular, a high mobility can be obtained from a TFT‘ using a semiconductor

filmw having a crystalline structure as an active layer {crystalline TFT), and it is therefore

possible to integrate functionality circuits on the same substrate and realize a high




Sem conductor filnms having a crystalline structure include single crystal
sem conductors, polycrystalline sem conductors, and m crocrystalf ig,rnﬁffgﬁ 2608
sem conductors in this specification, and in addition, include the %
sem conductors disclosed in Japanese 5 Patent Application Laid-open No.

Hei | - 130652, Japanese Patent Application Laid-open No. Hei 8-78329, :
JapanesdefRationtimApPlisgy] on Lai d-open. No. Hei 10-135468, and Japanese

Pat ent Application Laid-open No. Hei 10-135469. Between one mllion and two
mllion crySémichh T S i only a pixel, matrix circuit
(hereafter ref errgga;gg gﬁmjﬁ%oa??{%ﬁlﬂ% #‘écél‘“pet dndlpde csingle chitakict i ve

10 mat r jemicbndb&Btse LG : han that nunber of crystalline TFTs
are requi red for i %@%tggﬁgg%hncp ﬁ%tﬁ%fr R T n?eﬁ%axﬁwt@%@

peri phethis sgdrefi i fa i . i for the,EL digplay,device are
strict, anéﬂ-i nl%r@i?gr fa?gq%eérafagtrﬁrﬁg gﬁ%%ﬁg the aglcapg‘f)qt%?,i&tloﬁ)éé RaB¥EAty to

assutbe Phent Alpbaiddd Yai@f t { 1. oIFT ghar.acteristics can be
consi dered as plgi Vi ded aﬁgﬁﬁggﬁ% E%gz 1§¢65a?hfa 8%5%%?;{’ ] pi“iao{l‘frhll&g OBf an of f

st ate. Ebarféﬁt&fiBsw,C]%ng@stg Pste Aﬁ%{ﬂ:’ﬁ%ﬂ L%gérﬁghtgqp frﬁ\l{rall Ef}q 4ggd t hr eshol d

val ue are known as on state characteristi CS, 0] tﬂ'édrmst

i mpor t afdpantde RireheApshaniaet fid$ g&Nd—l@.}{:\g_ Y811 re is a problemin that
the off current easi Fy becones hlbgh W t grlgg{ig;ﬁl ine TFTs. 20 Furthernore,

crystal | i neBatwEsnane msillidd ambiwd sHoh BryMBirk "B St BE%S%%{&Q?MEE%&I

manuf actured on a single crystalline sem conductor subs sitng LSIs

from a mehiimbirtiiry(hesdabaepefentd 5@k paXd tt]tgm) %%&é%%%&@uﬁhﬁé%%’ nin

whi ch the nobili ti/mand the on currént el ectric current ow ng when

t he 1PFTmRgri BL dispbry deviat pindimon: chan ghdhiintfet of GWHAIBAL T(Ft[@%rtelleﬁﬁfrfd forcurrent
fl owi ng when the TFT is in an off state) rise, when a 25 crystalline TFT is

cont i nuB§sAtacdeil Ven tmabinbeierviniseiadd. the beﬁﬂxérﬂoﬂfﬁhfspéd?@éat&ﬂ@ rd¥Rfiredcarrier
ef f ect é)s ti}ge cause, and that the degradation phenonenon is caused.by hot
carri er’9r et display dewisetave atititgindirecidet €o hebieh siablengnagecligiliy 10 a
drain. 3 Alightly doped drain (LDD) structure is known as a nethod of
| ower i NdEYERBIHEG assure the reliability of each crystalline TFT. '
TFT characteristics can be considered as divided between those of an on state and
15 those of an off state. Characteristics such as on current, mobility, S-value, and threshold
value are known as on state characteristics, and off current is the most important off state
characteristic.

However, there is a problem in that the off current easily becomes high with
crystalline TFTs.

20 Furthermore, crystalline TFTs are still not used in MOS transistors (transistors
manufactured on a single crystalline semiconductor substrate) using LSIs from a reliability
standpoint. For example, a degradation phenomenon in which the mobility and the on
current (the electric current flowing when the TFT is in an on state) drop, and the off
current (the electric current flowing when the TFT is in an off state) rise, when a

25  crystalline TFT is continuously driven have been observed. It is thought that the hot
carrier effect is the cause, and that the degradation phenomenon is caused by hot carriers

developing due to a high electric field in the vicinity of a drain.




current in a MOXS transistor by relieving the high electric field in the
vicinity of the drain. A |low concentration inpurity region is f1°£}%ﬂ{%%i}ﬁ
the outside of a channel region with this structure, and the lo
concentration inpurity region is referred to as an LDD 5 region. In
particul ar, the high electric field in the vicinity of the drain is

| i eved b d h | i abi | '
be. | noreased wpnay (bBed Rlin 3L DFF) 6 @na% RS 2 Snefomnt iaurons weerd aps
ith a oajse ate ating fil gate-drain
\cl)mverl apped IEEDIE)&&%{%?)?S%}%%?%? @leg tgeb ! eé:tlli‘ce ‘Fé:ﬁn mﬁ(leﬂWm)Elr]illetdﬁ@nLDD

reai on_ OX6h BRI S ARLS (SLSS I RdR.dInoNOn Lhe gatg Ineulating film

|s referred to as an Pl legipB Vit

"over | aphid gtr,g&{,& SBe f al so. that structures such as_an
LATID (large tilt ang g{el lr(r)p%g&r)f?& U éﬁ,{;ﬂpugﬂz GodiR & ferreth @ Pe oD kPRverse T
LDD) stridgiogdre are-known as GOLD structures. 15 There is a GOLD structure
in which Sidewalls are forned by silicon, for exarrpl e, reported in Hatano,

M, Akinoto,] o 23- 7, and
it hasI been g?ﬁ%@n@ﬁﬂkﬁgﬁ h-al‘-a'r%eaé % r eZ{ ﬁ?fﬁggp b tﬂ@ﬁi‘@ﬁllﬁ f‘ﬁ?‘ﬁvﬁgﬁ%‘bg

bt ctaenspeted T te. that t hi
gpeg: P?cgtl on, % rcgg:]%)érﬁ'lpﬁg Ed %Edf#elgll}l ogi én gescr%&d 3@’§PI %‘ﬁre B0 wi t h

the gat stmcmrmdemcwm@wmereg@he?mapé gmm daled orEHset{g; BEOGH § B8 an

Lof f region (second LDD region) at 3 r%u pgate

speci f i dasulonng fiby pak- df&ﬁ'xh@ﬂa?la%ﬁed@w asopn &‘E’uég E'QXT I‘E’(?%chﬁt.s 'P&u&? tlrt' an

Lof f region and an Lov regi on have been propose

mask 10 anchiah mk¢ hBD t@ﬁ(ﬁﬂo@erﬁ%ﬂ; widbrheled dlede,dani Ak E@ ohé%ﬁglﬁaﬁmti Elm '

nutual Iy differing widths and a gate insulating fil'm tgnm::nt
can be gs veferrad toeishad 4 oof repimfiagt LD keyMoR @AM 1ﬁ6féa€e§e‘ol7'9ﬂcl£ r%rt%g
However, two nasks are required in order to formthe Lov regio

Lof f regcfaﬁcamitnrn usi ng a nmask, and the nunber of process steps is
increased. On the other 4

Note also that structures such as an LATID (large tilt angle implanted drain)

?he

structure and an [TLDD (inverse T LDD) structure are known as GOLD structures.

15 There isa GOLD structure in which sidewalls are formed by silicon, for example, reported
in Hatano, M., Akimoto, H, and Sakai, T, [EDM97 Technical Digest, p. 523-6, 1997, and
it has been confirmed that an extremely superior reliability can be obtained compared
with other TFT structures.

Note that, in this specification, a region in which the LDD region does not overlap

20  with the gate electrode through the gate insulating filrﬂ is referred to as an Loff region
(second LDD region) (“off” indicates “offset”) in this specification.

Several methods of manufacturing a TFT possessing both an Loff region and an Lov
region have been proposed. A method of using a mask, and a method using a gate
electrode having two layers with mutually differing widths and a gate insulating film by

25  self-alignment, can be given as methods of forming the Lov region and the Loff region.

However, two masks are required in order to form the Lov region and the Loff

region when using a mask, and the number of process steps is increased. On the other




14 MAR 2006 hand, when formng the Lov region and the Loff region by self
al i gnnent, the nunber of nmasks need not be increased,, and it |1 g @jﬁ
t o suppress the nunmber of process steps. However, the width of 't %3%’:\12

el ectrode and the thickness of the gate insulating film influence the
position in which the Lov region and the Loff region are forned. The 5

et chi ng rates, of e electrode and the gate insulating filmdiffer,
and. R}}a?dgf"h?’i‘ EQIFP“% 31 lversgioal apndabaioffiregitrebpadf dlicamaht, ahé ganet ofof t he
Lov regl on.and é off regi on.. SUWARY OF THE IN\/ENTIO\I In view of the
above, a%‘Bj“@E ?%f%%ééeﬂﬁﬁ i Fﬁvmﬁilbbrtmsspgreaasthppm&émr vherovewshesps. of
masks n form.ng v. region and an Loff region, and further, to easily
form awﬁ@wﬁ‘éﬁfs F}@g‘i"@ﬁnh @gdl%gﬁtt@iefmpdg iaod the thicksnesedf thecaie malatllﬁg rfillmer , an
object qf ;the present inveption is realize a crystalline TFT in which good
char act é? ‘é‘f‘?%sti‘éé??sﬁ@nolﬁ‘t ‘ﬁgﬁédfheﬂ-o‘fo@gwﬂamd)dlesﬁaff eegiord agnfooft:d s tHtee.
Anotgi ect of { epre ent venlonlstoreallzeahlghrellablllty
seni igg RSP CHJ&\H é“é@ﬁﬂ%&@tﬁlﬂct oy differ, eud it diffmdt by  thi s
type of LY stallin FT ,1,5 Qé’rl urlt s added to a sem conductor | ayer
by usi n&”% E‘éY PR RESTHAR lgﬂﬂlenwa Iavvgag@nemdcrbpé@éf regiont i | i zed, and
by using a nmask, form ng an Lov region and an Loff region. The gate

el ectrode is formed froma two | ayer conducting film and a layer closer

to a sem conductor |ayer (& z i.s made longer in a
channel |ongitudinal dir 8t eHfs e Zave direction) than a | ayer
farther fromthe sem conductor | ayer 20 (a second el ectrode). Note that, in
this specification, the term channel | ongi tudi nal direction refers to a

d b d whi ch [
roves. e TBNgrRer U AREE ASTHEN F i Petifr iRk es Sipteea i Bhthb eren:

d | d
(her eat oy gﬁ?ﬁé&t“éﬁé amﬁq’ f%l"%ﬁ?@add?sﬁgﬂf‘f“m& aoy ?‘bfgfég?#g?%l? ey i n
the o5 egeRt relo¥eHd 9R Lo%yreg%g A" 059 1O Rk EELL RN, Wit fhi ject Lt pres%OOG

invention is realize a crystalline TFT in which good characteristics can be obtained in

both an on state and an off state. Another object of the present invention is to realize a
high reliability semiconductor display device having a semiconductor circuit formed by
this type of crysfalline TFT.

5 An impurity is added to a semiconductor layer by using a self-aligning manner in
which a gate electrode is utilized, and by using a mask, forming an Lov region and an Loff
region. The gate electrode is formed from a two layer conducting film, and a layer closer
to a semiconductor layer (a first gate electrode) is made longer in a channel longitudinal
direction (a channel length direction) than a layer farther from the semiconductor layer

20 (asecond electfode).

Note that, in this specification, the term channel longitudina.l direction refers to a
direction between a source region and a drain region in which a carrier moves.

The lengths of the channel longitudinal direction (carrier movement direction) of
the first gate electrode and the second gate electrode (hereafter referred to simply as the

25 gate clectrode width) differ in the present invention. By performing ion injection with




the first gate el ectrode and the second gate el ectrode as masks, and &
utilizing the difference in ion penetration depth due to the dif fieaRcEEN
the thicknesses of the gate electrodes, it is therefore possible to nake
t-he ion concentration within the sem conductor |ayer |ocated beneath the
second gate electrode | ower than the ion concentration within the 5

seni condiBt 8t gaty electrodateditthatamd dage dlbdtiidedakts &l (S}ﬁ L@, tp,’ie ?Qﬁgtégcg. bl e

posi ti oni ng bel ow therd sglfgnd gate electrode.- I'n ad ion, 9-
to make BN prnegttioerdepet Hoa tontteifferchee irS@RiR ¥l JOGALRd bel ow
the first gate electrode |ower than the ion éogggéﬁl&tgésgéfitg%"g‘;“tl% fodes,
seni condifcidneredgrerponsiblel toamtles thecionv dnben didct wﬁﬁh?hl?el s%?ﬁi%@rﬂ:ﬁm];(}r"l‘at hout
e Lo

positioning bel ow t he second gate el ectrode. 10 Further, t r%egri on is
&

formed udeagechbeniesth ehecsertied ghterobecoridy I60a Wastl: ok &ﬁeeﬁu{)&dﬂmﬁﬁtﬁ ed b

el ectrode and the width of the second gate el ectrode nmust be contro
- et chi ngEmiRadecat laytr lotatetbeloacht e ook clderoleffik Qg QﬂtiéﬂﬁlmtbP%»Jt gation
of the Lov region_ becones easy conpared to that of corln)ventl onal exarpl es.

Consequeffqad gareleasrodso dn nddiniah, ialsipgsitdato mike de itLrPé(nfc@H%rQﬂo@Qﬂhh Lof f
regi on becopes easy,, and it also 15 becones easy to manutacture a TFT
havi ng d&dPIceaderar devasr lematesk belitw ube ufies @fe tdhe tRIRS BRferl RENthonHar e
shown bel ow. A s‘tr-u(%tl.llire of the present invention is a sem conductor

di spl ay HUTEEAHEY Hgtheasenviepndisnotubyear nowalpestell el e fiddt dabs Wleatrbag
surface; a‘hgate i.nsul ag}:q[}g filmcontacting the sem conductor |ayer; a
first gat't"efbppdeRing dstoae thefgcemboarattectodel ating film and a 20 second

gate gjl ect roﬁe 6ont aC]te‘i? g the first gate el ectrode; characterized in that:
the S8m condbiditast Fhe/keff Fagiomis doraraseisingmaskepriediensioreldl; thegiidasof the.

cont acti@lrg?tt Lhe channel ogm’ ng.region, and a source region and a drain
regi on cont &85 ﬁacttr PO tRe diieihsot thesecans! gatdtehcoode meustibestongatlied by -

el ectrode kn a channel, | | tudinal direction is wider than the width of

t he secoeﬁ‘& gfégré“‘éF%‘&Ef?longﬂg #@H@n@ﬁﬁwdeqff teaiogianddhe kicadon ef thiednyv ragion t he

LDD r egqi verl ap. the first ,gate el ectrode, sandw ching the gate 6
9 LA easy pcompareél fo. thas o? lconventiona? examples. Congequentlg, minute

positional alignment of the Lov region and the Loff region becomes easy, and it also
15 becomes easy to manufacture a TFT having desired characteﬁstics.

Structures of the present invention are shown below.

A structure of the present invention is a semiconductor display device having: a
semiconductor layer formed on an insulating surface; a gate insulating film contacting the
semiconductor layer; a.firs-t gate electrode contacting the gate insulating film; and a

20 second gate electrode contacting the first gate electrode;

characterized in that:
the semiconductor layer has a channel forming region, LDD regions contacting
the channel fonging region, and a source region and a drain region contacting the LDD
regions;
25 the width of the first gate electrode in a channel longitudinal direction is wider
than the width of the second gate electrode in the channel longitudinal direction; and

the LDD regions overlap the first gate electrode, sandwiching the gate




14 MAR 2006 insulating film Another structure of the present invention is

a sem conductor display device having: a sem conductor |ayer fgr on_an
insulating surface; a gate insulating filmcontacting the sem. dhg‘ifiﬁ @blb

| ayer; a first gate electrode contacting the gate insulating film and a 5
second gﬁgﬁagﬁéﬁ&%ode contacting the first gate electrode; characterized in
that: the semtonductor |ayer has a channel form ng region, LDD regions

contacting ARQ&H fenm ng region, and a source region and a drain
regi on contactl ng tEeﬁ{rﬁﬁp&'}e@é‘%Sﬂ%l?‘vﬂ@@%a%ﬁ%ﬁ@ﬂdmtwm‘éspﬂaynkmcghmngz

el ect r odgeniicdh, I [fudinal direction is wder than the width of
the second gat e&g@gﬁ%ﬁwcﬁ@ EIS4RGDE sudacs: @ gafierinsulatingfdm amradtg LDD

regi ons QY 8k | figst gate electrode, sandw ching the gate
insulating fi I&%rﬁgtthtgr %eﬁgr,cahfgrﬁtn%%’e ?[g?‘?ﬁ? CAEF B 169 grtedpsilpingfilnhendecond

gat e | geddRpe, i chingthe gate jnsulating film Another structure
of the present % ﬁl\]/egﬁtglagg%éggﬂgg?ﬁ @%ﬁ%ﬁ?lﬂmﬂ?ﬂ%pl ay device having: a

sem conduct Qhatla%b’e?fze(ﬂﬁ{gﬁq- on an insulating surface; a gate insulating film
contacting the sem conductor layer; a first gate electrode contacting the

gate insul ati nggid ; ate, el egt.rode contacting the first gate
el ectrode; and élaé %ﬁ%@gﬁgﬁ%%@b&éﬁébﬁ%‘?eﬁq%’éﬁ Weﬁl%ht)pﬁeﬁ]é‘%@?ﬁthCt or

| ayer halge ahg&tian £ OC.L0: i DD regions .contacting the channel
form ng region, gﬁ%jmgb g%@géhraggsﬁgfﬁeg%%aﬂ‘? ﬁﬁﬁm?ébgl%c%%ﬂﬂa’é& theg-lPRe LDD

. regi onsregdibs;w dth of the first gate el ectrode in a channel |ongitudinal
direction is wider 25 than the width of the second gate electrode in the

chanifel | ongi t ughengidtlbf @6 i Q8a el : i.ons;qver | i.th the first gate
el atelell ﬂf&iﬂ?xl)o ireCtion 1s wi
ol ectrode,  sandwi ching the rpaeelic g ha Infinl,'(n,,ltuxﬁgal\@uecuomsw1der _
tha i : : 5 .
n the width of the second gate electrode in the channel longitudinal direction:
the LDD' regions overlap with the first gate electrode, sandwiching the gate
insulating film; and
the channel forming region overlaps with the second gate electrode,
15 sandwiching the gate insulating film.
Another structure of the present invention is a semiconductor display device having:
a semiconductor layer formed on an insulating surface; a gate insularing film contacting
the semiconductor layer; a first gate electrode contacting the gate insulating film; a
second gate electrode contacting the first gate electrode; and an EL element;
20 characterized in that:
the semiconductor layer has a channel forming region, LDD regions contacting
the channel forming region, and a source region and a drain region contacting the LDD
regions;
the width of the first gate electrode in a channel longitudinal direction is wider
25  than the width of the second gate electrode in the channel longitudinal direction;
the LDD regions overlap with the first gate electrode, sandwiching the gare

insulating film;




7 14 MAR 2006 the channel form ng region overlaps wth the second gate
el ectrode, sandw ching the gate insulating film the EL el ement1 ‘E}%ﬁﬁ%{}ﬁ
anode, a cathode, and an EL | ayer fornmed between the anode and'thé®
cathode; and 5 the drain region is electrically connected to the anode or
the cathode. Another structure of the present invention is a sem conductor
di spl ay devi ce hgvi ng: eﬁ ?en‘i‘condu.ctor | ayer fornmed on an insulating
surface; a gate T sﬁﬂé‘f‘? g'FTRE degipacovarlyps twieh siei sanductaEe layesde, @
first ga%el}cgl.eﬁ.tro e cont acit ing.the gate insulating film and a second
gate el edtTOHENOEAPG SRt eARsUlpdngfilost gate el ectrode; 10 characterized in
that: the width g{eéh first gate electrode in a channel | ongitudinal
direction is w dfi¢ EL ¢lameph asgnanedesa eathodeeandhon Ghtleyce featedddavden thbe
channel !188 i%ucgi nal iqiecti on; the first gate electrode has a tapered
shape i n"cros n-gbetcr o eriaéﬁ end portion; 15 the sem conductor |ayer has a
channgl form ng rerg!':'[ on, LDD,rel%i ons contacti ng the channel form ng region,
and a’source regﬁh(ff rainfegiogyis fliciegilpronnsatedavithg andde eDbe amegidens: t he LDD
regi ons overh?‘ k\{gth t he #ﬂSt gate el ectrode, sandw ching the gate
i nsul ating fi ARAUFHT HEDCHISHRE InVeBEian ig semispoduavedisplpsdevitdhavie: second
gate ele sandw ching,the gate insulating film The LDD regions in
t he abov%gé@rﬁgggﬁ?@g I %’é‘%@ﬁ?@d@‘ﬁa'&n&mﬁ%ﬂﬁ@m gulzeing éilm coytaaddpng an
i mpurity 3 into the senicondyctor. | ayer with the second gate
el ectr odtek@a%@%rr%ds%?oﬁ%y%? 5 ﬁ%teﬁi‘?é%@ﬁl@ CPRAEHDE e, gath insobnivgrimasida  of
the i npug.l iRt reaions ,at. | east .contains a region having a
concent E%'tclb}é% ggtrea igcetlr'l(g%icﬁ) a he firscgpigplectiasiesx 10 a
' 10 " characterized in that: '

. the width of the first gate electrode in a channel longitudinal diréction is wider -
than the width of the second gate electrode in the channel longitudinal direction; |
the first gate electrode has a tapered shape in cross section in an end
portion;

;5 : the semiconductor layer has a channel forming region, LDD regions contacting
the channe! forming region, and a source region -and a drain region contacting the LDD
regions; |

the LDD regions overlap with the first gate electrode, sandwiching the gate
“insulating film; and

20 the channel forming region overlaps with the second gate electrode,
sandwiching the gate insulating film.

The LDD regions in the above structures may be formed in a self-aligning manner
by adding an impurity element into the semiconductor layer with the second gate
electrode as a mask.

25 . With the present invention, the concentration of the impurity in cthe LDD regions
at least contains a region having a concentration gradient in a range of 1x10" to 1x10%®

3 . . . ' . .
femy’, and may be characterized in that the impurity element concentration increases as




/cm . and may be characterized in that the inpurity el enment concentration

increases as 8 1 4 MAR 2006 the distance fromthe channel form fho: fii @006
i ncreases. Anot her structure of the present invention is a sem conductor

di spl ay device having a switching TFT and a driver circuit TFT; in which:
5 the switching TFT and the driver circuit TFT each has a sem conduct or

|l ayer frbeeda R BbmicAs Hhatd Jace a gate insulating filmcontacting
t he sem conductor |ayer, %ﬁe?lg:)rrgﬁﬁcggetglednelpg I9de contacting the gate

i nsul ati ng fA . el rode contacti the first gate
el ectr ode;g t h%%eg%%ﬂl%¥é?ﬁg{%r%ngﬁl§?§ﬁéq18315‘?%‘&8“' ergr ‘@%&ﬁ‘f@“‘qeéﬁﬁlr’?%di nal

~directi anevhischh BT Y 4 BaRetde e of the second gate el ectrode in the
channel |ongitudinal direction; the Sem conductor |ayer of the switching

TFT has a charsigthformng region overlapping with the second gate
el ectrode, sandw ching the gate insulating film first LDD regions

contagti ng the ¢RaymedhihOTHMGJ"RI} ] appihbng with the first gate
el ectrode, sandw chi %hl{l?lg gat g tlﬁﬁgg %@%&Rﬁﬁ% C@é@gﬁaerﬂﬁﬁ“ﬁ?‘éﬁ%{‘}ger

Comt act ifoantchon & instladifig LR su Ak AnPQUCESLSRE O 20N AR 00" O

contacting the second L regli ons; an e sem con q e

driver aifisuighteTHIckhak @oribanielhef QLM gi §ng. WMith the
second gate el eect r%de, sandw cchéi ﬁg@:‘ﬂxe&gg‘@bifﬁ@‘m"‘a\kﬁ%&ﬁ% mgtet (ﬁle?t&meLDD

r egi ons conmndaiticithg firdteachebheddet oOr m ng regi on and.overl apping with the
first gate 20 el ectrode, sandw ching the gate insulating film and a source

region and a dr shewideliobthe feQRhaclddhde iea tiidd bR L& hﬁﬂfem&g athgl,
structure of the present invention is a sem conductor display device having
a sw@ chhmg fiEwidthdfahesdooad gater dettodERT thé BhaMHet ngitudinal directon;
the semiconductor layer of the switching TFT has a channel forming region -
overlapping with the second gate electrode, sandwiching the gate insulating film; first
LDD regions contacting the channel forming region and overlapping with the first gate
electrode, sandwiching the gate insulating film; second LDD regions contacting the first
15 LDD regions; and a source region and a drain region contacting the second LDD regions;
and
the semiconductor layer of the driver circuit TFT has a channel forming region
overlapping with the second gate electrode, sandwiching the gate insulating film; third
LDD regions contacting the channel forming region and overlapping with the first eate
20 electrode, sandwiching the gate insulating film; and a source region and-a drain region
contacting the third LDD regions.
Another structure of the present invention is a semiconductor display device having
a switching TFT and a driver circuit TFT; |
in which: |
25 the switching TFT and the driver circuit TFT each has a semiconductor layer

formed on an insulating surface, a gate insulating film contacting the semiconductor layer,

a first gate electrode contacting the gate insulating film, and a second gate electrode




25 the swtching TFT and the driver circuit TFT each has a sem conduct or
| ayer formed on an insulating surface, a gate insulating filmcontacting
the seniconductor layer, a first gate el ectrode contacting thel dafdR 2008
insulating film and a second gate electrode 9 1 4 MAR 2006 contacting the
first gate electrode; the width of the first gate el ectrode in a channel

| ongi t udicoaladinkQ&k ifigh ch: M .than the width of the second gate
el ectrode in theg channé’F1 I on(%lﬁ%d&di nal direction; the first gate el ectrode

has a tapered sh ' - [ in.an edge ortion;.the
sem conduct or | a?%e Wic()jfahts Rgéguvﬁ%%gﬁie%&t Hh%&%“ﬁﬂﬁﬁﬁé‘l‘dmg\ﬂﬁﬁeﬁ@oﬁ Byid

over | appithgn\thd Wi t and hi ng,the, gate insul ating
film fi rst Lwlétggﬁfgﬁ‘g%ggﬁ?g%‘?ieﬁég‘:%f%déq‘gﬁ%ﬁ@mff @Hﬁ-’ﬁ PR ISR

over | appi ng W t helkh@irdi g58 B cir sandwi chi ng the gate ingul ating
film second LDD regi onés cont g%tdfe%a%t égl?es?%fﬁﬁqf Ebﬁqugd?‘ﬁﬁ)é} IHR8 ¢lour ce

regi or apdraoir ai n regi on contacting the second LDD regions; and the

sem conductor |ayer of the driver circuit TFT has a channel form ng region

over | appi ng wi ¢ hckhenesaid:dther A eL LONRMaARMLN g Lhe, gate | nsul ating
e C

film third LDD regions contacting t annel & HE PEGICHRIEHg4on

over | appiongrlupihg tlhieh fher Stofhse e @tRiet LRAUG i ching the gate .
i nsul at iD%g film and a source reegi on and aqg?%}lﬁﬁ‘gggg agh 1%5‘:11 [g}gtg@ﬂ]g firife

t hi rd LDDIPlegkgioss cotithdtitdéheitas 8t foHANMEREHOR; e RGLOR,.PL Lhe
inpurity in the first LDD regions at 1Igas’?1 cgrnl%lg?%@%@%%}tgtﬁhﬁgﬁﬁﬁtea
concent r aldcordgy saditenthingiha gaeniasulafing R séedl LbpLQkBut & tacﬁlgbdthtqu
Jinpurity el ement concentration increases as the distance from the g
channB) {.&Riregjonse ghda siurce epsesanddl dibirt 0gioRI88BREnk SRESRME D Boions;:
concentration of the inpurity in the third LDD regions at |east ¢ont’ains a
regi on havﬂng a concentration gradient in a range of ix 10" to |x 1018
/cm, and the inpurity el enent concentration increases as the distance from

t he the semiconductor layer of the driver circuit TFT has a channel forming region

overlapping with the second zate electrode, sandwiching the gare insulaﬁng fil; chird
LDD regions contacting the channel forming region and overlapping with the first gate
15 electrode, sandwiching the gate insulating film; and a source region and a drain region
contacting the third LDD regions. |
With the present invention; the concentration of the impurity in the first LDD
regions at least contains a region having a concentration gradient in a range of 1x10'7 to
1x10" fem?, and the impurity element concentration increases as the distance from the
20 channel forming region increases.
With the present invention, the concentration of the impurity in the thitd LDD
regions at least contains a region having a concentration gradient in a range of 1x10' to
Ix 1018_/cm3, and the impurity element concenfration increases as the distance from the
channel forming region increases.
25 With the present invention, the first LDD regions or the third LDD regions may-be
formed in a self-aligning manner by adding the impurity to the semiconductor layer with

the second gate electrode as a mask.
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channel form ng region increases. 25 Wth the present invention, the first
LDD regions or the third LDD regions maybe fornmed in a self-aligning

manner by adding the inpurity to the sem conductor |ayer vvithT] %@@Rs@ﬁ&l_hd
gate el ectrode as a nmask. 10 1 4 MAR 2006 Anot her structure o he present
invention is a sem conductor display device having; a sem conductor |ayer

formed on anj i urface; a.gate insulating film a first gate
el ectrode; ai@géﬁkﬂﬁgﬁgg8F@8PF‘?§8%E‘3‘£F“HOP§%3WQ uctyr dsplondevicahaving: a

first in [0 latingfilm,. a,second interlayer insulating film and
an inter tﬁgg#ﬁ@dw{roﬁé@é??gngggpgﬁb‘m@%% ﬁlrfaﬁﬁ‘t%gittﬁ}élsgbmiag ififra 1@ futst gagef i | m

is forne 1 ' Lat. suyfacg, covering the sem conductor |ayer;
the fir stglegé‘{%éie'e'ﬁgss*%@idé e%&n‘gg‘itﬁ%{er i §¥Sf WiFRgg2 speontoviring: cofitstdnterlgydarhe

ate inst ' L. 0.ih econd gate_el ectyode and the second wiring

gr e for rréﬂdﬁ%dcgn afE:IH’ ng]gse%%ne& 'ﬂ%‘?fiﬂﬂfef gapiatpg é‘ﬁ‘f‘r arpdepaliqte patings ri ng,
respectivel yep i e electrode and the first wiring are forned from
a first condﬁc%ljlagtéah?%‘f{rlﬁ &t% ‘e second gate el ectrode and the second wiring

are fornmed from . ducting,fil the first interlayer
insulating film ﬁ}ses o?rr}rgsdm(}:tgr\lﬁgﬁglﬁ& %OFF? d Ve heymsdadng surfasge coverig decond

gate el eggrhﬁggau@tgglgygf.st wring; the second wiring; and the gate
insulating film the second interlayer insulating filmis formed over the

first interlayerhe2@st Bgidl ALd fj the intermediate wiring is formnmed
covering .the second iSn?er l%&éﬁeﬂdﬁ{ﬁﬂ&q ftlr:rgt *t ﬂ“n?re?ﬂﬂng%c%t% g & BRE t he
first inteulayerfiliisul ating filmthrough a contact hole forned

10 the second gate electrode and the second wiring are formed contacting the first-
gate electrode and the first wiring, respectively;
the first gate electrode and the first wiring are formed from a first conducting
film;
the second gate electrode and the second wiring are formed from a second
15  conducting film; |
the first interlayer insulating film is formed covering: the first gate electrode;
the second gate electrode; the first wiring; the second wiring: and the gate insulating
film;
the second interlayer insulating film is formed over the first interlayer
20 insulating film;
the intermediate wiring is formed covering the second interlayer insulating
film, and 50 as to contact the first interlayer insulating film through a contact hole formed
in the second interlayer insulating film:
| the intermediate wiring overlaps with the second wiring through the first
25 interlayer insulating film in the contact hole;
the semiconductor layer has a channel forming region, LDD regions contac tiﬁg

the channe! forming region, and a source region and a drain region contacting the LDD
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in the second interlayer insulating film the internediate wring overl aps
with the second wiring through the first 25 interlayer insulating filmin :
the contact hole; the sem conductor |ayer has a channel form ng 1r@q§%m1,ﬂgg‘pD :
regi ons contacting the channel formng region, and a source region ancf a
drain region contacting the LDD 11 regions; the wdth of the first gate
el ectrodgoidps@ channel |ongitudinal direction is wider than the wdth of
t he secon% gate electrode in the channel |ongitudinal direction; the

channel form ng I r w,th the second gate electrode, 5
sandwi chi ng t he téﬁ?ﬁe&ﬂﬁgﬁﬁaﬂrﬁpr%wﬁlﬁﬁocgﬁﬁaFﬁ%m}_eb%ngﬁ ipakdipgtion pviden h t he

L, e N AR T

structure of the present inv BCtigayi ce
having: a sem gp Lyl r formed on.an insul ating surface, a gate
insulating film g | rglt61 gfg%{'[g&gl%ggﬁb&"%@; WAL ég‘brﬁéc‘?ﬁ} Qal edciiode; a

firstswWgbhAGichins 8o W04, first interlayer” insulating film a
second interlayet in"sg? ﬁitsplﬁgﬂ?if r}iélg{i internediate wiring; and an EL

el ement; charactgsirpgd L ﬁsh@Is'ﬁ te.insulating.filmis forged over the
i nsul ati ng surface, co&e%?? ng t lélbQ‘ﬁgggréenguéggﬁﬁEieSFrgﬁ%yé?‘le‘Fh@gfﬁ datgyat e
el ectr odgsdhging ARnfirst wiring are formed contacting the gate insulating
film the second gate el ectrode and the second wiring are forned contacting

the first g@ﬁ@;h@{-ﬁﬁjcrtgé%fﬁféqxés@ﬁti}lbéﬁoq% r#@gc(?ﬁ £3P&S s:p)'aS«'t d)égl&ﬁg“at he first

gate el ectrode and the first wring are fo roma E‘f]ﬁhg
film t imee&&@@nﬂlc@@’dlﬁy@'f@ﬁﬁé@&?aﬁﬂguwﬁﬁﬁ@ﬁﬁ’&qa‘@ﬁ{e'iﬂﬂilzﬂ{n% 191, rzﬁgfstfgra n

second
10 electrode; a second gate electrode; a first wiring; a second wiring; a first interlayer”

insulating film; a second interlayer insulating film; an intermediate wiring; and an EL -

element;
characterized in that:

the gate insulating film is formed over the insulating surface, covering the

15 semiconductor layer;

the first gate electrode and the first wiring are formed contacting the gate
insulating film;

the second gate electrode and the second wiring are formed contacting the first
gate electrode and the first wiring, respectively;

© 20 the first gate electrode and the first wiring are formed from a first conducting

film;

the second gate electrode and the second wiring are formed from a second

conducting film;

the first interlayer insulating film is formed covering: the first gate electrode;
25 the second gate electrode; the first wiring; the second wiring; and the gate insulating
film;

the second interlayer insulating film is formed over the first interlayer
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conducting film the first interlayer insulating filmis formed covering:
the first gate electrode; 25 the second gate electrode; the first wirin
the second wiring; and the gate insulating film the second intir’z’rl @9&285
insulating filmis fornmed over the first interlayer 12 | 11 N insul ating
film the internediate wiring is formed covering the second interlayer

i nsul atlmgulafmgmmand so as to contact the first interlayer insulating film
through a first contact hole fornmed in the second |nterlayer i nsul ati ng

film 5 the intehsghesh he sec rin hr ough t he
first interlayer insul g%l?%egﬁr?ﬁg%y?é\ Wleléusl‘f onetcgg‘? "AGTayert ﬂﬁhatm"

sem condfiled, @indlsays ko bastadt Q@ﬁk@@ﬂmgrﬂfg@} {hgulraﬁﬂb A ¢

O Uf q'irotnso Con:l})f‘
t he channel formi ng region, and a source region an £4Pd i‘l(‘ré’é‘ri‘% ole

““Eont act i fagmeden tHDecoRYirROSiyel sl Bein ?%r egi ons overl ap with the first gate
el ectrode, sandw ching the gate insulating f| | m the channel form ng region

over| &ps with t hke seeonddiaal quﬁioeéxtrér&gﬁ’m c%ﬂli'\gm gechgc?ﬁo% '%S{-“' ating

film the internediate wiring i s connecte esourc reg|‘=on Bhgha

second ihbertayst msilatink Girh ok MRIfiisPcodter H&Ee ' ”SUl ating film the f' rst
interlayer insulating film and the second interl ayer insulating film the

EL el enent has ahe anteshdue cdyROHS 2 MR nATofhink A% ﬁﬁ%&ﬁwﬁa@i ind1e
ectri “y" connec

anode and the cathode; and the drain region is el €d to

t he anodbeahahhe foamlﬂlgdemoﬂerﬂrtOi(ﬁ@ée REOHGHERh dkbBnRLASRM L AYEDE on 1S
a sem conductor display device havi.ng:
regions;

10 the LDD regions overlap with the first gate electrode, sandwiching the gate -
insulating film;
the channel fofming region overlaps with the second gate electrode,
sandwiching the gate insulating film;
_ the intermediate wiring is connected to the source region through a second
15 contact hole formed in: the gate insulating film; the first interlayer insulating film; and
- the second interlayer insulating film;
the EL element has an anode, a cathode, and an EL layer formed betweén the
anode and the cathode; and |
the drain region is electrically connected to the anode or the cathode.

