SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THERECF BACKGROUND OF THE

I NVENTION 1. Field of the Invention 5 The present invention relates to a
sem conduct or display device using a sem conductor elenent (an el enent
using a semiconductor thin film. Further, the present invention relates
to el ectronic equi pnent using the sem conductor display device in a

di splay portion. 2. Description of the Related Art 10 Techni ques of using a

sem conduct oSEMIGONDUIPOR NEVICEAND SeWUHA OTURINGWIEGIHOMNdr eds  of
nm thick) fornmed on a substrate having an insulating surface in order to

form a thin filmtransistor (TFT) MaEREEOEN in the spotlight in recent
years. Thin film transistors are wdely applied to el ectronic devices such
as | Cs and sem conductor display devices, and in particular, are rapidly
bei ng devel oped as switching elenments for liquid 15 crystal display

devi ces and EL display dBACKSREUNID SPF IHRIBVVEBEIOMN al so referred to as
organi ¢ EL displays (CELDs) and as organic |light-emtting di odes (OLEDs).
EL display devices are self-light-emtting. EL devices have a structure in
which a |ayer containing an organic conpound (EL | ayer) is sandw ched

bet ween 4. Pid obthe [20emti@ct r odes (an anode and a cat hode), and the EL | ayer
usual ly has a lam nation structure. A lam nation structure of a hole

t ransgor t i ngThay eresent lihgdrteni deldtay tbayesemiaomleonor ldeglayonlevice andgpord i ng

| ayer devel oped by Tang, et at., of Eastman Kodak Conpany can be given as
a typi cakerhmondatioo relatenic (aur elenibhic sisigr ais¢icentiamoedhineibel)y FRigher, the
light-emtting, efficiency, and nost of the EL display devices currently
bei ng r epresevhingearion tdae spdectronie pplipyrenhigngthegeminoadugiosdisplay device

| um nescence generated by the addition of an electric field is obtained in
t he in a display portion.

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 particulas, 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 inl which a
layer containing an organic compound (EL layer) is sandwiched berween 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 develaped



EL el ement, which has an anode | ayer, an EL | ayer, and a cat hode | ayer.
There is emssion of light in the organic conpound when returning to a
base state froma singlet 5 excitation state (fluorescence), and when
returning to a base state froma triplet excitation state
(phosphorescence), and the EL di splay device of the present invention nmay

use both ¢ o em ssion. Further, a structure in which a hole
i njecting I?{g§>2rtgfsasjdﬁlgwge't ransporting layer, a light- emtting |ayer, and an

electron tra i.ng. | r.are laginated in order on an anode; and 10 a
structure inﬁg%ﬁwﬁlﬁgﬁégﬁ?ﬁﬁtﬁ V@%ﬁ"j,dl%orh |28 elecaiatinld isiobgainagerche a
i ght-emiti Y elt,: l.ectr trans ing | ayer, and an el ectron
iD(r)]j ecti n]gEII’ e%i}g?érgt_r‘ SJ l%ﬁﬁi@lﬁ tagdarff leolfiﬂ%rr ag%lt' z;fﬁ’%é t ?r?&a"(?iﬁs]@Ytltig Lftbent. i_st N

pi ng of. & al . a fluoresce igment into the Jlight-enmtting
| ayer rrayergﬁsgslgﬁgjghgﬂétrlﬁ t)t?lﬁé)g"‘?anﬁfl ?OIPB%I?CEWF*S? TTHBE 8 RA%rPtatA duun anthgkec

t hod ; i gall 15 EL | ithin thi
Cpeci 11 cary sato B e L AEPELG™ o PRe deriihiper ) &y Sosn draset Femeprvlong

| ayer, |i =80 L I r.o rgnspornti layer, and el ectron
i njyecti ng;a'_gE Pgﬁgghg‘?ajé@%%*c@g@?rg?%ngﬁ’ A gn#‘ﬁi%ﬁre SRERY Hg"ﬁc‘? %@@IP‘??&?EFQVEN&% t hat
the em S%&F‘u&‘cbdth%?&t&}fIiBHFelﬁl;F\%bem?m is referred to as driving of the EL

elenent in this spe i cafl on. e also that, throughout this

speci fi cat | ourtedht aRiEhki bR LIETRO! G Toth by 20, anodey, an EL | ayer.

and a cathode are referred to as e Spl ay

devi ce hasitcifd Mfér, B 4n 8@(:%% Baﬂssﬂaéﬂég}ag%% eggliar?%%xétgehsti’l g}? 3 gg Pg{a{}%\@%;pﬂ has a

TET and an EL el enent. An 1 nage | [ ;1)

contrugd |l i ' : o i ' =] o w.th TFT. 2.5 In
( aRErucB@edh RGIdH LhA & nd Thp am.golg gta%rﬁl&b %P%r:rg gélhtéenalﬂtmg fayer,

particular, a high nobility ¢an be obtain m

sem conduaatedéctrdr trahdpaviinglageS bd bal dldé e rSikdéeihy | -
(crystalline TFT), and idtilgiazet her ef ore polsgi bl Eqﬁgglﬁlﬁ?gglra t!éd?b!r)l@é?é%al ity

g : ; (F:) :J;; s anraridde ns@assbdaiedatBopng of 8aldr&®alaudt 8 fleodeleip bfgjnﬂé}xtiiﬁ%gtﬁe
light-emitting 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 specification. The above stated hole injecting layer, hole transporting
l;yer, light-emitting layer, electron transporting layer, and electron injecting layer are
therefore all contained within the EL layer. |

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, throughout this specification, light-emitting

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

film 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 conduct ors, polycrystalline sem conductors, and m crocrystalline

sem conductors in this specification, and in addition, include the

sem conductors disclosed in Japanese 5 Patent Application Laid-open No. Hei
7-130652, Japanese Patent Application Laid-open No. Hei 8-78329, Japanese
Pat ent AQﬁhh{t:t?c}d on crLf}fi.d- open. No. Hei 10-135468, and Japanese Patent

Appl i cation Laid- o 302V Hei  10- 135469. Between -one million and two
mllion crystall.ine, TFTs are necessary in only a pixel matrix circuit
(hereafter rtes?g]rlﬁ:(gbdu[%oraﬁ ng‘la‘”ﬁér @i saptaliiperanictus dneludt wivgle heryami i ve
10 matri L di;spl ay device,,.and nore than that nunber of crystalline TFTs
are req ui)g? e(lll_c Qf%gtug{%% pgfytc%f%hn@ Faiepritatesyans mistiarsstalbinemsanicond deeors in
periphery;. The specificationg,required, for the EL display device are
strict, Xhis f‘urbgc%l?%té‘?n't%l by paslioa; &Eﬂ?’éiq Hegeentrepiugyors idisclased iedepsasy t o

consi dor 4 SR cabbX LB EER YRS B4R T oRpancst BaanaAvehcathodaidipan of 1
Varue ar b knasn s R0 LidiesERaPne App Gation, Labwosk iNouFrbrD: 1 S¥6heamber |
the of | CIPTERs P A AP LR e B Qo8 ne “TETE. 20 Fur t her mor e,
ant act ur ed o o b ep JBH D AR oBE T g5 B et aren Quf Agied
whi ch e BRIt (RSPHRR Y lred B AT hGviofL o8 P ors P AR Bruohgvaen
Tlow iy wenn FRUSPAEAE, a8y B 0P n b SR Mg EPE GtEhmirioner T s
G ect 19 e chnoon Ly el AR ORNE i e bRl Ol Sl G B o ™
car 1 in.er gfordméeEIQ Rlisplhyddis,idOak HHEH) aBHGAIIE §d SlrfbrhschE RhaBL Wih¥ayOf: i@
necessary to 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
manufacrured on a single crystalline semiconductor substrate) using LSIs from a reliabilicy
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.



A lightly doped drain (LDD) structure is known as a nethod of |owering the
off current in a MOS transistor by relieving the high electric field in
the vicinity of the drain. A |low concentration inmpurity region is forned
on the outside of a channel region with this structure, and the | ow
concentration inpurity region is referred to as an LDD 5 region. In

particular, the high . electric.field in the vicinity of the drainis
relieved, t he‘ﬂﬁl&thtgc‘%ﬂpl’:gé%’a@f Q‘L\*QIS% SHHCIEE PSrieosimt et nambiod helowekinghht bffy can
be increaferclj V\{hen t@ge is a, structure in which the LDD region overl aps
with a gat & erdBardus Tasbupbrachatias thehigh slermig ficld im thgatemidyrafiche drain,

over | appeg LDD, GOLD structure). Note that a region in 10 which the LDD
regi on overllogp('so%le?ﬂa?% IgRHEOEgny b frmed csuidis aunedgaf @ chammel atgiorgwithl m

is referrgd to as an Lov region (first LDD region) ("ov" indicates
"over | ap) “I'h S?H&é‘m’ ar&ﬁ&%‘? f‘%’é&?? U TP UYL 1egionsisrefrede sueh Id3Dan

LATI D ¢l eg?r{[”t angle inplanted drain) structure and an | TLDD (inverse T
LDD) sfructuré are known as GOLD structures. 15 There is a GOLD structure

M A ot o, T Paie e e DR elpe el B i Gaintnog dat drat sSsties degror and
obt ai ned corearere G b B3RS RolselitBEN Rop Beuingessednvbe dhere i o
speci fi cadi, QM radif €O i heh the L regi pn does not overlap 20 with
}_ hff gat e_astngﬂci,hErreg1 e%ﬂﬁ%ﬂ Lt% Efa%ofé‘ fi{% _Pét‘?ﬁgtﬁf igfliﬁ rl;gcqrg"%ld?@&;gﬁ& gatean
- Loff regij SEE UHQ% [ s "offs inthis |
speci fi cfal%;l ?%Iﬁ.lﬁ%g@{elgﬁ m‘{aﬁgég&%ﬁp&’ﬁg%@%bp@ﬁﬁggcﬁ%ﬁp@[ggt%glgqtﬁgregbmnan
sk, TS B R et L ol SO AL AR BRRONS e T PL e R oA a1
differin | n iASUl AL i 25 .sel f-alignment, .cap. be
gi ven as q%g?%gﬂgg %f st %?%%nvguj’tgrfl@y I_(glt\/St ?'getg)gﬁl)oljr?‘[;H é)trll)% (tﬁve E‘lg‘;‘?ﬁ%seg‘i"@ﬁﬁp) %v@*fer ,

two maskspaifici@ai red in order to formthe Lov region and the Loff Tregion
when using a mask, and the nunber of process steps is increased. On the

ot her Note also that structures such as an LATID (large tilt angle implanted drain)
structure and an ITLDD (inverse T LDD) structure are known as GOLD structures.

15 There is a GOLD structure in which sidewalls are formed by silicon, for example, reported

in Hatano, M., Akimoto, H, and Sakai, T, IEDM97 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 ﬁlm 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



4 hand, when formng the Lov region and the Loff region by self alignnent,
the nunber of masks need not be increased,. and it is possible to suppress
t he nunber of process steps. However, the width of the gate el ectrode and
the thickness of the gate insulating film influence the position in which
the Lov region and the Loff region are fornmed. The 5 etching rates of the
gate electrode and the gate insulating filmdiffer, and it is difficult to
pr eci sel yhasshtwhsh forneingabe Lo negiombid tsiniff @ficntsy selivlig@eb a0 danshhg Jeof f
region.. SUVMARY OF THE I NVENTION I n view of the above, an object of the
present imeshstiesd rios bednsepdessd ithe pousitheto suphratRsisnWABR: §QTEags@Rs LoV
. region and an Loff r%?ion, and further, to easily forman 10 Lov region
and an Ldflpweres, dre widiliedfithe gateodetioisandthet thivkneanofabi @ate @fulhise ALESENt
invention is realize a crystalline TFT in which good characteristits can be
obt ai ned influengest theapositiors irawhicinthahovfrégist ahd.théieftherioebire doreid. t The
present invention is to realize a high reliability sem conductor display
devi ce haichigeaass of durgite elortrode and thef gaearprulaying fibi slifforpendi icdiffsu!hi ne
TFT. 15 An inpurity is added to a sem conductor |ayer by using a
sel f - al | gieeisclaanee! the poshticeal aligranentaifebt Lodeegion utd Hiwboff ramsh.by using a
mask, formng an Lov region and an Loff region. The gate electrode is
formed froma two |layer conducting film and a |ayer closer to a
sem conductor layer (a first gate electrode) is nmade | onger in a channel
ARY] EJNVENTHON t han a | ayer farther

| ongi tudinal direction (aChX¥MMARY Ghghl
fromthe sem conductor |ayer 20 (a second electrode). Note that, in this
specification, -the term channel |ongitudinal direction refers to a
direction between a source region and a drain region in which a carrier,
moves. The | Hg}’t‘%og\g & HovEnamABECY PIFERBINVARFER {5 rsuppigsy thernumgwe ment

direction) of, the first gate el ectrode apd._the secon ate el ectrode .

(her eaf t & ke MR POP e bt siaRanten Latf cdpeartduE el de Rpsibifpresni

the P{§ S?_rc])tv r'egyo%ngill Oh L%ff &?ggnogtmdQs?reldqgcalt%nes.c tlfu?&evr\f ;[1rr11 obj5ect of the preseﬁt
invention is realize a crystalline TFT in which good characreristics 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.

15 | 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 (a second electrode).

Note that, in this specification, the term channel longitudinal 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 electrode 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 difference in
the thicknesses of the gate electrodes, it is therefore possible to nake
the ion concentration within the sem conductor |ayer |ocated beneath the
second gate electrode | ower than the ion concentration within the 5

sem conducdhofirst gyereldcondt add bed evohd@t st - ot hest |
posi tioning bel ow the second gate el ect r"eoég.g@%bﬁngggﬁhﬂgﬁﬁmin}f%‘{ks&gb%gf%I e

to rmake t e idmpemaraiomt depth dae b thé diffeRarce 5 theRAURL ey bel ow
the first gate el ectrode |ower than the ion conéentr%tgf)gﬁ}/eo“rat%gfeé%&es'

sem condudt Brehemfere puwsibleowataake bied WM Edecehitagbn 9aHEN ¢h | t
positioning bel ow the second gate el ectrode. 10nFurtIk11er;€%%lﬁ§e&E‘gﬁt%ie ?%(;n is

formed usierpredibensattant sevendfgareeclentodel bemitdinthefiod Réncenbiatish vdak the
el ectrode and the width of the second gate el ectrode nmust be controll'ed by

- et chidng semisgnduetor biyeolocated be mwathedlisthd dlectkafel witBOLOPLsEhih N6 1L CRL | On
of the Lov region becones easy conpared to that of conventional exanpl es.

Consequenstepndigatrelectrqes ilb addatonair isgossible 1o fakB ehdiod bRk dRitNE IEEFQ“ f
regi on becones easy, and it also 15 becones easy to manufacture a T
havi ng de&hEg@neneionclaper dedaced tefowcther disstofatheleprredertbwinventi an e
shown bel ow. A structure of the present invention is a sem conductor
di spl ay deYnesRtidignnef the saeicpudutaciayer nay éocatal beldworheafivsi patdl AsdcRgdle
surf ace; ag&{g}e insulating filmcontacti ng the sem conductor layer; a tirst
gat e el ecFiWat petitigeinghglavmehegecend gatelddedtrglef i Im and a 20 second gate
el ectrﬁde congacting the first gate el ectrode; characterized in that: the
seni cdfduct or FEeh U soff regiemisdprmed n¥ing meslgs, engd thedEforegnlynke aatthatthag
the channgl form ng region, and_a source rggi on and a drain region
cont act i ngﬁ% LS tr?‘g“gﬁ’a‘#@hﬁ raditnet fedsasond cawecltérate gasebeentrolbdiebi n a
channel Ionﬂi.tudiélal di{efc[gi nis wder than the width of the second gate
el ect r ode®“H & 8 FARHEY OF ﬁg‘PCta&‘éPPﬁ)&IthjL@%&&l@mmhﬂu logatn dddhe Egi orzson
overl ap tl_r}\e first gate el e&tro e, sandw ching the gate
ccomes easy compared to that of conventional examples. Consequentdy, 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 characreristics.

Structures of the present invention are shown below.

A structure of the present invention is a semiconductor display device having: a
serniconductor 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

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 forming 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 channe! longitudinal direction; and

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



6 insulating film Another structure of the present inventionis a

sem conduct or di splay device having: a sem conductor |ayer fornmed on an

-insulating surface; a gate insulating filmcontacting the sem conductor

| ayer; a first gate electrode contacting the gate insulating film and a 5

second,gai}lgulghgg%&gde contacting the first gate el ectrode; characterized in
u

that: the sem cf)nli ctor layer has a channel form ng region, LDD regions

contacting t nel formng region, and a source region and a drain
regi on cont ac‘?‘ﬁ%‘g@? %SUCEBES 0%%&8?%1, “!L‘t?nflﬁélﬁﬁisém%ﬂut:mgfsp}asdegw kaving:

el ectrode, i.n.. n | ongi t wdi nal. di,rection is wider than the w dth of
the sec o‘raladg egrél'? 8@&?%8?!%%%%‘# [B agqasiayng %‘ﬁéF?ﬁﬁﬂ%%liﬁSélatti@gtﬁlmmontdminlgDD
regi ons r ] the first gate. el ectrode, sandw ching the gate

i nsul at | %égfskﬁ‘?ﬁowgﬁn‘gt‘%rﬁ%yeéh%ﬁﬁéEa‘fi&l‘?ﬁ“}?@eF@@Fa&ﬁn&?@ gap énspatingtile; sedand
gate 65ecsteéglq(?gate@ec??o@i%‘@og@%cr@g#ﬁgggﬁtoe insulating film Another structure

of the present®invention i Feeie Pay device having: a
sem-conduct or.y| far. on an insulating surface; a gate insulating film
contacti ng tcﬁg?%eg‘%nm%gﬁgﬁg?%r | ayer; a first gate el ectrode contacting the

[ | ati fi . d t | ect rod t.act.i the first gate
O o g o B S B Bl L Bt o o
Form ng ragc e R Be T Mn B P B b £ oA DD
regions; [thgnwi dth of the first gate electrode in a channel |ongitudinal
directionis wider 25 than the width of the second gate electrode in the

o oetidth oPatd Bt DRI YRR QG R ke 5 LIRS, 92
than 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 stfucture 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 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 longirudinal direction;
the LDD regions overlap with the first gate electrode, sandwiching the gate

insulating film;



insulating film 7 the channel form ng region overlaps with the second gate
el ectrode, sandw ching the gate insulating film the EL el enent has an
anode, a cathode, and an EL |ayer fornmed between the anode and the
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 device having: a sem conductor |ayer formed on an insulating
surface; a gate i ﬁ@%l_%&pﬁgl fipImming oreginat iovgrlagsh evithe mhe osdoisd Qfard A&iodd,
first gate e e,cg_rodtz)@contacti ng the gate insulating film and a second
gate el ects?‘é‘illd‘@c Big e tgerryinsnlating fibn; gate el ectrode; 10 characterized in
that: the wwdth of, the first gate el ectrode in a channel |ongitudi nal
direction i s w defhe Ehglemans has an anode, alvethode omd apak lelagb cfotmed Betwcf big:
channel | ongitudinal direction; the first gate el ectrode has a tapered
shape in épgg%agégﬁ"r’ B?thﬁeiaﬂﬂdend portion; 15 the sem conductor |ayer has a
channel_ form ng region, LDD regions contactin t he channel form ng region,
and a source r egi E}F‘F Eegnmhisislecareadly connected kmthet dreode DD the egihods; t he LDD
regions overlgp wth the first gate el ectrode, sandw ching the gate
insul ating fi %ﬂOt ?Hu?‘ét‘tfﬁéf‘zlﬁﬁmﬁ@ﬂmﬂmfrﬁqmsa%giigmnthxcemdcﬁﬂ:éamﬂewtte&heingecond
gate el ectrode, sandw chi.ng the gate jnsulating film The LDD regions in
t he aboveaé??’&F&Pﬁ‘P&EOfwﬁg?fm Frben insulptivgisarfage; g gnvegnsdateg filnbyomddiing an
inmpurity glenment into tpe sem conductor |ayer with the second gate
el ect r ode Y s AIRGREUCOR ayeE; @ Rrpfgase eleeiieds errupetinghetdnte ipowlesng fibi; vl of
LDD,re _

the impur iséc\{midr:gattehglectrode C riltcz)lgtsing the fifst gate electrode;
10 characterized in that:
- the width of the first gate electrode in a channel longitudinal diréc tion 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;

15 : the semiconductor layer has a channel forming region, LDD regions contacting
the channel forming region, and a source region land 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
elecrrode as a mask.

25 With the present invention, the concentration of the impurity in the LDD regions

at least contains a region having a concentration gradient in a range of 1x10'7 to 1x10®

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



at |l east contains a region having a concentration gradient in a range of |x
1017 to Ix10°$ /cnB, and may be characterized in that the inpurity el ement
concentration increases as 8 the distance fromthe channel form ng region
i ncreases. Anot her structure of the present invention is a sem conductor

di spl ay device having a swtching TFT and a driver circuit TFT; in which:

5 the sw e driver. circuit TFT each has a seni conduct or
| ayer fottrh%g%&gﬂgégﬁoﬁﬁﬁlcgﬂlﬂa fgﬁ?lf’aéﬁglo‘é”&é?%eﬁ nsul ating fil m cont acting

t he sem condu rst ate el ectrode contacting the gate
i nsul ati ng flzlﬂr}]B{haelrrl ‘g&lslreecogfﬁ%e el é“véfé‘fPBéF@SCE%i“a’é'ﬂ%giwgw ﬁYlf—'ébcl‘ng

el ectrode,; ‘;Q&nﬁ%eﬁ %&‘%%‘.I&%"ff’!ﬁéﬁ{}d‘%ﬁ? el ectrode in a channel |ongitudi nal

direction 1s w of the second gate el ectrode in the
channel | ongij}, L{g,}l direction; the sem conductor |ayer of the sw tching
TFT has a chann ‘orming region - overl app| ng with the second gate

el ectrede, sandw at i ng r i on

cont ac‘?l ng the cﬁgﬁﬁ‘gg Iﬁ‘gg glq:%&rdegl (Siﬁwﬁﬁ‘& ﬂ%ﬁ l'hgaw Steﬁnf UFF(Pfj@Y‘fgat e

el ect r odg; eco d LDD r on

contacti ngn?ﬁ@e%ﬁgkﬂ%gtng%ﬁqr eg?%%gms gﬂi’gﬁﬁg}&@%?‘ﬁg r?e‘é‘ﬂﬁf’“;%lﬁlﬁ"éf%'e% egi on
t act d t

Griver orf LR Greod R A e %ﬁ%qn@%bﬁ%%ﬂl o0 F PG efrermde

second g@bﬁtggtg@tﬂl@qgsto%@@g%[ﬁ&?@g the gate insul at| ng film th| rd LDD
regions contacting the <hann drming region and overl apping with the

first gate 20 el ggé wRIRof BATHYW LA N8tk iHALRA %éuﬂ%ald recHd nlg“?c Fource

region and-a drain region contacting the thi r egi ons

st ructIr ¢hgh thO@idthQsFRAE sdddnANatORetBode ﬁleﬂme Q:WEHHﬂtlQﬁmglcﬁﬂél%{regﬁ(‘!ﬁ ce having
a switching TFT and a driver circuit TFT
the semiconductor layer of the sw1tchmg TFT has a channel forming region -
overlapping with the second gate electrode, sandwiching the gate insulating film; first
LDD regions contacting the channel fofming 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 gate
20 electrode, sandwiching the gate insulating film; and a source region and 2 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: | 7
25 the switching TEFT 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 switchi ng TFT and the driver circuit TFT each has a sem conduct or

| ayer formed on an insulating surface, a gate insulating filmcontacting
the sem conductor layer, a first gate electrode contacting the gate
insulating film and a second gate el ectrode 9 contacting the first gate
el ectrode; the width of the first gate electrode in a channel | ongitudinal
direction J i.der, than the width of the second gate el ectrode in the
channel Iodr?gllt%{%l}g}"ntgle it sats glﬁﬁtfo e first gate el ectrode has a tapered
shape in cross secfion,in.gn edge ortion; the sem conductor |ayer of
the switching TFT%hﬁg’ 1"Hh@ﬁafﬁ1§f5[gga6“r‘%‘Fg@)‘iﬁt‘é&ia&h3ﬂ@<1é$ﬂgatpl§irm¢]dm¢¢th>ntih®idsecond
gate el ect sandwi ching the gate insulating film first LDD regions
contactind {1?1 ﬁgh% Wé%tﬁ‘ecfﬁpg P%Oﬁ'lt} grag?g?lﬁﬁmé‘iﬁjﬁbéﬂé ﬂ%apmirlgnwwimal deretiiorst gate

el ectrode, sandw cfj the gate ipsylating fil second LDD regions
contacting the fi ?fg q%ﬁ i) gﬁﬁf%ﬁsﬁa%ﬁdtaﬁe@éu%ée rBgiress seqtion idran rdgegi on
contact4 n Otrgﬁﬁ_second LDD regions; and the sem conductor |ayer of the
driver circurt 'TFT has a channel form ng region overlapping with the

7 eai ons cont act | nort RS AT LG e binEaT bYeR chpp fomink reien

reqi on ang & apare 25 s SEORNAR MReiol Shfribiush aifomsaved e
PLerons LPTR R SR LB S Bl L b5l i e

ot eases s e Gndbiatae R, ARHILRE AR ebhy L RGO e e Pt
L0D rogi one s kR dResoce o ST IRk R Aoch g NP D ket |
a range ofnHx10" to Ix 1018 /cm, and the inpurity el ement concentration

i ncreases as the distance fromthe
the semiconductor layer of the driver circuit TFT has a channel forming region

overlapping with the second gate electrode, sandwiching the gate insuléting film; 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" to
1x10" /e, 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 third LDD
regions at least contains a region having a concentration gradient in a range of 1x10' to
lxl(}m_/(:m3 , and the impurity element concentration 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.