20 Another structure of the present invention is a semiconductor display device having:
a semiconductor layer formed on an insulating surface; a gate insulating film; a first gate
electrode; a second gate electrode; a first wiring; a second wiring; a first interlayer
insula ting film; a second interlayer insulating film; an intermediate wiring; and a shielding
film;

25 characterized in that:

the gate insulating film is formed on the insulating surface, covering the

semiconductor layer;

13




a sem conductor |ayer forned on an insulating surface; a gate insulating
film a first gate electrode; a second gate electrode; a first wiring, a .
second wiring; a first interlayer insulating film a second inimf’*’WeQUﬂﬁ ‘
insulating film an internediate wiring; and a shielding film 25
characterized i.n that: the gate insulating filmis fornmed on the insulating
surface, coveriﬁ% the sem copductor |ayer; 2806 13 the first gate

el ectrode and thefHsteate desy 2k theofirve i becormed theragahe thd psdl at i ng

film t . gate el ectrode and the second wiring are formed contacting
t he fir@@ﬁtglggﬁél ectrode and the first wiring, respectively; 5 the first
gate el ectrode are formed froma first conducting

]gen_d th(? fir'tset &Crin
film the secoftf GaPRigeLier he preosd pdnink; ank: firngd anerat ongee fhsom a

second 0 N A the first interlayer insulating filmis forned
coveri r‘%& %’%éej&‘%ﬁﬂer%ﬁ%%%‘?”é@gr@é@%cmib;the second gate el ectrode; the

fir W ring; e.second, wi ri,ng; ,and, the gate insulating film the second
i nt Z’L}r_l ayer | ns&lpeaqlﬁshéat? Flefirode %@ﬁl aﬁ‘(ﬁré‘ﬁ/‘é'fﬂﬂgr?ée farmed fiont efitsayendudiagul at i ng
film .intermediate wiring is formed covering the second interlayer
insulating 15 film and so as to contact the first interlayer insulating

filmthrough ajcontact hole forped ., in the second interlayer insulating
film the "t ot FS?‘gg\'?\Fr‘?qﬁﬁf%{%ﬂdaﬂ? e PR seednme orga stnosdgh t he
first cbﬂ&ﬁéﬁ%ﬁ'}n-i nsulating filmin the contact hole; the sem conductor

| ayer has a chfannél fornming region, LDD regions contacting

3 the first interlayer insulating film is formed covering: the first gate electrode;
10 the second gate electrode; the first wiring; the second wiring; and the gate insulating
film;
the second interlayer insulating film is formed over the first interlayér
insulating film;
the intermediate wiring is formed covering the second interlayer insularing
15 film, apd 50 as to contact the first interlayer insulating film through a contact hole formed
in the second interlayer insulating film;
the intermediate wiring overlaps with the second wiring through the first
interlayer insulating film in the contact hole; |
the semiconductor layer has a channel forming region, LDD regions‘concacting
20  the channel forming region, and a source region and a drain region contacting the LDD
regions;
the LDD regions overlap with the first gate electrode, sandwiching the gate
insulating film; |
the channel forming region overlaps with the second gate electrode,
25 sandwiching the gate insulating film; |
the shielding film is formed from the same conducting film as the intermediate

wiring; and
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.

20 the channel form ng region, and a source region and a drain region
contacting the LDD regions; the LDD regions overlap with the fi Zs%ﬂ;% %Gﬂﬁ
el ectrode, sandwi ching the gate insulating film , the channel formhy
region overlaps with the second gate el ectrode, 25 sandw ching the gate
insulating fil m}aigle[shi elding filmis fornmed fromthe same conducting film
as the.internedt ielthingifitg; is fpgheld ok : 0. Shiehding filmis
formed on the second ?mrlllfgerl ayer i nsuﬁggfﬁswﬁﬁﬁgaghhﬂgg%éls%lhpom ’rﬂ“’ap t he
channel t$@ﬁfﬁilargthemjiaunelﬁéﬂmldge[regﬁ,hructure of the present invention is a
sem conductor display device having: a sem conductor |ayer fornmed on an
i nsul ati ng Mh@r@uuaqgabét.hle@whﬁtihﬂék_xtidﬂi&'%seﬁmiédr{d%[:mgafsslayae Leglsode; a
second gate electrode; a first wiring; a second wring; a Frst g it ayer
i nsul at Rrgmidanducer dayeofutmedtoer draiyienlating sdlck NPodr LLLAR. iﬁg}ﬁeﬁ H‘E;gioi?ttee

%1 5ed i h at” the

wiring; a shielding film and an EL el enent; characteri

- gat e 7 nglectodaga fsetond gateorlomdods 4 fiest ivisibhah 1s8Eh R “i’? '3 ﬁﬁ‘t’%éeﬂgyetrhe 10
g'are

sem conductor |ayer; the first gate electrode and the rst wrin

formed &idasing fHg; teheecgad enteilagulinsilngnd il art e HRALRE WIEE Llgaliade and
t he se\c/:\ﬁg_ﬁl vvirin% are formed contacting the first gate el ettrode and the
first ned aeEpedement;y; 15 the first gate el ectrode and the first
wiring are formed froma first conducting film the second gate el ectrode

.and the secéh%favﬁeriﬁ%ina&et:f ornmed froma second

the gate insulating film is formed on the insulating surface, covering the

10 semiconductor layer;

the first gate electrode and the first wiring are formed contacting the gate -
insulating film;
the second gate electrode and the second wiring are formed contacting the first
gate electrode and the first wiring, respectively;
15 Fhe first gate electrode and the first wiring are formed from a first conducting
film;
the second gate electrode and the second wiring are formed from a second
conducting film;
the first interlayer insulating film is formed covering: the first gate electrode;
20  the second gate electrode; the first wiring; the second wiring; and the gate insulating
film;
the second interlayer insulating film is formed over the first interlayer
insulating film;
the intermediate wiring is formed covering the second interlayer insulating
25  film, and so as to contact the first interlayer insulating film through a first contact hole
formed in the second interlayer insulating film;

the intermediate wiring overlaps with the second wiring through the first
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conducting film the first interlayer insulating filmis fornmed covering:
the first gate electrode; 20 the second gate el ectrode; the fi r?,t;i\Mm BaGS
the second wiring; and the gate insulating film the second interlayer '
insulating filmis formed over the first interlayer insulating film the
internediate wiring is formed covering the second interlayer insulating 25

film amgteshy@snélaG@NEREI {Hﬁir%ﬂ'({o%tmgtrg grlayer insulating filmthrough a
first contact hole formed in the second i'nterlayer insulating film the

i ntermedi ate W FRagmSMEH | nd.wirin ough the first 15 14
MAR 2006 i nterl ayd(}rg i nsu:ug?)i% %\agle#%s%r&ﬁ%ﬁﬁﬁgom@%&eg@gnﬁﬁ LERENEEONEREINg.

2o condbe thandARstnga e 00 QLR LETL M, LD oions, coniss! | 1

t he channel form ng reégion, a source re AR
cont act kgigohdie LDD regions; 5 the LDD regions overlap with the first gate
el ectrode, sandw ching the gate insulating film the channel form ng

regi ¢h overl apstiw LB} f&@i&ﬁ%ﬁ@ﬂa@@ﬁ&‘&'&%&rﬁg@ele

s dwi cpi.nlg thﬁ)gat e
insulating film the intermediate wring 1< connected {8 HENESAF & egi on
t hr ough isudsérentim; 10 contact hole formed in: the gate insulating film the
first interlayer insulating film and the second interlayer insulating

film the shiel dienghfihhéh fsindiQF reeGioh 8 onducts ng filmas the
internediate wiring; and the shi el gi ng{;%lll#rgn ?@@%@nﬁ%@r‘% g%tg 5%58 ge,

i nt er | ayandwinkingahe el inbuthti@nglngo as 15 to overlap the channel forming
region; the EL el enent has an anode, a cathode, and an EL | ayer forned

~between the the intermediate wiring is connected to the source region through a second
10 contact hole formed in: the gate insulating film; the first interlayer insulating film; and -

the second interlayer insulating film;

the shielding film is formed from the same conduc ting film as the intermediate
wiring; and
the shielding film is formed on the second interlayer insulating film, and so as
15 ‘to overlap the channel forming region;

the EL element has an anode, a cathode, and an EL layer formed berween the

anode and the cathode; and
the drain region is electrically connected to the anode or the cathode.
Another structure of the presentinvention is a semiconductor display device having:
20 alightshielding film formed over a substrate; an insulating film formed over the substrate,
covering the light shielding film; a semiconductor layer formed on the insulating film; a
gate insulating film contacting the semiconductor layer; a first gate electrode contacting

the gate insulating film; and a second gate electrode contacting the first gate

electrode;
25 characterized in that:
the semiconductor layer has: a channel forming region; LDD regions

contacting the channel forming region; and a source region and a drain region contacting
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anode and the cathode; and the drain region is electrically connected to
the anode or the cathode. Another structure of the present i nvept&i%,i@gg
sem conductor display device having: 20 a light shielding film¥adr h r
a substrate; an insulating filmformed over the substrate, covering the
light shielding film a sem conductor |ayer forned on the insulating film
a gatet %ISQI%tﬁgh)gls;fi | m contacting the sem conductor |ayer; a first gate

el ectrode cont act iI?ESJD the gate insulating film and a second gate el ectrode

contacting the therld?Dgagiens evetiprwik the st bk ati sijized i that o th
sem conductor |ayer has: a channel form ngbrggi é:‘rﬁ{ddl%[%nfigb%hé gthec%‘ﬁ? acting
t he chaﬁﬁélﬂtmlﬁhmg region; and a source region and a drain region :

contacting 16 1@@@'\/@'? 312?6 the LDD regions; the LDD regions overlap with
the first gate noeleformirpdwWetdti 5eelhe vlat Ghe | g fils he
e 281 e LISHASLDOIL A

channel forming region overlaps with the second gate i™
sandwi cﬁinﬁlngfn@gglm@te msulainerfimf bhan and the 1ight. shielding fil moverl aps
with the channel form ng region through the insulating film Another

structure of tHbe rbigbsémldmg\fémdv@damwah%MM@%%{M@BW[&%}{it@?
havi ng: . &l,al'i ggi shielding filmformed over a substrate;”an 1nsalating film

f or med WeRUPEEIBybstrate, 10 covering the light shielding film a
sem conductgr | ayer fornmed on the insulating film a gate insulating film
contacti ng H@t@éﬁﬁf‘éﬁﬁtﬁﬂfﬂmprtmmveaﬁmisatergi&bﬁd@c@&iiﬁﬂﬁiﬁj@%t@gh{upg t he
gate i nsulﬁtt hn? fi I'@ a second gate el ectrode contacting the first gate
el ect r otightshilding fi foameerier a whsratet mr ingdarhgfilthfatmed SvdrhBe awig@nduct or
Iay% has: a ¢ apnﬁl t(fr_m' ng region; LDD regions
' covering the light shielding film; a semiconductor layer formed on the insulating film; a

gate insulating film contacting the semiconductor layer; a first gate electrode contacting

the gate insulating film; a second gate electrode contacting the first gate electrode; and

ani EL element;

characterized in chat;

15 the semiconductor layer has: a channel forming region; LDD regions -
contacting the channel forming region; and a source region and a drain region contacting
thé DD regions;

the LDD regions overlap with the first gate electrode, sandwiching the gate
insulating film;

20 the channel forming region overlaps with the second gate insulating film,
sandwiching the gate insulating film;

the light shielding film overlaps with the channel forming region through the
insulating film;
the EL element has an anode, a cathode, and an EL layer formed between the
25 anode and the cathode; and
the drain region is electrically connected to the anode or the cathode.

The insulating film in the above structures may also be leveled by CMP polishing
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contacting the channel form ng region; and a source region and a drain

regi on contacting the LDD regions; the LDD regions overlap with t‘gew%i{rmﬁ i
gate el ectrode, sandwiching the gate insulating film 20 the chadngf®

form ng region overlaps with the second gate insulating film sandw ching
the gate insulating film the light shielding filmoverlaps with the
channelWftbrthiﬂrpg:scmgirwanmim.ough the insulating film the EL el enment has an
anode, a cathode, and an EL | ayer fornmed between the 25 anode and the

cat hode; andhe presetreanvernrizgi ay also Bd: QC¥LeS lthdta CHNAGGE %&r&gﬁ“‘g{g’%ﬁgof&g‘e or the

cathode. The insulating filmin the above structure§ evel ed by
CVP pol & Shpdgarnead disMaR @08 Getsomilt dorifiReR i€ SARR E%vb%g{i&&muc engigsent
invention may also be: a video canera; an inmage reproduction device, a
head rrdim'tl%llscﬁsgbl ay; or a personal conputer; in which the sem conductor

di splay device is used. 5 Another structure of the present invention is a

met hdd of nanothattsonicigeaof denbesatah@ntidhse! AYndRYd OF mBAYLAGLDE, St eps
of: form ng a sem conductor |ayer on an insulating surface; formHAg a gate
i nsul atSergcenduetanvdispleshdevices hbeinignbe swpf afe, covering the sem conduct or

| ayer; 10 formng a first conducting filmon the gate insulating film
formng a secoderngidgdueniicunductanlarr bhanfinsdicigondfagsi ng film patterning
the first conducting filmand the second conducting film formng a first
gate el ect rode famaing 3 setminsylatiogefiles taved ehe ddsdlilntne shific dolfpritid e t 0 t he

sem conductor. | ayer froma side where the first
semiconductor layer;

10 A forming a first conducting film on the gate insulating film;
forming a second conducting film on the first conducting film;
patterning the first conducting film and the second conducting film, formiﬁg
a first gate electrode and a second gate electrode;
adding a first impurity to the semiconductor layer from a side where the first
15 gate electrode and the second gate electrode are formed; and
forming a mask on the semiconductor layer, covering the first gate electrode
and the second gate electrode; and | |
forming a channel forming region, first LDD regions contacting thé channel
forming region, second LDD regions contacting the first LDD regions, and a source region
20 and a drain region contacting the second LDD regions by adding a second impurity
having the same type of conductivity as that of the first impurity from a side where the
mask is formed on the semiconductor fayer;
characterized in that:
the first gate electrode is longer than the second gate electrode in a channel
25 longitudinal direction;
the channel forming region overlaps with the second gate electrode,

sandwiching the gate insulating film; and
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15. gate el ectrode and the second gate electrode are forned; and formng a
mask on the sem conductor |ayer, covering the first gate el ectropq’ ﬁ%@dzﬂﬂﬁe
second gate el ectrode; and form ng a channel form ng region, first

regi ons contacting the channel formng region, second LDD regions
contacting the first LDD regions, and a source region 20 and a drain

regi on contacti nfetipg IS . I .adc(JJi ng.a second jnpurity havi ng.
the same type of ?:ondugtgpaE ﬁhgg‘fﬁ%&gf‘ tﬁgé‘rsﬁb?@tel?% i FARIPEEHNG thy de

wher e th@temkaﬂr@fﬂﬁ{_rred on the sem conductor |ayer; characterized in

that: the first gate electrode is |onger than the second gate el ectrode in
a channel 25 longitudinal direction; the channel form ng region overl aps
with the second gate el ectrode, sandw ching the gate insulating film and

18 1 4 MAR 2886tHeR i i : rlap.with the first gate
el ectrode, sandwi c%it{ldgﬁt&ﬁeépglae{ ggésg@ilng\%/e?ﬁ%ﬁf 15|amm‘?&h8$ﬁ’érm§?‘r‘i%‘&?iﬁﬁ“§ df the

present demviedtd@ior displayBENed k@ﬁ,ir{éqggfsgeg)g Wging a semconductor display
devi ce, having the steps of, 5 form ng sem conductor |ayer on an

i nsul &ti ng SUFfa‘@ﬁilin@@k@hﬁ&yﬁhﬁ@éﬁ@éﬁ%@;ﬁlt,-hg_?a{i{l(l N-pver the insulating
surface, covering the sem conductor layer; forming a first conducting film

on the gate insubahingga fg'atéﬂinsuflé%{l{g A %8GH A fil , the first
conducting film 10 patterning the fi rlst congﬂggﬁﬁg&{“ﬁ?%&aeh(fopﬁ[g&sEetg%nd

conduct i seqnifotrdncedrdayarng - a first gate el ectrode and a second gate
el ectrode; adding a first inpurity to the sem conductor |ayer froma side

where the first fogaing sefirectamiietapdlh e $egaRdngddieneliget r ode of the
sem conductor | ayer are forned; ' :
orming a second conducting film on the first conducting film;
10 patterning the first conducting film and the second conducting film, forming -
a first gate electrode and a second gate electfode;
adding a first impurity to the semiconductor layer from a side where the first
gate electrode and the second gate electrode of the semiconductor layer are formed;
aﬁd
15 forming a mask on the semiconductor layer, covering the first gate elecrrode
and the second gate electrode; and
torming a channel forming region, first LDD regions contacting the channel
o forming region, second LDD regions contacting the first LDD regions, and a source region
and a drain region contacting the second LDD regions by adding a second impurity
20 having the same type of conductivity as that of the first impurity from a side where the
mask is formed on the semiconductor layer;
characterized in that:
the first gate electrode is longer than the second gate electrode in a channel
longitudinal direction;
25 the channel forming region overlaps with the second gate electrode,

sandwiching the gate insulating film; and
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and 15 form ng a mask on the sem conductor |ayer, covering the first at%

el ectrode and the second gate el ectrode; and form ng a channel f od ft rﬁ%ﬁﬁ 805 -
region, first LDD regions contacting the channel form ng region, second
LDD regions contacting the first LDD regions, and a source region and a
drain region contacting the second LDD regi ons by adding a second inpurity

20 having the s : nductivity as that of the first inpurity from
a side where t hgr{@%%ggq[gft?‘%&ﬁéa’e lap t"‘Hél @Fné‘é%%?d‘ﬂék@?mqhawén@w@hmgabteri zed

in that 'ga%‘f‘“ﬂ‘ﬁﬁétﬁ'%ﬁte el ectrode is |onger than the second gate el ectrode

in a channel |ong inal direction; 25 the channel forming region overl aps

wi th the seegpfh : andw ching.the gate ipsulating film and
19 the first Lwaféﬁ?ﬁﬁ?tggﬁﬂ?a%ﬁwmﬂ&wﬁ%e @g%aepg&%@&@,mmam chi ng

the gakémidead|iddor A8pld ! d0; structure of the present invention is a
met hod of manuf acturpﬁgdghlcégﬁﬁsﬁgégﬁcﬁt%ﬁs isplay device, having the steps

of. S formng afzgme ! n.insul ati surface; formng a
gate insulating film %\@/%Fﬁ%)ﬁaeu‘%tﬁggi&%fﬁgn gﬁ?%&@%?”@%‘rﬁ acting the

sem conduct or | o i el ectyode a a first shape
second gate el e%%efag%n%f gﬂsétu?antgﬂgr ﬁ%“e%géféh‘% H?H{aélpgr‘?b‘r % PR UE NG t he

first g@érﬁi@hag@tbgg@egnd the first shape second gate el ectrode, formng a
first gate electrode having a tapered portion and a second shape second

Pype through the o et R o e LR b S PO ey
f or m ngtlsegapdndulRingeflhons; and
10 etching the first gate electrode and the first shape second gate electrode,
forming a first gate electrode having a tapered portion and a second shape second gate -
electrode; N
adding an impurity element which imparts one conductivity type through the
gate insulating film and into the semiconductor layer, forming second LDD regions; and
15 at the same time adding an impurity element which irparts one conductivity type
through the tapéred portion of the first gate electrode and into the semiconductor layer,
forming first LDD regions in which the impurity concentration increases toward an edge
Lﬁortion of the semiconductor layer; and
adding an impurity element which imparts a one conductivity type' with the
20 ﬁtst gate electrode having the tapered portion and the second shape second gate electrode

as masks, forming a source region or a drain region.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. LA to 1F are diagrams showing a process of manufacturing an EL display device

of the present invention;

25 Figs. 2A and 2B are enlarged diagrams of a TFT gate electrode of the present
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15 at the sane tinme adding an inpurity el enent which inparts one
conductivity type through the tapered portion of the first gateld diff defis
and into the sem conductor layer, formng first LDD regions in which the
impurity concentration increases toward an edge portion of the

sem conductor layer; and adding an inpurity elenment which inparts a one
conduct ilnventianype with the 20 first gate el ectrode having the tapered
portion and the second shape second gate el ectrode as nasks, formng a

source regi diigsoBAatalBBN mrerdigirams sBRWED DERCRAT O e i RAY. 1y 9s: 1A

to IF arge di qrcgrans showi ng a process of manufacturing anIﬁEL drsplay 'devi ce
of the plewineref Emboglimenn]; 25 Figs. 2A and 2B are enl arged di agrans of a TFT
gate el ectrode of the present 20 14 MAR 2006 invention; Figs. 3Ato 3D are

di agr ams _shdigsngAaopt@eesdiaghanmmhuivas dheigdscednoffha MERlufke (HEY SRty
Enbodi nent 1; Figs. 4A to 4C are diagrams show ng the process of
nnnuf%ctd@ﬂqiiq)fﬁlﬂ‘gD imdispl ay 5 device of Enmbodinent 1; Figs. 5A to 5C are
di agranms show ng@t he%ﬁr ocess of manufacturing the EL display device of

Enbodi ment  FigsFb§sto BAamndiagBrarshodiraomhaikochon Mg tHeruBhe GRS B Afispla
manuf acturing the EL display device of Embodinent 1; 10 Figs. 7A and 7B

are a t@8vigf Esbodimenahd a circuit di agram respectively, of a pixel of

an EL di spl %y devi ce of Enmbodinent 2; Fig. 8 is a cross sectional. diagram

of an EL di sise§/deditearsidigirhod siering She piecess ofmiaduacalrgschs B diga)l

di agram of an .EL displ ay: device of Enbodinent 4, Fig. 10 is a cross

sect i onéll.e"’%ﬁeé’é ogiment EL di spl ay device of Enbodinment 5. 15 Figs. 1 | A

and ['IolB areFa tﬂg sgrface view and a cross sectional diagram respectively,
igs. /A and 7B are a top surface view and a circuit diagram, respectively, of a pixel -

of an EL display device of Embodiment 2;
_r Fig. 8 is a cross sectional diagram of an EL display device of Embodiment 3;
Fig. 9 is a cross sectional diagram of an EL display device of Embodiment 4;
‘Fig. 10 is a cross sectional diagram of an EL display device of Embodiment 5;
15 = Figs. 11A and 11B are a top surface view and a cross sectional diagram, respectively,
~ of a pixel of an EL display device of Emf‘:)bdimen: 6;
Figs. 12A and 12B are diagrams showing a method of crystallizing a semiconductor

layer of Embodiment 7;

Figs. 13A and 13B are diagrams showing a method of crystallizing a semiconductor

20 layer of Embodiment 7;

Figs. 14A and 14B are diagrams showing a method of crystallizing a semiconductor

layer of Embodiment 7;
Figs. 15A ar}d 15B are an external view and a cross sectional diagram, respectively,
of an EL display device of Embodiment §;
25 Figs. 16A to 16F are electronic equipments using an EL display device of

Embodiment 13;

Figs. 17A and 17B are electronic equipments using an EL display device of
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of a pixel of an EL display device of Enbodi nent 6; Figs. 12A and 12B are
di agrans showi ng a nethod of crystallizing a sem conduct or Iazfg .g;t,ﬁ 605
Embodi ment 7: Figs. 13A and 13B are di agrans showing a met hod of % Fii
crystallizing a sem conductor 20 |ayer of Enbodinment 7; Figs. 14A and 14B
are di agﬁaﬂ{@ ] a nmethod of crystallizing a sem conductor |ayer of
Enbodi nent ;CIETEQ%}?S@BA and 15B are an external view and a cross sectional

di agram respgectgvel f an EL disp) ay device of Enbodi nent 8; 25 Figs.
16A to 16F ar%’ e%i }elscqngﬁ]f 1ogHR Bh%‘hk:'i ngﬁaﬁe@%1®dlmwrd@1i ce of

Enbodi mrent 13. H and 17B are el ectraonic equi pnments using an EL

di spl ay devi Elgs'offgggio 169 Wﬁlﬁ%%ﬁ drgrsmsaia: 118 cam gecurald of Bmbbdiotendi agr am
of an EL;¢jsplay device of Embodinment 10; Figs. 19A to 19D are enl arged

di agrans of a TFT gate el ectrode of Enbodinent 11; 5 Figs. 20A and 20B are

enl arged di a T _gate el.ectrode of odiment 14; Fig. 21 is a
graph showi ng{gg @‘A?é?(gg ggr? §‘%Flblaﬁy§{i\f£%a@%l 3 IE%D&QW elkpede ahBmbpdiotenon

temperatyge in a shape A of Enbodinent 14; Fig. 22 is a graph showi ng the
rel ati onship between TaN fil mthickness and el ectron 10 tenperature in a

h B of ¥ . Fla, 123 ] [
andhor: zont oF gt BErPAeP b el o e ey AN mabehape ap hton.

Enbodi meptydé4; ' 24 | i agram showi ng the concentration
distributio %ﬁﬁgﬁ%gﬁ%&e&ﬁ#ﬁ@@%ﬁ‘&% and a shape B of Embodiment 14.

Fig. 22 is a graph showing the relatiohship between TaN film thickness and electron

10 temperature in a shape B of Embodiment 14;

Fig.23isa comparison of electron temperature and horizontal direction electric field

strength in a shape B of Embodiment 14; and

Fig. 24 is a diagram showing the concentration distribution of phosphorus in a shape

A and a shape B of Embodiment 14.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Embodiment Mode]

A thin film transistor of the présent invention, and a method of manufacturing the
thin film transistor are shown in Figs. 1A to 1F.

A base film 301 is formed on a substrate 300. The base film 301 need not be formed,

20 but the formation of the base film 301 is effective in preventing impurity diffusion from

the substrate 300 into semiconductor layers. Semiconductor layers 302 aﬁd 303 are
formed on the base film 301 from a crystalline semiconductor film manufactured by a
known method.

A gate insulatiﬁg film 304 is formed covering the semiconductor layers 302 and 303.

25  Afirstconducting film 305 and a second conducting film 306 are then formed on the gate
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15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ Enbodi ment Mbde] A
thin filmtransistor of the present invention, and a nethod of . ‘e
manuf acturing the thin filmtransistor are shown in Figs. IA tojlzﬁ:.&év"‘;ﬁb&@
film301 is forned on a substrate 300. The base film 301 need not be
formed, 20 but the fornation of the base film 301 is effective in

ti j i tandi ffusi f h b te 300 int ' duct
Cayor o. "B Hh 3047h k8 orL il gledBadtiy Blorf thariigs orccetey ke st m 301
f |.i ' tor Jfil f.act d.b Kk thod. A
gate. | et A 3] S8 e Bl PR SEER P g T HUCarheLomade e Mgl 302
and 303Wh}&§hﬁ§féééﬁibﬁ§&@§#§w2Eg%if%5%95 and a second conducting film 306

are then ftorne g 2006 insulating film304 in order to
1 m 305 anderre SEEAREHERIR Rt PR SuBe ot bendeaerih iRt ol 5 |-
formd nis TR PRIk 208 AT 0 sontiadartss Bl vaped
cecond SauBt e age g BR Doh bl LR 5O B b g 2 Sriinea 1 r st
Cayor SBSCS v TG PR ke ORI AP e\ B oo B Rk AR AP M0k B agr am

of the Kitid3Ehanesgondusti,ngphayers 309 and 310 of Fig. IBis 10 shown in
Fig. 2A. Edge porti ong o‘?F%’thT)i rst conducting |layers 309a and 310a, and

cdge, bor 1 aBeRligl 0B AREADAURNALEDRARKEES L TAOP RN, BIRR, HapQTe, | aper od

as shown in Fig. “2A  Further te insu 1’1'm 8d and

b . iol | o S i bfs .0
ecapessHIWwmBEFigi DA Elia@ ol offfa@éfﬁfseémgmct he 1be&3§09§Q@{?gglégﬁ%ﬁc%gg e A

"~ layers 309 and 310, becom ng a first sha e. gafe I'nsule _
second phreRingof Heaeesisd ésndRRERY B 309K hnd$ 1 MBI afdi8d adfrowt (R Hid St

shape ZA. Further, the gate insulating film 304 is etched and becomes thinner in regions not
coveredlby the first shape conducting layers 309 and 310, becoming a first shape gate
insulating film 304a.

15 A second etching process is performed next as shown in Fig. 1C. The fist shape
second conducting layers 309b and 310b are anisotropically etched, and the first
conducting layers 309a and 3 10a are anisotrogically etched ata slower etching speed than
that-of the second conducting layers 309b and 310b, forming second shape conducting
layers 313 and 314 (first conducting layers 313a and 314a, and second conducting layers

. 20 313b and 314b).

An enlarged diagram of the second shape conducting layers 313 and 314 of Fig. 1C
is shown in Fig. 2B here. The seéond conducting layers 313b and 314b are etched more
than ;he first conducting layers 313a and 314a by the second etchiﬁg process, as shown
in Fig. 2B. Further, the masks 307 and 308 are etched by the second etching process,

25 becoming masks 311 and 312. The first shape gate insulating film 304a is further erched

- and becomes thinner in regions not covered by the second shape conducting tayers 313

and 314, becoming a second shape gate insulating film 304b.
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second conducting layers 309b and 310b are ani sotropically etched, and the
first conducting |layers 309a and 310a are anisotropically etchegqa%ﬁg gmﬁ
sl ower etching speed than that of the second conducting |ayers 309 n
310b, form ng second shape conducting |layers 313 and 314 (first conducting
| ayers 313a gﬁd 314a, and second conducting layers 20 313b and 314b). An

enl arged di a nagks B and 3 bhoreshmpecd and U Eii g oina 6s f. Fig.
IC is shown ig Fig. 2B here. The second condGcFi ﬁ?l%f/%%ge%&gﬁldt 14b

are etchéd uctdidavernd0? and 308pndsisdvwmen Fayers 13dda A %le%% he
second et c}gllﬁgg process, as shown in Fig. 2B. Further, the nasks and

308 are €t dffkﬂ?“tsh’é‘fmﬂcGtmtim:ltivhiyngDmpﬁ(gegsper&ﬁm@gc%gghg@gﬁﬁf% gnd
- 312. The first shape gate insulating film304a is further etche ah
becomes tRPANEENG lavewsgs bhendoll4c ey erzals hyaihftecheepaisicp |é@d¥ﬁerﬁ0n%E]H§n%

04b. 23

| ayers, 313 . and, 314, beconing a second shape gate insulating fil
1 4 MAR P68TREQ sms e M1a<hi%d1e3tnamtt¢ clemnanedsl re@0fls anddr’ b AR ghprLOCESS

is perforned on the sem conductor |ayers 302 and 303,. as shown in Fib.

I D, addi SEP4HCERElarets ¢ 122 ambaida.whi ch i nparts n-type conductivity. Doping

is perfor rredFusi,n t he second shape conducting |ayers 313 and 314 as masks

agai nst the i"HpUFIRWitEIegipans L5 mbﬁ)lﬁg\‘aiksdﬁavmdapwirheﬁe&@b&&dr(ﬁ@hﬁghﬁgﬂ the

i npurity.el,ene in regions under the second shape conducting |ayers 313a
3388 P8 St b

and 314a Sycqslimsnsit reionsd 13 264 WBi whichert apighic bnptaerysecond
conducting_l ayers 13a ,and 314a, and second inpurity regions 317 and 318,
whi ch ha\‘ig“&e‘ﬁf%}%‘r thaty the g&ﬁt iBpHEBhagiansonret framed haNbicr Siat,i alpunighythe
| mpar s BRpGBb 0 Ra bR eRLS adired capdisivaioildeg e emmans the, Aadeand
e S 5 i T s
el ement whiels{ RAIS rﬁé{} A0S E r(?air}gjol{f%}iia tie% a}/ddiir{]g tilg iemg&r(i)t(;r%fesmé)rrt wlﬂic ' in%p[z){rts
n-type conductivity in the process of Fig. 1D. |
A mask 319 is then formed from resist on the semiconductor layer 303 soas to cover
15  the second shape conducting 1ayer 314. The mask 319 overlaps with a portion of the
~ second impurity region 318, sandwiching the second shape gate insulating ﬁlm 304b. A
second doping process is then performed, adding an impurity element which imparts
n-type conductivity. Doping of the n-type conductivity imparting impurity element is
performed at conditions in which thé dosage is increased more than that of the first
20 doping prbcess, and in which the acceleration voltage is low. In addition to a channel
forming region 324 and an Lov region 323, a source region 320, a drain region 321, and
an Loff region 322 are formed in the semiconductor layer 303 in a self-aligning manner
by the second doping process. Further, a third impurity region 325 is formed in the
semiconductor layer 302 by the second doping process with the second shape first
25 conducting layer 313a as a mask. (See Fig. 1E.)