10



channel form ng region increases. 25 Wth the present invention, the first
LDD regions or the third LDD regions may-be forned in a self-aligning
manner by adding the inpurity to the sem conductor |layer with the second
gate el ectrode as a nmask. 10 Anot her structure of the present invention is
a sem conductor display device having: a sem conductor |ayer forned on an
i nsul ating surface; a %ate i.nsulating film a first gate electrode; a
second gate eI‘AéIeqﬁﬁ’ifé‘fu gureiof g}e RAFSCRRigyeRricneis asaninpndunyor displayrdetvide b efnkay er
insul ating fi I.%@Fse ond interlayer insulating film and an internediate
wiring: 59cFEY Fordarer fomgston nisyltiagisudadeanigng insulmingfilfmnrtest @ver
the insul ating ,surface, covering the sem conductor |ayer; the first gate
el ectrode® fie 2riered Qpte plgctipde;t o fissawisingt actecony thenga dirsti msedBbt Ng
film 10 the secoﬁﬂd ‘%ate @ectrode,an&{t he second wiring are forned

cont act i ng'YHFETE Gy 2 sgeerst myteidaves insulaimetfiles and en inierinndiateresipeet i vel y;
the first gate electrode and the first wiring are forned froma first
conduct ng t Ehdpacienae Hb%ﬁ‘tﬂ: gate el ectrode and the second wiring are
formed froma secgnd 15 ¢ nduc%_' ng Lilm, the first interlayer insulating
filmis formed cover PG MiHRURS ’L‘t‘ iy fprmned) Qer thednsulating sefeond-oyatieg the

el ect r ode; jrstywiring;, the second wiring; and the gate insul ating
film thesegéggﬁghétﬁflearyfeﬁyer insulating filmis fornmed over the first

interlayer 20 insulating fil he jntepnmediate wiring s formed covering
the second interl gl;ée@ts# A< %‘fﬁr{k 'fq ﬂ?e Fh “igng are (re6H oeetating hiergate
interl aye{nsiumﬁlllgqﬁhlng 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 g-ate electrode;
the second gate electrode; the first wiring; the second wiring; and the gare insularing
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 so 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 contacting

the channel forming region, and a source region and a drain region contacting the LDD

11



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 region, LDD
regions contacting the channel formng region, and a source region and a
drain region contacting the LDD 11 regions; the width of the first gate

el ect roder i,n a channel longitudinal direction is wider than the width of

t he secon&bﬁ)ﬁse el ectrode in the channel |ongitudinal direction; the

channel form ng region.overlaps with the second gate el ectrode, 5

sandwi chi ng t he gtﬁgév Iﬁiﬁk’sqflﬁé‘? &‘Ebgaftf:?gftfa %Imtalfg*aﬂgﬁiﬁmjﬂ@riisaldizadimwﬁddn t he
first gate_ el ectr.qde andwi chi n he gate inpsulating film _Another
structur et%S‘P E?Lﬁé” 1@&5@%@’? SFﬁ.R}bﬂgqtgﬁfepgo e gé?h?cfg’@ﬂl}élt lopgigndipalalreggonce

having: a sem cq guc$or h)qu)er.for med on i nsuj ati ng surface; a gate
insulating film Bof FHANC)IPENN regier { SBdRPS avishcemdSigand gtectleodede,a
first wiring..a.segond wi.ring: a..first interlayer' insulating film a
secondg\ﬁi nsfag V’é@ielﬁg SIS T @Rdi nt er nedi ate wiring; and an EL

el ement; charact ey in.that: the gate i.nsulating fjImis forned over the
i nsul ati ng surfagé? {méﬁlﬂﬂs.?ﬁe&iapﬂgggéﬁ? éﬁﬁ@ﬁﬁﬁﬂ?‘%‘é&eﬁ“dﬁ‘h@lﬂg the gafat e

el ect de%ﬁﬂ%}lDﬁl irst wiring are forned contacting the gate insulating
film the second gate el ectrode and the second wiring are formed contacting

e 1L SR SO A P RS b g
film a semiconductor layer formed on an insulating surface; a gate insulating film; a first gate
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 éver the insulating sﬁrface, 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 tormed over the fiest interlayer

12



the second gate el ectrode and the second wiring are fornmed froma second
conducting film the first interlayer insulating filmis formed covering:
the first gate electrode; 25 the second gate electrode; the first wring;
the second wiring; and the gate insulating film the second interlayer
insulating filmis fornmed over the first interlayer 12 insulating film

t he inter%giaﬁhgﬁ\{\énri ng is fornmed covering the second interlayer insulating
film and so as®to tontact the first interlayer insulating filmthrough a

first contact hol fornmed.in the second;interlayer inspylating film 5 the
intermedi ate wiri %ﬁ 1(i:)l\geer egipaée Wi Ehe {Shf‘éﬂgg@(gﬁ&erwgr%&qgsegm iy Rrlaves insupaging

interl T ti fi i he.first t hole; t em duct
| ayer hacrisCtl LB oty e B aleelBis o ate Wk aerlhg Ftscammanel
form ng rﬁf%h. ﬂt ﬁ’in"i‘ s@coﬁﬂ%&?[a%@rq a“ga@ﬁrl]gﬁﬁ?dr ain region contacting the LDD

regi ons; e L reglr ons over he first gate el ectrode,

dwi ehi th i i i .eh | f 1. [ er |
wth the second oarentrBRAIEh ML oyl i B Rhar E VHER EENE AR (he
i nt di bk b j ! - [ th h d 15
cont act  Har e s M At R ) (7% he Firot Tnter) ayer
i | ati fil i i j i . th L el t
| nsul ating fi1m @0dmiBRISSEORMIHL SEAAYRI (St ALLAOLAH i b L eleenen

has an anode, a cathode, an ayer ftorne etveén

cat hode;  @po-Hahg e fodinthd @8HANak a%}]\g&é rd A 5%&9%99%}381? ggnéaggﬁgn%% py the

cat hode. 20 Anot her structuré o présent 1 nventi a conduct or
di spl ay deyigg; havi ng:
10 the LDD regions overlap with the first gate electrode, sandwiching the gate -

insulating film;
- the channel fofrning region overlaps with the second gate electro.de,
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 {ayer 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 presentinvention 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
.insulating 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

sericonductor 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 interlayer
insulating film an internediate wiring; and a shielding film 25
characterized in that: the gate insulating filmis fornmed on the insulating .
surface, coveri ng the sem conductor |ayer; 13 the first gate el ectrode and
the first wiringhafestigreraltcuode antithg firhevigagenre fnsdatddscddd e 06
second gatel el e _iﬂr!ode and the second wiring are formed contacting the first
gate el JEFHABBESHAY the first wiring, respectively; 5 the first gate

el ectrode and the first wiring are forned froma first conducting film

t he second gate tg? #EPP dete ghg troe and dursdcanidinigg arfo FRE @M chd D (Be ggeond
conduct i ng film ,the first interlayer insulating filmis fornmed covering:
the firgsf %ﬁfteétfﬁqi"eélﬂ‘il irst wiringh eespectivedy;gat e el ectrode; the first wring;
the second wring; .and th(f gate insulating film the second interlayer

i nsulating fil mtﬁ%ﬁ?SéB%ﬁ?G esiaderand the fisst winmeatedyaned fromul faki ashdickpy t he
internediate wiring is formed covering the second interlayer insul ating 15
film a 0 as to contact the first interlayer insulating filmthrough a
contact hole forped in the second interlayer insulating film the
intermediate wi Fﬁ@eq‘?\‘?@r&aé@p@eﬁﬁr@dﬁ an@ the sesodd wiiring grd fcoedrrdher feicosd
interlayer jinsulating filmin the contact hole; the sem conductor |ayer has
a chann&PABrPRGEegi on, LDD regions contacting

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
filra;
the second interlayer insulating film is formed over the first interlay;ar
insulating film;
the intermediate wiring is formed covering the second interlayer insulating
15 film, andso 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 hasa channel forming region, LDD regions contacting
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 first gate

el ectrode, sandwi ching the gate insulating film the channel form ng
region overlaps with the second gate el ectrode, 25 sandw ching the gate
insulating film the shielding filmis forned fromthe sane conducting film

as the internedi gheshiy shi el fllmlsfor d on the
second interlayer | NS aI}tl‘c:inﬁlm E?ﬁq[ daél[ga‘s ﬁ'eg%néj g{)é‘r 'I“é’;ﬁl‘lflﬁé Refinleto as

form ng rt@gjﬂﬂap,m@mﬁgﬁ%rﬂﬁhg;&&fl the present inventionis a

sem conductor di splay device a sem conductor |ayer forned on an

nsul o1 . S b ke VRl T 08 b

second gate el ectrode; firsttwring;, a “E‘qu?‘f’c"é?‘g ayer

i nsul at | Il&eﬁrh&@ﬁd@t@ﬂﬁ?&%hﬂ&fﬁﬁ ﬁ){&sdlzﬂ'ﬁ%sﬁyac cﬁ%laé‘%‘tnéﬁ‘ hﬁ%'rreﬂ%? gaetg he

W ring; a shielding ' mm and an

gat e i%swlaitiods; flge@bh 1 [ rface coyeri the 10
sem conduct or Iafer t%ecfa?‘:irr@ge?ngg?egﬁﬂggm%% é;ge H Vs A 'bFll?'Fgﬂ%ﬁf‘-é

f or med cqmlﬁggmmghﬁh@ N t,| ate el ectrode and
the second wiriF ng ar esﬁr gelgtéégﬁ?}ag{s}l%gmfhd%|a¥lrs]ﬁu%%5$§geeg’3&gr 6‘d’§é HBE he

first w filmgand @amiceledehy; 15 the first gate el ectrode and the first
wiring are fornmed froma first conducting film the second gate el ectrode
a_nd t he seconrdamictdrizgd & ehfror mred from a second conducting film

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 contacring 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 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;
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 in’termediate 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

15



the first interlayer insulating filmis forned covering: the first gate
el ectrode; 20 the second gate electrode; the first wiring, 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 and so

as to contact the first inter]Jayer insulating filmthrough a first contact
hol e for“f’r'éediaiyﬁr ‘Pﬁ‘élaggﬁé‘hﬂ Wrﬁé“;’egﬁéﬁ@?m%g@ﬂeati ng film the internediate

Wi ring overl aps th the second wyring through the first 15 interlayer
insulating film }{:\fﬁe THucen 0@6?%@%3‘ﬁtﬁf’é‘,elfpﬁémgémi@@rl@ibt@iorhsmamchag a
channel I}Er rr'hn rlgﬁi on, LDD regjons contacting the channel formng region,
and a solrté& F‘@Eﬁ ARG TeSIgRATR! 3 Byemreginm ansta drgin tegicnpbntacsigigahs LD t he
LDD regions. overlap with the first gate el ectrode, sandw ching the gate

i nsul ati AP the channel forming region overlaps with the second gate

el ectrode, sandw chi the gate insulating fil the internmediate wiring
is conhected to %“é@ﬁfﬁé’é@%@\i%ﬁpwﬁﬁ%gﬁt g@égf}lmm@e, wodwikdting dhegdfor ned
in: the ﬁ%}uefﬁfii%?ﬁ ating film the first interlayer insulating film and

t he seco | er insulating film the shielding filmis formed from
the internediate wri and _t he shiel di ng

t he same conductiyng fiilm \ g;

filmis formed ol hcé‘a?élégﬁ‘a"?‘ﬁgeﬁg%rovie ai é"le}hdﬂFi feePnd ngpte oelaerrodss ¢ o

overl ap el formng region, the EL el ement has an anode, a cat hode,
A e Rk R AR

and an E anode and t he cat hode; and

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 conducting 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 between 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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the drain region is electrically connected to the anode or the cathode.
Anot her structure of the present invention is a sem conductor display
device having: 20 a lightshielding filmformed over a substrate; an
insulating filmfornmed over the substrate, covering the light shielding
film a sem conductor |layer fornmed on the insulating film a gate

i nsul ati pEe LiM.£004acting the sem conductor layer; a first gate el ectrode
contacting the gate'insulating film and a second gate el ectrode

contacting the fj el de;r 25 characterized in ,that: the
sem conduct or | a%?tﬁggze%or%r?g%ﬁéﬁgwﬁ%‘r%{er@%%?8 FtrE%DS?%‘é‘Y‘G ng ri“@r&a&‘cti ng

the chanpeli{idfpg region; and a source region and a drain region
contacting 16 e LDD regions; the LDD regions overlap with the first gate
el ectrode, sandwyghi g Jisulating film the channel form ng
regi on overl aps w@%@ﬁ%@%@hﬁ_r&&f’é Wﬁgﬁ?h_afvi“hg[_hf:i:‘leﬁ‘;’mfsa@a‘ﬁmﬁm fifmt he
gate '?Sb‘itﬁiWi@Hirﬂcg'thmcaéﬂﬂsﬁlQ&# ti%nt?;tansd“ elding filmoverlaps wth the

€

channel form ng regi 6n throug I'nsulating film Another structure of

t he present invepd B fl; i . sdiispha vi ce havi ng: l.i ght
shi el d ng film £ e Mhe sBicflifi? glﬁ‘gg?&gbﬁ)té?‘yléhnﬂ‘uef\)cé‘ﬁ?(ﬁa?ﬂﬁ“%|f?ﬁ1?%ﬁ?%ag%€féf? t he

substr at ehsulakfhgtfieri ng the light shielding film a sem conductor |ayer
formed on the insulating film a gate insulating filmcontacting the

sem conduct oA roaly@strudriré bthe §RkE G RTIHRGE: SAML A&t éﬂsplia?gegggﬁgvmg:

insulating film a second gate electrode contacting {

el ect rodelighndhicldmgHlmTb@RNer & BisAGHE ah AR ddheliIformdhdt AP uRETbGRAduCt OF
| ayer has: a channel form ng region; LDD regi _on§’ contacting %e thanhel
forniig cegirig thadighastaeligefilhf Gl ehidhtdR st 1ad? (E@LIh GRNMLhAAN A ilm; o

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

an EL element;
characterized in that:

15 the semiconductor layer hasi a channel forming region; LDD Tegions
contacting the channel forming region; and a source region and a drain region contacting
thé' LDD 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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the LDD regions; the LDD regions overlap with the first gate el ectrode,
sandwi ching the gate insulating film 20 the channel form ng region
overlaps with the second gate insulating film sandw ching the gate
insulating film the light shielding filmoverlaps with the channel form ng
region through the insulating film the EL el enent has an anode, a

cat hode, rmed between the 25 anode and the cathode; and
t he drai n?cg(ei(g?%ré%rsltg?(’ %'lgcal I y connected to the anode or the cathode. The

i nsul ating f ures. al so he | evel ed by CVP

pol i shing \gl\r})feﬁel{lﬂg‘f%%gse H%hﬁ‘t?&lﬁlﬁo ﬁ‘@eﬁf‘r BRERRE qrﬁD@ﬁPF'é‘h“ feicel so
be: a vi %5@[ rod ction device; head unte dj spl ay;
or a perésjgl%a{I rﬁe ﬁﬂzp ia@ﬁg? Sotnﬁ CUBRYEEGUERBR tg? 5?5111&9“ weor display used.
5 Anot hege ﬁéggg& e of the pr esent invention is a nmethod of manufacturing a
seni conduct or di Spl ay device, having the steps of formng a sem conductor

I t t |, at fil th
el 3ting surpaie SARuE oF T okl R B PSSP A Richytag o r st

CO”dUCt'é%ﬁg&?ﬂdﬂc?&&%@a@é&ﬁeé,?&{é ﬂhg%{etgflﬁl form ng a second conducting

filmon t I rst conducti ng pat i'ng the first conducting film and

the second Cond%ﬁhff%gféelr@}o&ﬂfc%ﬂg}[er%rf%r[ﬁ.%xﬁlgﬁﬁgb&'femrOde and a second

gate el ectrode; add rst inmpu e seni conduct or | ayer froma

?L)?rere\(lj\he;ﬁdt he fthiging éaagétlﬁsﬁétﬁﬁ; Hade @e@dth%hﬁsﬁlgﬁﬂg ugfgéee, ce(;vee%%éot e are
semiconductor layer;
10 _ 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 layer;
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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form ng a mask on the sem conductor 1ayer, covering the first gate

el ectrode and the second gate el ectrode; and form ng a channel form ng
region, first LDD regions contacting the channel form ng region, second
LDD regions contacting the first LDD regions, and a source, region 20 and
a drain region contacting the second LDD regi ons by adding a second

inpurity having t pe; of co duct|V|ty as that of the first inpurity
froma side vvher en\% ?{Tﬁgﬁ GeLOTs Y pd’ﬁth HE Eshpar sthgeode. saagteiching the

character the first gate electrode is |onger than the second
gate el ecF e | A af’ c]ﬁ%mnel 25 longitudinal direction; the channel form ng
regi on overl aps with the second gate el ectrode, sandw ching the gate
insulating film and 18 the first LDD regions overlap with the first gate

i i film Anqther structure of the

| ectrod | at )
clectrode, SSRABIRNLALANE (BO0F st ol L, faaL e stiuel e o,
devi ce, h?e‘Hu@ M}gms(?@@nyagwggg%gém ﬂ%ﬂf‘?ﬂs conductor |ayer on an

i nsul ati ng surface; g fllmover the insul ating
surface, coverin 0 first conducting film
on the gate msu%a%?ﬁllg afsﬁl%lg&%‘l %ﬁ%‘& %@%&ﬂﬂi gH%P‘?%g filmon the first
conducting film g0, eJ §idist ,6on uctln filmand the sec nd
conducting film %orﬁﬁlg i Qﬁﬂlgﬁn@ ¢ BV Ectiolfst Wgab%gEBn&)‘@%lt”@ th

el ect r odegeng@dh i tér i &St inpurity to the sem conductor |ayer froma side
where the first gate electrode and the second gate el ectrode of the

sem conduct or | ayBfm#g® filf EBtHuctddtilm on che gate insulating film;
forming 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;

and
15 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 the channel
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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15 formng a mask on the sem conductor |ayer, covering the first gate

el ectrode and the second gate el ectrode; and form ng a channel form ng
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 sa , conductivity as that of the first inpurity from
a side where theQﬁﬁ;‘éﬁi@éf%ﬁ!‘ﬁéﬁ%ﬁhﬂw‘éitbéhﬁ biongant dectkajee sandaliagtche i zed
in that: the.first te electrode is longer than the second gate el ectrode
in a charfity msf"%‘ﬁ’&ﬁ&’i’@f nal direction; 25 the channel form ng region
overlaps with,the second atfe el ectrode, sandw ching the gate insulating
film and 19 %%t?‘ﬂ SEUCHED SledicoREeseRie fvaptinnt i a mecthvd sif manefaeteiniur ode,

sandw ching.the,  gate insulating fil Anot her structure of the present

i nventj or‘?eﬁgéoéldr‘rléﬁﬂdﬁs%ﬁ‘y e Y’lﬁligitH%S@PS ek conduct or di spl ay devi ce,

havi ng-t he stepsfof.. 5 form rg}%lua s?n‘i conductor, |l ayer on an insulating
surface; forni ng " A"YEE 8 STRANASUCIY ‘aver pranarsulpdng sisfacat i ng sur f ace,
contacting the em.conductor l.ayer; .formng a first gate el ectrode and a
first shape secoi%fnﬂﬁg é %ﬂ”rfsclf‘?‘&laén%@#%la@tqwge ipHdatipg suifagsukaniaagng ithey 10
et chi ng fir te electrode and the first shape second gate el ectrode,
form ng Eg%fédntdﬁéacggayglr’ectrode having a tapered portion and a second shape

second oot SSE (RUEL AR MU LT St s e
sem Condlﬂﬁé §5te|iﬁ§iﬁ£tiné g{njit;i ng second LDD regions; 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; -

adding an impurity element which imparts one conductivity type through the

gate insulating film and into the semiconductor layer, forming second LDD region;; and

15 at the same time adding an impurity element which imparts one conductivity type

through the tapéred portion of the first gate electrode and into the semiconducror layer,

forming first LDD regions in which the impurity concentration increases toward an edge
Iﬁortion of the semiconductor layer; and

adding an impurity element which imparts a one conductivity type' with the

20 fi;st 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. 1A 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 gate el ectrode
and into the sem conductor layer, formng first LDD regions in which the
i mpurity concentration increases toward an edge portion of the

sem conductor |ayer; and adding an inpurity el enent which inparts a one
conduct i vink¥ntiye 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 orFigd. 3 Q5 & .0 = DESCRI PTI OF .THE DRAW NGS Figs. 1A
to 1 F are di algs; ans S?H\Aa%egggip}lr%%ggogwgg ARG A Maacwring agi Blodaplagevi ce

of the prdsed of FBOdiRR: 125 Figs. 2A and 2B are enlarged diagrans of a TFT
gate el ectrode of the present 20 invention; Figs. 3Ato 3D are diagrans

showi ng a pr d&gs 320§ b L.spl.ay . devi.ce of Enmbodi ment 1;
Figs. 4Ato 4C are di g(g?gén:?&?iﬁ%d&my%g&ﬂﬁgﬁﬁ?h%ggsg Of A AT YRS qéL@ﬁélaEL

di spl ay devilevefdanlbddilehedi nent 1; Figs. 5A to 5C are di agrams showi ng the
process of manufacturing the EL display device of Enbodinent 1; Figs. 6A

and 6B are di L 8ABLSHTOWr N Gigb B PURGESS facturing the EL_disp]ay
devi ce of Enbﬂg% nment 1; 10 1|‘5‘1f°gs.ﬂob7A aﬁﬂt%pﬂagrﬁgﬁéﬁtnb “‘é{}?‘ffg&thﬁL@v\,«iaﬁéya

circuit deagreasfEnlaskeeht yely, of a pixel of an EL display device of
Enbodi ment 2; Fig. 8 is a cross sectional diagramof an EL display device

of Enbodi mentFigs; 6ARiral 6i9atesidgiai@shon et o Babeed] ALAMGN.AN, H o SPLAY

device of Enmbodinment 4; Fig. 10 is a Cross section iagra
di spl ay deviceefdmbcdmdhtrent 5; 15 Figs. 11A and 11B are a top surface view
and a cross sectional diagram respectively,

_10 Figs. 7A and 7B are a top surface view and a circuit diagram, respectively, of a pixe! -
of an EL display device of Embodiment 2;
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 dfsplay 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 Embodiment 6;
Figs. 12A and 12B are diagrams showing a method of crystallizing a semiconductor
layer of Embodiment 7;
Figs. 13A and 13B ére 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 al}d 15B are an external view and a cross sectional diagram, respectively,
of an EL display device of Embodiment 8;
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 ment 6; Figs. 12A and 12B are
di agrans showi ng a nethod of crystallizing a sem conductor |ayer of

Enbodi ment 7; Figs. 13A and 13B are diagrans showi ng a net hod of
crystallizing a sem conductor 20 |ayer of Enbodinment 7; Figs. 14A and 14B
are diagr%ys igomﬁn? a nmethod of crystallizing a sem conductor |ayer of
Enbodinent‘??o - 1I5A and 15B are an external view and a cross sectiona
di agram respegtively f an EL display device of Enbodinment 8; 25 Figs.
16A to 16F ar 1%|1§d§?blﬁfi< d:}@gliamnflfrﬁms‘gluéisrﬂg‘ydﬂviEtoﬂEm}bbémmiﬁVliOee of

Enbodi ment 13'_Fi?3. 17A and 17B are el ectronic equi pnments using an EL

di spl ay devi c&igst 1910 aravenlareed disgrams 08a i B ohleadéctetidegsfaimbidiaeuEL
di spl ay dg%{ce of Enbodi ment 10; Figs. 19A to 19D are enl arged di agrans of
a TFT gate*el ectrode of Enbodinment 11; 5 Figs. 20A and 20B are enl arged
di agrans of a _JFT.gate el ectrode of Enbodinent 14; Fig. 21 is a graph
showi nggs the r &gt 2@%@@.@2 %Rﬁé‘@iﬂfg‘ai\ﬂfamamstﬁi%?ﬁ"égsteﬂdcbtab@tbfrEmbodiment
tenperaturﬁ_in a shape A of Enbodinent 14; Fig. 22 is a graph showi ng the
relationsﬂlp between TaN filmthickness and electron 10 tenperature in a

shane B of Entpdbyente 14 P8 23 Lp, 5 comparl son of ol ectron tomerstur
i st i but FRPGRCHdepNbRgs A & EnEnEen Afand a shape B of  Enbod nent 14
| - Fig. 22 isa graph showing the relationship between TaN film thickness and electron
10 teinperature 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.

15 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 A firstconducting film 305 and a second conducting tilm 306 are then formed on the gate
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15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ Enbodi nent Mode] A
thin filmtransistor of the present invention, and a nethod of

manuf acturing the thin filmtransistor are shown in Figs. 1Ato IF. A base
film301 is forned on a substrate 300. The base film 301 need not be
formed, 20 but the formation of the base film301 is effective in
preventing inpurity diffusion from the substrate 300 into sem conduct or

| ayers. Beulaciogdimti®d ihaydersoIomn gad eBR&odee Nberthedic mechgaidsedhiflgn 301
froma crystalline sem conductor film manufactured by a known net hod.

Agat e i neandudting filid 303 aadi thefsecoreticambtering dilich306 esbe ebddedtafe hapenss 302
and 303. 25 A first conducting film 305 and a second conducting film 306
ar e t henwharhnleabeortching sgletevicR ASeanEigl 4Ai)ng film 304 in order to formgate
el ectrodes. Note that it is necessary for the first conducting film 305
and t he secoResisromablee 30 hand 30Gard Gfinted feat conrtdise ingulwatee ldyatss02whil b3 have
etching selectivity. (See Fig. 1A ) Resist nmasks 307 and 308 are forned
next 6n Fher shepe condudting layers&i09 B3 Hhfir@0dndusiidg fasérs SPapand dnductndg

| ayers 309 and 310 (first conducting |ayers 309a and 310a, and second -
conduct i segohd yendugte layat 3indi 8 &0h)hame then fewhddybetwhingg(a( first rching
etching process) the first conducting |ayer 305 and the second conducti ng
| ayer 30progssshghe fisst condisting fayand0368d tiSesoril gond B: tingNayemiGr genly dicagr am
of the first shape conducting |ayers 309 and 310 of Fig. 1Bis 10 shown in
Fig. 2A masikel(Bornd 308 (Geefige 1Bk st conducting | ayers 309a and 310a, and
edge portions of the second conducting |ayers 309b and 310b becone_t apered
as shown in Angnlarged dpgramer the fiest ghans condutting layes PPYed4 10 of bige hBds and
becones thinner_in_regions not coyered by the first_shape, conducting

| ayerl® 38wvamin BigolApdeigsinegtiany ofrthe fistisprdysting lavqﬁés%eww Hia andedze " 15 A

zﬁgggd eég[fgorg‘g oPgh%ngcs:gné cs.or?(furcfti%% q}?y%rsnfdbtb and ﬁag\ggcc;nQe L:aip%iedl acs:'sht-)ng ir]; | %t ’
2A. Further, the gate insulating film 304 is etched and becomes thinner in regions not
covered by 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 anisotropically 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 313band 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 erched more
than the first conducting layers 313a and 314a by the second etching 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 etched

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

and 314, becoming a second shape gate insulating film 304b.
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second conducting | ayers 309b and 310b are ani sotropically etched, and the:
first conducting |layers 309a and 310a are anisotropically etched at a

sl ower etching speed than that of the second conducting |ayers 309b and
310b, form ng second shape conducting |layers 313 and 314 (first conducting
| ayers 313a and 3 14a, and second conducting |layers 20 313b and 314b). An

I d di h ductd ng; | 313 314 of Fi
7C 1 & Shown I meEt < 36! RS 22 4R ARG ERATHA el el & oS s

tch i ing.l 31 d.314a by th
Cecond ot CHIRG SCRELIREI0L RRI FRDAY EAGRR s BUE T RS il donoRng

312 “The Tinet SpabE IR PnEhal) FIRER SondtoR L TAG, MR on suiee

ayers 3180 AR e 20 R S FEAE T S, R SRRV EmERT ikeitdis 25
on the > S8 CaRa et or Pafil SEHE imAM PIhEE il AR AR BRY o Sallchage o
ey the e SRR BT,V Byers 315 and 314 a6 masks hoai net the

inpurity ele . NG ol Sy §8shi : t L OpUrity.
el enent in rgg%tnu;{&glﬁi e%"%oﬁllégslgggﬁg[s'.haﬁgﬁo‘g%ir? 38 |%§S€§&é{r@ﬁgk§§1’%}ﬁh§§l4a.

First inpgiBh¥ndsuidnsd3teRNEhRkfy Wb OVE{d BB, WHidh Lhe asﬁlﬁgli]gnaaﬁéit% 18

conducting. layers 313a and 314a, and second Inpurity regions _
whi ch havecacdttedttn thaEhd Yirst GORpRRIRY rr@%bl%ﬂ A Enid®e NS ThAdRUWhbbYh the
g

regions, are forned. Note that, althou the 10 inpurity el enent iC

i npar t® nimhppAccdameat Whidhyingaradtagpealohductia Dy hdfed Meer ®BDN g the Hdskand
312 in this enbodi mrent node, the present invention is not |[imted by this.

The . rmagkd a3dB 130 %l 2misayinad anbide, thepicechrahi@itionds hodlihiied bipus. The .
el enent which inparts n-type conductivity in the process of Fig. 1D. A

nmask 319 isaskhighl 4of Biedimby also be sirsdvaamfteéheddingtloongicirpelch@yiewhi&®3nparas t o
cover n-type conductivity in the process of Fig. 1D.
A mask 319 is then formed from resist on the semiconductor layer 303 so as to cover
15 the second shape conducting iayer 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 dpping 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.
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15 the second éhape conducting |l ayer 314. The mask 319 overlaps with a
portion of the second inpurity region 318, sandw ching the second shape
gate insulating film304b. A second doping process is then perforned,
adding an inpurity elenment which inparts n-type conductivity. Doping of
thed_ni_type pon}\?&_ct IE}VITSLE; i mparting inpuri tydel errent hi S tﬁe[fo][ rr;aﬂ at 20
condi tions i NGl : r e than that o e
dopi ng process, and i n ?A‘%ﬁgfﬁg‘?ﬁééﬁlgé@%fcg&zlg Y%ﬁeé’owlelﬁgémi“? al“d?ﬁ/?h‘?“?‘f‘%%hi tion
to a chan@ehen QR I A2 A oy ¢.egiron, 323, a sour. rggi.on
320, a gr aLner}jegi on %%‘?@%ﬁc&n g%\;{d;&ﬁ}%gg} 0 1%%&?‘5%%&5%‘0?%33 h‘ES%m
sem condughh I78YS4d ~alli nanner .second dopi ng
pro_cess.cI Fart héer?/ a iﬁé?ﬁﬁn?frl t’§%P§§%Wn?%§%p%r§w?{§ﬂ#éﬁ:§ﬁiﬂ&am P‘dPeh
seni condygidchifYels d rocess with the second shape
first 25 conéd?ﬁené I ayeraélggﬁg%q@ magl%ﬂ'? %gglrogc.essl‘ﬁ.“)‘b e SF%“bﬁQE‘PBI eto
freel ys seisnidhierisg f f ' : c rolling the size of the
OnP e R 58 e A gl QB Rl A p B Fining

mask 319 in the present inventio re sur Tl
sem conduggion 130/8% 303 forlk in 0TS, AR b dE T cphSadPREr Goyered by
a resist nask 326 as shown in II]éiags.re I%%%K%slglt%?@%elpegﬁ ncaé'%mla d g"rﬁm“regi on
328, and s@ﬂﬁmueggilmr@,@@, into which an inpurity elenment which inparts
p-type conductivity Is added in accordance with a third doping process
using the seciitth $fiRR@nRuARRY FhpRbnk Bl LR rRShds m'élyag&%d‘ thlRGurce
inpurity element; and a channel formng region 330 are then formed in a
sel f-al i gagiog 3TANMherdrhin defionP28hannte [ rebiORTOGr dFRRLS e&%&ﬁ&ggnéwt 302.
The n-type conductivity inparting inpurity element is ai’r_eady. added to the
sour cH)  nhgicond@aRsitytdppe of ﬂie%oﬁﬁﬁ&@%\oﬁ 387, hedirdinQediON 308U h34Dvaboion
differi-ng concentrations, but 10 the conductivity type of the source
regi on 3329 it b wrgiyperiggadiing@2ite pansk thelueaviey @gpaRing 2 pusinpelentear B hype
by adding the p-type conductivity inparting inpurity elenent at a .
concent r abhosnudtiahwhi hdsufficierdy highsd thhe chd dvane hbsticonGhaimifgeidiedche
inmpurity elenment which inparts n-type conductivity.

which imparts 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 semiconductor 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 marerial used
in the first conducting film 305 and the second conducting film 306 is weak with respect

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

In addition, heat treatment is performed in an atmosphere containing between 3 and
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The inmpurity regions (source regions, drain regions, Lov regions, and Loff
regions) 15 are thus fornmed in the sem conductor 1ayers 302 and 303 by the
above processes. The second shape conducting |layers 313 and 314

overl apping with the sem conductor |layers 302 and 303 function as gate

el ectrodes. The second shape first conducting |ayers 313a and 314a are

referred a first .gate ctrode, t he second shape second

conduct i ng% (?CS?DBE rtgg c§W§H3€§Pét1?‘épgdlﬂl‘eé{illllét)a%méoé@dbtﬁcﬁoéaqrel 303.

- electro Agrocess o actlvatlﬁgthe H;{g rity elerrents added to the
respect i 1558 B Pt FiRyinadng dipghng, Histhe \RFWFO& yeoter laters by

control Iy cond It weyve ferabl e erform activation

after fo@f#ﬂ%e%w IEFET%E’]@W?H@(H%‘# %‘é‘sﬁ“ﬁ R (:Hblr‘iu ﬁf%@nl“t”ﬂdmal n

constitu n order pr ot ortl ons s wirings if the conducting

mat eri al %ﬁ?&&hyl ?‘Ftltvﬁée‘# cE‘rysf‘ B@ trfl% 59 B‘B‘?(HHEP dt B BwskrrdmesRYudt i ng

fil msogm;‘%sm OV\Ath respect 25 to heat. The activation can be carried out

by irfa 8¢ tnhalaser light or an infrared light. In addition, heat

hydr ogen, L,Zrﬁ%%ﬁrﬁ‘%‘f RS N g SR )

This pr Eﬁ ter m nati ng dangling bonds in the sem conduct or
| ayers 3?5 rogen | ch is thermally activated. Plasma hydrogenati on

(015, 3 0 gy AT e*é’%i*ﬁg%?*‘“@fe? SR ¥.F+g33i% God an
- channelr. ) 342, 95 LS4 WGRA N SRRNE, 1 AESSESR: 18l shed.

Not e that suriaces are shnown ﬁ ures

Figsygl '%l&&rode!: 31%%3&1@5‘% %ﬁqt?ﬁer E(?lggﬁr%g'tgﬂ‘?e 1%13 GS%FJMEQ& nd%'agctéféct%dut he

second shape first gate e€ctro a an or’f er conpared to

the | engiizs, £fd 3198 8 8AMAngal l@nﬁkﬁﬁﬁﬁﬁﬂfecﬁ&% D canfly 31 Xétlr glﬂ%{rxb%nggﬁﬁﬂg L per

| ongi tudinal direction, actually a taper having an e

gngl ede@nsatustapuebﬁoleles@tg hetbed 4lsd Shat!iBR ARRSFIsQbR b dBKSid 1@»@1, 4&¢8lling
ependi ng

upon the etching conditions.

The length in the channel longitudinal direction (the direction in which a carrier
15 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 utiiized, 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 arrangiﬁg 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 tirst
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upon the etching conditions. The length in the channel |ongitudinal
direction (the direction in which a carrier 15 noves) of the first gate
el ectrode and the second gate el ectrode (hereafter referred to sinply as
gate electrode width) thus differs with the present invention, as stated
above. In accordance with perform' ng ion injection with the first gate

| trod .gat trad the diff
penet r at A GebTFICREPMS wilfh G e S e fleiebbusidr conwolialty erbiver odes
til ble to 20 th
LGgelnt Ir at | on%ﬂﬁlcﬁhpﬁggés%m Sgﬁ g)? ﬁ}?gﬁ%igéoe%@ﬂdc‘i}i‘ei%@ egipy ‘:é‘glq‘EMGé &Y t he
d h t ft i duct
Covors S bfuEEld cTohOuiiod M 8luh e iR Bﬁ%@oﬁa @h&i‘mgwﬁﬁ@iﬁgré’g%@muc o

nder th t 0 ble to nake the
|uon conc%ﬁta?gltg%brfg Q?‘G‘tﬁ &Le%gﬁ)l%gggcrﬁné%n%gglt olr 'Itéi)fé)r CiPﬁéﬁ%&t’dﬁaﬁmf% first

gate ¢ e@l"%%%ﬂ%d@ﬂﬁf&&é}%‘q@ them 25 under the second gate el ectrode
i 0

| ower than the concentration of the sem conductor |ayers which are not

arranged Undatorkedhg Sbof@ak el S6LE S5 gﬁmveégmglgggg%ﬁrg@%gg e Loff

region using a mask, he w d the

width of g k@,@ay&f&m&gaﬂ&i&s FGELIAE (U m@%z@?@é&@&h&%%ﬂ £850% gis@0d

therefore control of the position o region an
beconmes dagye. cOnpared to the conventional exanpl es. PreC|se posi ti onal
alignment of the Lov region and the Loff region therefore becones easy,

and it also BedRiBacRaY hOpRBOM IAGEMIG are LEEndPNdIRg. desi red
characteristics. Note that ?he above stated Structure of the present

invention is not limted to an EL display device, and it is al so possible
to use the above structure in a liquid crystal display device. Enbodinments
of the p{Es®oliméneriti on are explained below. 10 [Enmbodi nent 11 A method
of manufacturing a pixel portion, and TFTs (n-channel TFTs and

A method of manufacturing a pixel portion, and TFTs (n-channel TFTs aﬁd
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 includes a source signal line driver circuit and a gate

15 signal 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 oxide film, a silicon nitride film, 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 g¢lass 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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p- channel TFTs) of a driver circuit fornmed in the periphery of the pixel
portion, at the sane tinme and on the sane substrate is explained in detail
in Enmbodinent 1. Note that, in this specification, driver circuit includes
a source signal line driver circuit and a gate 15 signal line driver
circuit. _In dition, the TETs of the driver circuit are referred to as
driver C?I?‘?:?ﬁl e‘?éque splapngtilmseand itaaayiabe befpragd havingshlommativrfimengs, a
base fil.m 101, magde froman insulating filmsuch as a silicon oxide film a
silicon M YPCHRUHSEHWRIayersai fsRRattt ri de oxide filmis formed on a

substrate 100 nade,fro | ass,.or e fromquartz substrate, such as barium

borosi | i cat e %CSP%%O nla%ﬁqsu zn%r@%?’iﬁséw@gr’é agiregalling ypmisahycofinn ng

Corp. #7059 gl ass.,or. # 1737 gl ass., For exanpple, a siljcon nitride oxide

£l m narfiraeBshEad frigg % apr Cngprllizgrign Nmﬁ%‘} of g| ss8¥ieordvrar filmohamng wit h a

t hi ckpess_of ;10 to 200 nm (preferably from50 to 100 nm,  and a

hydr oge YRIPhous ?%‘d‘ffuﬁﬁ?’torri”gﬁlgcﬁﬁ%%w? ﬁ“?ﬁ%l Eﬁ’sﬁat“'@zﬁFi@R meBodf The thigkpes nm

SFmi a1 PerheicTRRess ot 407 do, b il Bom 25 1o B Romitiah Torséerrayer i n

Fig. 3A. The b fiidhm 101.4ds shown,, as a two ] ayer structure in Enbodi nent

L St hetREeR 3D Eat S0 Rrar nEbSs 2 ana i rs P8 che P insriamatorc kgt sBboe

i nsul ati fi and it | so, bg, formed having a | am ngtiqn structure

v e BBy el o B thefim BB se B Buctir it aydr 58698 o' 105

are forngd %qﬂc&ggﬁhgl&ﬂ@%@ezm conductor film manufactured using a |aser
Za oa of'"a se

crystalll I on e m°¢onduct or fil m havi ng an 5 anor phous

t , [ I iizat i Jhod.  The thick
of 1H com eehmkRgy IR Rgh Modb kBT Il Rhls e T beck
¢ 3 P o ‘ "
cPystal ngesR RERTeTR AN, fibealihe SAGHIRER MPalo bl LBAZHAN, 4 Fprn 1 ne
films . _ Lol s g L] N .
(5i Go) | AT aa e ESRAAROh B yEr g I haft b RTn i el ORI
crystal Ij zahlyghmpgihod using an electric furnace, a laser annealing

crystallization nethod using laser light, a |lanp
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
optical system 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 selected by

20  the operator, 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]/cr_nz). Further, the second harmoenic 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 mj/em?). The laser light

25 collected into a linear shape with a width of 100 to 1000 £, for example 400w, is then
irradiated over the entire surface of the substrate. This is performed with an ovetlap radio

of 80 to 98% for the linear shape laser light.
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annealing crystallization nethod using infrared |ight, and a
crystallization nethod using a catalyst netal. A laser such as a pul se

em ssion type or continuous em ssion type excimer laser, a 15 YAG | aser,
and a YVO4 | aser can be used as a |aser |light source used in the |aser
crystallization nethod to manufacture a crystalline sem conductor film A
met hod of cAmdenssulgtihgiies 106 giﬁbmea@dokr@ﬂn%&&fmland S8Rk s@tmcéﬁhgftogﬁlyétge into
a linear shape by an optical systemand then irradiating the l[ig to the

sem condiit wrl@s. | Angamyinhdatisefilnnkétrmddigss inyrasnofiinh aseaias aliMseich The
crystallization conditions may be suitably selected by 20 the operator, but

when usianthickreseadderl S0ane by plas@a@VBer eticasingn A [ EOHARBKK sBico8hide 30
Hz, and the | aser energy density is set from 100 to 400 mJ/ cm (typically

bet ween @Gde 8l is f36Bedih Embydinfent  hahe gabensdsondfilhasHop 'liﬁ1fid'e§ thib bpgd when

using the YAG | aser, the pulse enm ssion frequen%y is set from1l to 10 KHz,

and the dfadwonericidyoddn bl yofimyrseparsbochet tronl30Q fiims 60QmkAS Mlicth ¥iycal | y
bet ween 350 and 500 mJ/cm ). The laser light 25 collected into a |linear

shape wialto be what, fin afsiridh layer ¢0B0a Amihatiow xauPiuee. 4B6r @tatapli Swhie Qsing a
irradi ated over the entire surface of the substrate. This is perforimed with
an over Istisanaeyide fibh, i80an be $8%6eddby plaema ChvEAWiIdhapexduasef TEOSerr28LA gat e
insulating film106 is formed covering the island shape sem conduct or

| ayers Olawﬁliﬁalﬁand@g@tte reasigngtriessgref 6f 40 P widy thedubytraae dmgsethatre g il m
containing silicon with a thickness of 40 to 150 nm by plasma CVD or

sput t er ifrn R012a00G, al bxdisehargiog anathighifequenice€13.56 MHZ) &hicomopower
Enbodi nent 1. The gate inspylating filmis not limted to this type 5 of

si i Hon depsity gD-0% 88 Wiam. Ggo apacrisioslast ¢ase insnkding filmgan bt orained
containing silicon may. al so be ysed, in a single |layer or in a |amnation
structurbéf.sugiﬁ@ésa FpeornyRg ihernal gnacalinie) atdsivesa 40 4nd 30 G, of the sBsonor ned

ot (ORI BRI AONEL wi £ h the Substrate t enporatur e set from 300
L0 400, 2% Rl 511 B Sl SR e s B Bl
film cthg %a?eblin%lil a%%g film 106 in order to form gate electrodes. The first conducting film .

15 107 is formed from Ta (tantalum) with a thickness 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
Embodiment 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 a phase Ta film is on the order of 20 1Qcm, and it can be used in the gate
electrode, but the resistivity of a B phase Ta film is on the order of 180 uQcm and it is
unsuitable for the gate electrode. An « 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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by subsequently perform ng thermal annealing, at between 400 and 500 C, of
the silicon - oxide filmthus manufactured. A first conducting film 107 and
a second conducting film 108 are then formed on the gate insulating film
106 in order to formgate el ectrodes. The first conducting film 15 107 is

formed fr | with a,thickness of 50 to 100 nm and the second
conduct i ﬁtggh}-ﬁ%%g%rggg gggm&tﬁéﬁﬂﬁﬂ\#ﬂ?\hﬁ@gmg W b edn prda kpassitof 00 to
300 nm i, ' L The Ta filmis forne uttering, and

sputteri ﬁgteogggptﬁ%ﬁgﬁaéte‘f Pf ef&@&f%ﬁhﬁ?&? WSU‘NY&I[BX &%gmﬁphﬁifa@ el er of Xe
and Kr a ta. Ar at the.tine of ,sputtering, .th 20 internal stress
of the fli)e??reﬁgﬂ)fl el ﬂg}e&%‘}v‘é’n‘iﬁ el‘???‘ifségv ﬁlgl%%ﬁ*g&@cm%a)éﬂﬁtéq W fitva,
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preferablg,bhat the resistivity of the Wfilmbe made equal to or |ess
than 20 ptQxm The resistivity can be | owered by enlarging the crystals of

Lhe MOTT! M - Nt dlel alAR8H b AAERILIGILHIAT R07RPh AL s dbntl QHRAL S, SUCN

as oxygen within the W57film crystallization s inhi

becones fing108 &5Xs raB@Bodith it BEBELoMRLA filfls B YinfledP RO S5, §0- 99%

is thus used in sputtering. In addition, By formng t
taki ng stibfiabio®efomaderétiah eMané il fdd9eod Elﬁ!@r%% BoLided (993 qu%%;e
ivity of 9 to'20 m can

introduced at the tinme of filmformation, a resis

be achi Aednd Cu, or from an alloy material having one of these elements as its main
constituent, or from a chemical compound of these eleménts. 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 nicride (TaN) and
~ combining it with the second conducting filﬁw. 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 e'tching gas, and a plasma is generated by applying a 500W RF electric power (13.56

MH?z) to a coil shape electrode at a pressure of 1 Pa. A 100W RF electric power {13.56

MH?z) is also applied to the substrate side (test piece stage), effectively applying a negative
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10 Note that, although the first conducting film 107 is Ta and the second
conducting film2108 is Win Enbodinent 1, the conducting filns are not
limted to these, and both nay also be formed froman el enent sel ected
- fromthe group consisting of Ta, W Ti, My, A, and Cu, or froman all oy
mat eri al having one of these elenents as its main constituent, or froma

cheni cal séWtaFé. TRSW MhEMRDER: TAAM DAY both SQBICRNERCL AT aer; Jgfu?ﬁ

typically a polysilicon filminto which an inpurity elenment suc

phosphor @, drsl Capeeombrdal so be used. Exanples of preferable
conbi nations other than that used in Enbodinment | include: formng the

first conductNaGsHowdnbyigt ?@Ité@]gé' BoPidits! SFaht -ﬁgi!\d)co‘ﬁﬂ ctiftd [H%Lniugg g%ct se\é'é)x%[&] the

second conducting filmformed fromW formng the first ‘con ing 111 m by

second conduct _ G P
For mod T om AL Bt by g T e bt b DREY WA SRR e s | e

(TaN) andolgehpplied b tthwistiBsttAe sERCQRME: GA, L g Hidd : TRy
(See Fig. SB.Q) ll\j/gskstl(SQ tso 1t13 eslre forrﬁed@%g%é ?r&g{rlr#? gls)flgi:ngﬁgr?g Lfe%[qbi%lst

et chi ng puivgbls selist mpgkt §SHRHEEAThNARIERN the (dREA SHBhE RIRSmAN (Jis5d An
| CP (inductively coupled & asma) etching rggt ho%!)i s used Iinn E%gi 22&% 1. A

gas ni xt grching totedman be Gherebsedbyeppasidatedp 1 @t PORAn @2der t%%rf%rrﬁléix.sfﬁﬁgi S
generated by applying a 500WRF electric power (13.56 MHz) to a coll shape

el ect r odevidiow anyessidoe r@haihirReon fhe SRl abeClilhi. C ThoWelecfididy 562 siMER) 1 S
al so applied to the substrate side (test piece stage), effectively applying

a negat i witridgOoxddt filmi wish vedpeage a TWefilw fsi evmaneb & Heypleullyi 3)naad ehbetdie
etched on the sane order when CF4 and O, are conbined. Not shown in Fig.
30, eldyeappraviimarlpl0 th80 hin of theerxgustd sagfat ayfeche ailidoh mixrisledidmds egbed et i ng
‘layer are made into a tapered shape in accordance with the effect of the
bias 5 vhistavgeetghing process. thethsubsor dioensinddg. it eegivheobthe\matetrshiangy
conditions by using a suitable resist nmask shape. The angle of the tapered
porti onsfilm tr@vmdztﬁr.firmélap@p@wﬂucgmilmmggﬂ toel liSwe ezstedhmner by 20 -
approximately 10 to 20% in order to performetching wthout any residue
remai ni n@oéﬁﬁfﬁe gate insulating film The selectivity of a silicon