It is possible to freely set the size of the Loff region 322 by controlling the size of the

mask 319 in the present invention.

24




A mask 319 is then fornmed fromresist on the sem conductor |ayer 303 so as
to cover 15, the second shape conducting |ayer 314. The mask 319 overl aps
with a portion of the second inpurity region 318, sandw ching tﬁkﬁsﬁggnﬂﬁﬁ
shape gate insulating film 304h. A second doping process is then
performed, adding an inpurity element which inparts n-type conductivity.

Dopi ng of t HEhdedrreuARRAHGhL Minti¥ t i rity elenment is performed
at conditions in which thqu%éé:g{gléé{m}dsm?(%ér@ggggp“ﬂﬂ?%KFﬂ%ﬁnPhﬁianéﬁl hé first

20 dopi ng themwesrsed BRd rb ' 1€ . l.erati;en Vol tage is - |In

addition to a cha?me? rfégsrtvn}?%%ﬁ%%élﬁggﬁg@ﬁﬁ% lgn Pta%fp‘gg;gg?p gg—g,ﬂ%agbur ce
regi on 328ionB28( ahdah B B off region 322 are formed in the
seni conduct or IayeraSOS ir‘f’ugt?%%’l’ -gﬂhgérh#blmr%ﬁg?le‘&?nfwgm THAYS BdPItng

pr ocess. coridutigity ishiddbdl tflad dBPUHCE Wit NI R95nd Srok-OL R i

rne t he
seni conduct or | ayer 302 by the second (J:gpl ng pr BCEEY U\ﬁnﬁHRFﬁ%OgééBﬁaF shape

firstS Zpncoodngliyved 3l13%E8r Siddadsnd (See Fig. 1E.) /It is.possible to
freely set the si zyg of the Lot § egl (SE@?JQBU{@ eg%nﬁéfﬂoﬁp&ﬁ%cf{%egf%@% t he

mask 31Gegiont 33O preedRnt folm¥e M h0RIf Bifniho A MAR 2006 Tha, ent i rface of
the sem conductor |ayer 303, whi ch fB?rrg%alm n-réﬁgﬁﬁlﬂ ,el L[;?:;[SE’r‘i‘é\lhmi'c:over ed

by a resksticorabkr@A6ye@$08hown in Fig. |F. A source region 327, a drain
region 328, and an Lov region 329, into which an inpurity el ement which

i nparts p-t yFe negrconiduviiviy inipaaﬁﬂgﬂnédﬁtﬁ(éﬁﬁ{e%ﬁ%%ﬁ& m&dttt}it{}é’so%??ei ng
process usi n%ét he second shape 5 conducting | ayer 3 as a nmask against the

i mpur i t yegloarsfit theahrdinaregioardig) arfdouheilag re i&QBWaﬁﬁgeﬁﬁgec&ﬁgﬂtrfaH&[ﬁegué na
sel f -al ;anl ng manner in the p-channel TFT formng sem conductor [ayer 302.

The #0t ype cendauitiiyiypyof tpavticagedionB2 T, the EHeMBMod 528hLHEHY1 added,d o t he
source region 327, the drain region 328, and the Lov region 329 at

di f f er i Rg2cie setelt p-atriednsadding thel ripeecondnchieity wigdayriby aﬁ%@ﬁwténﬁnmc% -

region 327, the drain region 328, and the Lov region 329 is set to p-type

by addi ﬁ@%ﬁgerwwb§Mﬁ&¢1¢MwMghmmﬁ ibegonoqurdtion of teneifura) elément
concentration which is sufficiently higher than the concentration of the
i mpuri t yvétgpg HBRRIS n-type conductivity.

The impurity regions (source regions, drain regions, Lov regions, and Loff regions)

15 are thus formed in the semiconductor layers 302 and 303 by the above processes. The
second shape conducting layers 313 and 314 overlapping with the semiconducror layers
302 and 303 function as gate electrodes. The second shape first conducting layers 313a
and 314a are referred to as a first gate electrode, and the second shape second conducting
layers 313b and 314b are referred to as a second gate electrode.

20 A process of activating the impurity elements added to the respective semiconductor
layers is performed next with a goal of controlling conductivity. However, it is preferable
to perform activation after forming an interlayer insulating film (having silicon as its main
constituent) in order to protect portions such as wirings if the conducting material used
in the first conducting film 305 and the second conducting film 306 is weak with respect

25 toheat. The activation can be carried out by irradiating with a laser light or an infrared

light.

Inaddition, heat treatment is performed in an atmosphere containing between 3 and
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whi ch inparts n-type conductivity. The inpurity regions (source regions,

drain regions, Lov regions, and Loff regions) 15 are thus forrriq%i-ﬁ,‘éiz n
sem conductor |ayers 302 and 303 by the above processes. The sec IiIW ggé)e

conducting layers 313 and 314 overlapping with the sem conductor | ayers
302 and 303 function as gate el ectrodes. The second shape first conducting

catond shape ecin Fen ke ekt 3815 Lt Bondls Rt abdrudo asa

second shape second conduc ayers

second Gais pricegt 506k : - | yat i the inmurity el epents
added to thg rcespecti vg?ggﬁn@%ﬁ%?ﬁggﬁn%a%%%sm gl%bé?‘?l&oggﬂ‘:tﬁé el Ph a goal

of  cont heticgag vbaddyekirniall ocHOHEY °Plashl Bl ELELADLE, 118, Dt |

rm,
activation after formng an interlayer In Ty T U Ry W 9hiigon as

its mai theronligt adri@rdd Hyn 20pBeH c{.portions such as wirings.if the
conducting material used i F\) thg} ?P?%%ﬁs?okau%r?oﬁﬁkﬁi PmapEher nieame v6econd
conddct hydyofedanios06 is weak with respect 25 to heat. The activation can be

carried out by irradiating with a laser light or an infrared Ilight. In

addi ti on, hAgi-charead THT 34 aREhk Qr cont ai i ng between 3
and 25 1 4 MAR 2005 100% hyzér ogen,é%gﬁl?g?n?régﬁ%%?%géﬁ&etdﬁ%tﬁe%{h%%é?w

sen conpwceses dmyaished02 and 303. This process is one of terninating
dangling bonds in the sem conductor |ayers by hydrogen which is thernmally

act vat ed. basthattioghnht hathctsisdeistiofti i S9SN &b Brel WITTAPIA Yo
activated by a plasma) may al so be perfornmed as” anot her neans “of

hydr ogeHatawh2Anpd 2RatoetegiirE id4thiRRdharefoh 3R SJ&Bd?’ﬁﬁpgffﬁstC@E?' et ed
g

=]
he surfaces

:when the above grocesses are finished. Note that, althou
~‘ar e 18hoslectredeas3d 34 gdi3 b dro lheset eotRpark rdit@denddhs 4@he bdton@Bske 2R ciinde 2B, for
first gaté 10 el ectrodes

‘regions_in which the | engths of the second shape

313a antlIpand H4b in tegpdanoehpagiediingd dieeribg agiatly @fapc-PRaRAE AN BEhEy -
el ectrode ﬁle and 314b in the channel |ongitudinal direction, actually a
r aper rsaal Bpgh aBglercadsed. yNote also that it is also possible to make this level, depending

upon the etching conditions. ¢
The length in the channel longitudinal direction (the direction in which a carrier
I5 moves) of the first gate electrode and the second gate electrode (hereafter referred to
simply as gate electrode width) thus differs with the present invention, as stated above.
In accordance with performing ion injection with the first gate electrode and the second
gate electrode as masks, the difference in ion penetration depth due to the differing
thicknesses of the gate electrodes is utﬂized, and it therefore becomes possible to make
20 the ion concentration within the semiconductor layers which are arranged under the
second gate electrode lower than the ion concentration of the semiconductor layers
arranged under the first gate electrode without arranging them under the second gate
electrode. In addition, it is possible to make the ion concentration within the
semiconductor layers arranged under the first gate electrode without positioning them
25  under the second gate electrode lower than the ion concentration of the semiconductor
layers which are not arranged under the first gate electrode.

Further, in order to form the Loff region using a mask, only the width of the first
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smal | taper angle exists. Note also that it is also possible to make this

| evel , depending upon the etching conditions. ~' The length in thq;i;%h%&%gl
| ongi tudi nal direction (the direction in which a carrier 15 no\’iel‘s)i"i'“

first gate electrode and the second gate el ectrode (hereafter referred to
sinmply as gate electrode width) thus differs with the present invention, as

st at ed gbhavéectrdde REGHBE SN 1 Y Ng i;0on injectio ibth the first
gate el gctrofjce and theésecoﬁotjf\eh%%tcgﬁ(g%%%ﬂe&%gdg?% ?@ntf‘ﬂ]@w@WPf hce in.

i'on penehdahéeford ephdtolhs it 8 dhk 8N guh R spes_of the gate
el ectrodes is utr‘i || zegl, gggg?tﬁﬁg{r%‘%g?ogﬂg‘éégéég?g%gﬂ BEen RChmkseasso t he
i on concentpaadd @heicbRvdhdong] é&?ﬂpﬁ&f‘qj{ﬁ&&rpdsg%%r §,(hi ch apgﬁfalfranged under

the second gate el ectrode | ower than the ion CONCEM ALY FHeston

seni condudtuhe Loffrgin eieraBaebb-URRS i el ect rode wi.t hout
arrangi ng them under the second gat gaﬁgﬁg{%tn; %%%.gg‘%oﬁnﬁaﬂdﬂ F%H}a“ma%m

possithl d Kl nnkey ddsereil ehaconegits ati on within the seni conductor |ayers
arranged under the first gate el ectrode w thout positioning them 25 under

the second Qitrettelreld slagde stombiiridiae of AS nﬂr %nﬁ ﬁﬁgiﬁﬂ% gtn'fol? p%’?gegé‘?g“ EL

sem conductor |ayers which are not arrange

el ect r odisplapudeviver and i inglstepostiblel e theatheb it LEG-OR, HB nly the
width of the first 26 1 4 MAR 2006 gate el ectsrrode andyg(h@gvﬁ?yéﬁagpla?he
second geviecel ectrode must be controlled by etching, and therefore control
of the position of the Loff region and the Lov regi on beconmes easy

conpar ed t o Erhediaervenf thenatescex aneneisn abk egpls@el®sioki. onal al i gnment of the
Lov region and the Loff region therefore becones easy, and it al so becones

easy to manufacture 5 TFTs having desired characteristics. Note that.the
above stated structure of the present invention is not limted to an EL
di splloayiﬁt@ pdisendrdd it is al so possi ble to use the above structure in-a
Iiquid crystal display device. Enbodi nents of the present inventian are
expl ai ned bé B’W.thch of Emtyudfatering 3] pixel portion, and TFTs {n-channel TFTs and
p—channel TFTs) of a driver circuit formed in the periphery of the pixel portion, at the
same time and on the same substrate is explained in detail in Embodiment 1. Note that,
in this specification, driver circuit iﬁcludes a source signal line driver circuit and a gate
15 sign‘al line driver circuit. In addition, the TFTs of the driver circuit are referred to as
driver circuit TFTs in this speciﬁcatioﬁ. |
First, as shown in Fig. 3A, a base film 101 made from an insulating film such as a
silicon qxide film, a silicon nitride filim, or a silicon nitride oxide film is formed on a
substrate 100 made from glass or made from quartz substrate, such as barium borosilicate
20  glass or aluminum borosilicate glass, typically Corning Corp. #7059 glass or #1737 glass.
For example, a silicon nitride oxide film manufactured from SiH,, NH;, and N,O by
plasma CVD is formed with a thickness of 10 to 200 nm (preferably from 50 to 100 nm),
and a hydrogenized silicon nitride oxide film with a thickness of 50 to 200 nm (preferably
between 100 and 150 nm), manufactured from SiH, and N, O, is similarly formed and

25 laminated. Note that this is shown as one layer in Fig. 3A. The base film 101 is shown

as a two layer structure in Embodiment 1, but it may also be formed as a single layer of
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A net hod of manufacturing a pixel portion, and TFTs (n-channel TFTs and
p- channel TFTs) of a driver circuit formed in the periphery of thq ﬁl% %ﬂgﬁ
portion, at the sanme time and on the sane substrate is explained’i

in Enbodinent 1. Note that, in this specification, driver circuit includes

Cirout (e e gt 3 P B houe e sperrsniteo as
driver i%iWﬁidhtati—églgtgtf“%d;lg&ajs%resﬂﬁﬁf:l{tie ation. First, as shown in Fig. 3A a

base film 101 ma an rhsurattng filmsuch as a silicon oxide film a
Substrate 100 Eot TroRYeR 2 LI L o KiarFarlimiehuraiebeniag bar i um
Cor . #70ag PR aed\Ene s A AN RA BRI ERF s ESEaedrbB R b idon e
thi chneos ar oot o S0 ol A Epa PR By 0o, Thntpekness |
(broforanly " parneoc e AnaOTEn 1Ray el dod ST ER ik taretibio, 15

si m | arperwten |y : this I, _shown as one..layer . in
F: g. 3A.ey?l';he ggggag ?Ir%?ioﬁﬁmirgag O\N}%M%aagog?@vxﬁhel Cg‘zbéélﬁg‘f?g ?ﬁ?‘zutheféﬁbgdi rrient

1, but mbccrRY bat 3 heffMIRAAS (R AP a's%}{gcgngaagi%ﬁﬁa!}@ghz00 one of

the above insulating films, and it may als of med < haV 4°Vd'hat i on
st ruct wrex silicorWdreinaim |(8&xY) AMp. | ayers are | aminated. Sem conductor |ayers
102 to 105 are forned by a crystalline sem conductor film manufactured

usi b a | asksfoekyewakistdRidion ﬂ@h@@gtmreﬁa%ﬁme%gﬁtﬂ]@z%tigﬁ LR havidg, an_ S

- amor phous structure, or using a known thermal cryst zation method. The

t hi cknesselktuihfiraen, aoassiciriiealiny ef§taliPRb® QRod Sisfe! i o 80 nm
~thick (preferably between 30 anl?IGg@nrr) 1There ?areSIn‘o’ lﬁgi:ég‘ihf’[algirgo%@l%n t he

cryst aldnneelisgoiysniltatdn todthbdrusim@irdtdred lighthind & clyStaBl:6fi6h alkod @ifer m the
filmfroma seniconductor material such as silicon or a silicon ger mani um
(Si Ge) aatdtalyst hotalls for know crystallization nethods, there is a thernal
crystallization method using
: A laser such as a pulse emission type or continuous emission type excimer laser, a
15 YAG laser, and a YVO, laser can be used as a laser light source used in the laser
crystallization method to manufacture a crystalline semiconductor film. A method of
‘condensing laser light emitted from a laser emission device into a linear shape by an
opticalsystem and then irradiating the light to the semiconductor film may be used when
these types of lasers are used. The crystallization conditions may be suitably selecred by
20 the Operatof, but when using the excimer laser, the pulse emission frequency is set to 30
Hz, and the laser energy density is set from 100 to 400 mJ/cm? (typically between 200 and
300 m]/crpz). Further, the second harmonic is utilized when using the YAG laser, the
pulse emission frequency is set from 1 to 10 KHz, and the laser energy density may be set
from 300 to 600 mJ/cm® (typically between 350 and 500 m)/cm®). The laser light
25 collected into a linear shape with a width of 100 to 1000w, for example 400 pm, is then

irradiated over the entire surface of the substrate. This is performed with an overlap ratio

of 80 to 98% for the linear shape laser light.
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an electric furnace, a | aser annealing crystallization method using |aser
light, a lanp annealing crystallization nmethod using infrared light, and a
crystallization nmethod using a catalyst netal. A laser such as a pul se

em ssion type or continuous em ssion type exciner laser, a 15 YAG Laggt 2006
and a YVO4 | aser can be used as a laser light source used in the laser
crystal | i zatBa inatlaring filo ]r%iﬁlfcmmhdtewﬁirfgrthéts&inkiisﬂﬂat%%mi&ﬁﬁﬁkﬁﬁg:{yeﬂ Im A
met hod 1(()01‘ condensing laser light emtted froma |aser em ssion device into
a |inead sta];bé HYy g2i6 lns(‘)l[lﬁttingafﬂn‘siyﬁjrmﬂ@vdnﬁﬂiﬁﬁthtidgrfﬂ@{iC@h'taﬂgmyggicbﬁg,l;ngh to the
sem condyctor filmmy be used when these types of |asers are used. The
crystaldf ‘&Eﬂeé&pfd{ﬂfm%()@mbm?sm@cw dedplyteing eAtIE0 nby 126k Lik@ResRt or, but
when usi n&%h e exciner laser, the pulse em ssion frequency is set to 30

Hz, and® isdp blatigieny 1. ‘The gare irisainitQdmes lf&QinﬁE@éd?t@*thfsttYﬁéi cally
bet ween 290 andggéoo,rrﬂ/.crrz). Further, the second harnonic is utilized when
usi \rlm\g Hsiligap nigigeroxidenidlm, wii ceerse mnglsitber ihsdatientins @rsghidd o they 10 KHz,
and the | aser energy density may be set from 300 to 600 mf/cnﬂ-(typi cally
bet weerRls950¢ Htfd G500 Singlclaygr orfihe leasmatidn ghtcr®s. dok leesipkd, W Winlgl near
shape wi,;th a w dH;%Qf 100 to 1000 E.em for exanple 400 m is then

i rradi atlE@vovEde il by befamed dyolastma G¥Dsuiok bmaieure BHITEDS (peasédyired wi t h
an overlg_{) _r,lati aé}gf 80 to 98% for the linear shape laser light. 28 1 4 MAR
2006 A GBS 1280 Qg af 7 Feaction pressureofdd Paovish ilmgsubbeaiest mpdrosheper

sem conduct I I 2 10 105. A gate insulating filmis forned by an
i nsul at %ﬁbﬁﬂ?fﬁ@r@aﬂf&]@l%vg&gqhar%&aw high feequaneskdésxd MHZAC:I¢@rid $6wam by

pl.a D or ut i,ng. 120.nra thick silicon nitride oxide filmis
for ﬁ@‘é ‘@%{S‘EH%@S Fﬂa@g W(ﬂgﬂﬁh@@é@éﬁiaﬁgemsaﬁ 359 ghvel ipularingdilm damibe@bittined hi s
type 5of gilicon nitride gxide film of course, and other insulating filns
cont ai r??ﬁldgssqqiulg%@%pﬁwlag gtberg)@i Rdling,ft geyes g0 paY eP0 ok, ¢fishasiliern nat i on

struct I when using a silicon oxide film it can be forned
by pl as%%gd%%{ﬁ%ﬂtﬁgnﬁﬁ&&uﬁcg of TEOS (tetraethyl orthosilicate) and O at

o a00C ara 5y i uRindal Ty M RelhRaRinal s s TR Ay S shaeaton. pover
‘ the gate insulating film 106 in order to form gate electrodes. The first conducting film
15 107 is formed from Ta (tantalum) with a chickness of 50 to 100 nm, and the second

conducting film 108 is formed by W (tungsten) having a thickness of 100 to 300 nm, in
Embodinent 1.

The Ta film is formed by sputtering, and sputtering of a Ta target is performed by
Ar. If appropriate amounts of Xe and Kr are added to Ar at the time of sputtering, the
20 internal stress of the formed film is relaxed, and film peeling can be prevented. The
~ resistivity of an « phase Ta film is on the order of 20 4Qcm, and it can be used in the gate
electrode, but the resistivity of a B phase Ta film is on the order of 180 xQcm and it is
unsuitable for the gate electrode. An o phase Ta film can easily be obtained if a tantalum
nitride film, Which possesses a crystal structure near that of o phase Ta, is formed with a

25  thickness of 10 to 50 nm as a base for Ta in order to form ¢ phase Ta.
W is formed by sputtering with a W target in cases of forming a W film, which can

also be formed by thermal CVD using tungsten hexafluoride (WF,). Whichever is used,
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10 density of 0.5 to 0.8 WcnR. Good characteristics as a gate insulating
filmcan be obtained by subsequently performng thernmal anneali npﬁ ﬁtg? 2606
bet ween 400 and 500 C, of the silicon oxide filmthus manufactured. i
first conducting film 107 and a second conducting film 108 are then forned

on the; J tng. il ml I rder to formgate el ectrodes. The
first C(l)tgﬁhggtéisﬂ%%ﬂj%g&ﬁof eiqge ?@’F%ﬁﬁ"?‘?t&?ﬁ?@‘@ﬂ%'@&?fdm tost i @ thhi ckness

of 50 tg j ne nd; conducting film 108 is formed hy W

(t ungst ‘é%t)ggrg%%fdr?ge ! g&?ﬁi %ﬁfﬁi@?égsﬁh%@efss%%v Rhfhe \%P%E}TE‘@EHQ% gaual oPRe Ta
filmisidormmdd Qgrgu%%rr&@sqviand ﬁgytte’%%pqgf a TE tar gft S ‘g/erfor med by
Ar. |f appropridte anounts SH &R R et Rgimgithe apystats of Hre Wi fifay, of

sput t er bffortdgs 13%&?[1. é]__%largtngaess of .t hei formed filmis relaxed, and film
peel i ng can be preven egl.tl FEE PV JPPYRE elgipents such pneereen withimthe ¥on t he
or ders ofj]g b G S in. the gate . electr , but the

resisti Vi tSC r%%&l{'li‘ih B D gis%h@g&if ?ﬁ%ﬁfegﬂghbetcﬂg’eﬁgﬁéFesﬁfarfgoﬁp\gfg@r?ﬂe& gving i s
bt ai noa L F o o oh B B o s A B PURT Rt dabEhn B b e Mict ur e
near thghky Ofhid RRIBSS Py i t .25 £ hickness of 10 to 50 nmas a
base for Ta in g%lgg? S;ﬁglcfléolﬁn’%agé p@g%\gfo'rlgr}&wtfe% ff‘%?rﬁ%‘ “Bytkk‘ipﬁzl‘htg PR th a W
target ifirgases f sl MY fel - \Whi c . al.;so be,forqed by thernal
CVD usi ngrt ungstée}nt%e))]éiﬂe{]g)éfﬁﬂ ef?‘{‘@éﬁow\ﬁ]?eéﬁg‘\gﬁ aolfsQLf e%i(,S T %}/ R 200 it
IS necesddeyed 0 be able to nake the fil m becone | ow resistance in order to
use it as the gate electrode, and it is preferable that the resistivity of

the 1o/ f i | m Neteede, AthiighiBe Gfst chf@Scd ZI@YWQ‘A%%_ ?l‘?t‘f L88h Ebddtingan be

‘lowered by enlarging the crystals of the Wfilm- or cases 1 n which

there afiln 88ys WhipLEmbyd@h@mEN S s#ERcaSe QRYORD b ﬁmt@ﬁw B 8% Sorfd bdth
g

crystallization is inhibited, and the fiTm becones h resi stance. A W

target iayiabg bedopuyd frymah ¢RI @ % 8% b dJMSHHSSATH WSPHME! | ng.
In addition, by formng the W filmwhile taking sufficient care that no

i mpur i t Ads ahd douwbt Hromtdre alleg minasiel Aneingidter oflveRd @tmbhe 49 (8 @finfi I m
formation, a resistivity of 9 to 20 I-tCcin can be

constituent, or from a chemical compound of these elements. Further, a semiconductor

15 film, typically a polysilicon film info which an impurity element such as phdsphorous is
doped, may also be used. Examples of preferable combinations other than that used in
Embodiment 1 include: forming the first conducting film by tantalum nitride (TaN) and

. combining it with the second conducting ﬁﬁn formed from W; forming the first
conducting film by tantalum nitride (TaN) and combining it with the second conduc ting

20 film formed from Al; and forming the first conducting film by tantalum nitride (TaN) and
combining it with the second conducting film formed from Cu. (See Fig. 3B.)

Masks 109 to 113 are formed next from resist, and a first etching process is
performed in order to form electrodes and wirings. An ICP (inductively coupled plasma)
etching method’is used in Embodiment 1. A gas mixture of CF, and Cl, is used as an

25 eltching gas, and a piésma is generated by applying a 500W RF electric power (13.56
MHz) to a coil shape electrode at a pressure of 1 Pa. A 100W RF electric power (13.56

MHz) is also applied to the substrate side (test piece stage), effectively applying a negative
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achi eved. 10 Note that, although the first conducting film 107 is Ta and

t he second conducting film2108 is Win Enbodi nent 1, the conducting, ,f,,i}IéE%
are not limted to these, and both nay also be forned froman el e n?ﬁﬁg‘% B
selected fromthe group consisting of Ta, W Ti, MO, A, and Cu, or from
an alloy material having one of these elenents as its main constituent, or

from a chirisatolegepaledyaflmt Hep . [ , em conductor 15
film typically agpol ysili con fi%&e{ﬁmﬁggﬁh@gﬁ egc}rflﬁ%:él%ﬁth £5 e 8 K08ch as

phosphorisandCl, depesinbimey. al so be used. Exanples of preferable
conbi nations other than that used in Enbodinment 1 include: formng the

first conduddotdhobin iR By, 3GIRUEE BB dfRe ﬁ;rsg@%’ﬂgﬂﬁm" gggiawd&ggi_t with the

second conducting filmformed fromW formn I'1Ps con tbF(f%“{fi | m by

t ant al ursonidit tinielagdieddk nedde i6@WPIBERE sthé%tﬁc&ﬂgn?eleﬁ&nﬂg};g?@%t %F H}r%‘\ghﬁ 20 film

formed fromAl; and formng the first conductin a itride

( TaN) 5 andltagenippliéh go ithe Wilbdiratd gids agpRd Ligidd LR £ r.am Cu.
(See Fig. 3B.) Ils/lasks 10% to flS are forﬁggaﬁg% k[?gg{rﬂ %Lge%dl‘l@(?{{geghgmglgai rst

et chi ng spitablesssistsmaglestape MeThd ahgé G thd %pﬁ%%cg,tiéﬁst fsqgﬁﬁilgrlg né(’?f’r Ifgs. An

| CP (inductively coupled plasma) etching nethod 1s us odi nent 1, A

gas m xteteleingfrin@Fhaghd ifdreased bys@PraemaR 2R &F B 1Y ofRS T ?E‘Ho&w. Bt IS

generated by applying a 500WRF el ectric power (0.56 to a col I® shape

el ect r odgtladutanyrresidue eernfiningRen the $ROMBRRIZENE! | ThOMBENGE &6 i) 1S
al so applied to the substrate side (test piece stage), effectively applying
a negat indicB0oide fillARvZB@Espeed fo HIVESilnoistiage 2 e Wbldallynzanghd Berdiged 11 M
are both etched on_the same order when CF4 and C, are conbined. Not shown
in FI§. agproxiugeelpd? 1o 60 smodf deexposedtsurfardifahi Bificdaperidanth ihecserend
conducting layer are nmade into a tapered shape in accordance with the
ef f ect dhiStoveTsicing pragesst dyethapprotetiowo it g, S stgiatsofahd @ateridarlatie _above
et chi ng | onfi tions by using a suitable resist mask shape. The angle of the
t aper ed f’%@r Qoo Gogefeddinfirg shepesonduiseing dayetsi g i 8 ananade thineeelas2d- by
appr oxi rrats%l y 10 to 20% in order to perform etching
to nm.
The first shape conducting tayers 114 to 118 (first conducting layers 114a to 118a
15 and second conducting layers 114b to 118b) are thus formed from the first conducting
layer and the second conducting layer in accordance with the first etching process.
A second etching process is performed next, as shown in Fig. 3D. The ICP etching
method is similarly used, a mixture of CF,, Cl,, and O, is used as the etching gas, and a
plasma is generated by supplying a 500W RF electric power (13.56 MHz) to a coil shape
20 electrode at a pressure of 1 Pa. A SOW RF (13.56 MHz) electric power is appﬁed to the
substrate side (test stage), and a self-bias voltage which is lower in comparison to that of
the first etching process is applied. The W film is etched anisotropically undér these
etching conditions, and Ta {the first conducting layers) is anisotropically etched at a
slower etching speed, forming second shape conducting layers 119 to 123 (first conducting
25 layers 119a to 123a and second conducting layers 119b to 123b). Further, although not

shown in Fig. 3D, the gate insulating film 106 is additionally etched on the order of 20 to

- 50 nm, becoming thinner, in regions not covered by the second shape conducting lavers
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Wi t hout any residue remaining on the.gate insulating film The selectivity

of a silicon nitride oxide filmw th respect to a Wfilmis frgn%%gé@gﬁuﬁ
(typically 3), and therefore 10 approximately 20 to 50 nmof th ﬁé )

surface of the silicon nitride filmis etched by this over-etching
process. Further, not shown in Fig. 3C, regions of the gate insulating _

film106 hd® webddRr Tle baski [ (ShEPS i Lopidd 1o 118 are nade
t hi nner by-20 to 50 tun. The fi rstegﬁd;%g% (gﬁ%%elgﬁ%{%atsﬁhé%@rgc?i’ i 5}

(first condwsksi0fa tbaygas 114a to 118a 15 and second conducting |l ayers 114b
to 118b) are thus fornmed fromthe first conducting |ayer and the second
conduct i ng | aVhe etchifeeardameechv Whilkhed oy £9CES . second
etching process is perforned next, as sho%slfanﬁhlg.&gﬂga eew}schiﬁﬁ‘ef%ﬂ?‘ﬁg

met hod i sgad ofiTRyranyd s esh baedtintd il &ronf defddic T 2 U .as the
etching gas, and a plasm is genergt etél brédlgt%5??@%%1&&%1)%\7{5%&9&?“&???c

powver (13abd vifda)prétuies ©btle @heds produslke 8 of Pa; A
50WRF (13.56 MHz) electri ce power Fs gpps)l i(’jgg{bggnf#éta\éaﬂ%g}??%%%e%?%@ E(I}L st

stage), ahd fhuosides ahd ahloviaes, abie Wl@hide %oh%%'ﬁd WECR m@{?ggwghm @#&Eh@f

the first etching process is applied. The Wfilmis etc ni°sotropi cal |y

under t hesaporgteshiney oL B, Taih sandalaClT are(df Bignilat b&ler CORSESE B1g: WAMR! S i S
ani sotropically etched at a slower etching speed, form ng second shape

conduct i nghe Agdilm arecharh etdged(by tist CEpasd Tl g RBchay eHewb 382 it § sdhigda= and
second conductigg | ayers 119b to 123b). Further, although not- shown iIn

Fig. 3D, @nentimiotChrisadded toghfsigasmioice, CRAAE D avadt soreliched ani Fhadox der

of 20 to 50 nm becom ng thinner, in regions not cover ed by the second

shape @onleugs amguiayfdt mdicalsax Fliogs MRzeR6RGedl 185 & ocshR3the rehiip sk dl@9he 0 113

afe etched gi/ t he second etching process, becomi ng nasks 109a to 113a. The

et chi ng r adlimbavise ahigh Aupridervara préseurthetomen hiph aroshdanke huinkhetdreif m xed

gas of CF4 and O, can be estimated fromthe radicals generated, and from

the ion tgagreassathe ¢tsping peed obrlesdets ndtaelagiaclyi inorepseodButrher, Gangsili ng

t he vapor pressures of W.and
oxidizes compared to W, and therefore the surfdce of Ta is oxidized by the addition of O,.
The etching speed of the Ta film is further reduced because Ta oxides do not react with
\

15 fluorine and chlorine. It therefore becomes possible to have a difference in etching speeds
between the W film and the Ta film, and it becomes possible to make the etching speed
of the W film larger than that of the ¥ film.