The first shape conducting layers 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 S00W RF electric power (13.56 MHz) to a coil shape

.20 electrode at a pressure of 1 Pa. A 50W RF (13.56 MHz) electric power is applied 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 under these

etching conditions, and Ta (the first conducting layers) is anisotropically etched at a

slower etching sﬁ)eed, 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, thé 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 layers
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nitride oxide filmwth respect to a Wfilmis from2 to 4 (typically 3),
and therefore 10 approximately 20 to 50 nm of the exposed surface of the
silicon nitride filmis etched by this over-etching process. Further, not
shown in Fig. 3C, regions of the gate insulating _ film 106 not covered by
first shape conducting |layers 114 to 118 are made thinner by-20 to 50 rim
The first dHfpe 123ndtethngs/ioves I & ting layers, 114a
to | 18a 15 and second conduc?disnéjI%geyée[?gé%?&Eﬂe!tsgé(ﬁg%?gg%em?%&%8‘?‘%
fromthe fiisks t@hductiiyag | ayer and the second conducting | ayer in
accordance with the first etching process. A second etching process is

per f or med next Thasratiapbedchiohicd thW flRanH e T4 ¢ LS s mLardy
used, a mxture of CF4, C 2, and 0, ils uged %s t gqgﬁgﬂﬁ%%?%adsﬁhgkrlfdmétwd

plasma i s genefi@F athdo@l, THR e s ABhatERAWRE r&liegd %n%b.{;\?%ﬁ}i%ﬁgﬁ%ﬂ)z%péf a

coil shape .20 electrode at a pressure of 1 Pa.
el ectri 6 pandvapsr mppur&biithe th@ tiof Wosdu@. CCohsI(d @St sur&y)
G 1e) tiof P ?C&hgﬁnr(ct ﬁgtvagg)?&t%%sgn?si Lgs\? and

sel f-bias voltage which is |ower in conparison to

et chi ng pr dadhsorides apdlchéstidethehe Wi filidtids c@hsHaR WE SOLLQBLER! iy
these etching conditions, and Ta (t helfi?stﬁconduct“’i ng l{?éa}l;l}gs’s%u"lln’gﬁ%{he

ani sot r opi vapdnpressoresdf 8 Ch, TaFoued TaCthiraof smeahrdé0TRAGRESRNY HHaRE]
conducti ng Ia%prs 119 to 123 (first conducting 25 layers 119a to 123a and
i

second conthetlarfgm agebathidbhed by IRSIOE, dnd Chass nakiioudiowdler, FHOWabR:
Fig. -3D, the gate insulating film 106 is additionally etched on the order

of 20 to @GOantiy dbédmadded tu thiegss mixcuregCBpand@L, reey,6aainyYCONRITE aalt
shape conducting layers 31 119 to 123. The masks 109 to 113 are etched by
the sed8ndlasgamaygnipeldt sslicalbechirinsgre pasiated 09 a @suld, 3he o Theneiebd Bothe
reaction of the Wfilmand the Ta filmin accordance with the m xed gas of
CF4 and O W &hn hesings high fleritle yapothpressur betlosieg bigh dDpdhe athdr haad) dvhe if on
types 5 and vapor pressures of the reaction products. Conparing the vapor
pressures bfin¢geases the eiching swed afdle does ndeselativedy Wcktaser iklettewonibo wasd\WF6
is extrenely ,high, and th vapor pressures of WCE5, TaF5, and TaCl5 are of
simlar oreoEfizesgrppatgd go S%@n@t prefotgibe surface 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 regidns below the second conducting layers 119a to 123a. First
impurity regions 125 to 128, which overlap with the second conducting layers 119a 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 w0 113a in
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the Ta filmare both etched by the CF4 and C 2 gas m xture. However, if a
suitable quantity of 0, is added to this gas m xture, CF4 and 0O, react, -
formng COand F, and a 10 | arge anount of F radicals or F ions are
generated. As a result, the etching speed of the Wfilmhaving a high
fluoride vapor pressure becones high. On the other hand, even if F

i ncr easembadimenc i bt spep@saft ileerteRsis DL likBleati“glsY Ttgécihgﬁﬁﬁy ?ﬁﬂ{emer ’
ace of' Ta I's

Ta easily oxidizes conpared to W and therefore the sur

oxi di zed wlyich epadsihttypncofdulrivity Ha¢ akb bhiaAde FRERM sééga o Pﬁr IA, LAl Ml She
th 15 flFuori d

further reduced because Ta oxides do not react w ne an

chl ori ne.magkstlG8a ef bl 8a hegbersmpossi bl e to have a difference in etching
speeds between the Wfilmand the Ta film and it becones possible to nake

the etching shemek 133 isnlert ftikd on klae geticémar téiiafer 204 08 o cavdrichMecohE
masks 109a to 113a are renoved, and a first doping process Is perforned as

shown § n ceinducrg lageidili2daandi iFpbr iA porlceratithe whisk 138 RaA4S Witk YRE second
conductivity. For 20 exanple, doping nmay be performed at an accel erati on

vol tage défpneity wgizo! Me vambwichinghhe ggdedagdareis ﬂlmlmé.aﬁ\@é@fn@rﬂopiﬁg\gmg&gi ng
process is perfornmed using the second shape conducting layers 119 to 123

as masks isduinmerformedi amplan nypwitg rtemsentartdcls mperts o rges@ndderivitie ailagur i ty
el ement in regions bel ow the second conducting |ayers 119a to 123a. First
i npuri t y egjrenasthexstipe conductishiydhepavtsng impunicy tHetlear 5 pedotnabadiatiicgs
| ayers 119a to 25 123a, and second inpurity regions 129 to 132, which have
a hi gher ip wphich the desnge anraisedi kigherrthantthat ¢f thetfirsigoping pracegi and ar atewt hus
formed. Notg that the n-type conductivity inparting elenent is added after
r enovithg aE¢RleTaiioryologe: {SeetFig 438) The dpimntradhawantied publ ionhleprgseot.
‘invention i Mot_ limted to this. The inpurity element which inparts
n-type cHnB ?mﬁ-yl%&mﬂw pesfosmed anidar corditierpoinf dmegmatmt faomd 1<A@H- t he
masks 109a_t i) J13a r}ﬁyz be renmoved. A mask 133 is next formed on the
seni cond&R?8#0 ajpans/am sandpnaccelsratamneyoltage ok unkf0 le e oh ededingpblagrons 121a
and 121b. . A portion of the nmask 133 overlaps with the second inpurity
regi on 1%%?@%%%@%& 't%@ggaf%mi(%% (A LR AP }%fa%[}?e'émtﬂ@}ﬁﬂn‘qﬂ
PrOCESS  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-aligiiing 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
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

33



is then perforned, and an inpurity el enent which inparts n-type
conductivity is added. Doping of the n-type conductivity inparting
impurity element is performed at conditions in which the dosage is raised
hi gher than that of the first doping process, and at a | ow 10 accel eration

vol t age. e 1.0, 4B.) ;The .dopi ng can, be carrjed out by ion doping or ion.
i npl ant até?gngoﬁgno%ﬁpﬁgu?%wﬁ'eﬁﬁj& e therde 4t the psclsmrgl ddsk famingt
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carrier e : I i h i . he nmask 133 wi,t h-t he present
i nvent i o%ﬁTﬁleeb%?fg%%&ggor%E%{@ vll%tz;s/ a?lrarplgilt(%or%ng W&?Veml?ﬁ%ﬁ‘ﬁmgg‘qlgﬂ@éﬁ o)
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type whi ghe Usaih ibﬁ\.s\/msﬁmcpiso,%ﬁdm@m@?é@%&g%1%%4;5%& i‘ﬁiflh%(t%ée\ﬁg)ﬁ’&h%r' n' 25”

formed in the p-channel TFT form ng sem-conductor layers

shown i n dhiclne$Gf (A EREONY |HRAPH PSRl BYVIHC WHAS LAYEl S ééﬁ?h&!&%l?%
are used as a nmask with respect to the inpurity el enent, angd T he rmpurity

regions afdsskafiecatitneid c48d poriohgAbiE MRBARIondiG ol BL&RLiISNARS Re second
semi conductor |ayers 102 and 103, which form n-channél "TFIs, are covered
over theidoping process. The concentration of the impurity element added into also changes.

15 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 fjunctic}ns 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 conrrolling conductivity type.
Thermal annealing using an annealing furnace is performed for this process. In addition,
laser annealing and rapid thermal annealing (RTA) can also be applied. Thermal
annealing is performed with an oxygen concentration equal to or less than 1 ppm,

25 preferably equal to or less than 0.1 ppm, in a nitrogen environment at 400 to 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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entire surface areas by a resist masks 153 at this point. Phosphorous is
already added in differing concentration to the source regions 147 and
148, the drain regions 149 and 150, and the Lov regions 151 and 152, and
ion doping is performed here using diborane (B2 H6), so that boron is al so
added to each of the regions with a concentration of 2x 10'0 10 to zZx 1QZ
atons/cnB. | n actiLce, the boron contained in _the source regions 147 and
148, t @ a0 F%é;?g i?swelakgw‘éﬁ&eSPS@, fog&‘?aﬁﬂf’r\‘épﬁ‘(g‘iﬁab'@gi}@ﬁﬁomﬁ acayRtiohSer s
influencqgm$¥ the. film thifkne of the conducting layers and the

i nsul ati ng" I {fpiertayen ey f’&lftgzﬁ’é‘r VERAPEORRS I endB Copgtituent) dn ordveite edge

por 1 ons ghgys g sem conducher | avers! simiar to the second doping
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overFabp A Pt BndnlF AL Feb B R s bt st £
capacitor W r ?nq&e 5581193\0[134%5%@5‘7%?' Pibgeshy OPRE! Ferpimating *ﬁl"éﬁﬁ&b‘é‘“&dﬂed to
Che " e=pssl ) SRR L GTOURL Tl auncs, L5y Lol pec ol eg
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anneal i Ng, .t h an oxygen concentration equal to or |less than |
ppm 25 g?éeéerag{yggﬁggﬁ&{lb or less than 0. 1 ppm in a nitrogen

o .  vD . | 600C. _Heat. it reat
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weak with respect to heat, It 1s preferable to performactivation a

o110 38 SISO TAIITAPR 0 d OR S Ry ,,
heat treat memCordctiailédrieled Rirméd i®rhleleBOM S edllaydPhshiRirithe ¥imi 1860 er 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 first interlayer insulating film 155 through the contact
hole above the capacitor wiring 122. (See Fig. SA.)

Next, a third interlayer insulating film 158 made from an organic insulating material
is forimed on the second interlayer insulacing 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 162 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 conracting the drain
regions 149, 139, 140, and 150. (See Fig. 5B.) The drain region 140 and the capacitor

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 are electrically

connected by the source wiring 162.
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5 atnosphere containing between 3 and 100% hydr ogen, perform ng

hydr ogenation of the island shape sem conductor |ayers. This process is
one of term nating dangling bonds in the island shape sem conductor | ayers
by hydrogen which is thermally excited. Plasma hydrogenation (using
hydrogen excited by a plasnma) may al so be perfornmed as another neans of

hydr ogenat i on.NQ® thaf it isqtrefiertbds toafpan chasst aéd Higdedt SRBid Sudk Y B, st
froma silicon nitride oxide film having a thi ckr‘{'led:sﬂrs of 100 to 200 nit A

second i ntvehdrashergateissilating Glrh iL06) thb Girsracterlhyer ihsudativgy AN 55, hAS HhAlEHH
material is then formed on the first interlayer insulating film155.

Cont act hdéhsslagerinsularing GlmbEh ame SiQefilasee SIONTLLE) Bireherd, f53¢h@t i ghkh i 156
over the capacitor wiring 122 and over the source region 148 to expose a
portion oRathiestlarisg filh 356 rihe firayeredapaihatacng flin 155, dad tid REsRIiAL @0k T i N
(el ectric power source supply line) 157 is the fornmed so as to contact the
first it énsuying films L Gareogedri¢ rasitBimshic suygéfetabl ©diaehe chithe lRAQYS dhe
capacitor wiring 122. (See Fi%i 5A.) Next, a third interlayer insulatihng
film158 weehing ueimgdiHby oraimi BEFrbuffeted iydroagearfiutide] HEf-HNEE)0MntbAgi@acoNd
interlayer insulating film 156. 20 Contact holes are then fornmed in the

gat e i nsulifathengateiinsnlagey fitthd O6i tlst fitsntimeklayerinsulagog &tri NG 5fdddmlilSscoadd
the second interlayer insulating film 156, and source wirings 159 to 162
are for nednsslager innladng fils 15heresformed by diffevars riat#riali 36js pr&Grabing ctdBge

t hr ough thg contact holes. Further, drain wirings 163 to 165 are formed
sim | ar |y themetbed ghetchingiand rhe eshinner dubing 239 rypedor eanidfilbb0The Seataet g.
5B:) The gr in regjon 140 and the capacitor 25 wiring 122 are electrically
connecktled S@*ﬂHéVa aibs frmechgy eimg the stme etching mathed and thowane esduancer,
supply I'ine Qinternediate wi ring) 157 and the source region 148 are

el ectri caff§""g8thected by the source wiring 162. 35 Note that it is

preferable to formthe cont .holes by dry etching using CF4 and QZ when
the gate insul%itPW@eF?P?ﬁ‘tPégg%P&ng?‘# W PqrHpRy tayRich Ftﬁi’s‘tlﬂshﬁ[ﬁbwﬁi insylagsg and

e O e AL DS AL M Bt Sh L SpacuS? wiling129and B dldceie”
power source supply line 157.

15 A fourth interlayer insulating film 167 is formed next from an organic resin.
Organic resins such as polyimide, polyamide, acrylic, and BCB (benzocyclobutene) can
be used. In particular, it is preferable to use acryiic, which has superior levelness, because
the fourth interlayer insulating film 167 is formed with a strong implication 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 to 5 um
(more preferably between 2 and 4 um).

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

25 is then performed, forming 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. (Sce Fig. 5C.)
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gate insulating film 156, the first interlayer insulating film 155, and the
second interlayer 5 insulating film 156 are organic resin filns, it is
preferable to formthe contact holes by dry etching using CHF4 or by BHF
(buffered hydrogen fluoride, HF + NHAF). In addition, if the gate
insulating film2106, the first interlayer i-nsulating film 155 and the

d t | i d by different I
T re prefer b ek e Bl e f%r%}%e% Shat eSeershat ghe
etching gag Hamq@%de@ﬁ@e%a@m j}bg G Bihued O BOLE S0 TR 2108 DS LOITRD BY

usi ng the same etching net sarne Ygasan
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used. In particular, IS pre 0 use acry
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V\nthastronglrrpllcatlon of leveling. n acryli

Enbodi meRyets 2t dhefdatiBdeb lf@rmmﬁc&tof%l(el@n@ﬁ&% hRHIR ra%ﬁxteﬁo ﬁJ}% NIAES can

be sufficiently |leveled. The filmthickness is pre rom

(more predaiabl Yo RREVRTird: 1RRg Kbz theAe SN Bl 170 tﬁ er{mﬁﬁaﬁb 'ﬁpﬁ &n*lf m

drain wiring 165 is forned next in the fourth 1nterl’ayer 1 nsufa

167, andita giexetbreapRsibleagisd Gfhcésal QMRS anAkid Gl M&i?xxhﬁ%xﬁﬁnﬁ e Gﬁ{&ﬁ)é 1 TO)

filmis formed with a thickness of 110 nmin Enbodi ment patterning

25 i 40t hiemlp&6% andreieh sekondrbagk 1h@ npiydeith Se g6t Qisy dR8anfcUnhfagh), a?xd they -
transparent conducting filmin which between 2 and 20% zi nc oxide (ZnO is

m xed wi mhy iafsdiberfoonediby differalanatebialsu SR fidtiear 168 artl getscasial BA&k brrones
an anode of an EL elenent. (See Fig. 5C.) 36 A first bank 169 and a second

bank .17 Gararferthext ineulripesttapks bemvacen gétets. Bhefitsabanki 069 afid tlas sebemkbO1 AN t he
second bank 170 are formed in order to separate EL | ayers and
may be formed on and along the source wirings (source signal lines), and may be formed
on and along the gate wirings (gate signal lines). 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.) |
AnEL layer 17 { and a cathode (MgAg electrode) 172 are formed next in succession
without exposure to the atmosphere using vacuum evaporatioﬁ. Note that the film
thickness of the EL layer 171 may bé from 80 to 200 nm (typically between 100 and 120
20 nm), and that the film thickness of the cathode 172 m;w be from ISO to 300 nm (typically
between 200 and 250 nm). Note aL;‘.o 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 to 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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cat hodes, forned later, of adjacent 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 the conbined thickness of the first
bank 169 and the second bank 170 be nade on the order of 1 to 2 gm but

t here areagilim'tation on this thickness provided that the EL |ayers and
the cat hoBRE $QIPRBYsY B formed sepfiratebnwithpwalssgcaphdieli degarphlyeehriyiid efs, i t
IS necessary form the first bank 169 and the second bank 170 by an

i nsul ati n@rqf?qa € righe 4 meral magkrasidorevepohs piels dtbeudmmeicaldsabs pBuEhnds an
oxi de or a,resi rl‘n for exanple. The first 10 bank 169 and the second bank
170 may b¥LEETHED: formede b lawers 44 ken palyehe atquirddotdtays. may al so be for med
by different ﬁateeii als. The first bank 169 and the second bank 170 - are
formed in strigBeshayes apmagedn spi selas. toTeavet ialks bf bbnlpiddo eangprtfoe thggond
bank 170 nay be for rre&@on and al ong the source wirings (source signal
lines)? aSRITERPPAINCS Gy thecolen resh andl sdcrolorelighatemining Fhdafanbe silgnatly

i nes). I\Pte t.hat the fim bank 169 and the 15 second bank 170 may al so be
formed by oxmediusingghe mas ERE: 8 RASEARTEL 59 &5 taicess allnf shapixeleskeept (Gebodi g.
6A.) An EL |layer ,171 and a cat hode (MyAg el ectrode) 172 are fornmed next in
successi O?PHW{’P Rdtme t@%gﬂpégﬁesnt geemsppelightmitgny Bk layersevapdecatvielyn.
Note that .the . ,film thickness of the EL layer 171 nmay be' from 80 to 200
rim (typi C5MEy Lﬁg‘[g\/@@r?‘ﬂ%oeéﬂﬂﬁﬁﬂd@ﬂ( iS5t sosdorrer alhef thel pixelhpxtepedy of

t he cat ho%e 172 rrggqrp from 180 tobg%g agﬁx t ypi ?al y, between 200 and 250

nm . Not e s FOFr $ BBUGs Py pe | colam Hgh-emitipgdddilavsm ae, an

g 167, RN oled St thO sk IMiee Sohe b oUahihie s B P it ahs Sonre
ti- t i int.q:25 The El. | ayers ;171 ar oryred. i.n order, for a_pixel
c Lg‘r?egpp n‘%??‘éde{a g{et%fethg ps I"Honr‘ﬁ"t 78 hmﬁ agﬁoxl@brle%eﬁf e%ﬁf&%ﬁi Pflds fﬁ?f‘frg%lelc@l Wfog:?%i n,
and a pi g i col er_blue ver e ayers .
have sgaﬁtﬁ-bﬁgsglﬁgﬁgﬁg%ﬂvw‘%ﬁ érlefsEl grétar% gor;sngfid‘flpb%%,m SAIDY Hirecsrr- %7 each

col or st banb s iHEHa SERA G sttt WG Ship ARRLLAROSLARRY il KOHAT ave:
in Embodiment 1 for the EL layer 171, but a structure having layers such as a hole
15 twansporting layer, a hole injecting layer, an electron transporting layer, 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 rebdrted, 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 that,
after forming the first bank 169 and the second bank 170, it is effective to perfo‘rm
25 processing in succession without exposure to the atmosphere up through to the formartien

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

formation apparatus.

38



preferable to use a netal mask and cover the pixels other than the desired
pi xel , and selectively formthe EL layers 171 in only the required

| ocations. Nanely, first a mask is set so as to cover all of the pixels
except for those 5 corresponding to the color red, and red col or
light-emtting EL |ayers are selectively formed using the mask. Next, a
mask is set sqQ as to cover all of the pixels except for those

cor respondi ng lndimbedivenod, gseens ranch d0eendoal @iidi T, 28Tk dbgn B! ayer s
are selectively fornmed using the mask. Finally, a mask is set 'so as to

cover all et nepiongiOlednsl ectoepe! honingtrbgisa 208 nraspendids  Qutilig ERMay Rk ue,
and blue cqlor light-emtting EL |ayers are 10 selectively formed usi'ng the

mask. Not ®f emitchmg hELgALt Bhe b refion206 bttt asREKS ol &lag BEREIKIE Ler e,
t he sane sk may al so be reused. Further, it is preferable to perfofrm

pr ocessi n§ asiade 1dpithysiugbrrhegark aysetasingrfdmt W6mEdr s, ML ov RLRASIONs fohiGed
vacuum_Note that a single layer structure conposed of only a

| i ght - ehi tPiaAd0 PEgRp Wirhghowate ¢lectEpdeotd Irenbugh thar gdrbensBlacingyem 1061, Thyt a
structure havi % | ayers such as a hole 15 transporting |ayer, a hole

i nj ecting W%t“y@es, Tughlig| ipextironely eéfaetbor ini iedutiagehe ofindrranc.el ectron i nj ecti ng
| ayer in addi&ion tothe light-emtting |ayer may al so be used for the EL

| ayer. Vario é‘r@?&rﬁﬂ“&e gAtesHeglire spised ef theowichitg BRE 20ave Ealbodatyncieen
reported, ;and,all such structures nmay be used. A known material can be
used as t RETgEhe prgsent 1w¢nt@@n§1iaﬂéiﬁon§avet aalombledgaty strugbire agenoiher gpe of
preferable tio use an-organi.c material_as_the known material. -20 The cat hode
172 of th@‘é["%t%%mmﬁ‘sﬁf Brermwitching TF hn Tesoahbl eare effeatively comniyad in series

el ectrode,as the Cﬁt hglde 172 is shown ir&E@odi ment 1, but it is also

possi bile P Ui thE Hordle,gatratronsiiey eximg thepdeaniage of additiona)lyredueing the off as
shown in Fig. 6B is thus conpleted. Note that, after formng the first
bank 169 %’%epﬁe second bank 170, it is effective to perform 25 processing

i Success onpipIpuk SARRRULETES e LSO it rout fo the U
method) t Bl Lk PrFTGRAR S Be 4RRAT At us. 38
A semiconductor la;yer of an electric current control TFT 202 conrains a source
15 region 210, a drain region 211, an Lov region 212, and a channel fomﬁng region 213.
The Lov region 212 is formed so as to oveyiap with the gate electrode 123 through the
gate insulating film 106. Note that the electric current control TFT 202 doés 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 oprimatly structured TET
in not only the pixel portion, but also in the driver circuit portion.

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 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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I n Enbodi ment 1, a source region 204, a drain region 205, an Luff region
206, an Lov region 207, and a channel form ng region 208 are contained in
a sem conductor layer of a switching TFT 201. The Loff region 206 is
formed so as not to overlap with the gate electrode 116 through the gate
insulating film106. Further, the Lov region 207 is formed 5 so as to
overlap with the gate el ectrode 121 through the gate insulating film 106.
This ty pebltffef,s& levelishifeer] andextangrisigy ire fift detmple andh holddire utyark hecladidd suhe ent .
Further, a single gate structure is used as the switching TFT 201 in
Enbodi nentdiiver diiguits herear Stgmat commession aircniy sadtsas hdD/A aodestbirecagadlen be
structure or_another type of nulti-gate structure for the switching TFT.
Two TFTs dneluded m& tngndigitadditive. series 10 by using the double gate
structure, giving the advantage of additionally reducing the off current.
Further, the Wi atrepdumar 2ayvericf the n-cblhanelelT FTFT03 nofErteo OMGS! citcuibuh a
p-channel TFT may al so be used. A sem conductor |ayer of an electric
current? ccﬁfﬂb‘éﬁﬁz%‘PPT 1zoptainneg souise regiwuttle a disinegipon 2214 Lav digairn21eghdn
211, an Lov reqi i)n 212, and a_channel formng region 213. The Lov region
212 is fornEnds ml%gEﬁB&ﬂ&%"r-with the gate el ectrode 123 through the
gate insul ati film 106. Note that the electric current control TFT 202
does not haveq:%éFban‘*Itfs RGIESASSPR erhsgwngamed withythe off surrenstfor thenmehmanen
Lof f regi al sq be wused. 20 Fu[th r, the electric current control TFT
202 is a mﬁelan HFDOKaRRG denRH Placed more qn thppepEen heeeth thare Famna|

TET. Note thal i B ponel ol Enbod ot 1 ghowe, g exterely el o
g At A Tl QTS R AL L 2 20
oper ati ondne SR oot S ER At iar o pabhr a oM G5 Gircuit |
o Mg, e h s orRREA: Wyer O § Ol TR 504 W A0S Mkl
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 little outgassing {such as a laminate film or
an ultraviolet hardened resin film) or by a transparent sealing material affer completing
up through to the processes of Fig. 6B 50 as to have no expostire to the atmosphere.
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 substrafe, with terminals extended from the circuits, to
external signal terminals after increasing the airtight characteristics in accordance with

25 the packaging process or 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 invencion.
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39 buffer, a level shifter, and a sanpling circuit (sanple and hold
circuit) are included as the driver circuits here. Signal conversion
circuits such as a D/A converter can also be included when perform ng
digital drive. A sem conductor |ayer of the n-channel TFT 203 of the CMOS
circuit in 5 Enbodinment 1 contains a source region 221, a drain region

222, an Lo heedbeNitds gossid roming.region 224. Further, it is
not necessary to be cg?lscsernteodﬁi\?mﬁgﬁq?%é (]':)Oﬁce%tﬁ%’%g"t?‘&t RPN layeTET

203, and i apehfaheadeByhd G t he operation speed than the off
current. The f%r mati on of {heﬁﬁ_g\%léggagggﬁﬁglagv@}q PR tigg withinegher ode

120 t hr ougberiRohdiec toalaers ASEARL ' i s therefore effective in
i ncreasing the operati 2% speed nggél&gémh%t SetggteeseiiescttI QEgYEB %é‘ﬁldéﬁeé?%ce

reduced asirmivfilpeasr PesSddpiR, dy i § 11 r. J ayer of a p:-channel
TFT 204 of thelpClVDS ci rcétyit cogﬁgﬁeﬁlgegngﬁi%g%@%g% @HC 363, CHOFRHI%N

232, an5Lolonie@ctiondBhg Badag QBARNRS ashefmd ng region 234. 15 Note that, in
practice, it is preferable to perform packagi ng (sealing) by a protecting

fil mhaving hi hé, tr ' | ST - i. ch. as a
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seal i ng megare iekdcrafdeednd: eED weddhnGl chéPsddohaYsfe bR I8 %8‘?%850%5(:00“ i g 6B
Furt her, 11 ami nait lﬁ ¥ s

so as to have no exposure to the atnosphere. r, i

pl aced i n etibingnCateraliofiche Loffakbna 4t 5y RbiorAish o LA AG8RL 3R LhaY | um
oxi de, for exharrpl e) is arranged on the insi de of the sea Ing nmat eri 2 , then
the relidoi triet goofentioaaEbxahplrent]t ithedeftit 8Rs68es Exvt e Or
(flexible printed circuit, FPC) is attached in orderY t(o %Voeﬁ%[(eéglgg%gﬁgmml

el ement@ faligmensiof theLovbstiom and thiet Inff afofinphsd RHERAEH. 4% 8RS facture
circuits, to external signal termnals after increasing the airti g‘)ht

char act er i EFT¢baving desiordicdmeacaiistics25 t he packagi ng process or the like. A
manuf act ured product is thus conpleted. This type of deliverable state is
referred to adutheEmodt she elpcdipoversturos gl lind) csn e ©InhilE B8 from the

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, a.nd 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 notA 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.

[Embodiment 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.
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The widths of the gate el ectrodes differ as stated above with the present
invention. 40 Therefore, it is possible to make the ion concentration

wi thin the sem conductor |layers arranged under the first gate el ectrode

| ess than the ion concentration within the sem conductor |ayers not
arranged under the first gate electrode by utilizing the difference in ion

penet r at Fanch@dep! dircuit@iagQnt B€a Fixkf & dhd Q@ﬁgﬂ?}gggﬁég 8%3@&3.}§k neﬁslgﬁ*)f when

perfornming 5. ion injecfion using the gate ‘e rodes KRE er, in

order toif Bign7BheRdforiehcé AMRRS 5031 4ag aly iRe wdth of the first
gate el ectrode and the wdth of the ggeéon Iﬁécfgé"r}é'lllég?’rac? ere%é%llfetr&“‘b“éa{

cont r ol | 602 feenoedschpng.sigdaNting! AhikestPHnd.80PM AN, Lo rieal g posi ti ons
€s.

becones easier conpared to the conventional exanp ere Pecones

easy 0 bleeaippentedupasibbiriale, 4Ad BVLURARAL, Bl 10E koM 1Eegpns and the

Loff regions, and it beconmes easy to manufacture havi'ng" desired
char aét eri st Referertde hQEAD5O4 deRBred! LGk Hind THET, ﬁ&%%%ﬁé&ﬂﬁ{%‘/'r#gﬂgap A
in e

conventionally formed fromthe sane filmas the gate signa

sour ce signizbntibaier lujer SOSTEA bkUBED (e HREANMal WL S0PKSHrh 03 YN
filmand the third interlayer insulating film "The electric power source

supply | samicoadudrer tgens0b oyephRrNdRbdeNORAEE $dMeoldnifrd A8Lid Ps%{o%f ore
the aperture ratio can be increased. Note that altholgh an exanpl € in

whi ch | i ghtheesentitemtidotontaydres(Blis kapgectbs WihesRet wiiassl Lhg cgyBa{eVr%{]? s
expl ained in Enbodinent 1, the present invention is not limted to this,

and a steonnentel imawhpadicor bveirihg Gt tend dted wirienBihe TRE day8e phsedidugat ed
above the 20 substrate may al so be used. In this case, the cathode of the
EL. ell@mesuppbelinnb@3 tsivenpected to efie tntedeyer amgtldring f8munef $oakl i@ thakuthe
el ectric current control TFT be an n-channel TFT. [Enbodi nent 2] A top
surface b agpetinrodenotpd kg kefofenae nEmedil SR pandievioeehapidigoristorild by fid m 25
transistors is explained in Enbodi nent 2. )

electric power source supply line 503, the first interlayer insulating film, and the capacitor

wiring 511.
The capacitor wiring 511 is connected to a gate electrode 506 of an electric current
15 control TFT 507. The electric current control TFT 507 has a semiconductor layer 508,
a source region of the semiconductor lﬁyer 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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A top surface diagram of an EL display device of Enbodinment 2 is shown in
Fig. 7A. 41 Further, a circuit diagramof a pixel of the EL display device
of Enbodinment 2 is shown in Fig. 7B. Reference nuneral 501 denotes a
source signal line, and reference nuneral 502 denotes a gate signal |ine.
A wiring 503 fornmed on the gate signal line 502 is an electric power

source s t he ga e signal line 502. 5 Reference
numner al EggiaYeé#&? gismlg&gl\ﬂ'% g‘% ﬁg’tél'\fl—gﬁ LR e§9\5“%¢‘c‘%’nPﬁglb?ﬁm&tre{sfowomom

sem condygdQh ih &Y. portion of the gate signal line 502 is fornmed on
the sem congdct o%'% ?g\?fngSAOS as a gate el ectrode One of a source region

d d f t ted to th
sour ce wir i ngaorouds oS SERLFANGAE! ol B by Eapaciionbmiriong 5 11
b dra lectr wer. soyrc O supply line 503 is
c)c/)n(rj\lec{ etThte‘cl)méH%‘g?l r gtd éQit Hﬂ m% mi“?é‘él‘;g ﬁﬁger?‘H ﬁﬂéw@hgﬁpﬁz@ shapreby Figur es)
by a mgor ko %Pto{reﬁ’asbé( séﬁic% ﬂgtg)ar“ge%f@op5§;§meﬁg?@g@%§ La0e fabacitor 1S

fornmed by the - electric power ave ighrsadyl heear | ayer

| at 51 T t 511
connect e o s o B e SR AR Ebogiity E%ﬂ& b S EBPEGh e aBne GraealecTET

507. Thegwel m cond qror | ayer 508, a
sour ce rsegl(g(r?g%?p?%égldsgg lag%gwc OfEF;B)?g '“%‘ @bﬁﬁ%’&‘ﬁéa €5t he el ect ric
power sourceT l: WI ring.531,

regi on of thehg(Laér@nighéécl)orfl Sgtﬁbgfﬂ %@%@Hg%équ 8f 5@3%6“’5“6? ﬂ Z‘P ag r?’ode

509. Theseebagt EAcRBVES, S ne 3.1s .forned cond
interlayer 20 |[Sr)1ascul atllrﬁggrl rgr?aﬁ vylchilnf”dtl?‘%tcgrufal Lf’la'ilri‘rsgﬁ'éﬁﬁg fi

t he poesgpticbn¥edtbi S line can t ef ore
be forned overl appi E\ngﬁ Br:%@ggét gggsl?.%n%l fBﬁ%ﬁgrﬁ é%%% 5'%? eﬁplpﬁflg' &t van be

mouating FLim. ang & opE ot CBE%?q?ﬁ“IaEEﬁ 803 3 a3Phort B e
formed bimpauray eegige 608 pa@hddNo asdoeBRARY kY 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 preferabie 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 power source
supply line 157 contacts the first interlayer insulating film 155 on the second capacitor
wiring 122b through the contact hole formed in the second interlayer insulating film 156.

25 Inaddition, the electric power source supply line is connected to the source region 148

of the electric current control TFT 202 through the conract hole formed in the gate

insulating film 106, the first interlayer insulating film 155 and the second interlayer
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wiring, a first interlayer insulating film and an electric power source
supply line is 42 explained in Enbodinent 3. Note that the sane reference
synbols are used for portions shown in Figs. 3Ato 6B. Fig. 8 shows a
cross sectional diagramof an EL display device of Enbodinent 3. The EL
di spl ay device of Enbodinent 3 differs fromthe EL di splay devi ce shown by
Fig. 56Bint h%iﬁlit has a sem conductor |ayer 600. O her structures have
al r eady b‘é‘é‘hlaé‘%{él ned i n Enbodi ment 1. Enbodi ment 1 may be referenced
regardi ng a ailed structure of the EL display device of Enbodi ment 3,
which is omt @C%&@ncméﬂwpﬁtb@ﬁ@mgeaapm@wca@gﬁimémcmmn& #ithst
capacitor- wrin 1292f.a agg a second capacitor wiring 122b, sandw ching the
gate i nsuthgtstrgtyse o Erpbodimsat 31 Neenthas Highicenittddafyem hoE hasernis draowd!
form ng regi o(g 161503, a first, inpurity region 602 forned so as to contact an
edge por t©OBRTdthe pbssism it Frrbodimeny 3 egdahentae thadbrighsesoofithe Ebplisplaty
regi on GQ} formed so.as to contact the first inpurity region 602. The

i mpurity evirrcharomesiless dpg to paliep pasthe FpsEhure aciodd Hunsuefize preal ke sdobar t he
impurity concentration in the second inpurity region 601. Further, the
first imf@PPEYOY éﬁg}fﬁﬁe%@i NeVEwss Wity the smugthiee bf Embodapent §orhaitorag
122a, sandw ching th ate insulating film106. Note that when the electric
current dORPFYPT ¢ %’ fle sappciwanviens 12t die pare msadngrdim 16, iand the

referable to add a,p-t i mpurit, |l ement into the first inpurit regi on
202 and tsﬁ@"%{é‘l‘ﬂﬁami Igw?éﬁﬁwg@@wﬁﬁe SUQEARRAPAGIYE fofmed by thee t’étrécbg(éwtfogadd
an n-type inpuri .el ng i.ntq the first, i Irity regiaon 602 and the '
Second | RBHITE PPN T 2b tBo frH Rt YRS HAURE B d S o (ApagoT hing
contr TRE 2 i s _an nrchannel TFT.. The .second capacitor wiring 122b is

el ect ?(:) callzl-ﬁy agg ﬁh%rg?o‘ga the cohpeitapes ﬁaIP%SFEh‘F Ssersee 8?&%@ W pn‘“c Flfl“?fgil wighouso1 by

t he drai N 4 _Further, the electric power source supply line 157
cont act sq?wgﬁbgrgg%g?eﬁ%glré 8r insul ati ng film 155 on the second capacitor

wiring 122b t Iy Ln the second.jnterl ayer
insul ating f |1~FJrSnL%L1{gEt 519?0 @'ﬁ%ﬁ%{a 1&3‘%\&%’#%@%2%??“@%% W 1rtﬂggtlll%y§”§ %Fg?dl i ne
I's ‘conneched d thd PsERNIS ExpiEHeAtn Edfbodiment 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 current 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 diagram of an EL display device of Embodiment 4.
The EL display device of Embodiment 4 differs from che EL display device shown 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 | may be referenced

regarding a detailed structure of the EL display device of Embodiment 4, which is omitted
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of the electric current control TFT 202 through the contact hole fornmed in
the gare insulating film2106, the first interlayer insulating film 155 and
the second interlayer 43 insulating film 156. The capacitance val ue of the
storage capacitor can be increased in accordance with the structure of
Enbodi nent. 3. Note that light emtted fromthe EL |layer is directed toward
t he subsg}ezSF'e i n Enbodi nent 3, and therefore the brightness of the EL

di splay 5 devjce . becones | ess due to a drop in the aperture ratio if the
surface ar eavttﬁe §lfdTis per sl Uressaplylive 104 conacesabefist tovwbayer insulating fike
structur f Enbodi nept 3, the storage capacitor fornmed by the capacitor
Wi ring 1(23'53 PhECFEEN] FRPACiEeT Wiing 124b1bsrughribie torracskoli Gandddh ehe ssayad 600
overlaps with the storage capacitor formed by the electric power source
suppl ypl i‘ﬂ%erl%éﬁ’i wpplatpg ?@? li%r@t dp asiglition, rtba lebecimgpdwemmoEss, supply kel 57 is
capacigor_w ring 10, 122, and_thfref re the capacitance val ue of the storage
capaci“tforcoggﬁaﬁg P IRSRTGH Tosim 149 v\;b?ieiﬁgtftlwfaﬁércpmrel TaTi202 tl\lﬁh@_htthatd
| t hough an, ex le in,which light em{ted fromthe EL layer is directe
? owa?dgt ﬁgnﬁ%%’g&afggn?‘é‘%%IgéFWgﬂilﬁﬁnE%@bé@%m figy interdaypr eselting filenf 5 OR i's
ot limt to this, apd a structure in which the light emtted fromthe
EL Ia;/er algg ‘é‘FPS%‘%“é’Z‘hé%&YSIW aTEgg‘iFBs]ts:%ate may al so be used. In this case,
t L b he pixel electrode, and it is
pr of or abl e t P B EEy T2l o dHar eLartFbpn freepen R
Enbodi 4 e of formng an electric p r .source supply line
<[and a sﬂ?g}da? ]ﬁ%}é it{%meag%‘f‘(‘gff%ﬁ DY i%?)‘r%%tsupﬂ[é( et % ﬁ@iﬂg;e@ﬁnarhm@ffi n
Enbody e.sa ef.er ence nbol s ,arg use or portions
shonrt by Pa2 0 B oy 8RR o BRI RR. S ane Rl i Pk L
di spl ay | = | 4 he: EL.di spl a Vi of Enbodi rent 4
Gifrers Fronat it E o b o S By o T Sande e s by
shi el di ngyrbiihFRhd SHigldids ﬁlﬁz;gwmgelst?g_at ot her structures have al ready

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 itis very important in Embodiment 4 that the shielding films 157a 1o 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 present invention is not limited to this,
and a structure in which the light emitred 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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25 been expl ained in Enbodinent 1, and therefore Enbodinent 1 may be
referenced regarding a detailed structure of the EL display device of
Enbodi ment 4, which is omtted 44 here. The electric power source supply
| ine 157 contacts the first interlayer insulating film 155 on the second
capaci t offEMBddiided23P through the contact hole fornmed in the second
interlayer i1nsulating film156. In addition, the electric power source

Ly |i i to th £gi 148 of th | ectri
supply 11 e Jaf LariEO RSt 2 LIR SRHIGE HBTLRNyMD Sl hieelect
i | ati - | , i i.nt er,l o | ati fi 15 dth
BTl AR T E UG ME R
f d N | i Il ati £l t th ti th
(o, OnheSSsOnl .l ELLOUPAISEL RIS, Himag) e, sare, e as the
d tog |ight o L h L displ A , 1d Ligh mtted f
due Lo 11 o1 kg m gbecnaloe A B diapkay eyl ge, and U gh, gmigd from
b ; i fi 157a to 157g. Furt , It
can be. PIOMABE iy Y oc L0 1 B S g b LIS 0 ST g, ot her
t he saneghi fEdas 5iE ggs gé%&méiﬁh&ofgﬁﬁs §OMLEE SBYPALY ! 4@?8[5%;%6‘”0' al Lhcrease

in the number 1 ocess steps 15 UNnecessary. TYcfures hayg

| POr t anblse A A d Rt Eftodten Shugh dhatiold ilBodelPy bl ke fgpand | he

el ectric power source supply li1ne ma whi ch

it is diddair€ink 1eHi S 1ak j ach i gh
emitted from 1t ﬁtg d%ﬁilﬁegﬁggé?}sr@8@23%#[%1%@%8%@%%%%%? F")zgl{géeh iy 8‘“é§‘ﬁ{ ai ned

in Emdodhewnt 4, the present invention is not limted to this, and a
structure in which the light emtted fromthe EL |ayer is directed above

L1 0 ATSchl AL IO 00O ok AP L. Oy o
el ect ri coCtine ewitciiapt Tl ahd Tbdiew ahe Remi@Mdetror Thyr 105 of the electric current
control TFT in the EL display device of Embodiment 5. The light shielding films 801 and
802 overlap with the channel forming region 208 of the semiconductor layer 104 of the
15 V. 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 steps 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 um. Further, it is preferable chat the
thickness of the ‘oxide film 803 be on the order of 0.5 to 1.5 um. 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 to 0.5 yum.

Note that, although the light shielding film is only formed under the TFTs tormed
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25 Note that it is possible to inplement Enbodiment 4 in conbination with
Enbodi ment 3. 45 [ Enbodi nent 5] An exanple of formng a |ight shielding
filmbetween a substrate and a sem conductor |ayer of a TFT is explained
in Embodinent 5. Note that the same reference synbols are used for
portions shown by Figs. 3Ato 6B. 5 Fig. 10 shows a cross sectlon?l di agram
of an EL display,device of Enbodinment 5. ~The EL display device of

Enbodi nerdf tgg 8}“%11 BYTEionp E’Fkh@éh@tnt(ﬁ, Epboglinen Sdenﬁémiuenﬁgo thisgtrucOBe 'flfhf1 hat

it has li,ght shielding fil 801 and 802. Note that other structures have
al r eady Q%E’ﬁ Sgwkﬁ% ﬁEr&* gy Effﬁéun%@hm bet foraed untler ek GFFET sflrhd ldnigéht c_:iﬂcuﬁ@%’ be
referenced rggarding.a detajled structure of the EL display device o
Enbodi ment 5, &W%ﬁasgénéﬁ? ht%lérdogfgrfﬁ@? due whlightiinget ced Hicmh dider dhiclsabscBRd and
802 are forped,bel the senmi conductor |ayer 104 of the switching TFT and
bel ow t héo§gﬁicé6ﬂ6'3\gf’ﬁ?lqgéﬁ@9“&E?EPTQWINQ@ i peasrdirceovith émt abeentneturd G i n

t he EL.di ay. devi.ce of Enbodinment 5. The light shielding filns 801 and
802 o erlé’gt#frﬁnfhe channel form ng region 208 of the sem conductzog I?yea
104 of the 15,sw tchi T, and with the channel form ng region 213 of the
sem conduct oifq?'ﬁfé}&fggﬁ srdoehrodhaverleveled surtase, therma poob eTlFER;cltsaiﬁlthiCHﬁi ng
an insul ating f.il an oxide.filmin Enbodinent 5) 803. The |ight

shi el di ngﬁ‘%ﬁ%ﬁ%‘c%@f 5%?%‘? Eoéﬁleg]h%ﬁ&pw - oxide film 883 pus siasl eniformige any
materi al | gdhat the material can w,thstand the heat treatment
process C?%E{ne{#p%g(?uﬁn@r%gs%ﬁm%?% SJFE’F SerIcoRdueop fyes e farmed disece oarhe

f or med. . 4.S¢: d bl ey o use . materd als sych as netal s and silicon,
hrough SRASRPSRY ELURHPR LT PRRELE Ddf iy gurtfzaflgé&: i B 5.
Not e fthalefdre simik | . at _the thickness of the light shielding filns
801 altrgc; 58@‘%5 on g?\lgé%lr% g?a‘%ﬂw@? %5 0.5 gm Further, it is preferable

that the  thickagsapRl D8R e 565 ThEOBe PSR EMS {8lerndlalndcttid® /-
em In addition, 1t°15 | .
polishing). CMP can be performed using a known method.
Polishing using a mixture of silica gel and an electrolytic solution is performed in
Embodiment 5. Polishing is pe;fo_rmed in the eiectrdlytic solution bj} 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 bad.

The TFT off current can be suppressed and non-unifo.rmities in the crystallinity of
the semiconductor layers can be prevented in accordance with the above structure.

20 Although an example in which light emitted from the EL layer is directed roward
the substrate is explai_ned 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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25 preferable that the distance between the light shielding filnms 801 and
802 and the sem conductor |ayers 104 and 105 be on the order of 0. 1to
0.5 "Un Note that, although the light shielding filmis only forned under
the TFTs formed 46 in the pixel portion in Enbodi nent 5, Enbodinent 5 is
not limted to this structure. The 1light shielding filns may al so

siml arli b% forrred6]under the TFTs of the driver circuits. An increase in
the TFT }Flin 88’??% due to light injected fromunder the substrate to the
channel for rri#gﬁ rgﬂi t)ns h)s prevented. in %ccor dance with the above structure
in 5 Embodi MPhEXEDPIG Of fIming desars isignabding alr dpring\e saurrevignallisurs ace,
then a probl= em,acGUrs j.n whi.ch the sem conductor |ayers fornmed on top of
the oxi d&X¥P déﬁ%rﬁ[?%d%flt niformy crystallized during crystallization.