The masks 109a to 113a are removed, and a first doping process is performed as
shown in Fig. 4A, adding an impurity element which imparts n-type conductivity. For

20 example, doping may be performed atan acceleration voltage of 70 to 120 keV and with
a dosage of 1x10" atoms/cm®. The_ doping process is performed using the second shape
conducting layers 119 to 123 as masks against the impurity element, and so as to also add
the impurity element in regiohs below the second conducting layers 119a to 123a. First
impurity regions 125 to 128, which overlap with the second conducting layers 11%9a to

25 123a, and second impurity regions 129 to 132, which have a higher impurity

concentration than the first impurity regions, are thus formed. Note that the n-type

conductivity imparting element is added after removing the masks 109a to 1132 in
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Ta fluorides and chlorides, the Wfluoride conmpound WF6 is extrenely high,
and the vapor pressures of WO 5, TaF5, and TaCl 5 are of simlar 10%3‘?%,17 035
Therefore the Wfilmand the Ta filmare both etched by the CF4'a g
gas m xture. However, if a suitable quantity of O, is added to this gas
m xture, CF4 and O, react, formng CO and F, and a 10 | arge anmount of F

r adi cal sErabodimennd, buettgemeseat etkenfionas A6Skthired E@&iﬁ??ﬁé ﬂ%&r@lﬁreeq‘mﬁ pthe W
i gh. tHe o

filmhaving a high fluoride vapor pressure becones er hand,

even i f Whichimpaes-ypdmreuctivingmspaleshofddead il RS qPLf gl ia\‘ﬁ'tb{mi fir ease.
Further, Ta easily oxidizes conpared to W and therefore t'he surface of Ta
i s oxi dimzesks 4092 he L hdtlingy ba reho®@d. T he etching speed of the Ta filmis
further reduced because Ta oxi des do not react with 15 fluorine and

chlorine. | tAwask &3 biseekefoomedop desihli@ndactbr ks el @ HhetEnre: i s?&ﬁﬂi ng
speeds between the Wfilmand the Ta film and it beconmes possible to make

the ef cifoRgusireldyersil2ihendviZibmA pogien of Henmiakial 3 Dévdches Wik dhilsBoniine
masks 109a to 113a are renoved, and a first doping process Is performed as

shown i AMPRELY waionabitli sapchrichinpune gate elsabmeing A 108, IANRBAS dBpihY PRycess
conductivity. For 20 exanple, doping may be perforned at an accel eration
vol t age ‘othepperformed, anshammepwiity blesego shis infpatns 10rypt eamd@tivity Thelddapi ng
processQSS,gerg r med using the second shape conducting layers 119 to 123
as masks UYaE RSO PE gpudnetiviglimpening iapdriselasetds pdrianaddr codbitibmpuri ty
el ement .in r,elgi ona bel ow t he second conducting | ayers 119a to 123 a. First
i mpuri ty® P@&F ke qospge és repd highes thaw ehataf thi 'tsttdi;@irgqnom&mmkhmt fong
| aye (z 1198 to, 25 Jr23a, @%{é .second_inpurity regions 129 to 132, which have
a hi 5 erac‘i:%ﬁwwo @8frc e1Rerig- 48y tlihasloping danrbetcarmpslonittby iomdoping or are t hus
~ forned. .Noﬁ?gx t hat { he n-type ondgct ivity inmparting el enent is added after
r emovi n "Lk s lorodeping is pepigringd gpdericondipgrszd@alogrbmdunefriond | x Kt t he
present ipvenkion is pot.,limted to this. The inpurity elenent which ‘
i mparts t?l-g f@@ea@mt nd 4naceg f%}%’d’oéfég%@'ccf@doilggkﬁ‘é- &t pepioglic mblg.gram  and
th th Kk 09 113 d
en 1hes Jq8383r, ]typw.%aﬁyophospgorr(r)au}s/ (Bf or ggSEXi% (As) is used as the impurity element
which imparts n-type conductivity, and phosphorous (P) is used here. The conducting
15 layers 119 to 123 become masks with respect to the n-type conductivity imparting
impurity element in this case, and source regions 134 to 137, drain regions 138 to 141,
and Lov regions 142 to 145 are formed in a self-aligsiing manner. Further, Loff region 146
is formed in accordance with the mask 133. The impurity element which imparts n-type
conductivity is added to the source regions 134 to 137, and to the drain regions 138 to
20 141 with a concentration in the range of 1x10% to 1x10* atoms/cm’.
Itis possible to freely set the length of the Loff region 146 in the direction which the
carrier moves by coﬁtrolling the size of the mask 133 with the present invention.
The n-type conductivity imparting impurity element is added so as to form a

, 17 9 . . .
concentration of 1x10" to 1x10" atoms/cm?® in the Loff region, and a concentration of

25 1x10" to 1x10" atoms/cm’ in the Lov region.
‘Source regions 147 and 148, drain regions 149 and 150, and Lov regions 151 and

152, into which an impurity element having a conductivity type which is the inverse of
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A mask 133 is next formed on the semiconductor | ayer 104 so as to cover the
second 5 conducting layers 12la and 12 Ib. A portion of the naskj QS@AR 2005
overlaps with the second inpurity region 131, sandw ching the gate
insulating film2106. A second doping process is then perforned, and an

i mpuri t yehel ghRit ophi-gh44 ts n-t copductivity is added. Doping of the
n-type conducti v(i)tycigrr%%r i ggipﬁ‘pﬁ%/e?ﬁi‘)meﬁoé% tiny @ep@ﬁh@ﬂmﬂd'fﬁﬂ" ondid i ons
in whi chsetdiCosiigeGCldvsrs RI7SEd; hhgher t han. that of L’ue first doping process,
and at a | ow 10 acceallyerS a@zo%&vépg’a@es.ho('@e@ Eﬁggﬁ 48&1‘1 Teondoshiapy seamdbe

carried @Hdub¥ng [ ' iplantation. lon doping is perfornmned
under condi ti ongs&?)?gg@ggg%@g%bﬁ#F uft’l’%aﬂafgf@- TEPest W tho mapunimrehome, and an

accel er atridbphe oy : eV. Aperiqdic table group 15 elenent,
typically phosphgragﬁrspé(gg?%o%[%aeog%ﬁl cm(%gﬁlg?g‘grﬂ%%d“%@ef-he%hﬁpﬂmd yhageenent

whi ch5i patitshdirctors I Y - hosphor P) is used here. The
conducting 15 Iayersyéilé::L)g@i%J gﬁ%ggj%xé}ggﬁgmﬁhgf aW‘%ﬁfég%ﬁ@épvﬁl@dﬁ@r Fheisy pe
conduct ieiciry sinfaardre ' j | . in thiys case, and source regions
134 to 137, drain reégsgjgndsf&ifggm{a%(s?ﬁﬁgﬁﬁ pgg\%. :Pﬁaﬁpg’ﬁ%‘“ﬂsza f‘%?d.’li@éﬁ%ii@ formed
in a seldiffafing cordBgrrBBORES cheke ok Off 47 L .aqgi 146 . is formed in_

accor dance V\,igtch0 the rmask 1%h§.SH£ll'lthcg?lé‘ﬁ%ﬁ?lld“t?fnggéﬁghfﬁ\?ﬂléﬁu?l r"r“rat")é‘dﬂ-bﬂlpe

conduct ianik shel Bowndggshd 051 Be r r.egi 3 137, and.to .the drain
regions 138 to D20 141 with %Slgg'ngg‘%#‘?‘%ﬁ?@’%‘#ﬁ?ﬁ@@%B‘é‘eoLfS‘Il&E?E%ﬂftt‘o

1102 - dBghip), sathacbloréreispRESULErd Oy Tehy reofhs \ih J ER0L DR L A LOR

region 146 in the direction which the carr noves t he

si zel®f toBal@BatoriFmhi lfprhdreeePARIVAGN EAMERAEE Hihe TDGDTARE 1&2%%@@%@“ ty

inmparting inpurity elenent is added so as to rorma “cofcent f.

1x1 0" " tthe xlif tQiato i 1900 ahd ehd 06 reb Rtk 251 aﬁd‘%?is‘ﬁ?ﬂﬂfe%%q%-ﬂ%nnfgg{l 4825

1x1016 to 1x10" atonms/cm in the Lov region. Source regions

dr ai &loyi biehacehdifing ' ind - ' i ch.
rai n réhicknessbitha ng &dydrslaad che isaRsing ﬁllm,%'l‘ilx_ch%éﬁee a F%Peﬂﬂaggnrgg 1

inmpurity element having a conductivity type which ist erse

MAR 2006rasigeciisonat theieedgnshirathyaliope tho@midsRluciaNadedy, 5Bl b He a%srﬁ,{;a””e
TFT forming semn conductor |ayers 102 and 105, ‘as shown in Fig. Z . The

second §REPY Rrecesad The concentration of the impurity element added into also changes.
15 '

4
I

Impurity regions (source regions, drain regions, Lov regions, and Loff regions) are
formed in the respective island shape semiconductor layers by the above processes. The -
second shape conducting layers 119 to 121 and 123 overlapping the island shape
semiconductor layers function as gate electrodes. Further, the second shape conducting
layer 122 fpﬂctibns as a capacitor wiring.

20 A process of activating the impurity elements added to the respective island shape
semiconductor layers is then performed, with the aim of controlling conductivity type.
Thermal annealing using an annealing furnace is performed for this process. Inaddition,

| laser annealing and rapid thermal annealing (RTA) can also be applied. Thermal
annealing is performed with an oxygen concentration equal to or less than | ppm,

25 preferably equal to or less than 0.1 ppny, in a nitrogen environment at 400 o 700°C,

typically between 500 and 600°C. Heat treatment is performed for 4 hours at 550°C in

Embodiment 1. However, for cases in which the wiring material used in the conducting
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conducting layers 119b and 123b are used as a mask with respect to the
inpurity elenment, and the inpurity regions are fornmed in a self-ﬁlbi @3@%}%06 _
manner. The island shape 5 seniconductor |ayers 102 and 103, which’f
n-channel TFTs, are covered over their entire surface areas by a resist
masks 153 at this point. Phosphorous is dlready added in differing

concent r BlkR tihe . . ions 147 and 148, the drain regions 149 and
150, andvt hé“'fgs 1?25%‘%%{31(0‘&&?%885‘{%%‘:53%% pPteraldptageifenpestivatioedfiher e

usi ng di élT@g) . t.bogon. is..al so added to each of the regions
with a concen%afuétérilzé on ot 1%)%1%‘%(5’1 1’?0@&“5@‘59‘2'“&?8%‘7‘ gpmstitpenthimender ey t he

bor on copicbdiaHe kfirih SOk regions 147 and 148, the drain regions 149
and 150,ﬁﬂadr%d thg Lové}(raaegl 082&551 and 152 is influenced by the film

el o A BRI D T

t apered shape.in cross section a

sem cenduet@bhk@ i Sl M t:0, .t ond dopi.ng process. The
concentrat i OE of %?Eﬁgu?%ﬁ?rg |{ Y ne?%nnd;ﬁ)tos/g@ HU‘?%Pgrf‘é’g%‘ ggﬁ‘iﬁﬁ’@‘é‘é@“‘l@ﬂt%uri ty

regi ons iglksoudr i i i Lav regjons, and Loff regions) are
o e | B O e et P B e oL R ORI 8 vt shd e aove

processeghe iflagd sEGEaR -&Iﬂgﬁ@: I erg. 119 to 121 and

over | appi F]ag1 the i<l angus apet&ggﬁﬂ%%#lgﬂgbg%n aﬁllf ('S U VSﬁC‘é%ﬂégP%m
el ectro tar(usithb -Q&p&, i | ayer 122 functions as a
capaci tg?ﬁvfdoﬁi%gl. Z(SSIAbger gg@ggqg acti%g{algllrl%} H%ig allsﬁpa%/er rﬁ?r@fj‘éﬁ%ﬂ?%t tded to

the respaehhyef liygcgedagbape sem conductor |ayers is then performed, with
the aimof controlling conductivity type. Thermal annealing using an

~annedli ng f uArfizaenteslaparihallame A1a1 1354 Sorfl | 4i08e i RSB, -
anneal ing and rapid tﬁ%?mal anneal i ng %&T&)ﬁq{;‘eg?\ﬁg lrslaob g%;nallﬂg@?ee%lgﬁ'ﬁlg} mal

anneal i rigpviisg peliitloneredf 100 b 200 10%Y BeRGRIGRMN R irQflaBAY &lm 1196 Aadk §35, than 1
ppm 25 preferably equal to or less than 0.1 ppm 1n a’nitrogen €nvironment

at 400 tan JQAgc intylpicgivayerké isvben (SAQGERIHRMNG inkBale! HEALIBIHLLS55.
performed for 4 hours at 550C in Enbodi nent 1. However, for cases in which
the wiring retwridiolesad then fonmed andisctingl iBéerlabe dinMIRIRODB: 156 over the
capacitor wiring 122 and over the source region 148 to expose a portion of the first
15 interlayer insulating film. An intermediate wiring (electric power source supply line) 157
is the formed so as to contact the ﬁfst interlayer insulating film 155 through the ca)ntéct
hole above the capacitor wiring 122. (See Fig. 5A.)
Next, a third interlayer insulating film 158 made from an organic insulating material
is formed on the second interlayer insulating film 156.
20 Contact holes are then formed in the gate insulating film 106, the first interlayer
insulating film 155, and the second interlayer insulating film 156, and source wirings 159
to 161 are formed so as to contact the source regions 147, 135, 136, and 148 through the
contact holes. Further, drain wirings 163 to 165 are formed similarly contacting the drain
regions 149, 139, 140, and 150. (See Fig. 5B.) The drain region 140 and the cdpacitor
25 wiring 122 are electrically connected by the drain wiring 164. Further, the electric power
source supply line (intermediate wiring) 157 and the source region 148 ate electrically

connected by the source wiring 162.
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| ayers 119 to 123 is weak with respect to heat, it is preferable to perform

activation after formng an interlayer insulating film (having zﬁp&!ﬂij{c@ﬁﬂﬁas

its main constituent) in order to protect the wirings and the like. In

addition, heat treatment is perforned for 1 to 12 hours at 300 to 450C in

an 5 atnosphere containing between 3 and 100% hydr ogen, perform ng

hydrogenat | ONG iy i hRliexableSDRRR: BRTLARIHGLOL, LAXEing HASCR! O££ES 1 S
onds In 1 and’ shHape

one of term nating dangling els sem condtictor?l ayers

by hydromnwﬁte%ataiﬁsﬂmmr% YOEUR ffr‘?ﬁnlt)%laggﬁ?xsulgé{ L ROS7Ed iaﬁlﬂ tﬁy§éc§g§ .

hydrogen excited by a plasma) may al so or ned” as andther ne f
hydr ogenaidediayerifsufatidd fiin 156tes $1@Y, Elmé ERg, P lSo s xt
froma sili co‘{l nitride oxide fi ItmZ h%v?ﬁ%lbgq tlﬁ?scl?ﬁgﬂgqgﬁg&dfgﬁ n’?o %m A

material is then forned on the first interlayer insulatin

Contact Mehulsirasfint 155 hck orgimg &anmﬁs,mgﬁmierhm% FEhe iceﬁ%ml@gwaégm 156
over_the capacitor wring 122 and over the source region 1 to expose a
portion efckihg ufihf SHE 1& Uy BIEF [(BufRired Redtbadd NGordidd, MF ANEDERT IR RGS W i ng
(el ectric power source supply line) 157 i8 the forned so ds to contact the

first intfetHeayne ihngattmt fiRg 106) Aelfdr theOH@h ilgtRMIACT55 BRI habymdt he
capacitor wiring 122. (See Fig. 5A.) Next, a third interlayer insulating

film 158 immdeydriasulamnofigans €adefsuheal hydiffeRhe faddriald, % i§ pref@abieRo thgngecond
interlayer insulating film 156. 20 Contact holes are then formed in the
gat e i nsuhaterod of sichfy addehel detlsintiotte@sHiny efis tybe $oH @t hfgmf i Tie d&hacand

t he second interlayer insulating film 156, and source wirings 159 to 162
are fr mholsanag also bedotraet by heng ow sene eghogsmidihd A3brhelStne atalds

t hrough the contact holes. Further, drain wirings 163 to 165 are forned
simlarl gtdunggsting the drain regions 149, 139, 140, and 150. (See Fig,
5B.) The drain region 140 and the capacitor 25 wiring 122 are electrically
connect ed by 4 sterageaiapadiior il A isfednediamondens at whidi detfiritinpolager ingdaninge
supply line {i ntermedi ate wiring) 157-and the source region 148 are

el ect ri cilmyl5% srivsned¢onplacting aod hetweas thaepppsitor giring 122 and the electric

second i ph&rihauiefing ABMI 56, iR fifst IR AR08, ARG AL A 355 ,Oﬂrrﬂatﬂlb gec']g):ﬂﬁ %k%g{@

power source supply line 157.

15 A fourth interlayer insulatiﬁg film 167 is formed next from an organit resin.
Organic resins such as polyimide, polyamide, acrylic, and BCB (benzocyclobutene) can
be used. In particular, it is preferable to use ac¢rytic, which has superior levelness, because
the fourth interlayer insulating film 167 is formed with a strong implicatidn of leveling.
An acrylic film is foﬁned in Embodiment 1 at a film thickness at which steps formed by

20 the TFTs can be sufficiently leveled. The film thickness is preferably from 1 o 5 um
(morte preferably between 2 and 4 um).

A contact hole for reaching the drain wiring 165 is formed next in the fourth
| ihterlayer insulating film 167, and a pixel electrode 168 is formed. An indium oxide tin
oxide (ITO) film is formed with a thickness of 110 nm in Embodiment 1, and patterning

25 is then performed, fomﬁng the pixel electrode 168. Further, a transparent conducting
film in which between 2 and 20% zinc oxide {(ZnQ) is mixed with indium oxide may also

be used. The pixel electrode 168 becomes an anode of an EL element. (See Fig. 5C.)
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1 4 MAR 2666 Note that it is preferable to formthe contact holes by dry
etching using CF4 and OZ when the gate insulating film 106, tDe!’*fE% t :
interlayer insulating film 155, and the second interlayer ins Iétlﬁ%zfﬂ%m
156 are SiQ2 filnms or SION filns. Further, for cases in which the gate
insulating film156, the first interlayer insulating film 155, and the

second i nt eflfastdank [69and asédadbahinl 76 6refoemel SRS § dsth &hﬂegﬁl. The 1S
or

preferable to formthe contact holes by dry etching using CH eby BHF

(buf f er@ltst'bypﬂ: dg2and Itheséaded HankH TBHTE Yornted adHHE] @Nseparate NS @AL ﬁnih
insul ati nﬂ film106, the first interlayer insulating PI I m 155 ‘and the
)

second cathodes, foymed laveybtdjag:nit iphwels] 36is ah@efors proibrible did tes fRbnIBLQ T al s,
it is preferable to change the nmethod of etching and the etchant or

et chi ngl astidkyps finherdarhohiallnchaiehectit etk 150, hal@shamYiskPrabR digt med by
usi ng t he sanme etching nethod and the sanme etchant or, etching gas. A
g

st or getheagsandined thiclndss of drerfirst bamlpleot drohheabcoml it 110 Hd fsde bAties | ayer

insulating film155 is formed contacting and between the capacitor wring

122 andordre ofl e rim, bpothere seurcknitagphyont tietHi8hesd frodidedublhctertier | ayer
insulating film2167 is formed next froman organic resin. Oganic resins

such aslapisyndithie cathollgnferved laer pf adjacan prRGR hisneosyedDbEGERE) igan  be
used. In particular, it is preferable to use acrylic, which has superior
| evel neBesesyer iufoom. thh éirstbank A 69 nhd thayeeond bank 470 bgaf idsolatsig fils, fat med
with a _st_r%rég inplication of leveling. An acrylic filmis formed in
Enbodi ni it theteferezpossiblme mberntsinlssuching en oside ps a roimeor dwyn20e.t Tk fiBTs can
be i@ffi Ci epé‘gloyg'cl veled. The filmthickness is preferably froml1lto 5 m .
(rol€ phastke et speeir] banin 7 Qmay bpth pe tomed by thoband oateredcmidrhey he
drain wirin gng}. IS org&é next in the fourth interl aﬁer i nsul ati n& film
167, an®?h a%P [fomescly differeng anaterialy kha firsbank dp% and sheltecond bankild@e -(1 TO)
filmis formed, with a,thickness of fl&hrgié&Enbodi ment 1, and patterning
25 i-s tHEACPRSS BysveRe shaprnbstyeemaisslsy dibediraichankdé9 ped thesgoond bank 170
t ranspar entb Eond ctin 1fi I nféql n whi ch between 2 aE_ 20% zj nc oxide (ZnO is
mi xed with OF niditm Bhite? fay U QOTCHRINES fFoumteigna esgl ek ReHke PEBeBecones
an anOd(?nggd%Polh%Lth%lg%H:p xrn]f;[tingg %gfte@g%al Ercl:es% Note that the first bank 169 and the

15 second bank 170 may also be formed by a material in which a pigment is mixed into a

- resin. {See Fig. 6A.)

AnELlayer 171 and a cathode (MgAg electrode) 172 are formed next in succession
without exposure to the atmosphere using vacuum evaporation. Note that the film
thickness of the EL layer 171 may bé from 80 to 200 nm (rypically between 100 and 120

20 nm), and that the film thickness of the cathode 172 may be from 180 to 300 nm (typically
between 200 and 250 nm). Note also that, although only one pixel is shown in
Embodiment 1, an EL layer which emits red color light, an EL layer which emits green
color light, and an EL layer which emits blue color light are formed at the same time at
this point.

25 The EL layers 171 are formed in order for a pixel corresponding ro the color red, a

pixel corresponding to the color green, and a pixel corresponding to the color blue.

However, the EL layers 171 have scant resistance with respect to solutions, and theretore
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36 1 4 MAR 2006 A first bank 169 and a second bank 170 are formed next from
a resin mterial. The first bank 169 and the second bank 170 are flfm%"zﬁﬂb
order to separate EL |ayers and cathodes, forned | ater, of adj acl:n

pixels. It is therefore preferable that the second hank 170 stick out
farther horizontally than the first bank 169. Note that it is preferable
that 5 t$& i be heramasksepamstely wéthbur stinpapkottishamabltyheclnegand: ank 170
be made on t%ﬁ order of to 2m but there are no limtations on this

t hi cknes%refﬁr f dedst Rareehmagk andl gpegrstharmixdlhecteatrhodelse doimdgilehtard of

adj acent ng,elgf can be_separated. Further, it is necessary to form the
first bakkecigelydamn theELdewadl Hanondy theypqained losatiaising film and it is

t herefore pgasi biye to use nmaterials such as an oxide or a resin, for

exanpl e. pmelyy firgr panpskyBosesrse aheo sevemall hdbe 1R lrasccdmt for bibodeor med
by thg sane material, and theé ﬁﬁy al so be formed by different materials.
The fPr STOTHSRRNAIBS tq he (plorsed omarl Feshroler bight-emisting Blebiyem as¢ silpaivehapes
bet ween ixe(lis.. The fi rs\thlbank 169 and the second bank 170 may be forned
on and dPbBMR§ Pﬁ@gabﬁiﬁle& Xty Maplsis sl a8 rqyener all ply pivehie xoeyt ferhber med
on' and al ong thtii 9at&w ri n(%s (gate signal Iines). Note that the first bank
169 and {RECRENURE Ky Eharaler eroen ARY Srengols lighi-pmirting Fd lavereate atlestivelthi ch a
pi gnent fis m'xe.dgi E;to a r?igﬁ@ See, Fig. 6A.) An EL layer 171 and a cat hode
(MyAg el 85%%61@)“% 6 sk Fgnatlrga Mk iy 't spat Exeoven allwi thopeekeseenider t o t he

BT ayortiprh hESs R S5 RS TH0B 1 AR i COIOF ASEHBEISLED 1A 220 20
run (Byseisive i BhoUE BAK Mpra e Roocehrad Sl SiemsgAont v one
L Payerhnrn ot BB gRnaRbCraPfed brekail Miber STRBRGHCR Srsratnl o™
171 ar ¢ 1oceRi, dRIBRDLR PO SPTR, LR chhbiTRRs i iy rea, o
pi xel - cor r eERMHAG, Lideldy & AAbn Rl E6poRAbB0R) X RbRSARIARPAIH Dthdn t e

in Embodiment 1 for the EL layer 171, but a structure having layers such as a hole

15 transporting layer, a hole injecting layer, an electron transporting fayer, and an electron
injecting layer in addition to the light-emitting layer may also be used for the EL layer.
Various examples of these types of combinations have already been rebérted, and all such
structures may be used. A known material can be used as the EL layer 171. Considering
the EL driver voltage, it is preferable to use an organic material as the known material.

20 The cathode 172 of the EL element is formed next. An example of using an MgAg
electrode as the cathode 172 is shown in Embodiment 1, b.ut itis also possible to use other
known materials. |

An EL panel having a structure as shown in Fig. 6B is thus completed. Note thaﬁ
after forming the first bank 169 and the second bank 170, it is effective to pert.’o'rm

25 processing in succession without exposure to the atmosphere up through to the formation

of the cathode 172 by using a multi-chamber method (or an in-line method) thin film

formation apparatus.
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However, the EL layers 171 have scant resistance with respect to solutions,
and therefore 37 1 4 MAR 2006 each color nust be fornmed separate] % mRhmgB
usi ng a photolithography technique. It is preferable to use a netal nas
and cover the pixels other than the desired pixel, and selectively form
the EL layers 171 in only the required | ocations. Nanely, first a mask is
set so as to _cgver all of the pixels except for those 5 corresponding to
the col or relt Ea%edrr@wdmaooutdeghgienmm dopitediay 20% sarieibebratiosehy
formed using the_pask. Next, a mask is set so as to cover al | of the pi xel s
except fb5PVEeRiRR20%and eshommil fyiting tegivnckii8are greeined atgsarieeigabdiyer

I ight-en‘iéti ng EL I%ers are selectively forned using the mask. Finally, a
mask is Skt segching dF lc\lerThe Lofbregiomel Ofi ix Eirsed xs aphoftobve ISR the yate
correspondi ng .t he cal or blue, and blue color light-emtting EL Tayers
are 10 s éE’Pi?I%glé/tm@\dgﬁs@le@@tﬁgsulh@ngﬁlﬁk106\I&tm:theh,ahe Lal tdautgl0 2 ibformee of
all different masks is recorded here, the sanme mask nmay al so be reused.
Fur t her , 53 85 [oysraperisp the gase plectiodenlgi shesghnbe paikithsudd tingplilee L 0L Thigy er s

are formed w thout releasing the vacuum Note that a single |ayer structure

conpos ed V& YsIcHIe sl effacgive ay eedvcingshewsf dumreBrbodi ment 1 for the EL
| ayer 171, but structure having |l ayers such as a hole 15 transporting

| ayer, a hol Uﬁtﬁfreeﬁr\g gags EFuCtEi inpieghas she swisghipo T |l inyFerhodanehal

el ectron i pjecti ng | ayer in addiéltﬁi?_\g to the light-emtting |layer nmay al so
be used PO UHHAETEENT GPERtionyay alse hexafpfeishle gatehusis teypesansithen ipk et | ons

have al ready been reported, and al uctures may be used. A known
mat er i al “‘&ﬂﬁ‘gﬁ&e Qesgrg dog Swgﬁﬂ&ﬁﬁ%ﬁwo %%f{s, Prsctiepgvely penrecraghinveries

“vol tage, 1dt . referabl e to use an organic mater,ial as fhe known materi al .
50 THY cBY &8&% tRe OIE BhE sEcB e ainpeiEe PovamEcRS dltmaﬁ&éﬁ%m@gdhe afi ng an
MyAg el ag;ltrg&de as the cathode 172 is shown in Enbodinent 1, but it is also
possi bl et 0o use other known materials. An EL panel having a structure as

h in Fi ' . Not e_t hat . ing the first
ank 160 andrtREck Shsnl T6ERE 165 201 Sk prtBbbrl B GhoeRhaiimensd: Bibéessi ng
in Succeﬁglﬁﬂn@ffﬁ?%ayeﬁw&ﬁé‘ﬁfedt0 t he at nosphere up through to the

formati o

A semiconductor layer of an electric curreﬁt control TFT 202 contains a source
15 region 210, a drain region 211, an Lov region 212, and a channel fonﬁing region 213.
The Lov region 212 is formed so as to overlap with the gate electrode 123 through the
gate insulating film 106. Note that the electric current control TFT 202 does not have
an Loff region in Embodiment 1, but a structure having an Loff region may also be
used.
20 Further, the electric current control TFT 202 is a p-channel TFT in Embodiment
1, but it may also be an n-channel TFT.

Note that the EL panel of Embodiment 1 shows an extremely high reliability, and
its operational characteristics are also increased, by arranging optimally structured TFT
in not only the pixel portion, but also in the driver circuit portion.

25 First, a TFT having a structure in which hot carrier inj'ection is reduced so as not to
- havea very large drop in operational speed is used as an n-channel TFT 203 of a CMOS

circuit forming the driver circuit portion. Note that circuits such as a shift register, a
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of the cathode 172 by using a nulti-chanber nmethod (or an in-line method)
thin film formation apparatus. 38 1 4 MAR 2006 I n Enbodi ment 1,{& B@Rr 2185
region 204, a drain region 205, an Loff region 206, an Lov region 207, and
a channel form ng region 208 are contained in a sem conductor |ayer of a
switching TFT 201. The Loff region 206 is forned so as not to overlap with
the gate %Jectro e 116 through the gate insulating film 106. Further, the
Lov regi buiten 2 level shyftap and asampling granie(simplewnt hotdharaya) erchelutiedaah 21
through the gate insulating film 106. This type of structure is extrenely
ef f ect i v&TIVRT cBEWES heret hdigndlfconyersiom cirditstsueh as a B Agloaveatecst nlictare i s
used as th itching TFT 201 in Enbodinment 1, but the present invention
may al so %&Vgg&“’g@mﬁ’?@%@@ﬁ]@ digivalidtive.e or anot her type of multi-gate
structure for, the swiching TFT. Two TFTs are effectively connected in
series 10 by ‘usemicamscesulayer ghithe sreharmet STFGiA03ngf the GO cageit dh

addi ti n%}%%/ C[]ieduci ng the off current. Further, the switching TFT 201 is
an n-cha OGHBENT | CERiSER ARONECeTECiBNE 24, 2 gradhengivel 2227 T day rediso 2Bb anded. A
senm conductor | ayer of an electric current control TFT 202 contains a
source ‘f5d?’5'é‘@FE rRiRg reglogydidn regi on 211, an Lov region 212, and a channel

formng regi 13.. The Lov region 212 is for sQ as to_overlap with the
gate el ect rog'glr%fé I Bl Qe cespay t@EFEO‘i“F‘F‘éﬁ‘F WFEHSE‘F P%rﬁHI‘@BF faushe ntggnnthe

Embodi ekt 1 0HuEhg TEPPUTE B Agcnmcer phrbe, ATHe 08 Deb hsafl 20
Embod; merst et B firfafih of e SBa e A4 pugkrapimehe Fae cEorate O rieetpanel
Fi T e R S RN
In not ony rés}?s%atﬁ)éexc%mipoq{egtsoapre illceda8 Sl e}srﬁ%sm fiLver circuit portion.
Further, a semiconductor layer of a p-channel TFT 204 of the CMOS circ-uit
contains a source region 231, a drain region 232, an Lov region 233, and a channel
forming region 234.
15 Note that, in practice, it is preferable to perform packaging (sealing) by a protecting
film having high airtight characteristics and lictle outgassing (such as a laminate film or
an ultraviolet hardened resin film) or by a transparent sealing material after completing
up through to the processes of Fig. 6B so as to have no exposure to the ammosphere.
Further, if an inert gas'is placed in the inside of the sealing material, and a drying agént
20 (barium oxide, for example) is arranged on the inside of the sealing material, then the
reliability of the EL element is increased.
Further, a connector (flexible printed circuit, FPC) is attached in order to connect
the elements formed on the substraﬁe, with terminals extended from the circuits, to
external signal terminals after increasing the airtight characteristics in accordance with
25  the packaging process ot the like. A manufactured product is thus completed. This type

of deliverable state is referred to as an EL display device throughout this specification.

The widths of the gate electrodes differ as stated above with the present invention.
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25 First, a TFT having a structure in which hot carrier injection is
reduced so as not to have a very large drop in operational speedsi ggéysg}gﬁ
as an n-channel TFT 203 of a CIvlOS circuit formng the driver circuit
portion. Note that circuits such as a shift register, a 39 1 4 [ AR 2006
buff_er, I aq[tév;{lﬁ tS{T ft(ge!sr_, and a sa_rrFI i ng ci rg_uit I(sarrpl e a_nd ho! d ci ':cui t)h
are i ncl ule@redSrel 185 pEkEHYEL . .Si.gnal..conversion circuits suc
as a DI A converter can also 1@1%15&{'-!{&1 ﬂggége\ﬂ%%%ﬁléwl?}?ﬁi{ﬁ@erﬁ'icgﬁ'l‘g‘&]w'dlﬂi‘%ﬁé. A
sem condugir@higddavtderothd Rt of. the CMOS circuit in 5
Enbodi nent 1 contai as A sou%ggr@%gﬁjggg—g§i%%§na&‘5i IR0 OFCeRtraten withip she

regi on_ 22%mid0ductof BISRb. 4RI AN AGIhOR PRt FUILISL, LIS, 0ol necessary

to be concerned with the off clUrrent for Frépce

i mpor t ancin iR peR@TMALRS i d,than the off. current.
The for mat ilonpgf ihe Lov tgg%?éﬁ%%@g%@@ﬁéag%%?%ééﬁeﬁ@%%%e%iw PPEdRring

through ldnidfcodheisingstb ahienGedddddy lQﬁlaEI%. therefore effective in
i ncreasi ng the operating speed because the resistance conponents are

reduced as mEltas, BOSseP FUiHe : i 501 ayer. . . p- ghannel
TFT 204 of the é:lvosmgu rguih%forcont }S{\fgstegloglgt%@gggggﬁﬁ(bénggﬁgWét?%qujitﬁe ﬁ@éi on

232, an Leaccrebgiunle2ad) danaidholRaRClecohdlNBE RO AP pIONBLELREL, T

practice, it is preferable to perform packagi ng (seall a pro ¥i ng

fi1 m havi etghiiogCantrsl @hthe (Lb&’frag—ibﬁfahatﬂcﬁzsreéﬁﬁ_ﬂo%i%ﬁnh%b@é&rgﬁse%iggc&ﬁgggdas a
or

lam nate filmor an ultraviolet hardened resin fi y a transparent

seal i ng nwt éd ednafirienat exmbples.Ndr thifreidie %%}nésoe&sﬂgmﬂ{afeféeﬁé&& g{)gtiﬁglgasl ?E

so as to have no exposure to the atmosphere. Further, 1f "an in
- pl aced0i religranémsifdke bbv régoseald ig 105 Rbick, arkhid hacHhW iy agﬁfahu%_@ufrgar i um

oxi de, for. exanple) is arranged on the inside of the sealing material, then
the reli&bilkhayingfdesinel Eharetterismts. i s i ncreased. Further, a connector .
(flexible printed circuit, FPC) is attached in order to connect the
el enent s f or negtieermare, thabletritmwenisourct enpplytates cexicandasllf foamed A8m the
circuits, to
: same film as the gate signal line or the source signal line, is formed between the second
interlayer insulating film and the third interlayer insulating film. The electric power
15 source supply line can be formed overlapping the gate signal line, and therefore the
aperture ratio can be increased.
Note that although an example in which light emitted from the EL layer is directed
toward the substrate is explained in Embodiment 1, the present invention is not limited
 to this, and a structure in which the light emitted from the EL layer is directed above the
20 substrate may also be used. In this case, the cathode of the EL element becomes the pixel

electrode, and it is preferable that the electric current control TFT be an n-channel

TFT.

' [Erbodiment 2]

A top surface diagram of a pixel of an EL display device having two thin film

25 transistors is explained in Embodiment 2.

A top surface diagram of an EL display device of Embodiment 2 is shown in Fig. 7A.

41




external signal termnals after increasing the airtight characteristics in
accordance with 25 the packagi ng process or the |like. A manuf acLQ{W- 00
product is thus conpleted. This type of deliverable state is ref gd EE(@
as an EL display device throughout this specification. The w dths of the
gate el ectrodes differ as stated above with the present invention. 40 1 4
MAR 2008urfdher, ef GFcit difigr! il i on.concentration wthin the
R hOF Rl 3B s R BRI e 1

semi conductor |ayers arranged 8% han the

i on contreBig dB] Refaehéd Ku ] l.aygns. not , ar.r anged under the
first gat eiael ectrode by u%l?ﬁl g?ﬁgh?ﬁgg%%%? %‘%%:@ hnleharil%ﬁef?)rgﬁgﬁ PEY¥8h depth,

due to 502 dnbterd ae 4ahal BAECA ORIIAARIPBR 1 IASH HEL] LIk 5 i on

injection using the gate el ectrodes-as ma Rer,”q 0™ orm t he

Lof f regeotric pisidiGoarddRafsply ik Yartd\Gveadlt BB tht B&efsidnsl 1 el ectrode and
the width of the second ggtye e?/ectrcfdggneggt%%”gté: b%’él%tlrl%ﬁgsée% by etching.

Cont bol of Rbferdiekfnurgahpr0fAdnbRY arsggﬂ'cﬁﬁwpwgpiﬁ imqtp%é)%ﬁ?‘g;gﬁ%ﬁgi Er conpar ed

to the conventional exanples. It therefore becones easy el se

posi t i osmhichfdadtbghaRatsst w?gggﬁhgsg%@gteaﬁg%%hgh&%i i ?&h}%{di%r} P it

beconmes easy to manufacture esl aracteris

Fur t her smniepndixaoelaget S0TaPOYRE cRRHHEE SHRRIFY sbhﬂ%@ re SOMYEDL I PRRL Y4 oF med
fromthe sanme filmas the gate signal |ine or the source signal 1ine, is

formed bbtheemitdelwendag:: J03ticedayted AStHeablLRg Ji&ihgsém,%ﬁﬁet&iué%
interlayer insulating film The electric power 15 solUrce supply I1ne can he

f or med owendcapbing cuperigatdriag gnalbyla digin wittht 18N ef1Q! BlebhR pRRSLLMLE ratio
can be increased. Note that although an exanple in which light emtted from

t He 1BL suppdy ling5Qf iseotieetted anafir inherlsebiistiatiag fikn exelsBbRath tHe EuRasli ment

1, the present invention is not limted to this, and a structure in which

the i ghita@ertiaredertatedby hdetEhct aymeral §12ianelet eorapbemectbeis nsdlistthat e may

al so be used. In this case, the cathode of the EL el ement becones the pixel
el ect r odleC trimOWer spurcpsupipdy it 3% HatfirsdinteeleatinsularigfilentindortcapicitbE T be an

n- channel | TFT.
witing 511.