(nererore i1 11 WLRRiD 858 sl ahodrate s ELQuol bt danbodieabs. 10
may e | SRk dlh Rt E AR Rerofah e o i TRt slons thefimp A R

o of ect e EE P RAYSRTRLNRE: ¢ Piecs e ke Bt e e mmpraL e ™
ol on 5 AL AnEC ALt 00 T G e bl B PRE R0 S alet o0
wih  ganick SHTRAE SRRk d 0 AR AR hthG B BRI e B g

pad. Thea;[.lfﬂ's&;‘tﬁné:m%ﬂ_ent can be suppressed and non-uniformties in the
crystallinity o the sem conductor | ayers can be prevented in accordance

Wi th jphe aboRgfstichitheral 384 é&ﬁ&eyg@wgggﬁ@;ﬁ eamhmwa%{dogm opk hhed

fromthe EL layer is directed towar ubstrate I's expl & ned’rn

Enbodi nme i 5NVE B4 i [Pl t bSre it i .
struct urggfﬁl&%\%@?ﬁ&{rﬁgﬁ?}g’gﬁt ﬁgﬁ%ﬂﬂ{a?ﬁé&e tﬁdg(gztdhdgﬂgkgﬁégigr&?§ﬁ is}gﬁel‘?:?lel g%zove

the subgifhahed Gﬁkh@lséﬁic?ﬁdﬁéa%@ laybP904) ©redF G sotle8 EA5HHE 2 WraihNBeibh of

el ement becones the pixe )
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 gemiconductor layer 908 is connected to the electric power

source supply line 903 through a source wiring 931, and a drain region of the
semiconductor layer 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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el ectrode, and it is preferable that the electric current control TFT be an
n-channel 25 TFT. Note that it is possible to inplenment Enbodinent 5 in
conbination with Enbodi nrent 3 and Enbodi nent 4. 47 [ Enbodi mnent 6] An
exanple of formng a gate signal line after formng a source signal line is
expl ai ned in Enbodinment 6. Fig.' 11A shows a top surface diagramof an EL
di spl ay d&mlalimgnEdbodi ment 6. 5 Note that Fig. 11B is a cross sectional
diagramof Fig. 11 A cut along the line A-A'". Reference nuneral 901 denotes
a source sigrial this nembaditharef emersemplemeriill bOQRseRAt 85 wicHa4 EcrSigMak
line. Awring 903 formed under the gate signal line 902 is an efectric
powver sdgmdeonduspinfiliyi wed sancmichadwemr hyeS0R thy embadisnatic hibdehe Qa8 32' gnal
l i ne 902, sandw chin an insulating film 10 Reference nuneral 904 not es
a swi t chiaigenmal crysvallizardorsmi theddl usingBRRt8l9dc Hamear. Sarthe end uEhgho & %3@805- A

gate el ectrode 920 connected to the gate signal line 902 - is formed on the
seni cohd@dement, djie prefomblease technsgiss elischged in apanae Paain Lb@gt)%en%_ t he
sem conductor | ayer 905 is connected to the source signal line 901 by a

sour ce wifi @052 JapadeseHatenthloaidiGparovoe8t#83280 a capacitor wiring 911 by
a drain wiring 910. The 15 electric power source supply line 903 contacts a
first interl dyee amexdmplenyfllftiel desedtdon Figs. paAtdndnl Aeimowkidhhiie refhenkpge
nuneral 912 aad a storage capacitor is formed by the electric power

sour ce suilw’lgse imkpgoese tliaidOnentNdoe.| Tal 36 52 isapiptied noghkipkene 8% 3 yve mish.t he
capacitor, wiring 911. The capacitor wiring 911 is connected to a gate

el ect r od&i5061 Bhcemoide dilini IZ02urasdarmed on estibstwate 1241 90 thaihen emecthidus
curre cqontrol TET 907 has a sem conductor |ayer 908, and a source region
of the sathicearidoet#3 way rmsdghereono dnediead niskelrsewite selntion pommining d0r ce

supply | ip?)(ran 39 \%e%g L oF gir(]:kgl \fr;?sua{p%ﬁeg\j tlrrxgrggn ?(? %rmaanr?icgeigjcro?litz?inirn%q;&rr] 13f04 t(src]eg
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 mahner had a very excellent
crystalline property (see Fig. 12B).

Also, the tgchnology disclosed in Japanese Patent Laid-Open No. 8-78329 makes
it possible to cfystallize an amorphous semiconductor film selectively by doping a catalytic

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

First, a silicon 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 péttemed 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 conraining layer 1306 was
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" formed on a substrate 1201 and then an anor

sem conductor |ayer 908 is connected to a pixel electrode 909. The electric
power source supply line 903 is fornmed between a second interlayer 25
insulating film924 and a third interlayer insulating film925 with the
present invention. The electric power source supply line can thus be
formed overlapping with the gate signal I|ine, and the aperture ratio can

t her ef or ebleighn¢ti@aseeacr4ddh ' i ' di ment, an exanpl e
will be described in V\hcitchtaagg)ggl?a{qE[Hiurslélhcggnflﬂﬁ{oﬁm@? of i buda ol

sen condugpertudedBOs (sdeFig.NB yrbodi nent node is formed by a thermal

crystallization nmethod using a catalytic element. In the case of using a

catal ytic 5 eNemrgmhe subbirh&@ wis8ligEeaRe L8 b i sed in

Japanese Patent Lai d- Qpen No.b g 130652 gn Jag%gﬁg%e a@%&@?f&%ﬁ?éﬁ!\bh

8-78329. tdel¢ howrs éinabp! ek lpréferrel® SalboABHed N 2Fisg8e 12B in whic

the technol ogy discl os_elg in _;parrges_e Pat ent t_f_g!Eg-g%o%#ﬁﬁﬁggﬁgg%?ri“é‘1

appl i ed taystabirprsdrentilingent indhis antdlﬁztatioﬁgﬁéée'sé?%gaﬁ‘;é):fﬁ%gfﬁ&(#r%(}ﬁ%%ﬁﬁgﬁaas
ous S

formed t hidnedmcorftaetvieli nickehivaddab: @FREBEQ1 SR1 Heh QR SARLRIRI m.by

~wei ght of nickel was applied ther e%?\ to forma ni ?’ﬁeﬁa%agfr??ﬁ%e%gﬂi‘gﬁ“& 1204

(see Fi dateraldirechient Thiekeyssilbad sikdéeh Mas] OMIbAELES &%rugﬁmngélét?ﬂ%@% @%ﬁ?é

500C for one hour and then was subjected to a heat t

650C for wWxhoerischudirtrddesiraped iop riebéle-shap@t esenls MiEEEIH 69s@RdisEt,y, at .
550C for 8 hours) to forma crystalline silicon film 1205. The crys‘taﬁ l'ine
silicon fikemos@gBcdllyrinedspenifichdisectipnngid hetteay euif@XCe] &@&hlhn@rpfég@&ﬁt,i ne
property (see Fig. 12B). Al so, the technol ogy disclosed in Japanese Patent
Lai d- Bpervinish iganademiapkesthis drysrakisie bilieoh dileriBOTa{Iee 2Ry arsRaMOr phous
sem conductor filmselectively by doping a catalytic 20 el ement -
sel ectivel y. [anthésepspas, imtlwhivon tedbinelageshdmstlyd wascappt (ddwigs thalpicesent
invention will be described with reference to Figs. 13A and 13B.

elements may be used in addition to nickel (Ni): germanium (Ge), iron (Fe), palladium

(Pd}, tin (Sn), lead (Pb), cobaif (Co), platinum (Pt) ,- 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 catalyt—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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First, a silicon oxide film 1302 was forned on a gl ass substrate 1301 and
then an anorphous silicon film 1303 and a silicon oxide film 1304 were
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
patterned to formapertures 1305 selectively and then a nickel acetate

2 ni ckel - coAteat hrfgopa BR 189633k d werusmlanehe somal nl ng | ayer 1306 vas 49
g{)? ;J g?nt oi‘ n{ ﬁeﬂ%%%ﬂ%ﬁ@ggﬁﬁg‘gg I&?‘?ggbsol’;:“(;%e?gﬂgﬁ; iisl tglhhé:;gibglg:vg@g uvztglitic

subj ected to a heat, treatnment at 500C to 650C for 4 hours to 24 hours (in
the pr esenetleIBFE? Wer dor fg‘ﬁEBHFqlrlé%@PPnéﬂf ag ApErplnus samisondegrot filnd by thegzetiaring
R S R LR e s
crystari o B Rl i Sashre: Waucambt rdscomss | orlfCacamoiouless, nwre

Lner oof e e 2 0pAERRYS fF b BB AP RBRLPEVEIGR and honce Wb uni f or m
L e i, R
? o ni ckel r?%?%/r;%egt& ﬁlﬁﬁ‘i H#(a&'})g 14:jf?r %%EF%)D,O%Q%E&'&?S& rﬁlg-‘(tmﬁ typigallysn)li 3V ead
Sent conduct BT e BY: Cing Gorp RRB ek Hip 3% SRS fbieoimmbishaan1s
cryatall | RORPR GO IR i T AR A Eh0antEE Bhey Parodiihng
Lechnol ogy Sl L CArE R AP AP SRR Shep! 4 TRy S Ubr Qs lani
Fowever . Uhe agont  areare REmHLPh HEIHAES oSt il iR L o

i nventiongRRkeal o BiVaR and fthe ABIHRArdsNEe /OB mbS %y%at&e?ﬁintgec%h@)%llpl%}éio%g the
present preferred ,
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 trearment in a nitrogen
atmosphere at 550°C to 800°C for 5 hours to 24 hours (in the embodiment, at 600°C for
12 houss), 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 fitm 1403 to the regions 1405 to which the phosphorus was added.
Then, the silicon oxide film 1404 for masking and the region 1405 o which the
phosphorus was added were removed bx} 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’ ot less. This crystalline silicon film could be used as it, was as the

semiconductor layer of the TFT in accordance with the present invention described in

the embodiment mode.
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enbodinent. In this enbodinment, a nethod in which a crystalline

sem conductor filmwas forned by using an anorphous sem conductor film as
_a starting film and by using the above described catalytic el enent and
then the catalytic el enent was renoved fromthe 25 crystalline

sem conguyctor,. fi l wi || be described as a nethod of formng the N
sem con E%I%ﬂd“i“%}'@]s used in the enbodinent 1. In the present preferred

enbodi ment the tec l.ogi es di.sclosed in Japanese Patent Lai d-Open No.
10- 1. 35463 dgﬁféﬁ@ﬁtﬁ‘s@hggﬁc Hi%eHt tiadﬁgi%%wnmﬁce@ee)l&smgdmﬁce ugwgdhas the
nmet hod. The technol o X’E scl ols_ed i.n the above references is the one

r enovi n&rﬁse@ét‘&l"ﬁ‘i‘%ﬁ; i é‘ﬁ’éi‘ﬁ a%@anB}botiH’éerEr%/s}\?(&? IFhataltig ob Aofs miwpaiow phous
sem condlfct(g fi Ilm a%/ the Bettering  action of _hossph_orus after the
cryst al (938 LodisPlandeicsusing themresehoinvengoraans] Kigi oL a geass s& tiopakview
crystbal I 'bne em conductor filmcan be reduced to 1 x 10t7 atons/cnB8 or

| ess, norE 0Z’referably, 1 x 1016atons/cm or |less, by using this

t echnol N tiguti f. th ferred enbodi t wll b
et o8, T SERCHAL 90 Bl o S A e
2Ust b B oo T RV R DU I BB e 25
ystal line si.li fiJd.m 1403 f d,b ' t he teghnol

ot o AR T ST LB
1404 f Sk ] . .t he. f th talli ili fil
1102 OB ST L dgee of 1o et e ol o T

Do 0 D0 R 0 e SHRAPSaL B RORERA 410, SR AIEriRl 4 10900 el

Then, a phosphorus a Ion pPfocess was Gr e

1405 t o M ChIPPQIBAEU N 2 %éggﬁﬂld‘}gar%gﬁ%ﬁﬁ&ﬂ@ﬁé toMcl Rk ltﬁ@ﬁ%el}{o o THE

substrate In this state ubj ecte eat treatnment in rogen

B00C T or e D R e H O Caphor s e,
added act ed Brdsh&crional 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 TFTl for controlling the
current flowing tor an EL element is shown here) are formed.
In this embodiment, the driver circuit TFT 4201 is fabricated using p-channel TET
or n-channel TFT forming by a known methdd, and the current controlling TFT 4202
20 is fabricated using p-channel TFT forfning by a known method. Further, the storage
capacitor (not shown in the figure) connected to the gate of the current céntrolling TFT
4202 is provided in the pixel portion 400Z.
An interlayer insulating film (leveling film} 4301 made from a resin marerial is
formed on the driver circuit TFT 4201 and the current controlling TFT 4202, and a pixel
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 rin
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20 crystalline silicon film 1403 as a gettering site to nove catal ytic
el enments 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 forma crystalline silicon filmin which the
concentration of the catalytic elenent used in the crystallization process
was r educe¥ide zgmpgpundypr 20 indiaroosife ahd einc lossk. coftricandicys ba Ltiling. Hulrileen
filmcould be used as it, was as the semi conductor |ayer of the TFT in
accor dancEsyphaverpentgnnedamnspareant onductios dilinbeich whicht i dopabadiinmrhnmbde. 51
[ Enbodi megé/ 8]. An exanple of fabricating an EL (El ectrol um nescence) _
di splay d usesd. usi ng the present invention will be explained in enbodi nent
8. Note that Fig. 15A is a top view of an EL display device using the
present i nvend feR, andpsilming flus3034s formedon thepixelbrtadtrodedd02 Boidhergehing n
Fig. 15A and Fig. 15B, reference nuneral 4001 denotes a substrate, 4002
denot es BomsioRels fymedonn deopixgbebicenda 4K ceAsithe apehingnporions uirt E14004
denotes ‘a,gate side driving circuit. The driving circuits are connected to
ext er nal @gﬁ?tﬁ%‘ﬁvm&cm@ﬂdﬁvqrﬁiﬂﬁ@ formed ppl e prixaltedet toide AB02)  400Gowina a
W ring 4005. logﬁt thi,ﬁ time, a first sealing material 4101, a covering
mat eri al 9FBEBIC Bl Mmateralpiiremzanic F{matesisd isaised @ pl: Ebddvien§30dt Bothadf 404
portion 4002, source side driving

i re 5: 49 C@ﬁ?@%@%ﬂ%& arid) ﬁqﬁgélngﬁ? i:alsmatterzié@and hiskydecuaraypo frulymeagr am
2001, s dsa} owBp@t pperialpg b btdkhsdoF REANE BBUEE o] de driving 15
b 4000 Lyt g chanmel, T a0 2 Riciapnel TET o, shou herg) g 8
cont 1018 AR EMSEER EPYER,L A0 St Sheun et bt
p- channel hc-)lingjecting layer, a hole transporting layer, a light emitting layer, an electron
transporting layer, and an electron injecting layer, or 2 single layer structure.
On the EL layer 4304, a cathode 4305 made of a conductive film having a
15 light-shielding property (typically, 2 conductive film comprising aluminum, cupper, or
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. [t 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
23 denoted by reference numeral 4306. The wiring 4005 for imparting a predetermined

voltage to the cathode 4305 is connected to the FPC 4006 throﬁgh an anisotropic

conducting film 4307.

53



or n-channel TFT form ng by a known nethod, and the current controlling TFT
4202 20 is fabricated using p-channel TFT form ng by a known net hod.
Further, the storage capacitor (not shown in the figure) connected to the
gate of the current controlling TFT 4202 is provided in the pixel portion
4002. An interlayer insulating film(leveling film 4301 nade froma resin
material is rned on ng dri r CIrCUIt 1 and the current

control ling T £ YSgionedaiove. Bk elementds ma ?geé shogesleasok enedehddedl |y
ol ectr ode D5 B Ddand ?ﬁ%%ﬁcﬁ#]%ﬁif%gﬁ@wtfiLs EX e a0 g o
52 oxi deo. CREBRT B hirt R aiRraLas Eptitsiat Lol e shpdtmideeune pecrial
wni on 1 s A80La T fept el ﬁ@gﬁlﬁ G ARE PR IR Ao REAHYSr 1| m 4303 s
the il ol ot St it e A aRRrg (i abh 7 staialoss steel gty "
knonn o Sy aeeigh B 2 PG racil rfeﬁfdw?rﬁ?é?%'t"“? S 585 46 "R “EL ayer
i gh” ot ebo g o R AL Rl Bt o T R, MRS e ™
bai nt1 g B RS S Fpolt it (S WREIAANE i, EYORGEEAY %ﬂ?%w@%ﬁ%y
have a | aplngt L,ony. fmsgfe&fwas B e &%aéc&?&@ﬁhgéy@%ﬁ% ate&.l%elﬁyﬁl%‘m S iR

hol e transporting ght emttin ron “transpo |ng

| ayer,jpang %rp\gepgﬁ{lrogg NPl glhhng | ayer, or a single layer structure. On the
EL | ayer 4%04 a cat hode 4305 nade of a conductive film havi ng a 15

l'i ght - shi el di RghePERRCII daky B %ﬁdethe%nﬁM@frké’t‘ﬁ)rf o LG QHF&&& *‘rﬁgh&{ulﬁﬂ num
iImo

cupper, or silver as a main Coeronent or a |l am nat.i On f ose and
ot her congle@idntes dirdcdidd tSthel @V BRAL mhaterda3 siBk &f bl 8atydof HERYGe fdrvg ATTATR: IS

possi bl e any noisture or oxygen existing in
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 (polyvinyl chloride), acrylic, polyimide, epoxy resin, silicone
resin, PVB (polyvinyl butyral), and EVA (ethylene vinyl acetate) can be used as the filler

~marterial. If a drying 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 time, 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 that 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 wansmits 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

54



the interface between the cathode 4305 and the EL |ayer 4304. It is
therefore necessary to use a nethod of depositing continuously the cathode
4305 and the EL | ayer 4304 in 20 vacuum or depositing the EL |ayer 4304 in
an atnosphere of nitrogen or in a rare gas atnosphere, thereby a cathode
4305 is fornmed w thout exposing to oxygen and noi'sture. The above film
deposi t i dd0bBecones possible in enbodi nent 8 by using a multi-chanber

met hod (cluster tool method) film deposition apparatus. Then, the cathode

4305 is el ectAliwahldie poanackatbotiindie a WesdDsc4085 nidtetiN® 1089 Bhviden enat ed
by reference nunmeral 4306. The wiring 4005 for ifnparting a predetermned

vol tage tovertwn eqiokodgpofddbof heditiesintnh@ib el (IRGHARREH B HHE% 006
an

-ani sotropic conducting film 4307. 53 As mentioned above, L elenent is

made f r omo bhexipihedmelreetinedeck drokielcdRO2is conlifedly shavShic A3RA4hANG] 1@;.6
cat hode 4305. The EL elenent is enclosed with a covering materi al 02

whi ch 5 s [th alis matye thevElt Hisplag deulos tiaah e rdk 8dctidnabiteilt rérelshbeh i8GR). 1199, mat eri al
4101 and a first sealing material 4 10 1, and sealed with a filer nateri al
4103. 5 Materials such as a glass naterial, a netal material (typically, a
stainless steel plate), a ceramc material, and a plastic materi al

(i ncl udi bgmbogineenti® filnm) can he used as the covering material 4102. As a
plastic material, an FRP (fiberglass-reinforced plastic) nmaterial, a PVF
(pol yvi nyl f TherkEldelispldy deviae MfIthe fredent iavamiopestrehatd ki s@netuan wasdly! i C
film can be used. It is preferable to use a sheet structure-in which

al uni nunpfotidesi anys AR dwiie tled pixkd - Byisgpddsiblef dol proeides 1 Mpl GTFTs lommd¥et eThdat
for a case in which the emission direction of [ight emtted fromthe EL-

el endft PEsent Evteagonocarh gedore ratdimiedrtpathe spisid, stidctive ofedesBhrdisgloy - t he
covering material to possess transparency. In the case, a transparent

mat eri al Y8{1€H as a glass plate, a plastic plate, a polyester filmor an
acrylic filmcan be used. 15 Additionally, a filler material 4103 is forned
using ultraviolet curing resin or thermally curable resin. PVC (polyvinyl

chl ori delEmggéi)I/IIlén%,w;j)ol yi m de, epoxy resin, silicone

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 liﬂe driver circuits and gate signal line driver circuits in the present invention.

The source signal line driver circuit 1602 basically has a shift register 16024, 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 timing signals in

order based upon the clock signal CLK and the start pulse SP, and the timing signals are
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resin, PVB (polyvinyl butyral), and EVA (ethylene vinyl acetate) can he
used as the filler material. If a drying agent (preferably, barium oxide)
is formed on the inside of the filler material 4103, then it can suppress
t he degradation of the EL elenent. 20 Further, spacer may be contained in
the filler material 4103. At this tine, the spacer is fornmed by using

bari um oxi de,. Lihere&g t he, spacer itself has a hygroscopic property.

Further, TRPlFGORGE AN hER SOOI AT GBS, it is effective that a resin
filmis provigded .on the cathode %3 5 as a buffer |ayer for relaxation of
pressure front pheTdRggnals ?‘EPP} shiff feeigiey Fisgriu B aimaydhbebuffar @apliied by
connected to the KPC 4006, .via th 25 ani sptropi ¢ conductive film4307. The
wiring 4GbSTEVIEAUR AS asPyifen @‘Oftéﬁwéf‘dinn@‘et R Qﬁ}e logd rcapeitange Apassitie c e
side driving.circuyit 4003 and gate side driving circuit 4004 to the FPC
4006 and KPE% ?%Cc?bj P?ééﬁ"wgéﬁﬁﬁgek‘%}wﬁéﬁ%k%%&gﬂ@a&ﬁ lares hecae qugy efiibe FPC
54 4006. Al so. 1n the present enbodi nent, a se d,sealing material 4104 is
provi dgd d(ﬂ(g:%ifé of\‘}’gr el‘&"ﬁeﬁ?p%& lftoélnﬁ%rtesi Orthsfwiring: fcf Q% tbugfa%fa}fii fg@}“‘ﬁ"’at‘% OFEr 12101
and portiQn EPC 4006 t ta,n the structure i ich the E

el ement ip(s%e‘é%f‘ﬁ)(#"g&lg?symst tnsﬁﬁflgfﬁﬁgﬂf#ﬁemﬁﬁ‘tgssi@@.’ 85“%%%’@ tRepe f%f&‘ékEﬂ

di spl ay c%% iagifaxﬁ}:%s a cross sectional structure shown in Fig. 15B.

[ Enbodi nen e EL display device of the present invention can have the

T to 6 TeTe orttSRUAY SERR FXT alBASch B o e B R 1 teE o

Lo P xel bR 9E D9 Bl SNty SR ETIOIE A0 A g ver

P L R R S T

di splay qgvi&e n@finfid a]tﬁgi?ﬁsdat-brkig?rfaqckﬁrqﬂﬂgﬁeo‘ﬁisﬁrhwi-{ﬁ-rﬁef RpIE U the 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 Jdaca signal to the latch(A)

15 160Zb. However, the present invention 1s not limited to this structure. The plurality of
latch stages of fhe latch (A) 1602b may be divided into a number of groups, and the
digital data signal may he 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 ac
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 latcch. 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) 160Zc when one line period is complete.
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on a substrate, a pixel portion 1601, and a source signal line driver
circuit 1602 and a gate signal line driver circuit 1603 fornmed in the
peri phery of the pixel portion. Note that the EL display device of

Enbodi mrent 10 has one each of the source signal line driver circuit 20 and
the gate signal line driver circuit, but there are no limts on the nunber

'n the pr se el R Wb SofEharth Rk BT b R seih o™

in the present” I nventl ource

basi cal | y. S f ' a Jateh (A 1602b, and a. latch (B)
Tooze w2 BBtk AERLEH B8), HPRS o 2hFn Bl e e ne i ghe
regi ster [hRA2eRy Mhoeandopurce signal line driver circuit 1602. The shift
regi ster 1602a ‘generates timng signals in order based upon the clock

signal CLK a . timn ignal,s are, 55 l'ied
ong after ang‘g] hﬁetrg Q?gatfgfé%%f {razg%é‘(f?%‘?‘ﬂﬂ% sgh '?1:‘. SPPP Pﬁf&fgl%s‘?r&ﬁﬁltg the iﬁlﬁcgﬁg\ shift
regi ster 4 ifter #6023 : 1f,ed. Ciyr Cui S

but 1 o1 (ot Shias (s B8 TR B B B B B
capaci tar&g}h@{m@ﬂg\gi@ﬁﬂqmgm QsiiRRkiLes 1Ehe, timng signals is |arge because
many of the 5 circuits and el ements®are connected to the wiring, The buffer

(s Tormed in PhelglsicPdaidl RUBN LA RESSnliNedrba i kECIANE (BRI AT | Ll LM ng

signal, generated due to the |arge capaci t ance. M nlcj 12‘?‘@[& il s

buf fer angpikdd gehdd¥inas BUfif€Fhd §e0Bhd BRe BRE bhrib@yi Ster 1602a are supplied to
the latch (A 1602b. The latch (A 1602b ﬁas a plurality of latch stages

for 10 processimggdis@liiilhy HoiR midRhSos A& el | | 0 (The
latch (A) 1602h vvr%'tes ipﬁéyand mapiﬁnt gﬁrlsoa di gio,?%z{}ﬁgg{fggg}égﬁaﬁﬁl@&hﬁoml

si mul t@andapat yo Wetsdutdessigriiplihe9f the timng signal. Note that the digital
data signal may also be 1nput in order to the plurality of latch stages of
the latch (A) 1602b when witing in the digital data signal to the latch(A)
15 1602b. However, the present invention is not limted to this structure.
The pl ur dEmilypodifehati th stages of the latch (A) 1602b nmay be divided into a
nunber of groups, and the
The first etching process for forming the first shape conducting layecs 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 etchizig 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 both side of the channe! forming region, with the present
20 invention, but Embodiment 1! 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 substrate 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 Embodiment |, TaN,

which has extremely high heat resistance characteristics, is used in Embodiment 11 as the