The capacitor wiring 511 is connected to a gate electrode 506 of an electric current

15  control TFT 507. The electric current control TET 507 has a semiconductor layer 508,

a source region of the semiconductor Iéyer 508 is connected to the electric power source

supply line 503 through a source wiring 531, and a drain region of the semiconductor
layer 508 is connected to a pixel electrode 509.

The electric power source supply line 503 is formed between a second interlayer

20 insulating film and a third interlayer insulating film in the present invention. The electric

power source supply line can therefore be formed overlapping the gate signal line, and the

aperture ratio can be increased.

[Embodiment 3]
An example of forming a capacitor wiring, a gate insulating film, and a
25 semiconductor layer in addition to a structure formed by a storage capacitor, a capacitor

~wiring, a first interlayer insulating film, and an electric power source supply line is
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[ Enbodi nent 2] A top surface diagramof a pixel of an EL di splay device
having two thin film 25 transistors is explained in Enbodi nent R4 ﬁﬁgog{;gg
surface diagram of an EL display device of Enbodinent 2 is shown in Fig.
7A. 41 14 MAR 2006 Further, a circuit diagramof a pixel of the EL display
device of Enmbodinent 2 is shown in Fig. 7B. Reference nuneral 501 denotes

a sour cexisihedhn Ei rg‘g}g nuneral. 502 denotes a gate signal
line. A V\Illﬂ ring %ngb?g} me %ﬁﬁ‘s‘{%gﬁgﬁ‘ & S%T&ﬁeaf?repi:‘h@“gﬁ% greg U%?hlgfoép@élﬁm c power

sour ce shuwh h FiefissA gngpoverlaps with the gate signal line 502. 5 Reference
nunmeral 504 denotes a swtching TFT, and the switching TFT has a

i duct P, v A i te si 1 02 is f d
The. oo congue oy 8%t &80l ABefln bEG I Gyl Siceor! EmBodimsar fogi on
and a dThe&EUEe ] | r 5 s connected to the
sour ce vvi‘r:i ng&?é%?d%‘ﬁ%e (%fﬁgnot Ee%ﬂﬁgag%gsgfﬁ%@%g‘aEE%“Q@Q{S&’GFP}&?WWY Fitg 511 by

dr &i noRvin : i 1 Ly 1i 503,
onnoct ad o ot s Wi BabicS: ROUF R0 Ofer RritiRa owh isatndern gur es)

PSSR0 S e BRESIMTE o R ARG

formed by the - electric power source supply erl ayer

i nsul atstng-tfid sfithaBl. difjftaFdRAG &@m?é!ﬂiﬁfeﬂ?}?&ﬁkhﬂ"gmﬁg citor wiring 511 is

connected to a gate el ectrode 506 of an electric cur *I95 control TFT

507. e o1 Bt semicourinent 16antanol o ATS0uDAE SBIERTGHRL Yok el 508 @

source region of the sem conductor nnecte Bctric

pover smuoné capappby witing BOLb, t Hnduethide SOU! thevqr{sgﬂﬁgggé%l ifeq%. a gdrain

regi on of the sem conductor layer 508 Ts cofinecte I 7 el et rode

509 10 Trremst@uducior ipgsvefO0SIAH £ 6hA#HRP Ff it BogRAB60 S afﬁé%ﬂjsgﬁgpi@%h gp?econd

interlayer 20 insulating filmand a third interlayer | min
the prdoantdsmaemtdonact Bhedgt pottiontof (ROWRIMNSDHRESURRhYS0B] 1181 Salohher ef ore

be forned overlapping the gate signal line, and the "aperture ratio can be
i ncr eagBWurity region 601 formed so as to contact the first impurity region 602. The impurity
concentration in the first impurity region 602 is lower than the impurity concentration
in the second impurity region 601. Further, the first impurity region 602 overlaps with
15  the first capacitor wiring 122a, sandwiching the gate insulating film 106.

Note that when the electric current control TFT 202 is a p-channel TFT as in
Embodiment 3, it is preferable to add a p-type impurity element into the first impurity
region 602 and the second impurity region 601. Conversely, it is preferabire to add an
n-type impurity element into the first impurity region 602 and the second impurity region

20 601 for cases in which the electric current control TFT 202 is an n-channel TFT.

The second capacitor wiring 122b is electrically connected to the drain region 205
of the switching TFT 201 by the drain wiring 164. Further, the electric pPOWET source
supply line 157 contacts the first interlayer insulating film 155 on the second capacitor
witing [22b through the contact hole formed in the second interlayer insulating film 156.

15 In addition, the electric power source supply line is connected to the source region 148

of the electric current control TFT 202 through the contact hole formed in the gare

insulating film 106, the first interlayer insulating film 155 and the second interlayer
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[ Enbodi nent 3] An exanple of formng a capacitor wiring, a gate insulating
film and a 25 sem conductor layer in addition to a structure {?r?ﬁg ﬁﬁ a
storage capacitor, a capacitor wring, a first interlayer insul &t ﬁm
and an electric power source supply line is 42 14 MAR 2006 explained in
Enbodi ment 3. Note that the same reference synbols are used for portions
shown in Figs. éAt 6B. Fig. 8 shows a cross sectional diagramof an EL
di spl ay ‘%Ui?% \mlliﬁ@odi ment 3. The EL display device of Enbodi nent 3
differs fro%he EL di spl ay device shown by Fi % 56Binthat it has a
seni conduct or€capasitange valoe wethestorage eapesitdraas balinweryd heenoriopkaivivhd i n
Enbodi rreEt 1. EnbOEiE nt. 1 may be referenced regarding a detailed

st r uct urBe §irugize pf Egibodimonygdy Nage @hatétgbodmmré' e fr8m whiei b layer snditeted here.
The sem condyuctor .| ayer, 600, oyerlaps with a first capacitor wiring 122a and
a secof@Vg St‘@ﬁtr%erm&g“h%ﬁb{ené nand Eirefgra the byighenésnobittat Ehglidpldym 106.
The ?’LO em thnductf)rb(}layer 00 has a channel form ng region 603, a first
inpur'tﬁ?’%jﬁi ROBEDIEo et SoroRdntBe apRtiHe ratmif by surpor taronofohe steagchannel
form ng regi.on 603, a&%a econd jgpﬂrity regi on 601 forned so as to

cont act PREHI IS tINFIEE 'tﬁ‘?“@g'f:bnw’é 2he pEaciurp i kybodiowoedt tht isoagen t he

first inpuri.t eqi 602 is lower than the inpurity concentration in the
second {(T:F?Bﬁ?lf ryfof‘g‘ﬁggﬁ %’quapﬁﬁlf‘?rh‘éﬂr}n& héd fihe gty mﬁg%mg fleglen soRtwver| aps
11 oaer R SERBD bt A 365 S o b i Bt
epur OB o g FRLin B Ry g diion, Eoandne: Ewg<See e

i mpuy At eqi . nver sel it i referable to add,an  n-type

| mould 31227 EhE et SRR vabin b S G B A R S MR R pur i €y

regi on 3} i.nh.which the electric current control TFT 202 .is an
n-channg T g{%%%g@ggﬁéﬁ%apaci tor wiring 122b is electrically connected

to the draing Qﬁ%la%%Oh%B eétgﬁpge\éﬂlm&mggﬂ':eﬁuag& fr%}(n ttl'xrt]:%Ldlra%rr{s M\fréclt&g 1_64'

Further, the electric p6wer
toward the substrate is explained in Embodiment 3, the present invention is not limited

to this, and a structure in which the light emitted from the EL layer is directed above the
15 substrate may also be used. In this case, the cathode of the EL element becomes the pixel

electrode, and it is preferable that the electric curmrent control TFT be an n-channel

TFT.

[Embodiment 4]
An example of forming an electric power source supply line and a shielding film
20 (black matrix) at the same time is explained in Embodiment 4. Note that the same
reference symbols are used for portions shown by Figs. 3A to 6B.
Fig. 9 shows a cross sectional diﬁgram of an EL display device of Embodiment 4.
The EL display device of Embodiment 4 differs from the EL display Jdevice sh‘ovm by Fig.
6B in that it has shielding films 157a to 157g. Note that other structures have already
25 been explained in Embodiment 1, and therefore Embodiment 1 may be referenéed

regarding a detailed structure of the EL display device of Embodiment 4, which is omitred
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supply dine 157 contacts the first interlayer insulating film 155 on the
second capacitor wring 122b through the contact hole formed in tlpwémd
interlayer insulating film156. 25 In addition, the electric pow!r

supply line is connected to the source region 148 of the electric current
control . TFT 202 through the contact hole fornmed in the gate insulating film
- 106, th('é‘e¥f?~rst interlayer insulating film 155 and the second interlayer '43
1 4 MAR 2006,insulating film 156. The capacitance val ue of the storage
capacitor camesEciigpaens souicaswpphdintatideontads the fiest siedl WirBuRkinEfRAdi nent
3. Note ggat tgi ght emtted fromthe EL |ayer is directed toward the

subst r atlé” R thaBrsengdwapacitor awiting hattethooestt the coniaghholessmald e Rleodilspl ay 5
devi ce becolmas less due to a drop in the aperture ratio if the surface area
of the SMEHAYE ingdying tilor 156 Imafcﬁasad;herﬁmmpowm sdurtdheupply lued L3 Bisof

Enbodi nent 3, the storage capacitor fornmed by the capacitor wiring 122,

t he $at EOPAELF AT Hy oo region [4Ref thvesleasinicooaniminro! TETE10 26080 @xehkaps
with the storage capacitor formed by the electric power source supply line
157, th&OIPPF%ﬁg]Prﬁ@r@%q péhe gats insutaomg filinl 1061156 firamutet lneer dapheine@itmviissi ng 10
122, and %hgr ef ore the capacitance val ue of the storage capacitor can be
rai sed #P¢HB&EecondRterlavering lating il 856.ati 0. Note that al t hough an exanpl e

in which |ight ifted fr the EL layer is directed toward the substrate
is expl ai negﬂﬁﬁﬁ%%gm%% 1o { g 35¢ &arered anrihe prcood intsrlmer insubatingdilmt o
this, anglrg structure i,n ich the light emtted fromthe EL |layer is

di r ect ed" BpOVANE HE1 % LGHIeGTHE PORRY SoHiTes sweply bing 157 n Amincreassan thheficat hode

of t L el epent beconmes the pixel el ectrode, and it is preferabl e that
Che BF o B Eh R o ARR BT b ma P (B Ebisplasndaive anchight cpessbbapmehe E41 An
exanpl e forym.ng.. an el ectri ower source su Lne and a shieldin
frm 28%%?“31&%“%%@?%8&%&‘%?&?@3‘8% ORRING TEEIoRsL E‘i@\g ?#'Lé SEAR PRBETEREREbYA. ot e

ggat th%rﬁﬂﬁ?théﬁ{igﬁ?n% 1mssyl'§t?glt§1§f§. used for portions shown by Fi gs. 3Ato

Further, it is possible to form the shielding films 157a to 157g of Embodiment 4 at
the same time as the electric power source supply line 157, and an increase in the number
15  of process steps is unnecessary.

* Note that it is very important in Embodiment 4 that the shielding films 157ato 157¢
and the electric power source supply line 157 be formed by a material through which it
is difficult for light to pass.

Although‘ an example in which light emitted from the EL layer is directed toward

20  the substrate is explained in Embodiment 4, the presént invention is not limited to this,
and a structure in which the light emitted from the EL. layer is directed above the
substrate may also be used. In this case, the cathode of the EL element becomes the pixel
electrode, and it is preferable that the electric current control TFT be an n-channel

TFT.

25 Note that it is possible to implement Embodiment 4 in combination with

Embodiment 3.
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Fig. 9 shows a cross sectional diagramof an EL di splay device of

Enbodi nent 4. The EL display device of Enbodinment 4 differs fromthe EL
di spl ay device shown by Fig. 6B in that it has shielding fil ns L§7HAR 02008
157g. -Note that other structures have already 25 been explained in

Enbodi n@g‘lt 1. .and therefore Enbodinent 1 may be referenced regarding a
detaile WPQE’NW of the EL display device of Enbodinent 4, which is

omtted 44 here. The el.ectric poy spurce supply line 157 contacts the
- first inter Pﬁyé&"amﬁﬁnoét ORI |an¥§1r1%5gtﬁhﬁngmeﬂlavecbsmee@apaeahscmwmna ng 122b
t hrough _t he cqgntact hole f din the second interlayer insulating film
156. | ns%bﬁ%ﬁa?ﬁor h?’yé’ré??ébﬁ-ﬁ: i[ﬁlspﬁi@éﬂrm%m Embodppenyt 9. Adotesthat shs smpanect ed
to the squrce re Boln 148 af the electric current control TFT 202 through
the coht sa%mﬁawg 918 AFRedperl Aok PrRItigRs Shawishl Bigs B 14 6Bn 106, the first
interd ayer | nsgba ing film 155 fam_d the second interlayer insulating film
156. “The shi'& ﬁbo‘f’?ﬁﬁﬁ‘)biﬁ‘ﬂl% diggramyplary B disalagnlevise of Eodwdintdr | ayer
i nsul at i i l,m, at, the ime as the_electrjic power source supply line
157. Aanirill cé'ég‘é‘%laY ﬂe‘f‘ﬁ%"iﬁ‘?‘ 0&‘6‘%3 1s gom the BLj tbmlaﬂWﬁEéJap@nrbalF?g-o t he
EL di spkay:;. davi ce, and |i.ght. em.tt fro e . EL e]enent, being injected to
t he chaﬁﬁe n &1&; A lﬁﬁs B&b‘l %ﬁ@d%%%eﬁﬂ@&ﬁ?b P éb@n‘?%ﬂf BRFUCTUES HANG t he
shi el di i .ta.157q. ,Further,,it i.s sible to formthe shielding
filns 139%5‘?‘}0‘5%%3%%“%&%EH&’RSWBC%%?M Wéefgrﬁﬁgﬁﬁ%e?{sl 1{%&%&5‘{1}@' power
source yoline. nd iperease jn. the.nunber 5 of process steps
i's unneE‘E'Lé"l"s%gHal)rﬁij’.a dﬁ&ﬂjeeég ﬁg?tuir? gﬂ?e@gr‘ﬁspﬁ?ﬁ%ﬂcgﬁf E?’ﬁgrgﬁ%‘(ﬁ%rﬁ‘éﬁ‘fzhhb FREEL he

shi qLdji ngé-i lms 15 7a to 15 7g and the electric power source supply line
157 be tornmed by a material through which it is difficult for light to

Rass. oy noudis [3R SATH SR Uk Ts0) BRIOSDILAN, FLOMIARIEh L AYSIOhS |

directed towar O the“substrate 1's explaine . . . r
venLS7EhE DR TS A0) S RAGELEROU 08 DY D CARN,
used. | BohHoPTETIS thd PEJEALPASECOf RiBodinefl £TERL iRRGAIRANS ARudH0Snd
802 overlap with the channel forming region 208 of the semiconductor layer 104 of the
15 .A switching TFT, and with the channel forming region 213 of the semiconductor layer 105
of the electric current control TFT, sandwiching an insulating film (an oxide film in
Embodiment 5) 803.
The light shielding films 801 and 802 can shield light, and it is possible to use any
materiél provided that the material can withstand thé heat treatment process
20 temperatures of stéps after the light shielding films are formed. It is possible to use
_materials such as metals and silicon, through which light does not easily pass, and W is
used in Embodiment 5. Note that it is preferable that the thickness of the light shielding”
films 801 and 802 be on the order of 0.1 to 0.5 wm. Further, it is preferable that the
thickness of the oxide film 803 be on the order of 0.5 to 1.5 pm.  In addition, it is
25 preferable that the distance between the light shielding films 801 and 802 and the

semiconductor layers 104 and 105 be on the order of 0.1 t0 0.5 pm.

Note that, although the light shielding film is only formed under the TFTs tormed
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el ectrode, and it is preferable that the electric current control TFT be an
n-channel  TFT. 25 Note that it is possible to inplenment Embodi mpnt Wi ?ﬂﬂﬁ
conbi nati on with Enbodi nent 3. 45 1 4, MAR 2006 tEnbodi nent 51 An exanple
of formng a light shielding filmbetween a substrate and a sem conductor

| ayer of a TFT is explained in Enbodinent 5. Note that the sane reference
synbol s are used for portions shown by Figs. 3Ato 6B. 5 Fig. 10 shows a

cross senthepak] girdgn anEebodimdrlk 59ESBbAY A Y i i .[Egﬁl& . TRihe EL
di spl ay devi ce of Enbodi nent 5 di ffers from tsrcfg)t [‘“%pggﬂgib ev'i"g'e’rsl fown by

Fig. 6Bighn shikting ﬁmmath@mmﬁm@!b@iméd ﬁﬁl‘f‘ergﬂéTW? fﬁﬁffh%Ng%%irEQ%F ot her

structures have al ready been expl ai ned i n Enbodi nent erefore

Enbodi ment Amincrése ietles TBTaMT ciregar diend [@hoel & { ichile EL
di spl ay devi ce of Enbodi nent 5, which ies o%i tfhgd té{goﬁe@g}.&%ﬂﬁfgu |tgrh{é

shi el di g thie lchmnigé ¥oanighe G0Q0as B drorerRel hed@wrdaiee S5 t@l@lnagg% ?t‘nfl%]tﬂyee'rn 104
0 e

of the switching TFT and bel ow t he sem conductor | ayer ellectric
curreht Ercbodinent 3FT in the EL display device of Enbodiment 5. The |ight-
shielding filns 801 and 802 overlap with the channel form ng region 208 of

t he seni conditeoxidedifers(BAlbeofiotHtwe 3 FeveWdisaHhAY thER b prafid nick Brsih§ hedpannel
formng region 213 of the sem conductor |ayer t05 of the electric. current

cont r ol theTsemiaonthicotn hyemnformsd| @t itag dfi dhin ¢:ade Eind80T iakdnion uldRadi ment
5) 803. The light shielding filns 801 and 802 can shield light, and it is
possi bl eryssalizasl dning ermstellizatiorpr Bhé stedicohdictbhlaysmuas foathed dietdyt histiand t he
heat treatment process 20 tenperatures of steps.after-the |ight shielding
films aridefled0l)and thepefosi bliepteterable tod¢wet ilat surfice bof ake oridel finaS0B
silicon, through which |ight does not easily pass, and Wis wused in
.Enbolf mhstors fomping theysamiconiectpr bfesabl e that the thi ckness of the |ight
shi el di ng
For example, the oxide film 803 may be leveled by CMP (chemical mechanical -
polishing). CMP can be performed using a known method.
Polishing using a mixture of silica gel and an electrolytic solution is petformed in
Embodiment 5. Polishing is performed in the eiectrdlytic solution b;; applying a pressure
15 of 100 kg/cm® to a polishing pad. The pressure during polishing can be selected from
within the range of 50 to 150 kg/cm’. Further, polishing is performed with a gap of 0.1
pm between the surface being polished and the polishing pad.
The TFT off current can be suppressed and non-uniformities in the crystallinity of
the semiconductor layers can be prevented in accordance with the above structure.
20 Although an example in which light emitred from the EL layer is directed toward
the substrate is explained in Embodiment 5, the present invention is not limited to this,
and a structure in which the light emitted from the EL layer is directed above the
substrate may also be used. In this case, the cathode of the EL element becomes the pixel

electrode, and it is preferable that the electric current control TFT be an n-channel

25 TFT.

Note that it is possible to implement Embodiment 5 in combination with

Embodiment 3 and Embodiment 4.
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films 801 and 802 be on the order of Q1 to 0.5 /.tm Further, it is
preferable that the thickness of the oxide film 803 be on the order of 0.5,
to 1.5 /-Zm In addition, it is 25 preferable that the distanceibetiifediihe
l'ight shielding filns 801 and 802 and tile sem conductor |ayers 104 and
105 be on the order of 0. 1 to 0.5 ~tm Note that, although the tight

shi el dig@ Li mis only fornmed Linder the TFTs fornmed 46 1 4 MAR 2006 in the
pi xel pbrPPSHMERt Blbodi ment 5, Embodinment 5 is not linmited to this
structure. The | iqht Sthi elding filnms may also simlarly be forned under
the TFTs of MPheXa#Rlg & forming @ gatearignal ditsasieer formire TEGuwE fsigrat dientis due t o
light inj elct ea_f 0 nder the substrate to the channel formng regions is
prevent ARCG &R Ri%h the above structure in 5 Enbodinent 5. If the
oxide film 803 dges not have | evel ed surface, then a problemoccurs in
which the S€ni By 19 s¢ flingrasy ob andpdisplay Heviex PUEmbplimed0®. ar e not

uni far Cc allized during crystallization. The sem conductor |ayers
are go%é—ie (ﬁf‘%/ i !)]rhgr’is ?Wéosséﬁ“itéfé‘lai idiagranf Bedl ihenenlmg the line praterabl e
to Ieveg&%?e surfa,celé)@o(ﬁhe oxi de fi I_maigg 10 before form n% the

seni condfEEERce Rl engkeRAodrce sighab ing angditetsrees npmerd d0lalpabpisd by OWP
(chem cal nechapj.cal al i shi . ,CMP can be performed using a known

ot hod. 3 B SERAoG griag m{ég%@db‘fldéﬁ @Féateg@m lﬁaﬂ%ﬂa’-lé%ék%ﬁmwwr
solution i s perforned i Enpodi.gent .S. Palishing.is perforned in the

o ect r oroAeEe BEE Ant)SheHAEng X it e 2ol Bor 98h ehebrighias
pol i shipg. G T ressure during polishing can be selected fromw thin

t he ranglgug%?%ﬁlﬁnﬁ% kg/cn2. Further, polishing is performed with a gap

TET 0 cur RerER R e AU EERE CRaPNE TR SRt SebRing RS (i oy
ot ruct uf S LR Mk U5 B8 SRR HBHR IR PRt R BN el 8 Fayer
S eRiBmb MR, RERMAILE BLE do5. BRL swgo%r%e”reg%%oa%{dfa? fairPtegl{IEoPr €SeNt
the semiconductor layer 905 is connected to the source signal line 901 by a source wiring
921, and the other is connected to a capacitor wiring 911 by a drain wiring 910. The
15 electric power source supply line 903 contacts a first interlayer insulating film 923 by a
portion denoted by reference numeral 912, and a storage capacitor is formed by the
électric power source supply line 903, the first interlayer insulating film 923, and the
capacitor wiring 911.
The capacitor wiring 911 is connected to a gate electrode 906 of an electric current
- 20 control TFT 907. The electric current control TFT 907 has a semiconductor layer 908,
and a source region of the -semiconductor layer 908 is connected to the electric power
source supply line 903 through a source wiring 931, and a drain region of the
semiconductor Iayer 908 is connected to a pixel electrode 909. |
The electric power source supply line 903 is formed between a second interlayer
25 insulating film 924 and a third interlayer insulating film 925 with the present invention.

The electric power source supply line can thus be formed overlapping with the gate signal

line, and the aperture ratio can therefore be increased.
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and a structure in which the light emtted fromthe EL |ayer is directed
above the substrate may al so be used. In this case, the cathode of the EL
el ement becones the pixel electrode, and it is preferable that {thegiiR 208
electric current control TFT be an n-channel 25 TFT. Note that it is
possi ble to inplenent Enbodinent 5 in caonbination with Enbodi nent 3 and
Enmbodi mgBinbbdiddnd7}4 MAR 2005 [ Embodi ment 61 An exanple of formng a gate

signal line after formng a source signal line is explained in Enbodi nent
6. Fig.' | IIA ehownlbdifengUkhacandiiaokamsef jannkly 4i,s eYLEGIRS
Enbodinent 6. 5 Note that Fig. IIBis a c?og%&slgljédt ﬁ%ngb?%ﬁ gg}r{ggn&g%eﬁ g.

11A cut sendcthduberfilmeiséd 4s senﬁ&%ﬁtﬁfc%lquéw{f?ﬂh@|en%%lhﬂ?rﬂ‘]orf18§e g L@rﬂ%rd% si gnal
g I ne: W Ti g

line, and reference nuneral 902 denotes’ a gate signha 903

f g num : Les . _ |
or med wntermiliveysgatie tongiéhol Lukigg Qggtalﬁlr(]:%'[krﬂérﬁP i {He aclagﬁ’\?f'%lgngg;? Gy RUPPIY

line, and the wiring 903 overlaps wth the gate sign

sandvf crisrgenmir i pretdralble i ufd defhndlBgiREABEIBRSEN TABE 4 3
switching TFT, and the switching TFT 904 has ng sech%aﬁg%tc]?%'? lge;leI?OQOS. A

gate el gelBoai :ﬁﬁDjap@xme%eﬁmttLQid-ﬁﬁ)eﬁ@U@. srgyml line 902 is formed on the
sem conductor |ayer 905. One of a source region and a drain region of the

sem conduct diertayreexBSleivall berdeastted ih Bigs NELA aHd 42B$h $Hath e Ry a
source wiring 921,2nd the other is connected to a capacitor wiring 911 by

a drai n didcddsed irdJapAnestPatetf LaldeOpeh D) PMS065 DI hESLEIUBRhY plebdif iIR3paNt act s
a first interlayer insulating film923 by a portion denoted by reference

nurer al BibR, a sllicbreositdefihnd 202pas fémied on & elsed w20 1hand éle@Ginr drtopBVRS
source supply line 903, the first interlayer insulating film923, and tlie
capat@ t ilicsinrfilmg 1 2031 wasTioemed pherebnr Fuithena dide] bsetaenobet@tcdmaiigal ®

el ectrode 906 of an electric current 20 control TFT 907. The electri'c

" current ppomby weighEdf 8iokelhes appliehiteormtuat form lhayietel 908taining layer 1204 (see

Fig. 12A).

Next, the substrate was subjected to dehydrogenation at 500°C for one hour and

then was subjected to a heat treatment at 500°C to 650°C for 4 hours to 12 hours {in the

15 present preferred embodiment, at 550°C for 8 hours) to form a crystalline silicon film

1205. The crystalline silicon film 1205 formed in this mafmer had a very excellent

crystalline property (see Fig. 12B).

| Also, the technology disclosed in Japanese Patent Laid-Open No. 8-78329 makes

1 it possible to cfystallize an amorphous semiconductor film selectively by doping a catalytic

20 element selectively. An example in which this technology was appﬁed to the present
invention will be described with reference to Figs. 13A and 13B.

First, a sﬂicon oxide film 1302 was formed on a glass substrate 1301 and then an
amorphous silicon film 1303 and a silicon oxide film 1304 were formed in sequence
thereon. At that;. time, the thickness of the silicon oxide film 1304 is made 150 nm.

25 Next, the silicon oxide film 1304 was patterned to form apertures 1305 selectively
and then a nickel acetate solution containing 10 ppm by weight of nickel was applied

thereon to form a nickel-containing layer 1306 and the nickel containing layer 1306 was
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and a source region of the sem conductor |ayer 908 is connected to the

el ectric power source supply line 903 through a source wiring 93 1, and a
drain region of the seniconductor |ayer 908 is connected to a PpigxBlR 2003
el ectrode 909. The electric power source supply line 903 is forned bet ween
a second interlayer 25 insulating film924 and a third interlayer

i nsul ati &1 i .t h resent invention. he, el ectric power source
supply | lf}%él %g{r?t?%grsﬂtgg tvLfl %‘r gn%%‘%?f@ﬁ?‘éspﬂ‘?fﬁ‘ t‘ﬁ]ﬁ HBQéﬂré’nb'a%té%ﬁk@ﬁ@m ok theée, and

t he aperdjsyg ek abi : ngfore be increased. 48 1.4 MAR 2006 [ Embodi ment
71 In thiﬂgrenbogp%sﬁ%t@?lédggé;anpl e wll be described in which a crystalline

Formed by o eker i oar e Ras SRS Ron b i o s0RC AT OR e oo - 11
Leahnol ooy ot o Aol B LBEBRLAL Brcko R RNtplehns & BSEL Thd 1 SmaiPagadenn
I E g Lo AR IO dn s Rl 0 PR oG pat ont
si1i con o B T Trmasb e BB R s lRR B RSN b B8 eror ek Taee

h FdckisqnThi f Furt her, i ckel
ot at o SeckeL itcctiORThE LR Mo (i TO07 KOMRSAN il et s B 5B talfs her con

to for muaxhirekatuarRt AN J e ' 12A) .. Next: the substrate
was subj ect ed toudg%ydr ogeg%% ?%%E%%g%%%ﬁfo Stglhgnﬁoeé'r&é:nl\l%tthgﬁoga sV
subj ect afdaéséo ih e FERtdiRk t f aurs (in
the 15 preséntm%?lzflerr?g enbédF?reéIg? Qda}% ngtgggsfugngoénﬁrgéﬁfaﬁ?%el% %)tbr%ﬁg'
crystal lwhiehss bh edvardthgedwiBBrysHIBnE SiMSS Rl 18081 (5EE sym 1205 formed in
this manner had a ver y% excel | grrls_t %‘?yls;é(gl lﬂin'rx]g?%fé%% ?@ E%@Q Fig: 12B).

Al so, the t dahal ogpea] BCiiRsEM (2hdaRRRsSRsIRANbokA! t PESHG. o1 §529
makes it possible to crystallize an anorphous sem conduct or |ﬁ m

sel ect i widmehys dopbaigsed iﬁaﬂditmhi t© nickel ‘CNi): germanium (Ge), iron (Fe), palladium

(Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (P9, copper (Cu), and gold (Au).
The semiconductor layer of the crystalline TFT can be formed by forming a
15 crystalline semiconductor film (including a crystalline silicon film, a crystalline silicon
germanium film, or the like) and then by patterning it. The TFT made of a crystalline
semiconductor film by using the technology of the present preferred embodiment can
produce an excellent characteristic and hence has been required to be of high reliability.
However, the adéption-of the TFT structure in accordance with the present invention
20 can produce a TFT making the most use of the technology of the present preferred
embodiment.

In this embodiment, a method in which a crystalline semiconductor film was formed
by using an amorphous semiconductor film as a starting film, and by using the above
described catalyi':ic element and then the catalytic element was removed from the

25 crystalline semiconductor film, will be described as a method of forming the
semiconductor layers used in the embodiment 1. In the present preferred embodiment

7, the technologies disclosed in Japanese Patent Laid-Open No. 10-135468 or Japanese
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20 el enent selectively. An exanple in which this technol ogy was applied to
the present invention wll be described with reference to Figs. 13A and
13B. First, a silicon oxide film 1302 was fornmed on a gl ass subqtéq%%i%ﬁm}
and then an anorphous silicon film 1303 and a silicon oxide fil'm1 wer e
formed in sequence thereon. At that tine, the thickness of the silicon
oxide film 1304 is made 150 nm 25 Next, the silicon oxide film 1304 was

pat t er ne®atentflaidrCpeartor ks 13309 wak asdd xahy mandyt hen a nickel acetate
solution containing 10 ppm by wei ght of nickel was applied thereon to form

. a ni ckel - confldientclgndlogiedisdldRd iante hbsveniefdethces AR FHNG M AYES 2 ga?é%’@i s 49
1 4 MAR 2006 brought into contact with the anorphous siliconTilm % 2 only

at the beldrentafed foe thageshlizeidB0Rn(3e8 pibe sebdAndubeX film b ehsSubstigt € was
subjected to a heat treatnent ‘at 500'C to 650'C for 4 hours” to 24 hBurs

(in the pctsenfplpsphens eficeiibodismtivariont TR iechatiddoNOUEshlyR fAtma 5
crystalline silicon film1307. In this crystallization process, a part of

t he arfor phohscrystalliversemidomduncoe divhaah beirtducei ek el Webadhhfs&in’or kst #hddezed
and then crystallization proceeded in the |ateral direction. The

cryst al | prefesibly, don1'f aoonbR0T drdesspley ising Hiisteohyolbef.ned a crystal | ine
texture including rod-shaped or needl e-shaped crystals and each crystal

t her eof ‘gr ewThencorssicupire af Ithe ipresans peefefred edibodahéonwilh e hipeghedasidani f or m
in crystalline property, 10 which is an advantage of this crystalline
silicon t¢feranesoe. Figedd Aragd 1#3B) Here, thhsnalkslpelss, sibstrhtee ripicaltyeahiidi7ogi es
descri bed above, the following catalytic elenents may be used in addition
to ni ckefupswate rprdenhniComir@eiorn.r os (WBed., Tial 148l shows (Peiare i wiiSn)an | ead
(Pb), cobalt (Co), platinum (Pt), copper (Cu), and gold (Au). The

sem cBhduadsrlayesyfidm 3402 wadcs weysallingsilivem fdan 1HQ3 farerdorobad bprusinggthe 15

crystalling sem conductor film(including a crystalline silicon film a
crystall it‘?é“"&?@ﬁ'y rysid %ﬁﬁnuﬂ[%smb%mdhe emeofinieay. 4anichanh enilison paicdeddmi ng

it. The TE de of a crystalline, seniconductor filmby using the -
t echnol 05956?315 & s"é@'ﬁtéﬁmé¢é’|flr %Iiogréh‘@ cerarplling shcrrefibn 14Q3 apieent

characterjstic a ence has.been required to be of high reliability.
tfuctkness orl:dlgb nm ‘angl then apettuges were forrnede by pattergn'mg to form regi%/ns

exposing the crystalline silicon film 1403. Then, a phosphorus addition process was
15 performed to form the regions 1405 to which phosphorus was added in the crystalline
silicon film.
The substrate in this state was subjected to a heat treatment in a nitrogen
atmosphere at 550°C to 800°C for 5 hours to 24 hours (in the embodiment, at 600°C for
12 hours), whereby the region 1405 to which the phosphorus was added acted on the
20  crystalline silicon film 1403 as a gettering site to move catalytic elements remaining in the -
crystalline silicon film 1403 to the regions 1405 to which the phosphorus was added.
Then, the silicon oxide film 1404 for masking and the region 1405 to which the
phosphorus was added were removed by etching to form a crystalline silicon film in which
the concentration of the catalytic element used in the crystallization process was reduced
25 to 1 x 10" atoms/cm’ or less. This crystalling silicon film could be used as it, was as the
semiconiductor layer of the TFT in accordance with the present invention described in

the embodiment mode.
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However, the adoption of the TFT structure in accordance with the present

i nvention 20 can produce a TFT naki ng the nost use of the technol ogy of the
present preferred enbodinent. In this enbodinment, a nethod in Y‘h! %F{a:?ﬁﬂﬁ
crystalline sem conductor filin was formed by using an anorphous )

sem con,d:u tor filmas a starting film and by using the above described -
“cat al yt[ mbedanenit8land t hen the catal ytic el enent was renoved fromthe 25
crystalline sem conductor film wll be described as a nmethod of formng
the seni cértitxamoplelcdfanicatisgani EL (Eectesloatherenice] disphyteoideragaithe
preferred enbodiment 7, the technol ogies disclosed in Japanese Patent

Lai d- OpE#FeRb .inyention3gilds: owlanaglimasbodifiedr 8. NHR RAOBiy. PRAeN rdidiwOpen No.
10- 135469 were used as the nmethod. The technol ogy di sclosed in the above

r ef er et a8 Elalisphay davicerusinguhn greseneinednytirg and FRmbhd isusedssfartidiaByiew

crystal %zati on of an anor phous sem conductor filmby the gettering action
of p5f1o§ 6Plus after the crystallization. The concentration of the catalytic
element 5 in_the crystalline sem conductor filmcan be reduced to 1 x 1011
at ons/ cm Fige§3A apd Fig. p5Bitefeatniop numexal HO06 dabows4 subistrate, #@G5derayesusi ng
this techno)] ogy. The constitution of the present preferred enbodi nent wll
be des@rBiBedPaition, 48} deapies at wurgside dainirencrcldE 4006 rdenoes nogat: kalei gl ass
s—ubstr%t_e. t ypi ca,i_ y, .a 1737 substrate made by Comi ng Corp., was used. -

Fi g. VEHWS Ul & paddving clipistnrasprrgcigdde exaymd eqiibmend 0roagt aa FPC
crystalhi ne, silicon fil 403 were forped by using the technol ogy of
crystal( $Ble Binad sitrwipetPUowvie Reviene d80Tent 4. Then, a silicon oxide film -

10D 10 o AT BEREGS 7 TORATALTH FHbh AdpuPes BStne) 615k e myepat t er ni ng
bhosphal e 0 ¥r BN BRUBEattGeY A0 Fer PSP HEY Do° FoFRRIPI P EFBASTRIS ¢ o
' thi S007 SRRt e E s R 4b0T B Fuk AEPeoritdbbogen -
A cross sectional diagram of Fig. 15A cut along the line A-A’ is shown in Fig. 15B.
On the substrate 4001, a driver circuit TFT 4201 included in the source side driving
15 circuit 4003 (an n-channel TFT and a p-channel TFT are shown here) and a current
controlling TFT 4202 included in the pixel portion 4002 (a TFTV for controlling the
cutrent flowing to- an EL element is shown here) are formed. |
In this embodiment, the driver circuit TFT 4201 is fabricated using p-channel TFT
or n-channel TFT forming by a known methoﬁ. and the current controlling TFT 4202
20 s fabricated using p-channel TFT forming by a known method. Further, the storage
capacitor (not shown in the figure) connected to the gate of the current céntroﬂing TFT
4202 is provided in the pixel portion 4002.
An interlayer insulating film (leveling film) 4301 made from a resin material is
formed on the driver circuit TFT 4201 and the current controlling TFT 4202, and a pixél
15 electrode (anode) 4302 electrically connected to a drain of the current controlling TFT
4202 thereon. The pixel electrode 4302 is formed from a transparent conductive tilm

having large work function. As the transparent conductive film, an indium oxide and tin
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at nosphere at 550C to 800C for 5 hours to 24 hours (in the enbodi nent, at
600C for 12 hours), whereby the region 1405 to which the phosphorus was
added acted on the 20 crystalline silicon film 1403 as a Betteriﬁ@;ﬁﬂﬁbZﬁE
nove catalytic elenments remaining in the crystalline silicon film 1403 to
the regions 1405 to which the phosphorus was added. Then, the silicon
oxide film 1404 for masking and the region 1405 to which the phosphorus was

added weoxide eompedndyr i eilios &:edd MdBidc 64 ! Il HeQi L B ee i ch
the concentration of the catalytic el elnentlmgts:@gbdlnﬁﬁ%ﬁ'len%’ﬁ)&gyg#'l @gélt Tan

process  thesaboed weedicad tanbpase d00hdREATS HRT il whies & %ygpggﬁi{ux%&l é.z'ft;&

e
silicon filmcould be used as it, was as the sem con ayer of the
TFT in abzosedance with the present invention described in the enbodi ment
node. 51 1 4 MAR 2006 [ Enbodi ment 8] An exanple of fabricating an EL

(El ect r ol uni‘Them,andeyulstimflay 306V fofnsbbmn thd _1&&&6&@43@&&@5@ BQ%‘WE‘!E' be

expl ained in enbodinent 8. Note that Fig. 15Ais atop view 0

di spl ay pevicceisufirngdt e the esieell eletieid 14302, aRd HeJopdBy ighrAos, 95SEL
sectional view 5 thereof. In Fig. 15A and Fig. 15B, reféerence nuneral 4001

denot es Elsupslimanescer@) lager30ess f@&nibdxeh thobhicDBlec 4003 49€N0t S| AnSQUT Ce
side driving circuit, 4004 denotes a gate side driving circuit. The

dri vi ng ®igavisi Els marerid oniesgade b mxteeinhglusebiad RERT layé WA BAR JFRSGY
(flexible printed circuit) 4006 via a wiring 4005. 10 At this time, a first
seal i ng melesulalyprl@ionamar buged) ngzamid Bl nakerdklOd Hgh mbbscubmbgse (@blyndt03 and
a second sealing material 4104 are provided so as to enclose the pixel
porti on basedporgenisrlHle metetialdranbagsedias ché dbrodfBnateridsgat e si de driving
circuit 4004, A cross sectional -diagramof Fig. 15A cut along the line
A- A 10s showft knewri igchnige: of c@hpetation nirshodorpad@iiy mechdd megrbeaised i foratFT
4201 included. in the source side drivin% 15 circuit 4003 (an n-channel TFT
and a p- bverrf04r Ehe hbdavenavae)hasnd laminatica strucont bpfrkélpgombminga?
i ncluded, i,n the pi XF| _porthi i)n 4002 (a TFT for controlli n[g t he |
ole injecting layer, a hole transporting layer, a light emirtting [ayer, an electron
transporting layer, and an electron injecting layer, or a single layer structure.
On the EL layer 4304, a cathode 4305 made of a conductive film having a
15 light-shielding property (typically, a conductive film comprising aluminum, cupper, ot
silver as a main component, or a lamination film of those and other conductive film) is
formed. It is preferable to remove as much as possible any moisture or oxygen existing in
the interface between the cathode 4305 and the EL layer 4304. It is therefore necessary
to use a method of depositing continuously the cathode 4305 and the EL layer 4304 in
20 vacuum or depositing the EL layer 4304 in an atmosphere of nitrogen or in a rare gas
atmosphere, thereby a cathode 4305 is formed without exposing to oxygen and moisture.
The above film deposition becomes possible in embodiment 8 by using a multi-chamber
method (cluster.tool method) film deposition apparatus.
Then, the cathode 4305 is electrically connected to the wiring 4005 in the region
15 denoted by reference numeral 4306. The wiring 4005 for imparting a predetermined
voltage to the cathode 4305 is connected to the FPC 4006 throﬁg‘n an anisotropic

conducting film 4307.
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current flowng to an EL elenment is shown here) are forned. In this

enbodi nent, the driver circuit TFT 4201 is fabricated using p-channel TFT
or n-channel TFT formi ng by a known nethod, and the current cont§{di MARg 2008T
4202 20 is fabricated using p-channel TFT form ng by a known nethod.
Further, the storage capacitor (not shown in the figure) connected to the

gate of the I | Li T'FTA 4202,is provided in the pixel portion
4002. An int S%klrg%%nféﬁgh?‘g’Prﬁggf:}ql%n([ﬂsé\}%‘iq ‘%‘@}“ﬁhﬁf lﬁ*)“‘@@lmﬁa(ﬂ@ddﬁbﬁ&,resi n

Cont ol | g F Gan9 ¥ akdBs SIS £405° he £l daneranoneloabonbal Goringal | y
connect egh4t@ri Ik Of ; current controlli TFT 4202 thereon. The pi xel
el ectrode 4301%i ‘ﬂgﬁ f“g?ﬁ{eﬁqﬁ%%&g ‘Ylﬂé%psé#’%t_ﬁ?teé@ﬁbggﬂlg’@a irst pgaling wianeridlar ge

wor k funaft : . nduct;i ye . . fil an indiumoxide and tin
52 1 4 NﬁROg%B%%ggiHo}%a%ﬁ %%ﬁ{é?giogﬁnaﬁﬁlﬁ%wb%ad e'é\ﬁ@tezfli&?%%i de conpound

can he utili z28der o tioned transparent conductive film
with which is dgﬁgﬁ%% Si"‘ﬁﬁ‘]%%g‘%?egggg‘r‘(%@r&%@&?ﬂ %?Pﬁg'aﬁsfﬁﬁéw sgeelmdpee). | m

4303 i s hter®md; Lxel el.ec 2..and an.o ing ., 5 portion is
formed on the gﬁgg%eﬁg%'g??%o%lgbt%ﬁég&gﬁl ﬁﬁ gléldg}ge%ljﬁb“i)gﬁﬁ G bepsedyas the

(El ectrokyu £RRGE erad I, on e-pi xel electraqde 4302. A
known organr?tggsEL mat éllrli@g'l %? Q%ﬁ%’?‘gaéﬁ?‘%@f ar?afféjrgi(g SRRSO cdtlﬁ%“EL | ayer

4304. Botdutefiall #PN 2 - ; Qr ic EL materi.al s and
hi gh rmloecutl a?l?ypgw?%igﬁyﬁg%uédgggg%)mg? %%P%iéﬁj%lﬁf %?ﬁ§1’§n5é‘ﬁ36@$‘ﬁl Bsas

t he or gaois beaseel ilek greférleé 8 U%h%@@?ﬂc}:g&&ﬂ T)vh?c‘ﬁaﬂﬁégﬁf_ﬁ? ﬂg?%@ ?Vé%}j ay

pai nting nethod nmay be used to form I"ayer
have & | byriaAYF éitm 9k ad}lur 8lnky freely conbining a" hole injecting layer, a
hol e transporting layer, a light emtting |layer, an electron transporting

| ayer, and alNoet eleder fo aidabeRt WR@hlBY efissPh Breetifg 8 il Tsey SELOn the
EL | ayer 4304, a cathode 4305 nmade of a conchtli vg, fli’ m %v:dntgﬁgq&lgL

| i ght - shilenutinngs dirapet toyrhé typiraad thiserial SO GUS hbM8sald f(mtﬁ@meirﬁig RghcAlYM num
cupper, or

to possess transparency. In the case, a transparent material such as a glass plate, a plastic
platé, a polyester film or an acrylic film can be used. |

15 Additionally, a filler material 4103 is formed using ultraviolet Curing resin or
thermally curable resin. PVC (polyvinyt chloride), acrylic, polyimide, epoxy resin, silicone
resin, PVB (polyvinyl butyral), and EVA (ethylene vinyl acetate) can be used as the filler

‘material. Ifadrying agent (preferably, barium oxide) is formed on the inside of the filler
material 4103, then it can suppress the degradation of the EL element.

20 Further, spacer may be contained in the filler material 4103. At this tme, the spacer
is formed by using barium oxide, thereby the spacer itself has a hygroscopic property.
Further, in the case of providing the spacer, it is effective rhat a resin film is provided on
the cathode 4305 as a buffer layer for relaxation of pressure from the spacer.

Further, the wiring 4005 is electrically connected to the FPC 4006 via the

25  anisotropic conductive film 4307. The wiring 4005 transmits signals forwarding the pixel
portion 4002, source side driving circuit 4003 and. gate side driving circuit 4004 to the

FPC 4006 and are electrically connected to external equipment through the FPC
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silver as a main conponent, or a lamnation filmof those and other
conductive film is fornmed. It is preferable to renove as nuch asq po 'baﬁ
any noi sture or oxygen existing in the interface between the cath%%éﬁﬁgo §
and the EL |ayer 4304. It is therefore necessary to use a nethod of
depositing continuously the cathode 4305 and thée EL | ayer 4304 in 20 vacuum
or depo§086ng the EL | ayer 4304 in an atnosphere of nitrogen or in a rare
gas atnosphere, thereby a cathode 4305 is formed w thout exposing to

oxygen and ddicstinrtbe préfhet ahbudinfonk,m dapRaditilol RS &S '
enbodi mrent 8 by using a nmulti-chanber net hsod (cl ustgfa%%?sﬂélf’ﬁg%;ﬁofi | m

deposi t Fevergperrasus poftanof thi érst sddtioden 4364 41161 8h& bk | ed to
- the wiring 4005 in the region 25 dengt ed by referLeir::ﬁ():etlO(rfllzl?r%Br{%Fﬂlﬁl%gg;3 The

wiring 400btainrhy sipattieriy whigh ded erleinges ablade sk JuBfoRARIOARAI0 15
connected to the FPC 4006 t hrough an anisotropic conducting film4307. 53
14 MAR Pooisis asynihwt Elodieplondevies hana Bloseteetionil stacimeehdwOMm Epel 38 xel

el ectrode (anode) 4302, the EL |ayer 4304 and the cathode 4305. The EL

el enent is enclosed with a covering material 4102 which is lamnated with
t he subfmt g 4001 through a first sealing material 4101 and a first

seal i ng eeimgnti01, and seated with a filer material 4103. 5 Materials
such as a g,lg%zs material, a nmetal material (typically, a stainless steel
plate), a Rk displayedevice ofitkie aresbas irivention enhdiavéi thel sdlichgre awlpcASt i C
film can he used _as the covering material 4102: As a plastic material, an
FRP (fi B’&Vgﬁ%ﬁs@vﬂéfﬁfm&wmths{u ig possilele @o ipadvides PYE6 (FIOTyst myke.f Theri de)
fil a Mylar film a polyester film and an acrylic film can be used. 1t
is g]roef BISEBTe 168 @ins pederns nogdinuites! tor thipitel atruniune of frhé IEL sissapdwi ched
10 by a,PVF filmor a Mylar film Note that, for a case in which the

eni ssi ofi€¥fection of | ight emtted fromthe EL- element is directed to the
covering material side, it is necessary for the covering material to
possess transparency. In the case, a transparent material such as a gl ass
pl at e, fErBlbgalin%e%t I%I] ate, a polyester filmor an acrylic filmcan be used.

A driver portion of an EL display device of the present invention is explained in

Embodiment 10 using Fig. 18.

15 An example of a block diagram of the EL display device of the present invention is
shown in Fig. 18. The EL display device of Fig. 18 has, in accordance with TFTs formed
on a substrate, a pixel portion 1601, and a source signal line driver circuit 1602 and a gate
signal line driver circuit 1603 formed in the periphery of the pixel portion. Note that the
EL display device of Embodiment 10 has one each of the source signal line driver circuit

20 and the gate signal line driver circuit, but there are no limits on the number of source
signal liﬁe driver circuits and gate signal line driver circuits in the present invention.

The source §ignai line driver circuit 1602 basically has a shift register 1602a, a latch
(A) 1602b, and a latch (B) 1602c¢.
A clock signal CLK and a start pulse SP are input to the shift register 1602a in the

25 source signal line driver circuit 1602. The shift register 1602a generates timiﬁg signals in

order based upon the clock signal CLK and the start pulse SP, and the timing signals are
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15 Additionally, a filler material 4103 is formed usi'ng ultraviolet curing
‘resin or thermally curable resin. PVC (polyvinyl chloride), acry,l Iy C 5

pol yi m de, epoxy resin, silicone resin, PVB (polyvinyl butyral), énﬁﬁmﬁﬁ
(ethyl ene vinyl acetate) can he used as the filler material. If a drying
agent (preferably, bariumoxide) is formed on the inside of the filler

mat eri al 41@3 thep it can suppress the degradation of the EL elenment. 20
Furt her ,>'§p & PofAlFeLANQTR W) St aMHErcuits) er material 4103. At this tine,

the spacer 4s f.ornmed b si ng barium oxide, thereby the spacer itself has
a hygr oscopi Iﬁ%PBB’ég fl§?3/15 E@P’t %@rs?“gF Fegisier eyl 1602p noyibi b’t@}()it hmphpatler , it

| ayer 1ot CHEPEIEE s CPufolnof by R tRdapRc AN Ipu Enecant (v 4005
conduct i BT 307 G hieh Agpelisoshe FENGHTERAIS e Soramvarang thie

G et "Guokfts e HEm BB GoRnitiad apaheatoe: o Juorindeel ookt of nal |

equi pne he FPC 54 VAR 2006 4006, Al so, in the present
embodi rf??’g‘ré[o%{gg’c‘? DL TR ﬁﬁlegf the timng sigaal geRsrafisd dus to gl largedpad
exposur e, %Eft‘jar?& of the first sealing material 4101 and portion of the FPC

4006 to Obtain the structure in which the EL elenment is conpletely shut

out rom therQuLE L LSRN Rl stk S co hes gerors
o e TBEHE r BNEHLHOD ST ARV 1A VS AT B YL JES S TETS
dovi co. MEERARRn o PydlerglsTonRt kR bl B1otudh AR ki Carbpde gt ne ™
present ihnyeMth Rrdiss gxcﬂéﬂ\l”&éjtai ﬂgna%ryﬁggf-tﬁe%hsl}%i%itﬂg IIEIIJQ{ of Bhe timing
signal. |
Note that the digital data signal may also be input in order to the plurality of latch
stages of the latch (A) 1602b when writing in the digital Jata signal to the latch(A)
15 1602b. However, the present invention 1s not limited to this structure. The plurality of
latch stages of t.he fatch (A) 1602b may be divided into a number of groups, and the
digital data signal may be input to the respective groups at the same time in parallel,
performing so-called partitioned driving. The number of groups at this time is called the
- partitioned number. For example, this is referred to as partitioned drive with 4 divisions
20 when the latches are divided into groups every four stages.
A period until the digital data signal is completely written into all of the latch stages
of the latch (A) 1602b is referred to as a line period. Namely, the line period begins at
the point when the digital data signal is written into the leftmost stage latch within the
latch (A) 1602b, and is completed when the digital data signal is written into the
25 rightmost stage latch. In practice, there are times when the line period includes the
addition of a horizontal return period to the above line period.

A latch signal is supplied to the latch (B) 1602¢ when one line period is complete.

56




15 An exanple of a block diagram of the EL display device of the present
invention is shown in Fig. 18. The EL display device of Fig. 181h@$QQQ|2aE
accordance with TFTs formed on a substrate, a pixel portion 1601, and &
source signal line driver circuit 1602 and a gate signal line driver
circuit 1603 fornmed in the periphery of the pixel portion. Note that the

EL di spl Tle daNiaf8s@afs; | 10 ;has qne each of the source signal |ine
driver ci r((a:ui%)t( aZOa%ﬁﬁﬁ?Eg’gggﬁgﬁg zg}sﬂaa'toqeﬁﬁ% di‘ﬁa\%%‘r {@i ]f@bﬂ% septipllthenec are no
limts off dHheink e ignal.line drive ircuits, and gate signal
line driver cing%gip Fés tl?é;\ia?ﬁgf%r leéssox?fﬁtm?‘L bertitghmeo ?hé’% ustese birgwaiot thae

driver Clat€{/(R) 102 Qﬁﬂté%' ly has a shift register 1602a, a latch (A
1602b, and a l'atch (B) 1 g&:. A clock signal CLK and a start pulse SP are

i nput to theyshts i i.n.the. 25_.source signal |ine driver
ci Pcuit 1602. Tﬁéﬁsoﬁ%%aﬁgggaul @?ﬁgr?s?%‘gb‘aa i Bferaedy ioRdsts oy BtG(Abr der

baseds i : t. pul SP, t tim
o anal 5 ar e e ey BT Sl g Pt R S bk ol e s -
Ci rcui t son theridnkdd ﬁ@ﬁlﬁgﬂghﬁ,‘ sfkﬁf??%otiﬂ& Péﬂjz‘ét register circuit 1602a may be

buffer anplified by  a circuit such as a buffer (not shown in the figure).

The | oad caphid $aNePd{RAAal hifeniARAGAG SRR 0l (9 1 CI SUPDLT €

the timng signal's is |arge because nany 0 e ¢ EPEhERts are

connect edukce figital Whed deking e UL Esnd Enéﬁgr{g%pl in order to prevent dullness
inthe rise and fall of the timng signal, generated due to the |arge |oad

capaci t ance. Afh@agd Ridngpl:5i @Rk Di ARl b - fferfiromthe shift
regi ster 1602a arge sdl%p;ﬂ ed %o%ﬂfgbﬁg%@mcﬁfd%gﬁ‘g%uﬁfﬁg gﬁ{a}:gar(a'&)xb 02b _
has &0plinpat id theabutaatsgdhabtinges for 10 processing digital data signals.
containing inmage information. The latch (A) 1602b wites in and maintains
a digital data signal sinultaneously with the input of the timng signal.
Note that the digital data signal may al so be input in order to the.

pl ur al i tlErdfodimenthll]st ages of the latch (A) 1602b when witing in the
digital data signal to the latch(A)

The first erching process for forming the first shape conducting layers is performed
at one set of etching conditions in Embodiment 1, but may also be performed under a
plurality of etching conditions in order to increase the uniformity in the film reduction
15 and the shape of the gate insulating film. An example of forming a first shape conducting
layer by performing the first etching process under two etching conditions is shown in
Embodiment 11.
Further, both sides of the condﬁcting layer are formed so as to have a taper, and
LDD regions are formed in béth side of the channel forming region, with the present
20 invention, but Embodiment 11 is explained in accordance with a process of
manufacturing, using enlarged diagrams of one side of the vicinity of a conducting layer
in an n-channel TFT of a driver circuit in Figs. 19A to 19D. Note that, for simplicity, a
base film and a-substr'ate are not shown in the figures.
First, the same state as that of Fig. 3B is obtained in accordance with Embodiment
25 1. However, although Ta is used as the first conducting film in Fmbodiment [, TaN,

which has extremely high heat resistance characteristics, is used in Embodiment 11 as the
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15 1602b. However, the present invention is not limted to this structure.
The plurality of latch stages of the latch (A 1602b may be di vi did MARt 3308
nunber of groups, and the digital data signal may be input to the
respective groups at the sane tine in parallel, performng so-called
partitioned dyivi n?_. The nunber of groups at this tinme is called the
partiti fgfﬁb'ép ae filmor he fiarmebedudrinigilings foefned hedink @ fidd tRRkhéds L@, dri ve
with 4 ij Vi si on 20 when the latches are divided 1nto groups every four
st ages. dQ Py ﬁbé the sécond isendugingfilndatg beifgmald wish adiml di@yssWerktan i nt o
all of the latch stages of the latch (A) 1602b is referred to as a line
peri od. (G 900 pme A firsecqrehictdg Gy nmesle dtorm Thl vaidh nfilbienkideoimhhal dat a
signal is, witten into the |eftnost stage latch within the 25 latch (A)
1602b, HKd ajsscenshprrdusdinghélm triade diagn tW] hatdta asfilgneliclsessvof BY@ Mok BEO t he
ri ght nost _stage latch. In_ practice, there are tinmes when the line period
inclﬁgglémtlﬂéfe anditerrend iof Embobmienonial return period to the above |ine
period. A latch signal js supplied to the latch (B) 1602c when one |ine
period is c‘grﬂﬁ pe ggsky 1A0MR foons] Tk fiingiresalr, ataliag 3§ gnfdrmediti ttER, i nt o
and Stoargﬁid i.n the latch (A), 1602b is sent all at once at this instant to
the | at®W ¢ Byt dpesecabiconstugring lawer 194e informed. freistageo GEchlbsand t he
latch (B) .1602¢, and stored. Wite-in of the dig}tal data signal is again
per f or netdl IS {UEbryaR etelinggas haver high secugophyitf respedtt tohsNclonpl etdd
sending,the digital data signal to the |latch (B) 1602c, based on the
tim ngg‘élFb‘?efae SHAE plRovem i Figr b sam e phtpned. Thrveril grabate ctatdarienisgpiad |
witten,into and.stored in the lafch (B) 1602h is input to source signa
i nié &&F}rﬁglaflﬂes@lé&%ﬁﬁ %&B%F%Oé‘@@ﬁ%d%nd&ﬁn wetinpg Lover W6 phaye te ting e pi xel
ortiond ccordance wth di gi.tal data signal 10 input to the source
C gnal Yiich .ISt[CE’F?aB‘a‘iI% 7 hahp, atethe ranr ang ﬁ@?a?t‘o%?é%%d F@?&W@ﬂﬁilwfthe
first Sﬁ@?%r@&%%%frj’fgbié%yers is perforned .

[Table 1}

Note that a taper angle indicates the angle formed between a horizontal plane and
15 aside face of a material layer in this specificatior, as shown in the upper right diagram of
Fig. 19A. Further, for convenience, the side face of a shape having a taper angle is
referred to as a taper, and a portion having the taper is referred to as a tapered portion
throughout this specification.
Further, the angle formed between a horizontal plane and the side face of the second
20 conducting layer (W) (a taper angle « 1) can be freely set with a range of 19 to 70° by
using one of the c_onditions 4 to 15 within Table 1, for example. Note that the etching
time may be suitable set by the operator.
Further, reference numeral 1501 in Fig. 19A denotes a semiconductor layer,
reference numeral 1502 denotes a gate insulating film, and reference numeral 1503

15 denotes a first conducting film.
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at one set of etching conditions in Enbodiment 1, but may al so be perforned
under a plurality of etching conditions in order to increase thz
uniformty in the filmreduction 15 and the shape of the gate in ﬁ %ﬁﬁn&mﬁ
film An exanple of formng a first shape conducting |ayer by performng
the first etchin.- process under two etching conditions is shown in

Enbodi nent %ﬁch th sides of the conducting | ayer are formed so as

to have a taperigg%%i%%ﬁéﬁi’%ﬁ’ét 3 EPBH selPlivicing Rordidenpwithitbe chaknel
e W e o o e A g
TrToor 5 bWl A Ts02 1 by Somenle e Rabhre pertonaing crcling Mngt ety o
otate adtigiarsd ot EREAG Bl Brodninen bt dhonaee ndirimio foHy A2s. 1.
Tan, S wi R AURAN Bl SO EPRRLER e hetsias e b punded e s afoed |
conduct tae e FERakOfy MofofaieRpddots 1 b S bf ERHEdshasYppleomar b wad sand ¢ he
200" nm R PG o o, T i i ehraba e it ot 30
570 nm e s D R el s S FdaPeast ®achons o 5Bk
shape seo T kB er 1504a (s formed A mxed gas of CFa. Gz, and

here and e el o EUTRe Bt RRRE MR RE i T Dt ERREG R er
econd onduct: g Boarer oy < Rhs LR e Nl oLy E BN e g
!sﬁ)c/)\?\nr’l I( E&_Pl@a%r}tgﬂiii.d‘é‘s@olbi@Q@pr@ﬂﬁia@el?b.1’5%1,5{%%'1'@08 ORIHEHE A9e 2 AYGE widdly, are
and therefore it is shown in the figure as having the same shape as in Fig. 19A.
A second etching process is perfoﬁned next with the mask 1505a left in place as is, |
15 and asecond shape conducting layer shown in Fig. 19C is obtained. Etching is performed
under etching conditions using a mixed gas made from CF,, Cl,, and O, as the second
etching process in Embodiment 11. Any of the conditions 4 to 15 of Table 1 may be used
for the etching conditions here, and the etching time may be suitably determined.
Further, the width of each conducting layer in the channel longitudinal direction can be
20 freely set in accordance with the etching conditions. A second shape mask 1505h, a
second shape first conducting layer 1503b, asecond shape second conducting layer 1504b,
and a second shape gate insulating film 1502b are formed by the second etching
process.
Note that the second shape first conducting layer 1503 b corresponds to the first gate
25 electrode, and that the second shape second conducting layer 1504b corresponds to the

second gate electrode in Embodiment 11.

A taper angle o 2, which is larger than the taper angle « 1, is formed in the second
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[ Tabl e 1] Note that a taper angle indicates the angle forned between a

hori zontal plane and 15 a side face of a material |ayer in thiiﬁ .

specification ., as shown in the upper right diagramof Fig. 19A E&Ftﬁgﬁ,

for convenience, the side face of a shape having a taper angle is referred

to as a taper, and a portion having the taper is referred to as a tapered
ecification. Further, the angle forned between a

portion ;throughqut this sp _

hor i zontXPPH Seitad sondusne e 15046 asd nfxtesebnunalb@pecrrdlcp isfgrhayer (W
(a taper_angl e 1) can be freely set with a range of 19 to 70 by using
one of t Sgﬁﬂ?ﬁf#}az?ﬁg“%CPBdE‘Bt‘%l?Yﬁfrﬁ@éble 1, for exanple. Note that the
etching ti R (TBY, be suitable Ig(grt by the operator. Further, reference
nunmeral 1507 iﬁﬁStIdPBmgPé%eﬂ%‘hB? nﬁf%@ﬁf‘é@hdh%m@i?k 1383pbdeft inrdieraenc éSauner al
1502 dengt eg @)g e insuldat ing film and reference nurmeral 1503 25 denotes
a first CBnGUCTT NGPF ICANdBEvtAmpartinmplapsehetsunis Jdsledeén foe mdicomitcton t h a
secon t t.ching condi.ti.ons wth the sk 1505a left in place as is,
For m Ao e TGl G g RS HORiBh iRl thh g aomgaRansspgan] RorbictinatasehdsOdnt e

i nsul ati ilim 1502 is,also somewhat etched when performng etching under
t he sec%grglad%saélf' tflrtgf’éﬁihﬁgﬁﬁﬁtd%ﬂg BYSE5s peld fﬁ‘ﬁﬁaﬂfﬂi&t@? ig dyeh gt mas

i nsul at i il.m 1502a. A 5 mxe S de from CF4 and , 1s used here as
t he et chil.%)gSfbglgeén aﬁrrlll(rj‘eraStlﬁglegeeé’Bﬁgh‘gg‘fSt%pm@tgﬁﬁﬁé TRBhdse i%lér%f.ff%}'!\'lﬁ?/d aftet he
conditi . f T 1, for exanple, may be used as the second set
of et chioljralgm%:vgtﬁ%f% rg%%k ?ﬁ%%m reduction of the gate insulating film 1502 can

R R N e
concat ook e B¢, 1k ngd, 5 LSS DEH AQTRI D BELS o7 o
SRR B S BR BOTE R ANInd SIARR S
19A. forming region. Note that, although not shown in the figures, the impurity regions 15012
and 1501b are formed on both sides of the channel forming r.egion, and have linear
symmetry. |

15 Further, the ion introduction depth in doping becomes shallower the thicker the
filmm thickness of the material layer arranged ovef the semiconductor layer becomes.
Therefore, the impurity region 1501a which overlaps with the first conducting layer,
sandwiching the gate insulating film, namely a first LDD region (Lov region) is influenced
by the tapered pdrtion haw.ving the sidewall with the taper angle f, and the concentration.

20 of the impurity element added within the semiconductor layer changes. The impurity
element concentration decreases the thicker the film thickness becomes, and the impurity
element concentration increases the thinner the film thickness becomes.

Further, there are also cases in which a tapered portion is formed in the gate
insulating film in accordance with the etching conditions when performing the second

25 etching process. The semiconductor layer is also influenced by this tapered portion in

such cases, and the concentration of the impurity element added within the

semiconductor film changes.
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A second etching process is perforned next with the mask 1505 a left in
place as is, 15 and a second shape conducting | ayer shown in Fig %gé: g
obtained. Etching is perforned under etching conditions using 3 fh'i‘ j@ &
made from CF9, C 2, and 2 as the second etching process i'n Enbodi nent 11.
Any of the conditions 4 to 15 of Table 1 may be used for the etching
condi tions h&unaheRgkt e i tijme be suitably determ ned. Further,
the width of each coﬁé{f‘gltdi Enhgermgg%“%‘:lﬁ“ﬁ“{%h%&%ﬁHéﬂu?qtsﬁgﬁlmuanmh @ins@ot i on
can be 2f fHe8R)Viri i ce with the etching, conditions, A second
shape mask 150 hfli&gggc%%%‘ﬁg%egﬁspgOE‘?fﬁ"@d’é‘fﬁF\l S sl enduspng layer, sadond
shape seghgc6RDOPES fag ) . nd.a second shape gate insulating
film 1502b are for,rm(f@g)y @ﬁ?fg%@gﬁg\hgttﬁ Ff?ée aﬁT‘Bﬁ’é‘é’é‘f COpsEBURHaR istwarlgecond
shape fi¢gtstgmnducting | ayer 1503b corresponds to the first gate 25

el ectrode, and that the second shape second conducting | ayer 1504b

corregponds A@chbb,;% SEGRRA, ; el r i n,Embodi pent 11. A taper ahgl e a
2, which is |larger t han thelg?ggg?mg%alrgggI&?Skilgﬁ))fla}f:‘flrﬁ[‘]xq’ ROYHEESg¥BHAN 59 1 4

MAR 2006ofsthapeieBe M TOMHH ¢4 r i And._an, ext |y smal |l  taper
angle Pis formed in the sec&ﬂ%ogﬁéggﬁg%ﬁ%gﬁeﬂ&ﬁ%?Eﬁ?‘y‘fﬁW@Bf’dA

first dopimdymoneeting $eRekiPHEdspesbgw th the mask 1505b left in place as
is. (See Fig. 19C.) N-type conductivity inparting phosphorous is added to

t he sem conddcteind &odi eG4 g i ng Wi.th the second

shape second conductidrlllggl ao;ser 1 %;%%%gg%aegrgraéwn@ttjg hég‘?l}le?%‘éhlfcl MOPYRPI ng
process drs: paiduek je 8 aSkati@ndhchi £ " - ining as is
here, but the fi rgtiﬁ([j%jpai ngEl procesLsCﬁrer%/&Q%@B@%@r%ﬁrﬁﬁ?@gﬂ%@#bpwg‘ﬁb'\?i ng

t he riskadtledbtere tomhierstnyeconelgt @a$avdP 05 @idien 480idoRy; fq Hole firer -
accordance wth the first dopi ngy 10 pr ocl:et’ss?1 Igglrdf”ﬁ‘él?l,; ﬁ}eﬁg&é{g&rjﬁk{@g%gﬁ%t or

| ayer ovamridupping tavehesd3tcantirancsed iHge seco'nﬁk%hdué@r@l&&hiﬂﬁta@% ple

insulating filmand the first conducting |ayer, becon-Les a channel
e second doping process performs doping of a higher concentration than in the first

doping process, and impurity regions 1501c and 1501d are formed.
In addition to the impurity concentration added by the first doping process, the
15 impurity region 1501d, namely a source region or a drain region, becomes even more high
' concentration. in accordance with the second doping process.

Further, the impurity region 1501c is not doped because it overlaps with the first
conducting layer, and it has the identical concentratioﬁ distribution as the impurity region
1501a. The impurity region 1501c is therefore also a first LDD region. However, it

20 becomes further high concentration depending upon the doping conditions. Inthatcase,

 itis influenced by the tapered portion having a sidewall with a taper angle B in the second

doping process, similar to the first doping process, and the impurity is added wichin the
semiconductor layer.