57



digital data signal may be input to the respective groups at the sane tine
in parallel, performng so-called partitioned driving. The nunber of
groups at .this time is called the partitioned nunber. For exanple, this is
referred to as partitioned drive with 4 divisions 20 when the |atches are
divided into groups every four stages. A period until the digital data

si gnal i Brseeaplusteigfiln (Thedirst cunduatihg filn tsternat letvist agies thicndhs Joateh (A)
1602b is referred to as a line period. Nanmely, the |line period begins at

t he poi ntOGwhen andeheisefondl cadauatisg halmayshadorttdmithnd il higickedst Bosiccst age
latch within the latch (A) 1602b, and is conpleted when the digital data
si gnal i §0Gvend #@0nimtA firsh eoduatingtitlmosadesfram & ANatvirh.a fllm dickekics 300her e are
times when the line period includes the addition of a horizontal return
peri od tand Reseapd sonivesingefiinpdnadk fratcW diagingl a fikn shpphb et 370 A hat ch
(B) 1602¢c when one line period is conplete. 56 The digital data signal
written lamipagdandtforeel imEmbedinmre 1( A) 1602b is sent all at once at this
instant to the latch (B) 1602c, and is witten into all of the stage

| at ches of tAdirsy deph ok 16662ds foamdd siesr frdm Wikt ecching peHerrédybyt BLP,dat a

si gnal is(ﬁgain erfornmed, in order, to the latch (A) 5 1602b after it has
conpl et edhd@HEt seRRefecendyrentucgiagdayer §hdda is bomntrd. 14 trdhed 8 of 652,001, oasled  on
the timng signal fromthe shift register 1602a. The digital data signal
witten Pntld Uit a8 eretghing gasehaving higheyelawyty wishirngett to Txdbleos miignal

| i nes during.the second one |ine period. An inage.is display in the pixel
portion ‘ih?r%(?ﬁfo&ﬁéﬁﬁfé shpwn i Kig. 4P §i qam begehtaingdl g rayeraligching gondisionbendour ce

sign | i,nes. . [ Emhodi ment 11 ] The first etching process for formng the
fir s?bshrzs‘ﬁg Ig ngp ﬁ‘gﬁ}%ﬁéb@gif%teﬁé?}ff‘ogﬁﬁ%l copdugting lager OF) sbetichipg rate
conditio i n. Enbodi nent | 1, t al so be perforped under plurality of
et chi ng Qi Toaduting ler E’i;'mﬂ%ga@q@ TRpRE %ﬁ[ef%‘;tngawq Rdugtimgiayer

reductio 5 and the of the gate insulating film An exanple of
form ng @V}i#%%%%&%gﬁﬁﬁucu ng

[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 ;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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| ayer by performng the first etching process under two etching conditions
is shown in Enbodinent 11. Further, both sides of the conducting |ayer are
formed so as to have a taper, and LDD regions are fornmed in both side of
t he channel forming region, with the present 20 invention, but Enbodi nent
11 is explained in accordance with a process of manufacturing, using
enl arged di a ns of one side of the vicinity of a conducting layer in an
n- channel %tﬁ ing 1gpgT gﬁfﬂ%ﬂ ey vtith a segapel seq ofactehinggpndivems winathe hosk

film nd a substrate are not shown in the figures.

sinmplicit
First, Hﬁoéaﬁ%fb U0k RIRGE 364, fPfa‘tm%ﬂ fipst ghappEipsconguaiing ayeml B3eoNoantacwhd h

Enbodl ment EL H&}\i\evm hough Ta is uaed as the first conducting film
in Enbodloﬁéfhtmf atipg zc‘ﬁa a$omeMnaigcne nheatorméng etichingeunder the

characteristi sed in Enbogpérrent 11 as the 57 first conducting film
The fir stse%‘?tfﬁf-’éﬂf REF tla ﬁ?‘i"%ltlpa% EIOIHéRg awérsasltaneraatwwh@@g fibn 50280 A 100
rim gdthedsecongf qngIm dwith a filmthickness

bet weeh M6 ZAYMAHD P Chis uss éft? LR ERTE kb T somd 11 of fi 1 m
t hi ckness .30 ripm and a econd. conduct. m made from W having a
filmthi& sCBIFdlﬁ?BS nﬁ{lﬁpéﬁi N aqr}gfa#’tﬁ der syanmlpoenhnesed as A

first sha na a,s formed n fromresi.st, etchi perforrred by
[P andhe SPORSTCNAbe Be caIEcBh ULE Ko eriay e O amsgﬂ?lagm A Fied

W th T esBBt o SUPmsa%cf by Gestberen b S A, 3L e o 6F it an be

obt ai ned. ngeral Eo g%lggndl tions, and 10 their relationship to the

et chi ng FRPETES onducting | ayer (W, the etchi ng rate of the

| ayer S (W arig ﬁ%ﬁ%‘?ﬁr e $0p Erl 0 s BPE (h vh P 18P il R N0
of diacﬁif oA RS hEn pRHORE AR AP SRRR g Qm’ﬁ&?‘ﬁﬁt@dﬂ’“ﬁmb S""ﬂeth{f -
di agr am g, ount is microscopic (approximately 0.15 zm, namely 0.3 2m of the overall line widch),
and therefore it is shown in the figure as having the same shape as in Fig. 19A.
A second etching process is performed next with the mask 1505a left in place as is,

15 and asecond shape conducting layer shown in Fig. [9C is obtained. Etchingis 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 condidons 4 to 15 of Table I may bé 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 1505b, a
second shape first conducting layer 1503b, a second 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 1503b corresponds to the first gate

25 electrode, and that the second shape second conducting layer 1504b cotresponds to the

second gate electrode in Embodiment 11.

A taper angle a 2, which is larger than the taper angle « 1, is formed in the second
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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 angl e formed between a horizontal plane and the side face of the second
20 conducting |layer (W (a taper angle a 1) can be freely set with a range
of 19 to 70 by wusjing one of the conditions 4 to 15 within Table 1, for
exanpl e. & seqpnd qomdusiinmlaner | 30dheanthsn perernely swpl raper abglefhie fapedanor .
Further, reference nuneral 1501 in Fi?. 19A denotes a sem conductor | ayer,
r ef er encethgusseend shapo firgresondusting hseelI®Bdul ating film and reference
nunmer al 1503 5 denotes a first conducting film 58 Etching is perfornmed
next with a s@dBHEoREE REPCESS @@ﬁﬁ@“ﬁ%@ﬂﬁ“ﬁ&sthﬁﬂwktl RBOsEun plaseBais) St i n
pl ace as IS, rmpg a first shape first conducting |ayer 1503a. Note that
the gat Jlgn%%@dt §PeicopdReHvity SnpATERS ShAARARUSS othdasl Whede ssaviahvic iy

etchin nder second set of etching copditions, becomng a first shape
gate i sﬂﬂw @Lﬁ?‘qfﬁﬂi@éﬁ saplsgrwwé"eawgssgomeggtapﬁ pendreongHeriag layesl 394k
here as the etchi as tinder the second set. of  etching copditions. Any
of the cddt maags rl}%‘”g’ﬁfetthﬁféjfﬁ*a‘éq’@n& Pracsss s parpresd pay sie inswhichsthe ek
second se etching conditiqgns. , Fi] mreduction of the gate insulating
FETm 1505t 3N el easslaﬁ*ﬁf%gg’é&hw“ﬁéﬁ%?wwetwavi Do peip e btbtess
at two sets of etchin { ditions. (See Fig. 19B.) 10 Note that the first
shape se AP EBR iR @i}’er 1504a in Fig. 19B is also etched somewhat

snen b of 5, BB, LU TIN5 AL PSSR R 11
over g 1408t Ch e, 08 LECEIRE kol ok DS USR0S,
(e i AR ) D Ay nd T BRI PR SRR v
condi ti ong, HSiNGRANTINGE H2S JBRGGH SR TG in HedigufdHFnPint R RS 25612
and 1501b are formed on both sides of the channel forming region, and have linear
symmetry.

15 Further, the ion introduction depth in doping becomes shallower the thicker the
fitm 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 ha§ing the sidewall with the taper angle B, 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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etching process in Enbodi nent 11. Any of the conditions 4 to 15 of Table 1
may be used for the etching conditions here, and the etching tinme my be
suitably determined. Further, the width of each conducting layer in the
channel |ongitudinal direction can be 20 freely set in accordance with the
etching conditions. A second shape mask 1505h, a second shape first

conducting | ayer.11503b,, a second shape second condycting |ayer 1504h, and
a second s hapgﬁlg%)tjeeoqﬁ?{sltﬂnéit ﬁ-ffg&ﬂ ﬁ}ﬁq%%iz%f %F @a?edﬂﬁgaﬂ%y ilhis reedp nonsethi ng
process. . .the. se h first conductipg | ayer 1503b

correspo nEEE}fe3}'%élt¥ foes gﬁlg’ W%E%Q EP%SC‘?Q((S’H %ﬁa%wuhttﬂaﬁr&t rendussingdayshaye

second co i er . 1504 corresponds to the second gate electrode in
Enbodi nenQwf%b‘i@{'nge{Fecé%ﬁé’?%feéﬁoniwﬁp"@ﬁﬂF?tﬁPfsrt e PR EN Copeentesion angitk a 1,

is for rredc(i)&t%te second 59 shape second conducting | ayer 1504b, and an
extrenely small taper angle (3 is fornmed in the second shape first

sk 18055 1 of onERl deatt b B RERCRER s R byt wpeion
[ ti : ' ' d .5 1501 he

st ng 1 o Ban ha hr et he TSSaUHbR sh B SEEGR a8 behig? s sominas o
mask. Furltl&%rbg &Otlll%fofﬂ!iﬂ“sghe%%ldmhﬁfe%%§ﬁf)aaft(.s perfornmed in a state in which

the mask 1505b renmairfi ng as 1s here, the first doping process may al so
15075 are Tornede Souey BaRet S PERO AN AR 5P e e
Sandw chi g T B B R e RO PR bR B sggps o
becomes adhdet ro ﬂ@rs@ﬁl'ﬁﬂnr{dﬁgi&%yems@l Eﬂ%%@(ﬁ)@?ﬂﬂh Q@é sescgg&én]ﬁ&pgzi %gte'

figures, the inpurity regions 1501a and 1 are Tormed on s of

the channgndetifl Mef $90FNandB it Raved sShpRakcoY, rcﬁnv i'%e? ?’%(Beﬁtbeﬁs’ mhdi€. +on

i ntroduction depth in doping becones shall ower the thiCker .
The second doping process performs doping of a higher concentration than in the first

doping process, and impurity regions 1501¢ 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 concentration 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. [n that case,
it is influenced by the tapered portion having a sidewall with a taper angle § in the second
doping process, similar to the first doping process, and the impurity is added within the
semiconductor Ia‘ye.r.

On the other hand, only regions of the switching TFT not covered by the resist

25 mask are doped, forming source regions or drain regions. Further, the second LDD region
1501b, which is covered by the resist mask and does not vverlap with the conducting

layer, remains as is.
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filmthickness of the material |ayer arranged over the sem conductor |ayer
becones. Therefore, the inpurity region 1501a which overlaps with the
first conducting |ayer, sandwi ching the gate insulating film nanely a
first LDD region (Lov region) is influenced by the tapered portion having
the sidewall with the taper angle (3, and the concentration 20 of the

inmpurity el eyatesaddedk Wt Q’M\%ﬁ‘i?ﬁﬁ%’%&?&%ﬁﬁrg' ayer changes. The inpurity

el enent concentration laecreases %% m t hi ckness becones, and

the inpurit ' i he thinner the film,
t hi ckggss bgg%@nggﬁgﬂr#ﬁ%rq sgﬁﬁ%ﬁﬂgqg?ﬂéﬁg{tggﬁs%ﬁ?%m |“§Wqéfef‘%ﬂffé’f:‘ésdmﬁort i on

i's formed dcRotdidcoaith tHe'bScHJ:(ﬂsEésrlg ﬁﬁ%ﬁ%gngggﬁﬁpmp Wit g he etching

conditions when performng the secon I'ng®process. "The

em conduct y ii I 1 I.R: ortion. in such
ias es, aﬁd Slr"\kéé g%iﬁiredrlllt% P gctr?g}rl\érgiél ?ﬁ(?ﬂﬁﬂjpég%is%@: g ng?r@ﬁ: g%&glelﬁé‘e:ﬁ?l{%{:lﬁnfs#%

sem conauGicebrdankvwsieiMehovb hdthod he other hand, the fil mthickness of the
gate insulating filmis nearly constant in the inpurity region 150 Ib

whi ch does rDhe avivet aitcitic tdichiitel ITST i BREYF Hth! 3Y BhandlGordiig REGENd LDD

region (Loff region), and therefore the inpurity concentration rs pear | y
const antoveblappiriaeeieiia §bnd BeMBudtthgll AR r fsh B8 RBind Ja%_sfr@l'ilaﬂﬁ§ h%nlx;sf' i ﬁ[[g]?d
of the Loff

next, covering a portion of the swtching TFI.” The | ength”

regi.on imgioins oaviotk bidegoflthE dhandel fefiingatgioNesR] ar&oREial b Bk Reiisze of
the resist mask. A second doping process Is perforned next. An inpurity

el ement osnicadringpias fisst A DDNegtaRdUThé ¥ivttyhing PEFT Qs drafdd @agduch QhanRelt YPe
conductivity inparting phosphorus, is 10 added here to the sem conductor

| ayet0 190fmirgragiononedapiinga vicohd tbad @ tgisyes Rafdvichingta endwdhiingfilndyer
1503b and the second shape second conducting | ayer 156&b as masks. " The

second dugi hPpregiessopdifthrsidesddphaghafind fogheyr regng eadgral LDID thdshsi At he
first doping process, and inpurity regions 1501c and 150/d are formed. In
addi t i orconeadting threpfirst LyD[2 angient;ratd snred dagbdsyort dvairf tagidnsdapicaginy ogess,
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. lowering 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 electfic éurrent 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 ﬁnpurity 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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15 inpurity region 150 Id, nanely a source region or a drain region,
becones even nore high concentration in accordance with the second dopi ng
process. Further, the inpurity region 1501c is not doped because it
overlaps with the first conducting |ayer, and it has the identical
concentration distribution as the inpurity region 150 la. The inpurity

regi on 1Ml fiich shicReELHREGnal s0 a first LDD region. However, it 20 becones
further hi gh concentration dependi ng upon the dopi ng condltlons I n that

case, it isSNd mﬁnﬁ?gogﬁﬁ Hﬁ%@tﬁf@&ﬁgm@(gn%o%ﬂme * a\?ltﬁ 3ty H%L?@m‘}&g’p?n g

taper angle (3 in the second rocess
process, 1gpd(t he inpurity is added V\Athl n the sem conductor |ayer. On the
ot her hand, only regions of the switching TFT not covered by the resist 25

mask are doped hEQhdten n Further

Second LD T gy o AR i RUGRNG SALE e Pl IhSINALBLENS02 ity hbﬁ.g not
I

over| gp wheh thbecctanditdf Panbdd@yehe 1 [ gﬁ%bﬁu&é iof @@ %}d <Ei‘g§ Sﬁé%;lst%

the switching TFT is renoved next. L pane

manuf act gsai-kyrene SR RRH '@l% %ﬁ%ﬁﬁ%ﬁ@%?ﬁﬂ&ﬁ&%l’%e  AGEE (angs Sttt f he

processes of Embodi nent 1 from Fig. 4C onward dtTvericiT d’hannel
TFT and 4 ks swiktueh ofSET R, affl ONUSERABICI ﬁlﬁdt%duéuh{'cﬁﬁgé@&iﬁ%ﬁalw th

the above nethod. The driver cifcuit n-channel TFT i pr epare

channel $uppressgd.r egion overlapping with a second conducting |ayer,

sandwi ching a gate insulating film first LDD regions on both sides of the
channel form ng region; and source regions or drain regions contacting the
first LDD regions. The switching TFT is prepared with: a channel 10 form ng
regi on olEEmbaghipieng Ia}second conducting |l ayer, sandw ching a gate insul ating
film first LDD regions on both sides of the channel form ng region;

. secod@ LDD rRByisinsan Ebmaeﬂmlmgwhhmpfhcrsphorbﬂént@@b&m&np&fﬁQaﬁﬁk&ﬁ@tuﬁ@@ir@nS or

drain regi ons contacti ng t he second LDD regions.
be utilized in light emission in the present invention, the external lwht emission qmntum
efﬁc1ency can be increased by a large amount. By doing so, it becomes possible to make
the EL element into a low power 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, Ed. Honda, K.,
Elsevier Sci. Pub., Tokyo, 1991, p. 437.

‘The molecular formula of the EL material (courarin pigment) reported in the above N

paper is shown below.

20 [Chem 1]

Baldo, M. A., O'Brien, D. E,, You, Y., Shoustikov, A., Sibley, S., Thompson, M. E.,
and Forrest, S. R., Nature 395 (1998) p. 151.
The molecular formula of phe EL material (Pt complex) reported in the above paper

is shown below.
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Further, the first LDD regions overlapping the first conducting | ayer,
sandwi ching 15 the gate insulating film have an inpurity el enent
concentration distribution which increases as distance fromthe channel
formng region increases. Note that the inpurity concentration in the
first LDD region contains a region having a concentration gradient 1in a
range of [aheheapt 1x10" to 1x1018 atoms/cni. Provided that the LDD region
has this type of continuous concentration distribution, it is effective in
| owering the off current. 20 Further, reliability increases the |onger the
| ength in the channel longitudinal direction in the first LDD region
becones. In iNge i i reqi 149,t0 152 with
Mg B e B HE B iD, TRbfRR) RGE et Foreetednttent

respect to a boron opln cess (se€ Fi

control T&¥sIi | i nEl b -H-C f e fir conducti ng

| ayer in V\%i? cﬁh‘gs tﬁg%é? Bi(s pgg}dt4 i %%(}e?abt%&lm'é&gg‘?hﬁ\éghgtﬁgft&h/{z%?@&m’ mi | ar
to the fiwataB@R 1G., 5, t ke rat i the rity,el ement
added vi U ERg T osurds T bR e Ryt ol Moy Bh e aRef <
reducesl Fhgs., 8RI(¢kBY 199 1fisbm t hi ckness becones, and the inpurity. _
concentration increases the thinner 62 the filmthickness becones. Note

that it is pa3sidbRch i hpgi ' odi ment s
1 to 10. Further rmlt:%g,@'f l;lc{erﬁ?é%%%ﬁ?w{}gm\%@ﬁ&% Ee %Ig%)ére nétg']i g{]‘?hﬁg‘gﬂl;ﬁr%pf%oz is
ext renel ys dHah b8owhen the etchi ng gas of Enbodi nent 11 (gas m xture of CF4
and C,) is substituted by a gas m xture of SF6 and C" or when the gas
m xture of CF4, d,, and Z is substituted by a gas m xture of SF6, C z,
and 02, and therefore the fil mreduction can be additionally suppressed.
[ Enbodi mg@het}] 10 By using an EL material in which phosphorescence froma
triplet state excitation can be utilized in light em ssion in the present
invention, the external |ight em ssion quantum efficiency can be increased
by a | arge amount. By doing so, it becomes possible to nake .
Provided thar the phosphorescence emission from triplet state excitations can b

10  utilized, then in principle it is pos;ible 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 L1.

15 [Embodiment 13]

The EL display device fabricated in accordance with the present invention is of the
sclfaemission 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;*tion 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

64



the EL elenent into a | ow power consunption, long life, and | ow weight. A
report of utilizing triplet state excitations and increasing the external
l'ight 15 em ssion quantum efficiency are shown in the, follow ng paper.
Tsutsui, T., Adachi, C., and Saito, S., Photochem cal Processes in

Organi zed Mol ecul ar Systens, Ed. Honda, K, Elsevier Sci. Pub., Tokyo,

1991, p. p I Ul a of ;the FL material (coumarin pigment)
reported ?kﬁz%%gpg%gg?v%&qﬁfg%arlﬁ%ﬁgSorbl%ﬁ"B . 20 [Chem 1] Baldo, M A,

Forrest, s rihe KtsnlavpElRUEL KRS dharsoBidHe nid on APy RintCmation, B
D7 Bal do, V- TRl P RBLShA Lokl EY B BB St ek St AT Ebroadpting o
gﬂmi :tygrf?%% ?%@ﬁ(ﬁ%ﬁ%ﬁ%%%%ﬁ%é‘é?-gWé@fﬁ‘a | %?dﬁg?é%%@%t @i{;ﬂz "
L1502, 5 QractordE wYHY Al en Savert AR MRLeed o0 a?fsﬁaé'@r%ﬁ“éé ???%'ﬁf)?"t‘rg‘élﬁi n

t he above|papeldevices.shown bel ow. [ Chem 31 Provided that the phosphorescence
em ssion fromtriplet state excitations can be 10 utilized, then in

B 1 ci bncy. why i Tas S deRiceR Balipe Bl S, » lilal SEER) 3 BERRG e
posl bi 6 e e O S ) Bl B A P BBl LB o L
conbi ni NGuidkio ¥liPmehe 26.QREId dedbt A2 18E) Hd¥e Sike FIBGH EBRDRret, 4 Sintelmachine,
. 10 a portable information terminal (a mobile computer, a portable telephone, a p@rtabie’
game machine, an electronic book, or the like), an image reproduction apparatus -
including a recording medium (more specifically, an apparatus which can réproduc;e 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 porrable
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 iltustrates 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
thinner than that of the liquid crystal 8ispiay device.
Fig. 16B illugtrates 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, or 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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15 [ Enbodi ment 13] The EL di splay device fabricated in accordance with the
present invention is of the self-em ssion type, and thus exhibits nore
excel l ent recognizability of the displayed image in a light place as
conpared to the liquid crystal display device. Furthernore, the EL display
device has a wider view ng angle. Accordingly, the EL display device can be
20 appl i ed tofg- dbSpllayraperd partioh MrheadauanlBhiesd P RisEla I K esrhEQ mSxam! e,
in order to view a TV programor the Tike on a |arge-sized screen, the EL
di spl ay dewpes which mcholeslamesinWotlp 220 heigEsats ZZUQ?HtHe?@nﬁ%t&gn&’S?@'} S a
di splay portion of an EL display device (i.e., a display In Irch an "EL

di spl ay desreer posioma1G4, laachprivhbsydrehi 2D69, et MGnidsidhh 89919@@2@% 728 b li}(§4 30
inches or larger (typically 40 inches or larger.) The EL displ'ay 1 ncludes
al | ki nds Ibk ptespt ayentionheapdiedbltab chié SDIdplRURI0728t i on,  such as a
display for a personal conputer, a display for receiving a TV broadcasting
program a di kg h@DﬁHJIsm@mmﬁg@mﬁocﬂl&i@h&‘ppaﬁf@ﬁﬁﬁyﬁﬁingtmC(ﬁgix% n?&hgﬁﬁ
device. in 5 accordance with the present invention can be use s a display

portion ofmetdupeciigalipaddDVEl :eptaducﬁdﬂuppmms)swahcﬁ-hm&d@airﬁaiﬂq%h%ﬁoi ncl ude
~a video camera, a digital canera, a goggles-type display (head nount’

di spl ay) , resonding geediwn (s (o the Kbe)rab02eppation switclai308, £ a8pRporcidi 0
equi pnent, an audio set or the like), note-size personal conputer, a gane
machi ne, (@) Z0dorretberdisplp poeioro (b)12306] orthe(lkeroDid disslafPuiain (23 2804 tabl e
t el ephone,  a portable' gane machine, an el ectronic book, or the like), an
i mage rep@%s%«m@ oz gisalesinggmagn tifortiagors whelkeohe iding layastirtion (02395 is used
specifically, %?Cquar_at us which can reproduce a recording nmedium such as
a di gitPal maEis fen displaying chaveoer infarmation.udbe Ei dsplpy devitoin actbsiahay v t he
r epr oduce irrage?%,, or the like. |n particular, in the case of the portable
15 i nfor RFAS0E i eRion qagdegised pe thise displaly dpridens (eh 2364 pnd(Br2305e Tisi nce
the portable infoymation term',r}gip hat is |ikely to be viewed froma
tilted diFERES GRQUCHPRARPREGYS Hetnding apggerdingyrgdiupm éwither imnbides afags. 16A

to 17B re{gggﬁitnle\g?lt eﬁﬁgw various specific

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 dispiayldevice 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 reair—type projector in which light including output
image information is enlarged by means of lenses or the like to be projected.
25 The aforementioned electroniic devices are more likely to be used for display
information distributed through a telecommunication path such as Internet, a CATV