On the other hand, only regions of the switching TFT not covered by the resist

25 maskare doped, forming source regions or drain regions. Further, the second LDD region
1501b, which is covered by the resist mask and does not overlap with the conducting

layer, remains as is,
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formng region. Note that, although not shown in the figures, the;i Lit
regions 150 1 a and 1501b are fornmed on both sides of the channe1 ép@ﬁﬁ’nfﬁ}/iﬁ
region, and have linear symetry. 15 Further, the ion introduction depth
i n dopi ng beconmes shallower the thicker the filmthickness of the materi al
| ayer arranged over the sem conductor |ayer becones. Therefore, the

inpurity r'eﬁie%sigtﬁ@ﬁ&m.h?gv%ﬁ'ﬁ ﬁﬁwﬁéﬁﬂ{’b first conducting | ayer,

sandwi ching the gate insulating F¥irst LIDID region (Lov
EIONE N e e T
oot en s oS ROTAD N e brd L of BARNRend D os R MO0 T pur 1 1y ol emant
Chore ar o otk et EReREnlchanh O T bd B et TP E SRS TR i vt

I ns atih REcdidhied WitBEROLEIGNRCEeMyh t he etching conditions when perform ng
the second 25 etching process. The sem conductor |ayer is also influenced

by this tapmLarita’ &tQik htSHaP Tases. CONCEr tion.of the

i mpurity el ement added Wit hi nt e??ggrﬁr%n%%%lr’ Eiﬁ%%hé ahg@ér?“_ B8L 4 AR
2006 OwvtilapgihBatchiaBtond ihductiflt LbC iR Sciahe § Rie BRLAAATILALLOODD 1M TS
near | y constant in the inpurity region 1501b” whi C _ 0€S°no overl.ap W th
the fi regionoos b6t Aded FYRE chatib! (rhfins R ahPRIEY k%r&l&@frﬂﬁg&w ,_and
therefore the inpurity concentration is nearly constant. t hbugh not
shown icontdiriy ghier @St LDID @8pishs. MaHe dwiitchdidTE TR Irep AN §FitHNY a8 RRALE] On Of
the switching TFT. The length of the Loff Tegi on)i:itrﬁl_)t he%élwi tgﬁ? ng TFT is
det & niforeslinghegion byerk@pirga setovgd ddirlustiRglaglr, idEwidsheh o4t8 HsulAing §HAN

dopi ng process is perforned next. An inpurity elenment which inparts a one
conductfirsti LD yeptoriscora b ghrides afi el tharlivel Yenia® neion; 6ebid ILIRILEBEs -
phosphorus, is 10 added here to the sem conductor |ayer 1501 using ion
dopi ng contartingethsdirenHDEh aggoris; aat source regions or drain regions contacting the

- second LDD regions.

‘Further, the first LDD regions overlapping the first conducting layer, sandwiching
15 the gate insulating film, have an impurity element concentration distribution which
increases as distance from the channel forming region increases. Note that the impurity
concentration in the first LDD region contains a region having a concentration gradient
in a range of at least 1x10" to 1x10"® atoms/em’. Provided that the LDD region has this
type of continuous concentration distribution, it is effective in léwering the off current.
20 Further, reliability incréases the longer the length in the channel longitudinal direction

in the first LDD region becomes.

In practice, the boron included in the regions 149 to 152 with respect to a boron
doping process (see Fig. 4C) in the elecfric current control TFT is also influenced by the
thickness of the first conducting layer in which a taper is positioned on the semiconductor

15 layer similar to the first doping process, and the concentration of the illlpurity element
added within the impurity region changes. The impurity concentration is reduced the

thicker the film thickness becomes, and the impurity concentration increases the thinner
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conducting |layer 1503b and the second shape second conducting | ayer 1504b
as masks. The second dopi ng process perforns doping of a higheﬂ 4 MAR
~concentration than in the first doping process, and inpurity regions f@gﬁ
lc and 150l d are forned. In addition to the inpurity concentration added by
the first doping process, the 15 inpurity region 1501d, nanely a source
regi on ehe filnd it ndsEBeQmesPeCOMES -even nore high concentration in
accordance with the second dopi ng process. Further, the inpurity region
1501c i s noNogogadi JoCa s it it h.the firs conducti,ng tayer,
and it has the ide&?fcal g%%@%%%&%%?%%é%&%?9@%%?#lﬂ"é§“WﬁgﬂpﬁﬁUF%FV5region
1501x. The IDnpurity region 1501c is therefore also a first LDD region.
However, it 20 becomes further high concentration dependi ng upon the doping

condi ti ons. Fumhédi@dre CaeSselectibich wid - tapgr.ed portjqn jhaving a
si dewal | hWi tﬂ a tapfgr anglegh%t?ﬁmjt%egcg%ﬁgugﬁg%i}@a %@26@%&%‘?4’(&%‘? to the
first dehenghpeed PE rtHAgich UM (bYs 4 i_t hi \t.he . semni conduct or

| ayer. On the other a(fmd, onlgilrhéﬂeigilo(%s %@tﬁﬁgﬁgﬂabﬁlqbi lﬁ*sﬂﬁte‘ig\'/%red by

Lhe, 1 estaimiereiSE, ané CUpBEheh ISP CET005,105, SLALA. LBl onS.

Further, the second LDD region 150 I ch s*covér YV YHE e Pt mask

and doesgm@hﬁﬁ&@&bﬁ@F&Kﬂ,;&ﬁ&%%@ﬁﬁ%ﬁ&kﬂﬂet @ﬁEﬁTmﬁﬁﬁQLE%nﬁﬁzg kg%%EThe

resi st mask of the swtching T is renoved next. pane Vg. 6B
may be smppwésaed.ur ed by performi ng subsequent processing in accordance with
t he processes of Enbodinment 1 fromFig. 4C onward. The driver circuit
n-channel TFT and the switching TFT are thus separately nmade 5 in
accordance with the above nethod. The driver circuit n-channel TFT is

pr epar etEmbodimeatdBhnnel forning region overlapping with a second
conducting | ayer, sandwi ching a gate insulating film first LDD regions on
bot H0si des BY usihgarchlanmedridl o whioh phegitonssc e a5 6:8)l6@ei 0 BRciRfiodlcah ™
regions, contacting the first LDD regions. The switching TFT is prepared

with: abg;thtéhﬁ@dlin lightfeonissionyirr thg posenviavd e, dg: exre@abiithe candieijuadlayer ,
sandw ching a gate insulating film :
efficiency can be increased by a large amount. By doing so, it becomes possible to make
the EL element into a low poﬁref consumption, long life, and low weight.
A report of utilizing triplet state excitations and increasing the external light
15 emission quantum efficiency are shown in the following paper. Tsutsui, T., Adachi, C.,
and Saito, S., Photochemical Processes in Organized Molecular Systems, £d. Honda, K.,
Elsevier Sci. Pub., Tokyo, 1991, p. 437.
The molecular formula of the EL material (coumarin pigment) reported in the above N

paper is shown below.

20 [Chem 1]

Baldo, M. A., O’Brien, D. F,, You, Y., Shoustikov, A., Sibley, S., Thompson, M. E.,
and Forrest, S. R., Nature 395 (1998) p. 151.

The molecular formula of _the EL material (Pt complex) reported in the above paper

is shown below.
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first LDD regions on both sides of the channel form ng region; second LDD
regions contacting the first LDD regions; and source regions or drain
regions contacting the second LDD regions. Further, the first LDD regi ons
overl apping the first conducting |ayer, sandw ching 15 the gatellﬁéﬁlgm ng
film have an inpurity el enment concentration distribution which increases
as di st #0bkenf2jom t he channel form ng region increases. Note that the
impurity concentration in the first LDD region contains a region having a
concentration gradient in a range of at |east |x1017 to |x1018 atons/cni.
Provided that the LDD region has this type of continuous concentration

distributi OIBald MsAefoa N i n GUT Lent Fur ther
reliability i nc?& eases tﬁfea F%ge;&{t gngt Hﬁlﬁn&{{% chgnrﬁl& Fo&rre@q 'ré’ugl’nal

directi li Phytshieect.| 75 919@5) r | ce bor on,.i ncl uded
in the ?(epgpl onsytsl49 to 552 Wlpt %Pgé%ggstﬁ??gsgarl%r ' lm’% ISF’% Fsee Fig.

4C) in WWigroplabe TGS Tl ENFAQES P Wﬁ[mb?o \ﬁlfﬁ’%{ foabr’r'ﬁ.{?:ﬁ?% %8@’? apgh od on

t hi ckness of the first conducti ng [ayer | aper
the senPhondsg(mB)2Bdoayes)si mlar to the f| rst doping process, and the
concentration of the inpurity elenment added within the inpurity region

changes. Th&hiempoledilyr ©ORGRIYIERE EDdrsridl HYBREIEY SepdrtiiGh Bhe e bhOl

t hi ckness becones, and the inpurity, concentrati on’increases
14 NARmZiD%rtH}tdoxﬁzl | mthickness becones. Note that it is possible to freeI y
conbi ne Enbodi nent 11 with any of Enbodinments 1tol0. Furthernore, the
selectivity with the gate insulating film1502 is extrenmely high 5 when
the etching gas of Enbodi ment 11 (gas mixture of CF. and d2) is
substit{€Cbdmby] a gas mixture of SF6 and A" or when the gas m xture of
CF4, A2, and Oz is substituted by a gas m xture of SF6, Cl2, and 2, and
therefore the filmreduction can be additionally suppressed. [Enbodi nent .
12] .
Provided that the phosphorescence emission from triplet state excitations can be
10 utilized, then in principle it is possible to realize an external light emission quantum
efficiency which is 3 to 4 times higher than that for cases of using the fluorescence
emission from singlet state excitations.
Note that it is possible to implement the constitution of Embodiment 12 by freely

combining it with the constitution of any of Embodiments 1 to 11.

15 [Embodiment 13]

The EL display device fabricated in accordance with the present invention is of the
self—emission type, and thus exhibits more excellent recognizability of the displayed image
in a light place as compared to the liquid crystal display device, Furthermore, the EL
display device has a wider viewing anéle. Accordingly, the EL display device can be

20 applied to a display po.ftion in various electronic devices. For example, in order to view
a TV program or the like on a large-sized screen, the EL display device in accordance with
the present invention can be used as a display portion of an EL display device (ie., a

display in which an EL display device is installed into a frame) having a diagonal size of
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10 By using an EL material in which phosphorescence froma triplet state
excitation can be utilized in light enission in the present i nvgr% 2‘ , Ea;}ge
external |ight em ssion quantum efficiency can be increased by | @@e s
anount. By doing so, it becones possible to nake the EL elenment into a | ow
power consunption, long life, and | ow weight. A report of utilizing triplet

state ex3) frabibPmslagnd (hRfaast rnnal light 15 em ssion quantum
efficiency are shown i(%ygt ﬁeefsrgl o%gﬁaﬁggeggr Tsutsui, T., Adachi, C., and

ronda, K| OreneropeaneRHRrArRns, bR HERN te iR il Bliarono; i a
e . Fub. ) b k

bel ow. 20°[ Chemt 2P arh Popforal Pl SRRk Perllifnd A Y E pBBRARIRE A

Si bl ey, gograbhoflay Mr %verti&ﬁ%n'f%%lpg%ﬁ. ( lgt?oregvn%’ g'% ”:{Lg 8???’?3@&&998) P 151

The mol ecular formil a of the EL naterl c Tt He above
paper 5 igcahiinge hettome HdsenEidveMABn 294 Be by st B9ioM of Seher5AMRNSKY,
S., Burrows, P. E., Thopgpson, M E.,Qang %ﬁ%ﬁﬂb}ﬁ@ S%U,OMO&;‘))H&.Y BRYYS
Lett., 7BedtqdWyices. 4, and Tsutsui, T., Yang, MJ., Yahiro, M, Nakanura,
K., Watanabe, TO., Tsuji, T., Fukuda, Y., Wakinoto, T., and Mayaguchi, S.,

Japan Appl . SlehRi¥&Eroni8&letkeBincl@R% vidks Qameld16 MBI ACH ra,ffgé%é'ée\%-t% the EL

material (It conplex) reported in the above paper™ 1Ts shown Them 31

Provi dedlidglay (ldad rbasPhigsleps 8 REeioSHbS §iski, far ' &Rl EXGhAL i ons
can be 10 utilized, the??ﬁ pri nlgi pl e%}ist i é‘s%giég?%gﬁlé&%% reaﬁlcgeé@gr?%

ext er nalaudigeduipmieas aaruditant snthe like), note-size personal computer, a game machine,
" 10 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 réproduc;a a
recording medium such as a digital versatile disc (DVD), and includes a display for
displaying the reproduced image), or the like. In particular, in the case of the portable
15 information términal, use of the EL display device is preferable, 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. 16A to 17B respectively show various specific
examples of such electronic devices.
- Fig, 16A fllustrates an EL image display device which includes a frame 2001, a
20 support table 2002, an EL display portion 2003, or the like. The present invention is
applicable to the display portion 2003. The EL display is of the EL display type and
therefore requires no back light. Thus, the display portion thereof can have a thickness
thin_ner than that of the liquid crystal display device.
Fig. 16B ﬂlugtrates a video camera which includes a main body 2101, a display
25 portion 2102, an audio input portion 2103, operation switches 2104, a battery 2105, an
image receiving portion 2106, ot the like. The self-emission device in accordance with

the present invention can be used as the EL display portion 2102.
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efficiency which is 3 to 4 times higher than that for cases of using the
fluorescence enission fromsinglet state excitations. Note thatfiit hisg 2008
possible to inplenment the constitution of Enbodiment 12 by freely
conbining it with the constitution of any of Enbodinments I to 11. 15

[ Enbodi nent 13] The EL display device fabricated in accordance with the

present i nvehigi BCilbusohtdsheorsen {rhe mebshalf ; Ns] re
gor { & pietBPof MES;LI[% eﬁ%f'?lﬁ?da élZ}ugg

" excellent recogni zability of the displayed image 1n a icg

conpar edtyps, whish ingluides @ eesr bbdyd220), signslecablg 22601 4 Hﬁ@éﬁ?‘a@ﬁg Bh3dj spl ay

device has a wi der view ng angle.  Accordingly, the E evick can he

20 appl i &aeempartiinspiOdy apapticalyitemvZB050ua self Rl RIN GvaeVI 8S or H{%riilfeﬁa”pl €,
in order to viewa TV programor the like on a |arge-sized screen, the EL

di spl ay dbeirsesenniraention aapplivililé to tHeeEDdRsRP IR ENOEON can be used as a
di splay portion of an EL display device (i.e., a display in which an EL

di spl dy devi Big. & ilhstratdsed imagoreprdduation apgahng ikl G1iag9 | 414
MAR 2006 30 inches or larger (typically 40ﬂ?érfches or 1I %r gée%lro-n?hé_ﬁmgﬁ R

di spl ay (meraspesifiaally, kDD reprodusibransparabe whsedink Ridesh sRlR¥ORD301, a
information,,_ such as a display for a personal conputer, a display for

r ecei vi nEFCQINNE Bredite s DIVAQ op tughilen?2382 dipmpheion fofitchag 9803, asRimatndiish! .
Mor eover, the EL display device. in 5 accordance with the present

i nvent i of®) af4banarbenidiaglap pditipl Gy 2365t drame dike ofherdisy @itsiof|(8C2 3idCis

devi ces. ‘Such ,e&gét roni c devices include a video canera, a digital .canera,
a goggl e¥sedypainlyfos gisalpyingdmagaimiommaticsp iy thadisplai gattian(ts 230818 usad sound
reprqgucti 0 gqeg\r%;:e[\ (an car audio equipnment, an audio set or the like),
not e-'si ZBAFEY pledngpthazpcten injamatinie hT he EL tsplayplavicetihectorfianeetichn
termnal ,(a nobil e conputer, a gortabl e tel ephone, a portable gane

nmachi ne, TESRL N ERtONSBaHbe ysed anehess display anprtionsde) 214 wdlud) i2805.afpar-at us
including a recording medium (pore specifically, an apparatus which can
repr oduc® 36¢ *BE U&Pﬁ@ FRRATAGHS %@@H&%ade%nrémgame%rrsémhe@ iv¢ludes( DgDpre and

 nc Udesmgcﬂiinse%lra eiiﬁé.
Fig. 16E illustrates a goggle type display (head mounted display), which includes a
15 main body 2401, a display portion 2402 and an arm portion 2403 or the like. The EL
display device in accordance with the present invention is applicable to the display
portion 2402,
Fig. 16F illustrates a personal computer which includes a main body 2501, a frame
2502, a display portion 2503, a key board 2504, or the like. The EL diSplayAdevice in
20 accordance with the present 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 reér—type projector in which light including output
image information is enlarged by means of lenses or the like to be projected.
25 The aforementioned electroriic devices are more likely to be used for di.splay
information distributed through a telecommunication path s.uch as [nternet, a CATV

(cable television system), and in particular likely to display moving picture information.
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di spl aying the reproduced image), or the like. In particular, in the case
of the portable 15 information termnal, use of the EL displ ay ﬁgvﬁe i S
preferable, since the portable information termnal that is i I&EOZOB&
viewed froma tilted direction is often required to have a w de view ng
angle. Figs. 16A to 17B respectively show various specific exanples of

such el éftie¢ BDidgpBee6RS is shi y rates an EL i mage di spl ay. devi ce
whi ch i ncl udes gﬁ?r ane bsgof?elgﬁﬁ?bép y&’g’%ﬁ“%‘?“PaBFé“fﬁﬁﬁﬁ?e %mg‘ie%ké@
porti on eZBilic high rbg%ngé qThe present invention is applicable to the
di splay portion 2003. The EL display is of the EL display type and

t heref ore regqunk HeaeK dlsi : . . i%l ortion thereof can
have a thi cknggsﬁ&% Eip%ner '9 %g%p%jﬁg%@oﬁ att%g%lm?l(ﬁlaﬁﬁﬁgf JOTURCS ROSIE 2 HEVi ce.

Fig. 16Bekirbblsts d ! ; i phel ud a nmain bod 101, a
di spl ay 25 por(tbi igﬁﬁg%fghﬂgcﬁbrg% i %ﬁl?%ﬂ&%@f)%i@%ﬂ%@‘“&w(ﬁf‘gﬁ EHit ches

2104, 5 a beabirks ¥is £chQB as Bssille ceiyi r.tion. 2106, or .the.like. The
sel f-emission devi ceaisﬁ %éﬂégfgkgﬁéﬁl%k%rﬁ%epgléggﬁwi%ﬁyl'&ﬁﬁ HPlied o used

t he Mispdi .Fiq.. 16€C il | ustrat
bortion (tﬂﬁ?ﬁ?ﬁ? Wﬁgluf&&%ig% ok ?81%%?&%’5&4@@}9&5%%_%@%@%{]ﬁgrt{ e “whi ch

i ncl udepoataiid mfb@ehtic?2Q@tmirsil WAl meabb&sicaRP2% Rérstgﬁ?fjtg%ﬂ{%e bpnd 2403, a

screen portion 2204, an optical system 2205, a seion device 2206,

or the leglgpmeriihiz intesastilt v dianh: B displARRIVIEABE R RS Eler HirSRiAY.devi ce
2206. 5 Fig. 16D illustrates an inmage reproduction apparatus 1ncluding a

recor di ngforextidim a {ighr-emftpagipbies Whilea rBYDeﬁw.%EIE)H%?&&? @oﬁﬁ@%ﬁ?{(é{f}tk%Mi ch

i ncludes a main body 2301, a recording nedium (a DVD or t 02,
oper H® i dackgiouoles 2303, a display portion (a) 2304, another display
portion (b) 2305, or the like. The display portion (a) 2304 is wused mainly

for di spl ayiMighineageférahor welig.0A, botreblt helepher! iyl RaaIDRh{N) in2RA5s 1 S
used 10 mainly for displaying character information. The EL display device
i n accordaniedadytd60 11 dreaystie serput postént 2602, sanudie insethortoh DESE adiisihy
portions (a) 2304 and (b) 2305. The inmage reproduction apparatus including
a recor @PREORBEVhmAPETAticnewiiches 20X and gamatenna 2606. The EL display device in
- accordance with the present invention can be used as the display portion 2604. The
15 display portion 2604 can reduce power consumption of rhe portable telephone by
displaying white-colored characters on a black-colored background. |
Fig. 17B illustrates a sound reproduction device, a car audio equipment in concrete
term, which includes a main body 2701, a display portion 2702, and operation switches
2703 and 2704. The EL display device in accordance with the present invention can be
20  used as the display portion 2702. Although the car audio equipment of the mount type
is shown in the present embodiment, the present invention is also applicable to an audio
of the portable type or home set type. The display portion 2702 can reduce power
consumption by displaying white-colored characters on a black-colored background,
which is particularly advantageous for the audio of the portable type.

25 As set forth above, the present invention can be applied variously to a wide range

of electronic devices in all fields. The electronic device in the present embodiment can
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machine or the like. Fig. 16E illustrates a goggle type display (head

mount ed di splay), which includes a 15 nmain body 2401, a displ ay_]ptprMAR)rmﬁ
12402 and an arm portion 2403 or the like. The EL display device in ’
accordance with the present invention is applicable to the display portion
2402. Fig. 16F illustrates a personal conputer which includes a main body

2501, a . 2, di spl ortion 2503, a key board 2504, or the |ike.
The EL dI{)Js% a&n%g\gy (%l%flﬁg a%oggéﬁ%’il%’aﬁi%"éc RYing be spalanatiomiendiidntlwan be

used as ' rtion,2503. en the, brighter |um nance of |ight
em tted #ggc%qte%gﬁ%%‘?qtélh KUshels 36 Sieelyspmtingd he future, the EL

di spl ay device in accordance with the present invention wll be applicable
to a front-type or rear-type projector in which |ight including output

image in . iyg7 enl arged by neans of |lenses or the like to be
projecteggﬁgghkﬁglég%renentioned el ectronic devices are nore likely to be:

df di spl i I distri t h t el i cati th
such a1 nt epnerord MR AL BT TR RGP o Sesfapriingisrordenrenr
di kel y tgdi ; s |Gt i nf iop. 66 1 R 2006 The- EL
i spl 3y et EAY B B " Fose bRy nh Binbdimini r dbisision el L
terial riek O] &Inﬁla 8509 d. i op. he ,EL, di spl
gzvsgleatchcgtﬁﬁ?s eﬁrﬂ) %rrﬁg |glht co@ﬁﬁégﬁggﬁé%&%&&:@?ﬁ ’igg£0%é‘§iiraébf‘é?s§8?y

di spl ay Figf%mti on in such a manner that the light emtting portion
therein becones as smal| as possible. Accordingly, when the EL display

devi . ) L : i i i spl h
evice i s apphé ﬂﬂaﬁe%g}lugia% %%beﬁfrﬁérﬁqflvﬁ;éﬁ%ﬁgﬁé.ﬁﬂ,S@g%@r gs f %‘gt?c:?fr

information, e.g., a portion o e T nf nal ,

and nor erolFg IO Al chére RRE H?ct%jaﬁletr@fggé\?{l&g gﬁg@gl% %g tug(!['{ﬂ 'el"f‘?% %? %uﬁcﬁﬁ%qﬁwgﬁ%s

desirable to drive the EL display ara tion

Lort oo Tedhcylafion o i RIEd IOt ckd dfe R LAsks B ORML 2Bl AhgBPlehl Whgen -
of Lov region in the channel longitudinal direction) to 0.4 pm, 0.8 um, and 1.5 gm with
a film thickness of tbe first gate electrode (TaN) set from 15 to 40 nm. Note that the
' gimulation was performed using the impurity element concentration distribution in the
channel longitudinal direction (the concentration distribution at a depth of 10 nm from

15 ther _surface of the semiconductor layer) shown in Fig. 24. However, the simulation was
performed with the taper angle changed in a portion of the first gate electrode sidewall,
and the locations of the changes are positions of 10 nm of film thickness from the gate
insulating film as seen in cross section, and at positions separated by 0.13 ,L'zm from the
first gate electrode edge portion when seen from the top surface.

20 Furthe_r, Fig. 20B shows the shape B of Embodiment 4. Fig. 20B differs from Fig.
20A, and there are no locations in which the taper angle changes in a portion of the
sidewall. A taper angle v is formed. |

The simulation is similarly. _perfofmed in a first gate electrode 1700 shown in Fig.
20B, and the relationship between the electron temperature for cases in which the Lov

25 length 0s 0.4 ym, 0.8 um, and 1.5 wm, with the film thickness of the first gate electrode

(TaN) set from 15 to 40 nm, is shown in Fig. 22. Note that the simulation is performed
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Wth now reference to Fig.17A, a portable telephone is illustrated, which
i ncludes a main body 2601, an audi o output portion 2602, an audi o i nput
portion 2603, a display portion 2604, operation sw tches 2605, {apdifh 2iih
antenna 2606. The EL display device in accordance with the present
invention can be used as the display portion 2604. The 15 display portion

2604 can usiegubie cONRiratRRhRb! tabl e tel.ephone di spl.ayi ng
whi t e- col ored char acttrers on ab%[?g}:%tg%ﬁ?@%ﬁ%@%&%ﬁ%ﬁpﬁ?ﬂé‘?@m inal

i |1 ust r adececeios shewn ePigPgyct ion device, a car audio equipnent in concrete
‘term which includes a main body 2701, a display portion 2702, and

vk ch | il Splay portion : e with
the. present i nventon opEeiesode LR Enth TR Ba0 Rl vhio 0B Al oLgh

t he car alhﬂdkﬁeﬁqslBDﬂﬂﬂ,&h@&ehﬁ@nﬂb‘_’%tﬁﬁ%ﬁ%he 'egelc?rgcoﬁggisfr }@tﬁx $ fseg %‘Fn‘flhe

enbodi nment, the present invention is also ap a

por t alfl e langiesdinal oweris® hnd YIREL oT808, SRH e fé‘?ﬁtidr@ﬂip%@x%e Catgqgrlﬁ)d 31?1‘3&}'( over

consunption by, displaying white-colored characters on a d-

backgr ousdd thewlectronseppetainge! 28 shoRdMARE aDe o [deh s 10,0, the
portable type, 25 As set forth abo?/e, the pr esg%g&ldtﬁéég?ﬁlgﬁ‘!nclgggl%ggaﬁpl i ed

var i ous| yhe elearriv fitdd s@ng@re &id #le@tddiRn ' i £ T
el ectronic device in the [r)er esente entgf)agii %en%?ﬂégﬁs%%Hpqéoklrﬁi«@y%%émgg ?t
REJ {HguLal n:aﬂ gd&n

obt ai nedciy betaitlj diengosn thal thé kiveaYhelavi®eh RAYIR ?h«? [;

whi ch the structures in Enbodinents 1 through 12 are freely co

[ Enbodi méimt dagte Af dhecBRT tsldegadéi rst gate el ectrode (TaN) becomes various
shapes in accordance 5 with etching conditions such as those recorded in

Enbodidrent 1When somphmng Big. ZhahdFigcDiyphs i;hzgﬁ oAFg. PERERGWE th Fig. Briipdisment
14 on a shape A of Fig. 20A and a shape B o Fig. 20B, The sRape A shown

i n Enbodpkremter teledtsors tempeianur€i gIn 2Aer Fiogds, 204n i fBoridgiat edpoink QfFTYT -19D,
and therefore the sane reference synbols are used. Fig. 21 is a graph
showi ng dagragagom.elsing dreshape of Fib. 20Bstprebrabbnipenaterhe detonasepeafuget ting
the Lov length (the length " ' '

‘ can be lowered.

Further, when the Lov length is 1.5 um, the electron temperatﬁre is low,. and
15 therefore it can be inferred that a long Lov length is preferable.
It is possible to freely combine Embodiment 14 with.any of Embodiments 1 to 13, |
The length Qf the gate electiodes in the channel longitudinal direction (hereafter
referred to simply as gate electrode width) differ as stated above with tﬁe present
invention, and therefore it is possible to make the ion concentration within the
20 semiconductor layers arranged under the first gate electrode less than the ion
concentration within the semiconductor layers not arranged under the first gate electrode
by utilizing the difference in ion penetration depth, due to the differing gate electrode
thicknesses, when performing ion injeétion using the gate electrodes as 1ﬁasks.
Further, the Loff regions are formed using a mask, and therefore only the width of
25  the first gate electrode and the width of the second gate electrode must be controlled by
etching. Control of the Loff tegion and Lov region positions becomes easier compared

to the conventional examples. It therefore becomes easy to have precise positional
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of Lov region in the channel longitudinal direction) to 0.4 Atm 0.8 Am
and 1.5 Amwth a filmthickness of the first gate el ectrode (TaN) set
from15 to 40 nm Note that the sinulation was performed using t? P 06
inmpurity elenment concentration distribution in the channel Ionéi 3&%&;#
direction (the concentration distribution at a depth of 10 run from 15 the

surface ; tor. |l aye shown in Fig. 24. However, the
si mul at i %fr[]lgmhgf “E gﬂlgefﬂn@g&ﬁi’% o éf‘% &Bgr%ﬂ%ﬂ@% ang fabpgetnes pasy tparariufactafe t he

first garFFT%E§ﬁﬁ§?§?%hgﬁﬁg%h?§ﬁand the |l ocations of the changes are

positions of 10 n fbss fromthe gate insulating filmas seen

i i Lt t by 0.13 / f th first
gat o of ectr ogermsraB e Aok BN R SRR Bhel kot vohich incoaentamlF Grmvek
Fig. 20Bgshe Enbodi ment, 14. Fig. 20B differs from Fi
20%\, and t he‘;ﬂze §:ftilrﬁge i?110 oggtg?%eﬁl Diaﬁg\}\%%&‘etsﬂ\ém?é%ﬁ?l%ﬁkﬁfgiﬁ‘@%w‘fgéwcttlntfa:q

porti on @écdddeinesd JL@ahe lg.y,is formed. The sinmulation is
simlarly <i)er for %Illa }Aﬁ{sgiaf[%%f’s@g‘gé?gﬂgq &B%/dr %@iaf?b@%h@%ﬁ film. Fllae clepo®, and

t he rel abboRsH tron t. erature for cases in which the
Lov 25 Iengt f?‘%‘é‘*’%ﬁ’%&hﬁt J&g‘.tﬁh?e %"rﬁrg&‘f’dt n&‘%gﬁ’i‘f %“PLI?I%QH‘; theaneriekmgios of
the firstagah&ef)rebt§Q96aLdaN) set from15 to 40 nm is shown in Fig. 22.
Note that the sinmulation 1s performed 68 1 4 MAR 2006 using the
concentration distribution of the inmpurity elenent in the channel ,

| ongi tudinal direction shown in Fig. 24. Further, the first gate el ectrode
1700 shown in Fig. 20B, nanely when the TaN film thickness is 30 nm the
rel ati onship between the electric field strength in the channel 5

| ongi tudi nal direction and the Lov |length, and the rel ationship between the
Lov length and the el ectron tenperature are shown in Fig. 23. The
tendencies shown in Fig. 23 of the electric field structure and the

el ectron tenperature are approximtely the sane. It can be said,

therefore, that the lower the electron tenperature, the | ess the tendency
for the degree of the TFT to degrade. 10 When conparing Fig. 22 and Fig.
23, the shape of Fig. 20B shown in Fig. 22 shows
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a lower electron tenperature. In other words, seen fromthe viewpoint of
TFT degradation, using the shape of Fig. 20B is preferable becanﬁh &E\% e
el ectron tenperature can be |owered. Further, when the Lov length™ . BGS
gm the electron tenperature is low, and 15 therefore it can be inferred
that a long Lov length is preferable. It is poessible to freely conbi ne

Enmbodi meNHAT 18I ChABAEOfS. Enbodi ments | to 13. The length of the gate
el ectrodes in the channel longitudinal direction (hereafter referred to

sinmply as gate-electrode width) differ as stated above with the present
invention, and therefore it is possible to make the ion concentration

wi thin the 20AsemieontieedQlisdi .under the first gate el ectrode
i isg W@Jv?cefcﬁngp}gﬁrgg

| ess than the ion concentrati'on w sem conductor | ayers not

arranged under ahemidondic@atiin BLRGIHAEE] of¥n Wduld > difference in ion
penetration depth, due to the differing %a?%ﬁ%ugdétgf{rgrc}%gﬁapﬁe'hi cknesses, when

performng ion amaecibdacits kg id Aehged it BCidnRHsSd@SoBGKS. Further, the
Lof f regions are formed using a mask, and therefore only the width of 25

the first gate elfestgedeleamncte Beonad ivig tHB S pEARANGELE; el ectrode nust be
controlled by etching. Control of the Loff Tegion and LoV region positions

becones easi er eceparkghte tloctrbde BOv@MtivaRRthCKANR]ESlectibdt.her ef ore becones
easy to have precise positional 69 1 4 MAR 2006 alignnent of the Lov

regi ons and t hewhefdinrtkgionsondundod flnbeehmies, easy to manufacture TFTs
havi ng desired characteristics. Furthernore, the electric power source
supply line, which &showmlémniiogagion,f ormed fromthe sane filmas the gate
signal line or the source signal line, is forned between the 5 second
i nterlayer insul ati h®D rdgmrand cohect withdhe ohenha Yemibpsediat,i ng film The
electric power source supply line can thus overlap with the gate signal
linelOand the apertaseurcar¢gion autha dvineégior itbeontmcr wahehe LD regions,
wherein a first width of the first gate electrode in a channel longitudinal
direction is wider than a second width of the second gate electrode in the channel
longitudinal direction,
wherein the LDD regions overlap the first gate electrode with the gate

15 insulating film interposed therebetween.

2. A semiconductor display device comprising:
a semiconductor film being formed on an insulating surface:
a gate insulating film in contact with the semiconductor film;
a first gate electrode in contact with the gate insulating film;
20 a éecond gate electrode in contact with the first gate electrode;
wherein the semiconductor film includes,
a channel forming region,
LDD regions in contact with the channel forming region,

a source region and a drain region in contact with the LDD regions,
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1 4 MAR 2006 WHAT IS CLAIMED I'S: 1. A sem conductor display device
conprising: a sem conductor filmbeing formed on an insulating surface; a
gate insulating filmin contact with the sem conductor film 5f{a} ARS8
gate electrode in contact with the gate insulating film a second gate

el ectrode in contact with the first gate el ectrode; wherein the

Cont act wi th 1 he Ghne PR EPE S pdLIERAI 5" Nagreh il of

contact with the channel form ng régiorg g} ai n

regi on Jile RN idFIdMRIh RSk ' saotherein a tirst width of. the first
gate electrode in a channel %n%?%%egpﬁgﬁm\é\gﬁcg)?% Hhtilf§ﬁwr§éﬂ’qgﬁéﬁmé‘ second
w dt h offirédigeyrsecond gate el ectrode in the channel Longitudinal direction,

wherein the L regions overlap the first gate electrode with the gate 15

insul ating fil nyhdibgr BRSEM t}@gig{qitowlggq R ASETR Ce(?&q%@%g‘htﬁig[%g{ff# devi ce

conprising: a seniconductor fiTmbein ornmed onh an ins ce;, a
gat esi nighating @iltihfrpdied Od@bdrwebhh the sem conductor film a first gate
el ectrode in contact with the gate insulating film 20 a second gate

el ectrode in comiatin thetchahhél thihslk 88LE oG« ‘&H@?@bonﬂ"ﬁ%l&d‘&% with
seni conductor filmincludes, a channel formng region, ° regions in

cont act thei gae trsalavingribel infepetedgheeBi@aena sour ce region and a drain region
in contact wwth the LDD regions, 71 1 4 MAR 20U5 wherein a first w dth of
the first gate electrode in a channel |ongitudinal
3. A semiconductor display device comprising:
a semiconductor film being formed on an insulating surface;
10 a gate insulating,_ film in contact with the semiconductor film;
a first gate electrode in contact with the gate insulating film;
" a second gate electrode in contact with the first gate electrode;
an EL element,
wherein the semiconductor film includes,
15 ' a channel forming regioﬁ,
LDD regions in contact with the channel forming region,
a source region and a drain region in contact with the LDD regions,
wherein a first width of the first gate ele_ctrode in a channel longitudinal
direction is wider than.a second width of the second gate electrode in the channel
20 longitudinal direction,
wherein the LDD regions overlap the first gate electrode with the gate
insulating film interposed therebetweeﬁ,
wherein the channe! forming region overlaps the second gate electrode with
the gate insularing film interposed therebetween,

25 wherein the EL element has an anode, a cathode, and an EL layer being

formed between the anode and the cathode,
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direction is wder than the width of the second gate el ectrode in the
channel longitudinal direction; wherein the LDD regions overlap the first
gate electrode with the gate 5 insulating filminterposed therp@eﬁgﬁemp
wherein the channel form ng region overlaps the second gate el ectrode Wth
the gate insulating filminterposed therebetween. 3. A sem conductor

di splay device @dm_nclnsd-mgdraanstegibﬁoi@déléét?i'&a[_w L BhR&Q0 f QLI a0 an .
insulating surface; 10 a gate Insulating filmin contact w t'He

sem condiaghede.film a first gate electrode in contact with the gate
insulating film a second gate electrode in contact wwth the first gate

el ectrode; an EL el enent, wherein the sem conductor filmincludes, 15 a
channel form ng region, LDD regions in contact with the channel form ng
region, a sdhw“c@rmiegn@mtandﬁsplapl&aﬁaet@gbﬁﬂng;n contact with the LDD regions,
wherein a first width of the first gate electrode in a channel |ongitudinal
direction is wi dermidraduaisdiioriting Wuhedbnthansgeond gate el ectrode in the
channel 20 longitudinal direction, wherein the LDD regions overlap the
first2gate el echrigeingilabing fidngatentacnwithahi semichhaudo ghmposed

t her ebet ween, wherein the channel form ng region overlaps the second gate
el ectrode with 2atHa gt elecmede &t ¢argadtiwinh iint @enpasethinhdiabet ween, 25
wherein the EL el enent has_an anode, a cathode, and an EL | ayer being
formed between ?ﬁéc%f{)%%eakﬁtmﬁ@ﬁtmnmdwitﬁzhdﬁmWeﬂﬂ%d&\her ein the drain
region is electrical Inya %onnect ed to the anode or the .

wherei irst width of the first gate electrode in a channel tongitudinal

direction is wider than a second width of the second gate electrode in the channel -
10 longitudinal direction;
wherein the first gate electrode has a tapered shape in cross section in an end
portion, |
wherein the semiconductor film includes,
a channel forming region,
15 LDD regions in contact with the channel forming region,
a source region and a drain region in contact wicth the LDD regions,
wherein the LDD regions overlap the first gate electrode with the gate
insulating film interposed therebetween,
wherein the channel forming region overlaps the second gate electrode with

20  the gate insulating film interposed therebetween.

5. A device according to claim 1,
wherein the LDD regions are formed in a self-aligning manner by adding an

impurity element into the semiconductor film with the second gate electrode as a

mask.
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cathode. 4. A sem conductor display device conprising: a sem conductor film
being formed on an insulating surface; 5 a gate insulating fil mm}rl%ﬂ?\%tm%
with the sem conductor film a first gate electrode in contact t'h¥ ' he**V
gate insulating film a second gate electrode in contact with the first

gate el ectrogea LLl iy width of the first gate electrode in a
Wf@éﬁpﬁh& Ec?) %la}ng q

channel | ongitudi na recti W der than a second width of the second

gate el ectrode i gHe Q leongitudinal .direction; wherein the first
gate el ectrode has g& Itlgplg#1 g%%%%() Of?%‘g‘@?p&g’éfy gb‘i:btei]dﬁ | 1§gigns ehidagiontlide,

wher ei n tahgorgiel g%uan ] I ncludes a_channel .form region, 15 LDD
regions i nh%cront éféa? tiﬁ{cﬁé{%ﬂ%{ﬁg@‘h?‘gﬁwﬁ@ngreéjgiqéﬁbl éoéélélgéfléegi on and a
drain region in i - regi.ons,. wherein the LDD regions
overlap the fir sfﬁlgge?‘gtdé%%‘??%“ en\l?\thDq{ tﬁgémaﬁ’?@ mFWé‘iﬂSa"E‘iangsqﬂﬂWTffhnt dreposed

t her elfet \&h@ﬂnelvﬁjﬁﬁﬂgqe&igﬁiﬁé}é%@bel form ng region overlaps the second gate
el ectrode with 20 the“gate insulating filminterposed therebetween. 5. A

device according to claim1, wherein the LDD regions are forned in a
self-aligning manner by adding an inpurity elenment into the sem conductor

filmw th thg. gecandosdi®o : : k. 73 MAR 2006 6. A device
according to claim 1,0 V\he(r)eihﬁﬁg??gﬁgzgﬁ}a?’é ﬁgwg?hlgﬁl‘lrﬁﬁpsﬂ TRt HE W DD

regi ons dtFT,east includes a portion having a concentration gradient in a
range of [x1017 to 1x10'5 /crn3, :

each of the switching TFT and the driver circuit TFT including:
a semiconductor film being formed on an insulating surface,
10 a gate insulating film in contact with the semiconductor film,
a first gate electrode in contact with the gate insulating film,
a second gate electrode in contact with the first gate electrode;
‘wherein a first width of the first gate electrode in a channel longitudinal
direction is wider than a second width of the second gate electrode in the channel
15  longitudinal direction,
wherein the semiconductor film of the su}itching TFT includes,
a first channel forming region overlapping the second gate electrode with
the gate insulating film interposed therebetween,
first LDD regions in contact with the first channel forming region and
20  overlapping the first gate electrode with the gate insulating film interposed therebetween,
- second LDD regions in contact with the first LDD regioﬁs,
a first source region and a first drain region in contact with the second
LDD regions,
wherein the semiconductor film of the driver circuit TFT includes,
25 a second channel forming region ovérlapping the second gate clectrode

with the gate insulating film interposed therebetween,
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wherein the concentration of the inpurity increases as a distance fromthe
5 channel form ng region increases. 7. A sem conductor display dejv'hCﬁ R 5
having a switching TFT and a driver circuit TFT, each of the sw t'cHi 6 Tg'-g?’
and the driver circuit TFT including: a sem conductor film being forned on
an insul ating surfaceh.gilg iggat'e insulating filmin contact with the

sem conductor film SHE kPLifegionsdnaontact s the seantbetiannic! Rrinki® 98i8

i nsul at i fi a.second. gate el ectrode in contact with the first gate

el ectr odggd é\%‘%‘a@ipﬁ-‘ga tg‘? &gfgt ¥t pleemodinevith the gat enellaviy Gia inferogannel

I ongi t udipal.;, ﬁ%I‘jereecti on is wider than a second wdth of the second gate

el ectrode TH the Bhannel 15 | ongi tudi nal direction, wherein the

sem conductor filmof the switching TFT includes, a first channel form ng
regi on overl appi ng t h&CRLRYTGEE0R 2862 sreondidriin epiengatcentes wid ihag 1! m

i nter ppseg tween, first LDD.regions in contact with the first
channel ?gﬁ@%ﬁ?%%{%ﬂ and 20 overlapping the first gate electrode with

the gate insulating filminterposed therebetween, second LDD regions in
contact with the first LDD regions, a first source region and a first drain

region in cogtac ] he second, LDD,regions, wherein the sem conductor
filmof the g'r %v%aerrmg%n}r;%‘éﬁt?r ?"F—'l?l%?’ serisadevingsa svisehisadl Bhandel diierniimgicr egi on

over | appippg t he second gate electrode wth the gate insulating film
i nterposed therebetween, 74 4 MAR 2006 third LDD regions in contact with

the second channgj.,f gL HF%%??; %[g‘gggev&rn;e?%&&% f'irst gate el ectrode

with the gate insulating ti including:
a semiconductor film being formed on an insulating surface,
10 a gate insulating film in contact with the semiconductof film,
a first gate electrode in contact with the gate insulatiﬁg film,
a second gate electrode in Contac-t with the first gate elecerode,
wherein a first width of the first gate electrode in a channel longitudinal
direction is wider than a second width of the second gate electrode in the channel

15 longitudinal direction,

wherein the first gate electrode has a tapered shape in cross section ir an edge

portion,
wherein the semiconductor film of the switching TFT includes,

a first channel forming region overlapping the second gate electrode with

20  the gate insulating film interposed therebetween,
first LDD regions in contact with the first channel forming region and
ovetlapping the’ first gate electrode with the gate insulating film interposed therebetween,
second LDD regions in contact with the first LDD regions,

a first source region and a first drain region in contact with the second

25 LDD regions,

wherein the semiconductor film of the driver circuit TFT includes,

5




t her ebet ween, a second source region and a second drain region in contact
with the 5 third LDD regions. 8. A sem conductor display devi Cﬁ_g.hpé'ﬁnﬂwﬁ
switching TFT and a driver circuit TFT, each of the switching TFT ahd“tRe
driver circuit TFT including: a sem conductor filmbeing formed on an
insulating surface, 10 a gate insulating filmin contact with the

semi conductor film asetombthayakbfoehans feoda dvorls9NhAaL b}(@%&ﬂ%ﬂ? ¢ rg@%rg‘é%t .

insulating film a second gate electrode in contact w S
el ect r od®ith thagats inswdafing 8m wirdipasaf tHehehetdest gat e el ectrode in a channel
| ongitudinal direction is wder than a second width of the second gate

el ectrode in the chahidlLDD5egiongint ceticaalwidh HRCLCORM cﬂ%‘m‘?ﬂe@@&n’iiﬁ%@i& st gate
el ectrode has a tapered shape in cross section in an edge portidn,” wherein

the seni ¥¥hdwvetlapping | theofirst hem s el deetoilds owith Tehie NS4 o O@SulaBnd 1151 i&%gﬂ@g*
form ng region overlapping the second gate electrode with 20t gate

i nsul ti‘rbg‘f@[?elt‘ﬁ?(ﬁhterposed t herebetween, first LDD regions in contact with
the first channel forming region and overlapping the first gate el ectrode

with the gate insul &seagnd fource mgiopasdd stderlebativeenn irsQERE WP hEJi ons
in conta tﬂbﬁ)the first LDD regions, a first source region and a first
drain re CeWhact with the second 25 LDD regi ons, wherein the

sem conductor filmof the driver circuit TFT includes, 75 1 4 MAR 2006 a
second channel form ng region overl apping the second gate electrode wth

the gate insul at,i film,interposed therebetween,
9 'R de\%ge_according to claim 7,

wherein a concentration of an impurity in the first LDD regions at least”
10 includes a portion having a concentration gradient in a range of 1x10' to 1x10% /e, -

wherein the concentration of the impurity increases as a Jistance from the first

channel forming region increases.

10. A device according to claim 7,
wherein a concentration of an impurity in the third LDD regions at least
15 includes a portion having a concentration gradient in a range of 1x10" to 1x10" /em? ,

wherein the concentration of the impurity increases as a distance from the

second channel forming region increases.

11. A device according fo claim 7,
wherein each of the first LDD regions and the third LDD regions is formed in
20 aself-aligning manner by adding an impurity to the semiconducror film with the second

gate electrode as a mask.

12. A semiconductor display device comprising:

a semiconductor film being formed on an insulating surface;
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third LDD regions in contact wth the second channel form ng region and
overlapping the first gate electrode with the gate insulating fi

I ,. !
i nterposed 5 therebetween, a second source region and a second J%iWR 2008

region in contact with the third LDD regions. 9. A device according to
claim7, wherein a concentr j:hi]on of an inmpurity in the first LDD regions at
| east, 10 incl @o%aéeglbﬁgr“tng halirsigaes deroslet rati on gradient in a range of
1x10'7 to 1x10'"' /cnB, - \M!}Teﬁrein the concentration of the inpurity

i ncreases as a i SFAMLEARENATOHS first channel forning region increases.
10. A device according.to claim 7, wherein a concentration of an inpurity
in the third LDO VegVBH® at | east 15 includes a portion having a
concentration gradient in a range of 1x10'' to ix10'S /cnB, wherein the
concentration of* Thet WY&ty increases as a distance fromthe second
channgl form ng rfﬁgéon b ncr easgs_. %41@ A devi ce according to claim7,

wherei n each of %'he- ¥iFstYel BISUPEGE §H8: and the third LDD regions is formed

in 20 a self-aljgning. manner . by, adding an inmpurity to the sem conductor
filmwth the S&S%ﬁ@ﬁgﬁ?%aygggﬁ%@g f‘élg; a mask. 12. A semi conductor display

devi ce conpri sing:: 1.conductor filmbeing forned on an insul ating
surface; 76 1 4%%%@%@35@% nsulating film a first gate el ectrode; a

second gate ele X T LT . second wiring; 5 a first
interl ager i ns uﬁaﬁeﬁﬁg tb?g#]e lﬁstUIMQ Alf is ?ormeﬁ over t\i’\{l msu?atmg surface to cover

the semiconductor film,
10 wherein the first gate electrode and the first wiring are formed in contact with -
the gate insulating film,
wherein the second gate electrode and the second wiring are formed in contact
with the first gate electrode and the first wiring, respectively,

wherein the first gate electrode and the first wiring are formed from a first

15  conductive film,

wherein the second gate electrode and the second wiring are formed from a

second conductive film, .

wherein the first interlayer insulating film is formed to cover the first gate
electrode, the second g-ate electrode, the first wiring, the second wiring, and the gate |
20 insulating film,
wherein the second interlayer insulating film is formed over the firSt interlayer
insulating fﬂm,
wherein the intermediate wiring is formed to cover the second interlayer
insulating film,
25 wherein the intermediate wiring is in contact with the first interlayer insulating

film through a contact hole being formed in the second intetlayer insulating film,
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a second interlayer insulating film an intermediate wiring, wherein the
gate insulating filmis formed over the insulating surface to COVen W‘IRGZUUE
sem conductor film 10 wherein the first gate electrode and the firs
wiring are formed in contact with the gate insulating film wherein the

second gate el eothereie @rdintéienRGOWrNE 'dvBEaR el b‘%wfﬁf yiﬂv\%%aﬁ{et %r"s"{ th the

first gate electrode and the first wiring, respective erei e first

gate el eiatertayer aindiating fllimrisiterdbsed BRer@b&wheh 'ﬁ?ﬂ\ef &%&A{Jlé st 15 conducti ve
film wherein the second gate el ectrode and the second W'ring are forned

froma second odigeigtdhegeiidomiuydeibh indifigesf i rst interlayer insulating
filmis formed to cover the first gate electrode, the second gate

el ectrode, the first odahiBbforifi@ regeand Wi ring, and the gate 20 insulating
film wherein the second interlayer insulating filmis fornmed over the

firstsinterlayer i AfdDatgiogs ini domacthareiHe 6&%:11:1%?1{1{1%%%%& wring is

formed to cover the second interlayer insulating fil Wherein the

internediate wiring aisSufd&Q@gﬁJﬁ(ahWatd}aﬁh%ofohriﬁtcohfﬁc?M@Mﬁ@ ﬂg{g%@{,,{wpg_ film
through a contact hole being fornmed in the second interlayer iAsul ating

film 77 wherei wheheini atfestweidicRiof e firft0eQy @ldcalde tihe sleaeRd | Meidulfhati th
the first interlayer insulating filminterposed therebetween in the

cont act diotazionwleriden thére aseobmb Rt 6f tHel debhd Ghedeigetrode Ghannehady M ng
region, 5 LDD regions in contact with the channel formng region, a source:
regi on dnugieudinal direceignpn in contact with the LDD regions,
10 . wherein the channel forming region overlaps the second gate electrode with -
the gate insulating film interposed therebetween,

wherein the LDD regions overlap the first gate electrode with the gate

insulating film interposed therebetween.

| 13. The semiconductor display device of claim 1 in combination with a video camera.

15 -
14. + The semiconductor display device of claim 1 in combination with an image
reproduction device.
15.  The semiconductor display device of claim 1 in combination with a head mounted
display.

20

25
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wherein a first width of the first gate electrode in a channel | ongitudinal.
direction is wder than a second w-dth of the second gate el ectrp@emm ?dﬂs
channel |ongitudinal direction, 10 wherein the channel form ng region
overlaps the second gate electrode with the gate insulating film

i nt er posedgt heTgbet < in the .regions qverlap the first gate
el ectrode-with the né\{gts gd?cﬁgwlgéllghaeﬂcﬁ' f‘?\k Eﬁ'ﬁ%ﬁp'&‘éﬂ“lﬂﬂ@#‘%ﬁtt sl The'

sem congiap@ferdi spl ay device of claim1 in conbination with a video canera.
15 14. The sem conductor display device of claiml in conbination with an

i mage reproduction device. 15. The sem conductor display device of claiml
in conbination with a head nounted display. 20 25 78 1 4 MAR 2006 16. The

sem condugtyor Ai gRHay dew claim1l.in conbination with a personal
conputer. 17. A met hodgo}ldaqnlglé%;lérgf‘%lai %&‘%%ﬁlﬁf%ﬁ&l&ﬁ pvigsitidymatbod ce,

sai d ne@dmgﬁsiﬁ@a]ﬁggtgésn&the steps of. 5 formng a sem conductor filmon an -
i nsul at i ng_sur?ace; ormng a gate insulating filmin contact with the

sem gonduct or filfine 4 Q4 igist _conductive filmin contact with the
gate insulating fi K bfogtm&giglﬁé&sf{el?o%a‘&b‘?‘?&[?é’t“ﬂ\?%‘f??q’ min contact with the

(L1t conduct e e DL LR S Sl CRRSUEIL LU M e

second conductive filmto form 5 . . ! second gate
el ectrode; addifognmeld fisé RIS Hirh % ENGS ETIRAMIPSE Usuldcf fbom @ side

where the first ,
forming a'second conductive film in contact with the first conductive film;
patterning the first conductive film and the second conductive film to forma -
10 first gate electrode and a second gate eléctrode;
adding a first impurity to the semiconductor film from a side where the first
gate electrode and the second gate electrode are formed: |
forming a mask on the semiconductor film, covering the first gate electrode
and the second gate electrode;
15 fomiing a channel forming region, first LDD regions in contact with the
channel forming region, second LDD regions in contact with the first LDD regions, and
a source region and a drain region in contact with the second LDD regions by adding a
second impurity havmg a same conductivity as the first impurity from a side where the
mask is formed on the semiconductor film,
20 . " wherein‘ the first gate electrode is longer than the second gate electrode ina
channel longit_udili":il- direction,
whe_.rt?irn"the (_:B.annel form'mg region overkaps the second gate electrode with
the gate.,in.s_'uléitin'g"-ﬁl‘m: interposed therebetweeh,

Whe first LDD regions overlap the first gate electrode with the gate

15 insulating fil | therebetween,
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gate el ectrode and the second gate electrode are forned; formng a nmask on
the sem conductor film covering the first gate el ectrode and tﬂ]@ W%F@
gate el ectrode; 15 form ng a channel formng region, first LDD regi
contact with the channel form ng region, second LDD regions in contact

Wi th the fjig st i d a source region and a'drain region in
cont act vmjtSL tl é%@gﬁﬁﬂ%ﬁnﬁﬁﬁf%ﬁg wewenﬁgaar dispboyndeviemuaidt mettand ng a

same co YA  first inmpurity froma side where the nask is
SeHErHE theTReah o

f or med em co or film 20 wherein the first gate electrode is

e e e R R O S sy ehongd, uinal di hect ] on
e e e o bl L Ge Bl e e wndstan et o T
gg;_r %zghgtg?eé?@gﬁ}gg@g i@gaugrg\’h@ﬁ 2006 18. ~ A nethod of manufacturing a
Fitmi o cont act Pt ERete MRSHERET BT ¢divaceovitomie Wt sodsie sbmauct T ve

filmin contact jWih: e insulating film formng a second conductive
filmin contact p%t% I%Q@e%ﬁ%tsﬁonggﬁﬂm@i“g@é theppconskgansugivigytikon g formst

conduct ifiy® daird BleaRgdd %u&igggg 0%?%1%%%&6%/&3 filmto forma first gate

el ect.rode and a secon ate elet ding a first inmpurity to the
sem conduct or f pidpke oSl e the first .,10.gat.e el ectrode and the
second gate el ectro gq?fslaltr%ﬁe s%\r%]g%enscfu lf%l?'dlﬁcfrrﬁlg‘r%g@@r %I,W%ef%? ifH8t a mask

| Sgt teme3l gg{ﬂr tg.géét_ﬁ'éﬁét_ Hd fHel s &:R1 GRY GlectBfe bF il S L UG- ES I QTE, ?onr(rjnedE he second

forming a mask on the semiconductor film to cover the first gate electrode and - .
the second gate electrode;
forming a channel forming region, first LDD regions in contact with the
~ channel forming ;egiori, second LDD regions in contact with the first LDD regions, and
15 asource regiop and a drain region in contact with the second LDD regions by adding a
second impurity having a same conducﬁvity as the first impurity from a side where the

mask is formed on the semiconductor film,

wherein the first gate electrode is longer than the second gate'electrode in a

channel longitudinal direction,

20 wherein the channel forming region overlaps the second gate electrode with

the gate insulating film interposed therebetween,

wherein the first LDD regions overlap the first gate electrode with the gate

insulating film interposed therebetween.

-1 A method of manufacturing a semiconductor display device, said method
25 comprising the steps of:

forming a semiconductor film on an insulating surface;
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form ng a channel forming region, first LDD regions in contact with the

channel form ng region, second LDD regions in contact wth the f1i 5%,#%-
regions, and 15 a source region and a drain region in contact w ‘é i
second LDD regions by adding a second inpurity having a sane conductivity

as the first i nmfumiihy afgacermn@ulaﬁd%ﬁm%goﬁﬁgt WEEKhd § I;fligr

d. on.t he
sem conductor film wherein the first gate el ectrode & u&ﬁ‘ﬁg:llmﬁhan t he

second gate el efornddga first shagelfasingte diQheH 119@Lc i f eCLion, 20 wherein the
channel forning region over I%psﬂ{%ee sgggirﬁfglégg?glrgs}é er‘g(ld’é‘%afthduitﬁ SQat e
i nsul at imgohtdcowitht e paserhsulhahgfghween, wherein the first LDD regions

overlap the first gate electrode with the gate insulating filminterposed

t her ebet ween. 18wchingretidhfight QhayRArE aGEUL Lgonduct or di splay device,
said method 25 conprising theﬁgt eps ofé:Elh otr)draﬁ %SJTEL&SE%I(E%MMBEJF%{T% on an

i nsulfat elegtrode fraderm adirdt ghrdBRc 208 hhahih s LAswl atyng filmin
contact with the seniconductor film fg1ran‘i ﬁgag&%?r‘%ﬂ%‘g gbieag‘ic?g‘tl “B%t e
el ect roﬂbcmdezhlaﬁingsztseeba@ea@e@pﬁ&tggg e electrode in contact with the gate

insulating film etching the first shape first gate el ectrode and the first

shape second gatdding i doipueige deméar @ an{piaftsgngagogdg&@‘qg e hayi a%ager o

first tapered portioh and a second gate electrode having a‘second

por t i onseTaiganAycten filmphrdugh thé gaennstlaiidial fo GRS s@&ﬂﬂ%%!)‘é?%%m;‘ AR NLO
the sem conductor filmthrough the gate insulating filmto rmsecond LDD
r egi ons? #APeatimeaadding ari iepaddi elgment it aBphiyoR) eRMcd 1 P&Ti & CAR: '
condyctivity type into the 10 sem conductor filmthrough the tapere

por tiPonsedpicondugtor Slm ghraughl the tenpmrted bordfoar of chie et gakDBF @BIORSorMIREEI N @

concent[']%%on.of the inmpurity element in the first LDD regions
regions;

wherein a concentration of the impurity element in the first LDD regions

increases toward an edge portion of the semiconductor film;
adding an impurity element to impart one conductivity type with the first.gate
15 electrode having the first tapered portion and the second gate electrode having the

second tapered portion as masks to form a source region and a drain region.

20. fA m_ethod of manufacturing a semiconductor display device, said method
comprising the steps of: ‘
forming a semiconductor film on an insulating surface;

20 - forming a gate insulating film in contact with the semiconductor film; _
forming a first conductive film in contact with the gate insulating film;
forming a second conductive film in contact with the first conductive film;
etching the second conductive filmto form a first shape second conductive

film; |

25 etching the first conductive film to form a first shape first conductive Film;
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i ncreases toward an edge portion of the sem conductor film adding an

inpurity elenment to inpart one conductivity type with the first fj t@& é@%
el ectrode having the first tapered portion and the second gate el €c %

having the  second tape_red portion as masks to forma source region and a
oo o~ consi et B TGl amaunags sk o
ot oo ar s o (N 0e B 08 Rt eitvamietd poiomnt Bt o € Mo
gat e | sulatiots bl {6l b PEEQG, conduct e 11 m I contact i th the

shape second congdihi V. chi the first conductive filmto forma
first shape first co%d%lctglélgghﬁ F’}gﬂ‘;ﬁ‘f © AmppR 2g06oadedivig the fidSt.shape

first Sgatemizbadtsodg] first .shape second gate electrode to forma
first gate el ectrode rﬁg\%oﬁfgﬁéh‘? ggrtgfmt”g%&géﬂmﬁ@r&mmmcapd [DBecanss 92t &

el ectrode shan figheaaGBELS red,portion; adding an inpurity elenent to
i mpart one conducti vi t‘i’/ral;ijly%1 M ¢lment & S8R amuctratuctiviem gy aughiihe

gat e ins&’elmit:bmgﬁtb*mrﬁ@h L .ond_LDD regions and at a sane tinme adding
an inpurity elenent to i%&mtﬁg(rﬁ]g&é%%ﬁéPPWQWOW}QéH‘SmmU: tlherroden foanduct or

fiImthrﬁmgh[l[heegﬁ(bﬁsgt tapered portion of the first gate electrode to form
first LDD regions; wherein a concentration of the inmpurity element in the

first LDD regi ongherd@ 4 R6hH -towand an edge portion of the sem conduct or
film adding an inpurity e‘?%ﬁeﬁ‘ﬁ‘tot“t%P{‘}?p‘&?&“rﬁﬁéleebmu@tthviﬁry EPperagial t he

fi r stOgdbereasdsaotvantion bari Astabieiil st tapered portion and the second, gate
el ectrode having the se%o[?ll% ¥ ag)éfrdé%§e|5%llc?$%f?t Fisks to forma source
regi on and a dr atldirieegii 0 Vi ccordi,ng.to claim?2 ]

J 20l Rpuribclehn AT LIRS it che firs qate

electro i i
de having the first tapered portion and the second gate electrode having che
- - =

seC i 24 g
Ond.l tapered portion as masks to form a source rebion and a drain region
! [>-] M

21, |A device according to claim 2,

15 i i i
wherein the LDD regions are formed in a self-aligning manner by adding an
. =]

purity eiement into the semiconductor film with the second gate electrode as a

mask.
22, A device according to claim 2,
Wherem a concentration of an impurity in the LDD regions at least includes

20 a portion havi : ‘ ient i !
p having a concentration gradient in a range of 1x10" to 1x10% Jem’,

wherg}n the concentration of the impurity increases as a distance from the

channel forming region increases. b

23, emi s - -
The semiconductor display device of claim 2 in combination with a video

camera,
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15 wherein the LDD regions are fornmed in a self-aligning manner by addi ng
an -inpurity elenent into the sem conductor filmwth the second-i g}amﬁ 2006
el ectrode as a nmsk. 22. A device according to claim2, wherein'a
concentration of an inpurity in the LDD regions at |east includes 20 a

portion haying g, : on. gradi ent i.n a range of 1x10" to Ix10'8 /cni,
wherein the co'nceﬁ%hgl'? ?ﬁol?]@éé{)r {ﬁﬁ@a}’ Yiet OF clair e iseembimatodivgtaae émhgom t he

channel &areA RS [ i ncreases. 23. The sem conductor display device of
claim2 i% conbf)fr}g:{tlikr%lr%' with a video canera, 82 1 4 MAR 2006 24. The

sem conductor display device of claim2 in conbination with an imge
reproduction device. 25. The sem conductor display device of claim2 in

conbi nati oms.wi t ted,di spl.ay. .26, The sem conductor display
devi ce of cl ai %‘}@fﬁﬁ%%ﬁ‘%?ﬁ%i’ display; %‘ﬁV‘ﬁyﬁéF@Hﬂé{] i gombinasion wirth shdali ce

accor di qgoﬁﬁteglﬁgﬁﬁ 3, wherein the LDD regions are formed in a self-aligning
manner by addi ng ‘a inpurity elenment into the sem conductor filmwth the -
second gate.electrode as a 10 nask. 28. A device according to claim 3,

wherein a concentration of an inpurity in the LDD regions at |east includes

a porgion RAving,, ) i nadient in g.range of |1 x 10'' to | x
lol | 7CnB,~ ‘Wher ei@ﬁset g conC(r%@In Ir@?‘?g Y 16 Oﬁ Hain Ff’g\?’“?%&ne‘ﬁ és}‘ regsopal
di stanceofgmiret.he 15 channel formng region increases. 29. The

sem conductor display device of claim3 in conbination wth a. video

27. A device according to claim 3,

wherein the LDD regions are formed in a self-aligning manner by adding an -

impurity element into the semiconductor film with the second vate electrode as a

iO mask.

© 28, Adevice according to claim 3,

wherein a concentration of an impurity in the LDD regions at least includes
a portion having a concentration gradient in a range of 1x10" o 1x10' /em’,

wherein the concentration of the impurity increases as a distance from the

15 channel forming region increases.

29.  The semiconductor display device of claim 3 in combination with a video

camera.

30. The semiconductor display device of claim 3 in combination with an image

reproduction device.
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canera. 30. 1The sem conductor display device of claim3. in conbination
with an image reproduction device. 83 31. , The sem conductor display
device of claim3 in conbination with a head nounted displ ay. 32 ReZ{a
sem conductor display device of claim3 in conbination with a personal
conput er. . 5 33. A devige according to claim4, wherein the LDD regions

are formed I'n a SelfUHOPHHERY efletige géglaing hin combimdtton etdanehiadnt o

t he semﬁlgﬁ&{%%{n lfi Imwith the second gate el ectrode as a mask. 34. A
devi ce accordi ngl% @claim4, 10 wherein a concentration of an inmpurity in
the LDD regions at |east includes a portion having a concentration
gradient in arange of Ix 10°7 to 1x10° 5 /cnB, wherein the concentration of
t he inpu'r_ii% i ngreases l_gis a dé,stan e fromthe_ channel form ng region

i ncreases.”“35. TARE T uciordisplay devier et dain B splcapnbiteniomewih Chab Mg i n
combi nat i on ﬁﬁée%h a video 36. The sem conductor display device of claim4 in
combi-nat T on Wi th an i mge reproduction device. ;3 7, The sem conduct or '
di splay device of claim4 in conbination with a head nounted display. 84 1
4 MAR 2096 38. The sem conductor display device of claim4 in conbination

with a p(:ar §2n#a!A d&EQP géc%rrding to claim 4,
wherein the LDD regions are formed in a self-aligning manner by adding an

impurity element into the semiconductor film with the second gate electrode as a

mask.

34, A device according to claim 4,
IO » 3 . 3 . . - .
wherein a concentration of an impurity in the LDD regions at least includes
a portion having a concentration gradient in a range of 1x10" to 1x10" /em?,

wherein the concentration of the impurity increases as a distance from the

channel forming region increases.

35.  The semiconductor display device of claim 4 in combination with a video

15 camera.

36, The semiconductor display device of claim 4 in combination with an image

teproduction device,

©37.  The semiconductor display device of claim 4 in combination with a head

mounted display.
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39. The sem conductor display device of claim7 in conbination with a video-
canera. 5 40. The sem conductor display device of claim7 in copbination
with an image . reproduction device. 41. The seniconductor di shidakiBeiinge
of claim7.in conbination with a head nmounted display. 42. The

sem conduggor giheRkaYcHeN .copbination with a personal 10
comput er. 43.-A devi ce acggj?dﬁsf Rglﬁt‘félvweaqflrﬁl%m V\HEF%‘thé‘“BBr’fY}@hPPﬁfbpbﬂ of an

i mpur it yeohdputéye first LDD regions at |east includes a portion having a
concentratlon gradient in a range of Ix 10'" to 1 x 10's /cm, wherein the
concentration of the inpurity increases as a distance fromthe first 15
channel form.ng region increases. 44. A device according to claim S8,

wherein a nc r r h rd LDD regi ons at Ieast
i ncl udes aggor ?:Hgnﬁ?ggﬁ(gké&g%lh@'&ﬁ gy ]f\éF 6)2 &]’"é‘d SO “%fl[#&h@’étho'ﬁ videpo' ' to

| x 10" kamera. Wherein the concentration of the inpurity increases as a
di stance fromthe 20 second channel form ng region increases. 85 1 4 MAR
2006 45. .A device according to claim8, wherein each of the first LDD
regions and the third LDD regions is forrred in a self-aligning manner by

addi g an uhe ]ﬁj@g,d i second. ga
el ectrode 4gsm a mfﬁh&deggC%}he maléé’téén)é(’:laé: g!lgpqoé\}lﬂ%t\lf?%é’“&?f%bp‘éi‘% 8 in

conmbi nat¢moduttidh devitdeo canera. 47: The sem conductor di spl ay device of
claim8 in corrblnatlon W|th an i mage .

41.  The semiconductor display device of claim 7 in combination with a head

mounted display.

42.  The semiconductor display device of claim 7 in combination with a personal

10 computer.

&
43. A device according to claim 8,
wherein a concentration of an impurity in the first LDD regions at least
includes a portion having a concentration gradient in a range of 1x10" to 1x10" /eny’,

wherein the concentration of the impurity increases as a distance from the first

15 channel forming region increases.

4. A device according to claim 8,
wherein a concentration of an imp~urity in the third LDD regions at least
includes a portion having a concentration gradient in a range of 1x10" 1o 1x10" /em’,
wherein the concentration of the impurity increases as a Jistance from the

20 - second channel forming region increases.
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reproduction device. 48. -The sem conductor display device of claim8 in
conbination with a head 10 nounted display. 49. The sem conducit %‘r"éﬂhsﬁ] gy
device of claim8 in conbination with a personal "conputer. I
sem conductor display device of claim12 in conbination with a video
canera. 1 51 AE ‘«; gg nduct ]@Sé splay device of claim12 in conbination
vmth an i Spr El%(%r » 52. The sem conduct or display device o
"claim 12 |n co natlo \@A bﬂg d nounted display. 86 1 4 MAR 2006 53.
The semi conduct'® 8%%‘:51‘3? Hlé‘?/f“é' regionsrnd thathidiid Datgions wskdrimed iper sonal

conput e omi
mput e sel@—?ihgmng manner by adding an impurity to the semiconductor film with the second

gate electrode as a mask.

5 46.  The semiconductor display device of claim 8 in combination with a video

camecera.

47.  'The semiconductor display device of claim 8 in combination with an image

reproduction device.

48.  The semiconductor display device of claim § in combination with a head

10 mounted display.

49 The semiconductor display device of claim 8 in combination with a personal

COmpuUter.

50.  The semiconductor display device of claim 12 in combination with a video

camera.

: ! . . . . . o
15 = 5L 'The semiconductor display device of claim 12 in combination with an image

reproduction device.

52, The semiconductor display device of claim 12 in combination with a head

mounted display.
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53. The semiconductor display device of claim 12 in combination with g per

sonal
computer.
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