(cable television system), and in particular likely to display moving picture information.
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exanpl es of such electronic devices. Fig, 16A illustrates an EL i mage

di spl ay device which includes a frame 2001, a 20 support table 2002, an EL
di splay 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
thereforqrﬁequires no back light. Thus, the display portion thereof can
have a tlil'n&Békspldydenrers dud@blettbadislhyihh gdvirb4ii sl ndEpRl.ay..devi ce.
Fig. 16B iIIustrélggia vi deo canera?ﬁ%?%ﬁﬁFkgﬁﬂﬁggggxﬁg?ﬁhgggyug%aﬁFag

di splay exhipiohidhors@dBe spad. audi o i nput portion 2103, operation 'switches
2104, a battery 2105, an inmage receiving portion 2106, or the like. The

sel f - eni ssi onAdextice of thaBL ek Wiel thar tsN@nil L NERL] n,be used
as the EL display portion 2102. 65 Fieg. aiG??lWﬁ%F’%%ttéégxgﬁ%%ﬁwgﬁMffthlé

ri ght - haldesfreblee) doblafiisPmytide w &8hof mBSRS (ARMMe I; which.ingl udes a
mai n body 2201, si ggaa? cabl e; 2202, a [ﬁead nmount %gghgplgbtélggpgnl(&s%&lgﬁn

porti of A@2@émearnsomiallcalpossisitem 2388nc@Nwheh the Bl SBi | or the
| i ke. The present inverlljti on is appl P%IZ ‘I”e to the%ﬁE&Lﬂ%i @%igéééﬁgde[%EOG. 5

Fi g. 16D displesspomiceswhichimaghy di dhatdcedt inRiRAaabHSe bNGld ﬂgp L.ecordi ng
medium (nore specifically, a El)s/%iyr@epr oducti on gppar%f’us)d@l ic"ﬁnl[)ﬁg)%des a

mai n bodyoz8die irformatimr dirngnatedidimdra pabR ubir, bR ridbie el dFe QPEI %&ign
switches 2303, a display portion (a) 2304, another display portion (b)

2305, or eghéprheeit isidusirdble pb dyivedie Elodisgiay d3a6dsd thart teadhamicd infdi @ rion
di splaying_image information, while the display portion (b) 2305 is used 10
mai nly f ag f by hightbmimitgeroriiof ovhilet 4 non-eftisidrl petidopl @yredgyidieol the
accordance with the present invention can be used as these display -
portiHhsb@§¥9@@Od-and (b) 2305. The - inmage reproduction apparatus
including a reﬁgéging medi um further includes a gane nmachine or the |ike.
Fig. 16E il | Withmossrefergnegytaebigylgd, dipoptabie elephdnerisiHuschee, syehialy ncludes ch
includes a 15-nmpin body 2401, a displ aé (5)0” ion 2402 and an arm portion
2403 or @A sy 264, mi audip oprn pestior 4607 ancedicliapoepeiition 2608, pdiepkent
invention is aagb&cable,to t he displ ay :
~ portion , operation switches 2605, and an antenna 2606. The EL display device in
- accordance with the present invention can be used as the display portion 2604. The
15 display portion 2604 can reduce power consumption of the portable telephone by
displaying white-colored characters on a black-colered 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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portion 2402. Fig. 16F illustrates a personal conputer which includes a
mai n body 2501, a frane 2502, a display portion 2503, a key board 2504, or
the like. The EL display device in 20 accordance with the present
invention can be used as the display portion 2503. Wen the brighter

| um nance of light emtted fromthe EL material beconmes available in the

future, t ] adevicerin agcordance with . the present invention
will be ag‘%‘)ﬁl%g%“z% g‘}/t%‘z eoht -EH Py dF%‘&FﬁWHEé Brof@ttFatae whvbish thght

i ncl udi ng - e.information s _enlarged b ans of lenses or the .
like to bset?lgértglj%ésc %jémlfﬂg g&ﬁ?‘éﬁbmﬁ% %ﬁlg?%eg%gfc devices are nore

likely to be used for display information distributed through a :
t el econmuni cati on path such as Internet, a CATV (cable television systen),
and in pag&kﬁU&ﬁﬂedﬂlﬁﬁly to display nmoving picture information. 66 The EL
di splay device 1s suitable for displaying noving pictures since the EL

terial L b | tion.of the EL di
ovi ce that 1 4 R0 pditsf FRRERERCSE AN BeGhY, Pl shempre it
di spl [ i Lh; t-ha: | ght {fti ti
therers  DUETERRQRRAEE uch MRS pcbflef it Abby S L o PREBEL G g1 oy

device is ki 1 N i .ol .Spl~ays. character,
ot or mat | SaRP iR &g PO BB 1 o R Yo R Bn SRS B ook
and nore pigr ppBul ar, a portable tel ephone or an audio equipnment, it is

desirable to drive the EL display device so that the character information

is formed by Wht ke £ThbihAg Eﬁﬂfddhﬁ,@neﬁbl'nis%héwﬂ%‘ﬂiﬁﬁ”héﬁi @%g@%ﬂﬁgmal

corresponds to the 10 background. Wt ow refererce to

port abl e foefFigPtvaD @inidshidefdte thedath refhbsde SRSbRAESused. g@v' 21 15 Iﬁg%eip%%g&wm@n

audi o output portion 2602, an audi o input portion 2603, por"t'i on

2604, 10pethatrebriobhipeese12606n rafgkrafrd AiRANa of §0fng TREL FHeALERAYIAGY ce
ay -

in accordance with the present invention can be used as the” displa)
portion 26U4v rbBnlib tHe sRbde! Rididudina? @a4cEat) HEMILE, DBWRKh, £QDSY R Wik of

the portable tel ephone by
a film thickness of the first gate electrode (TaN) set from 15 to 40 nm. Note that the
' s_imulation was performed using the impurity element concentration distribution in the
channel longitudinal direction (the concentration distribution at a depth of 10 nm from

15  the 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‘J,nl from the
first gate electrode edge portion when seen from the top surface.

20 Further, Fig. 20B shows the shape B of Embodiment 14. Fig. 20B differs from Fig.
20A, and there are no locations in which the taper angle changes in a portion of che
sidewall. A taper angle v is formed. |

The simulation is similarly performed 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 um, 0.8 um, and 1.5 um, 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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di spl ayi ng white-colored characters on a bl ack-col ored background. Fig. 17B
illustrates a sound reproduction device, a car audi o equi pnent in concrete
term which includes a nmain body 2701, a display portion 2702, and
operation swi tches 2703 and 2704. The EL display device in accordance with
t he present invention can be 20 used as the display portion 2702. Although
the car auding shgubpomntariin diteibIBEAbLE M puLisy a@&\é‘ﬁc e Eﬁar&[egf&r&‘im ina
enbodi ment, the present invention is also applicable to an audio® ofint he
portabl e tjmeetion showr is&ig. Q¢pe.- The display portion 2702 can reduce power
consunption b\;ﬁmg‘}esptlhayi ng white-colored characters on a bl ack-col ored
backgr ound, rwhierj the figst bhewlatiode 4000 BhAOE ALUE o f AUl @f -
portable type. 25 As set 1t‘gort h above, the prgﬁﬁt%ﬁ&gﬁlﬁ on eglatglet%llﬂg%l&i ed
vari ousl y thickaessiisl80rrangehe refatebelsibrinneerdgie deSri Fedl étréﬂg?lll%?ah-r@ﬁannel

el ectronic device in the present enbodi nent can 67 be obtwailne %y

uti | i ziing lengitidinklsieasionend che hav lagh,hedodefbigHh RIS Bedw2 e WRLE Db N8 0c]
structures in Enbodiments 1 through 12 are freely conbi ned. [Enbodi ment 14]-
A second éndpbe klecsiongatpesitent o dhow TalFigo 28 0Mbs MRIdrRUS sEHRES Fid1 23 of
accordance 5 with etching conditions such as those recorded in Efbodi nent
11. A si nthecleswicfield arucompand denelacteon efsuramee bt FEFaOdnaRN 9. dr
shape A of Fig. 20A and a shape B of Fig. 20B. The shape A shown in

Enbodi nentan beisaids thewefores timtghe kover the glec@0A teapérdant; dalless tige fendend®By and
t herefore the same reference synbols are used. Fig. 21 is a graph show ng
10 the rethg Swghpf)thﬁTﬁTeDehgmdn- tenmperature for cases of setting the Lov
|l ength (the Iength of Lov region in the channel |ongitudinal direction) to
0.4 gilf, 0.8 emeomparigntig £hand Fig. £ theisbigrestFin f20BrshofiriatFigdtehows -

el ectrode (,TaN) ﬁet from15 to 40 rim Note that the sinulation was

per f or med? JOMsg ¢leriTompampeatalce mdnt otben earts,asdeanfrdins the lyitvimmni of (FHET -
channel Ian&i tudi nal direction (the_concentration distribution at a depth
of 10 nm fsgatlaBonHising shesbapoet Fige2QB is profetlde becauay gre) clstiovm témpdtaigure 24,

However, the, sinul a&i on was
can be lowered.

Further, when the Lov length is 1.5 um, the electron temperatﬁre is Iow,. 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 longirudinal direction (hereafter
referred to simply as gate electrode width) differ as srated above with thé 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 injgétidn using the gate electrodes as n.msks.
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 region and Lov region positions becomes easier compared

to the conventional examples. It therefore becomes easy to have precise pesitional
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performed with the taper angle changed in a portion of the first gate

el ectrode sidewall, and the |locations of the changes are positions of 10
nm of filmthickness fromthe gate insulating filmas seen in cross
section, and at positions separated by 0.13 gmfromthe first gate

el ectrode edge portion when seen fromthe top surface. 20 Further, Fig. 20B
shows t he atipanenBod thETHe eH iRt i iffers fromFig. 20A and
there are ng | ocati ons in%\%l chantil:lﬂtge'Itia?;(gferre @‘éﬁa?aéu dc‘ﬁéﬁcé’é’%esieﬁsﬁgop@?w@ﬁt%? t he

si dewal | . TATER&Ain@d&diRdchasackQised. The simulation is simlarly perforned
inafirst gate electrode 1700 shown in Fig. 20B, and the relationship

bet ween t he elFeetHedRote MReslat i ' ich.the Lov 25 length os
0.4 gm 0.8 m and 1.5 jim w 'E: ?oivﬁésﬁ?%ﬁtp PB’CI nég’guco s ?%Vef‘flpg?ﬁyg@?‘@ed

el ect r odefifiohabthe Sete filkD I in Fig. 22: Note that the
similation is p%rfoer m&*dé\§ %% g}}%ﬁ%@%ﬁ?éﬁ%&%ﬁ%%ﬁi gﬁ‘%ﬁﬁoﬁlﬁﬁﬁgﬁ“ﬁ’l‘mﬂ -y

i mpuri tyy edevtRintémayeh ensel j i i ' i 9n: shewn in Fig. 24.
Further, the fi rstt g}xgte ethgﬁggie%?%é%ygﬁmmfﬂéy&?g&%gfb ﬁlgﬁeﬁnevﬁlu%ﬁn‘f he
TaN fil blveesng i - j t lectric field
aN fi'l m pblvetssiasssipplythed ¥in t‘hh@o&&l:%l Mgk??gcélttpﬁgﬂiﬁgﬂf,h% € S%ﬁcar:ﬁxlérfeﬁ?t'ugn d

strength in the channel 5 |ongitudin I'on”an
t he rel at canshémpfdrebeeeiteidad. Lov | ength and the el ectron tenperature are
shown in Fig. 23. The tendencies shown in Fig. 23 of the electric field
structure and the electron tenperature are approximtely the sane. It can
be said, therefore, that the |lower the electron tenperature, the less the
tendency for the degree of the TFT to degrade. 10 Wien conparing Fig. 22
and Fig. 23, the shape of Fig. 20B shown in Fig. 22 shows a |lower electron
ttenperature. In other words, seen fromthe viewpoint of TFT - degradati on,
using the shape of Fig. 20B is preferable because the el ectron tenperature
can be | owered. Further, when the Lov length is 1.5 ,um the electron
tenperature is low, and 15 therefore it can be inferred that a |ong Lov

length is preferable.
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It is possible to freely conbi ne Enbodi nrent 14 with any of Enbodinents | to
U The length of the gate electrodes in the channel |ongitudinal direction
(hereafter referred to sinply as gate electrode width) differ as stated
above with the present invention, and therefore it is possible to nmake the
ion concentration within the 20 sem conductor |ayers arranged under the
first gate electrode less than the ion concentration within the

seni cond Y¥R& s ¢laymeddsinot arranged under the first gate el ectrode by
utilizing the difference in ion penetration depth, due to the differing

gat e el eqt Aagmiconlliasndssesconytigingper f orming ion injection using the gate
el ectrodes as nmasks. Further, the Loff regions are fornmed using a mask, and
therefore only the w.dth gf 2 h Il e electrode and the width of

t he second gat)ées’elgfceoc?fl'l’}%%lreﬁ)1 %‘fégéngsg{naturngltswg%&by etching. Control of the
Loff region and Lov region positions beconmes easier conpared to the
conventi onal @gatehadating filoheves ther ssnpeandneter Blmyendo have preci se positional
69 alignnment of the Lov regions and the Loff regions, and it becones easy
to magufact ur g gafFlscdday chgpAsasr ed characteristics. Furthernore, the

el ectric power source supply line, which is conventionally formed fromthe
sane filmas the gate signal . line or the source signal line, is forned
between the 5 sec@rﬁs'cﬁg@t‘qt’é(ﬁéﬁyefHgﬁltﬂ?gﬂﬁnﬁp\%ﬂ?% t#€ third interlayer
insulating film The electric power source supply line can thus overl ap

wi th the gate signalsetondeondundive heyeppedrithe Srst adndactivealaydrher ef ore be
increased. 70 What is clainmed is: 1. A sem conductor device conprising: a
sem conduct or _f;i ver i i face; a gate insulating filmover
t he sem condué’%ﬂg%tﬁﬁ}e%emanad{}%g%ﬁ%%pgle £éctrode conprising: a first

conductive |ayer over the gate insulating film and
a channel forming region,

10 LDD regions in contact with the channel forming region,
a source region and a drain region in contact with the LDD regions,
wherein an end portion of the first conductive layer extends beyond an end
portion of the second conductive layer,
wherein the LDD regions overlap the first conductive layer with the gate
15  insulating film interposed therebetween,
wherein the second conductive layer has a tapered shape in an end portion of
the second conductive layer in cross section,
wherein the first conductive layer comprises at least a first element selected
from the group consisting of Ta, W, Ti, Mo, Al, and Cu and the second conductive
20 layer comprises at least a second element selected from the group consisting of Ta, W,
Ti, Mo, Al, and Cu, and

wherein the first element is different from the second element.
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a second conductive | ayer over the first conductive |ayer; wherein the

sem conductor filmincludes, a channel formng region, 10 LDD regions in
contact with the channel form ng region, a source region and a drain region
in contact with the LDD regions, wherein an end portion of the first
conductive | ayer extends beyond an end portion of the second conductive

| ayer, wherein the LDD regions overlap the first conductive |ayer with the
gate 15 insulating filminterposed therebetwen, wherein the second
conductive |layer has a tapered shape in an end portion of the second
conduct i e Al @yféoridactor A&dcs abiding torlaite i nwhéreinfthe sharmehfiunirngregloay er
conprises at least a first elenent selected fromthe group consisting of

onst o Syetity fieen@Rfle Hrllul"FoBf RS GPOMKE i) A SR, ' o5

Mo, Al, and Cu, and wherein the first elenent is different fromthe second

el enent . thepgbepyveen. seni conduct or devi ce according to claim1, wherein the

channel form ng region overlaps the second conductive |layer with the gate

insulating filminterposed therebetween. 5 3. A sem conductor device

according to claim11 further conprising an EL el enent, wherein the EL

el ement conpri ses: node; a cat hije; d, 10 an EL |ay f or med bet ween
Ay Hig

an
the anodé- Arigmigpaducterdgyice asprdifgdp & FLAoMRrSHERY Bl clemet 1 i cal I y
connected to one of the anode and the
wherein the EL element comprises:
an anode;
a cathode; and
10 an EL layer formed between the anode and the cathode, and

wherein the drain region is electrically connected to one of the anode and the

cathode.

4. A semiconductor device according to claim 1, wherein the first conductive layer

15 has a tapered shape in an end portion thereof in cross section.

5. A semiconductor device according to claim 1,
wherein the LDD regions includes a portion having a concentration gradient of
impurity in a range of 1x10'" to 1x10"® atoms /cm’, and
20 wherein the concentration of the impurity increases as a distance from the

channel forming region increases.
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cat hode. 4. A sem conductor device according to claim1l, wherein the first
conductive layer 15 has a tapered shape in an end portion thereof in cross
section. 5. A sem conductor device according to claim1l1l, wherein the LDD
regions includes a portion having a concentration gradient of inpurity in
a range of IxIOLl7 to | xl 018 atons /cnB, and 20 wherein the concentration of

the inmpurity increases, as a di stance fr t he channel f.orning .region
ot eanes: ARSI TR ARROROPE HoGiete | P S AT AT Y hor
conprising an insulating |ayer over the second conductive |ayer, wherein
t he firsbveahdsabhd eodduytve aper, t he second conductive |ayer are in contact
with the insulating layer. 5 7. A sem conductor device according to claim

1, wher ei h ' ' '
erein t %hﬁ?ﬁ%%‘gigﬁg%ﬁlggawecﬁyéé and U §§éoﬁﬁtc%ﬁg&%ﬁg@i 1%2% SLOoYP

consisting of a evi ce, “a vi deo canera, canera, a
head nount display, a sound reproduction device, an inmage reproduction
devi ce, sopectsvitiathedwiiptiinglaygnd a portabl e tel ephone. 10 8. A seni conduct or
devi ce conprising: a sem conductor filmover an insulating surface; a gate
insulating filmover the sem conductor film and a gate el ectrode
conprising: 15 a first conductive |ayer over the gate insulating film and
a second cggductive | ayer, over the first copductjve Iag%{; %perein t he
nductor de

seni conddcoiHPIMIPFRT fepessacogrding o dfin by yheign, tag st Vice 18

one selected from the group consisting of an EL display device, a video camera, a digital
camera, a head mount display, a sound reproduction device, an image reproduction
device, a personal computer and a portable telephone.
10
8. A semiconductor device comprising:
a semiconductor film over an insulating surface;
a gate insulating film over the semiconductor film; and
a gate electrode comprising:
15 a first conductive layer over the gate insulating film; and
a second conductive layer over the first conductive layer;
wherein the semiconductor film includes,
a channel forming region,
LDD regions in contact with the channel forming region,
20 a source region and a drain region in contact with the LDD regions,
wherein an end portion of the first conductive layer extends beyond an end

portion of the second conductive layer,
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LDD regions in contact wth the channel form ng region, 20 a source region
and a drain region in contact with the LDD regions, wherein an end portion
of the first conductive |ayer extends beyond an end portion of the second
conductive layer, 73 wherein the second conductive | ayer has a tapered
shape in an end portion of the second conductive |ayer in cross section,
wherein the LDD regions overlap the first conductive |layer with t gate

i nsul ating fi Iwhereie grepwssenrs eonduathv laperhas gigpese §ith AR R4 PPROR onduct i ve

| ayer conprises tantalum and the second conductive |ayer conprises

t ungst en 4 SsechrFEHIGARIUEFRin BRYS sRtiagcording to claim8, wherein the
channel formng region overlaps the second conductive |ayer with the gate

i | at i filmi 10 thereb 10, ] i
acoor ai ng o CTR GhE LD HEFORL AP N O et rav BEr S R et £

el ement conprises: an anode; 15 a cathode; and an EL | ayer being forned
bet ween tismlaingddmanidrgdsed thatdbohesenaand wherein the drain region is
el ectrically connected to one of the anode and the cathode. 20 11. A

sem cgnduct or gyl eqaCaak dl Hdulifye gé}jefn SmpMied Ghitaluh Add She Gobshdctive

| ayer © has a tapered shape 1n an end portion thereof in cross section. 74
12. A sem conductor device according to claim8, further conprising an

i nsul at i regnduciiye faysyeympiRes 8@ conductive | ayer, wherein the first
conductive |layer and the second conductive |ayer are in

9. A semiconductor device according to claim 8, wherein the channel forming region
overlaps the second conductive layer with the gate insulating film interposed

10  therebetween.

10. A semiconductor device according to claim 8, further comprising an EL element,
wherein the EL element comprises:
an anode;
15 a cathode; and
an EL layer being formed between the anode and the cathode, and

wherein the drain region is electrically connected to one of the anode and the

cathode.

20 11. A semiconductor device according to claim 8, wherein the first conductive layer

has a tapered shape in an end portion thereof in cross section.
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contact with the insulating layer. 5 13. A sem conductor device accordi ng
to claim8, wherein the sem conductor device is one selected fromthe
group consisting of an EL display device, a video canera, a digital
canera, a head nmount display, a sound reproduction device, an inmage
reproduction device, a personal conputer and a portable tel ephone. 10 14.

A sem conductor device according,to claim§, erein the first_conductive
| ayer is 12t AntaiGERINFIOT ?{E‘é?e jepording é%cg’éﬁ‘id%rc@\ége’d‘éww%%rmﬁlﬁ’&g 15 a
sem conductor filmover an insulating surface; a gate insulating filmover

t he sem tpRrducdralic fdcbmd carddctiv lgpdre el ectrode conprising: a first
conductive | ayer over the gate insulating film and a second conductive

| ayer over the,first,c ucti.ve. | ayer.; iy N i_canductor film

i ncludes, a c%hr?ﬁ%? t*‘%&frﬂr:‘? n%OnéiBg‘%Vgn,@EfDB“fg%%ﬁé’%? n°°§§‘§§‘%t§¥§m a&n&t %%t]%e channel
formng region, 75 a source region and a drain region in contact with the
LDD r egi sastachwwich dennsytatiogdaysorti on of the first conductive |ayer extends
beyond an end portion of the second conductive |ayer, wherein the LDD

regi ogs overlap the first conductive layer with the gate 5 insulating film
i nt erposed t herebetween, wherein the second conductive | ayer has a tapered

shape in_an end portion, of the_ second,conductive |ayer |n cross section,
and wher é?nAtwmégqtor&ﬁf&a@FW@nsé%ﬁ%gnﬁ’ﬁﬁrg& SEBIEPRAHCOE SEVERE second

one selected from the group consisting of an EL display device, a video camera, a digital
camera, a head mount display, a sound reproduction device, an image reproduction
device, a personal computer and a portable telephone.

10
14. A semiconductor device according to claim 8, wherein the first conductive layer is

tantalum nitride.

15. A semiconductor device comprising:
15 a semiconductor film over an insulating surface;
a gate insulating film over the semiconductor film; and
a gate electrode comprising:
a first conductive layer over the gate insulating film; and
a second conductive layer over the first conductive layer;
20 wherein the semiconductor film includes,
a channel forming region,

LDD regions in contact with the channel forming region,
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conductive | ayer conprises alumnum 10 16. A sem conductor device
according to claim15, wherein the channel formng region overlaps the
second conductive layer with the gate insulating filminterposed

t herebetween. 15 17. A sem conductor device according to claim215, further
conprising an EL element, wherein the EL el enent conprises: an anode; a

cat hode; and an EL Ia%?r a?@i n(g_ formed. bet ween . htE ﬁﬁ de and the cat hode,
and 20 wher ei n2SRECHIHN FEH ﬁmirEgIBPétbf(f‘qt%Cél“i’@‘ % EW™ 0 one of the
anode and the cathode. 76 18. A sem conductor device according to claim

15, wherein t lnéhefdin sh endnabutidr v thHeafimt colnhmstiee 1aype eedndshbgyend mnasmdend
portion thereof in cross section. 19. A sem conductor device according to

claim15 I‘t{&tcﬂ‘?ﬁe s\i\éﬁ%éoﬁd[l%i@eﬁai&su' ating 5 layer over the second
n i

conduct i {?(e) ayer, erei e st conductive |layer and the second

conductive |layer are in_contact with the insulating |ayer. 20. A
sem conduct or vdwiie dheydEYP deggnt evenlap thel Brst \gradustiye tliper swith dom gatet or

device is 10 one selected fromthe group consisting of an EL display

devi ce, @nsvlB0 ATRkfpos@l Beftbb@eencamera, a head mount display, a sound
reproduction device, an inmage reproduction device, a personal conputer and

a portable tel ephone. 77 . . .
P W ere?n ?he second conductive layer has a tapered shape in an end portion of

the second conductive layer in cross section, and
wherein the first conductive layer comprises titanium, and the second
conductive layer comprises aluminum.
10
16. A semiconductor device according to claim 15, wherein the channel forming
region overlaps the second conductive layer with the gate insulating film interposed

therebetween.

15 17. A semiconductor device according to claim 15, further comprising an EL element,
wherein the EL element comprises:
an anode;
a cathode; and
an EL layer being formed between the anode and the cathode, and
20 wherein the drain region is electrically connected to one of the anode and the

cathode.
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18. A semiconductor device according to claim 15, wherein the first conductive layer

has a tapered shape in an end portion thereof in cross section.

19. A semiconductor device according to claim 15, further comprising an insulating

layer over the second conductive layer,

wherein the first conductive layer and the second conductive layer are in

contact with the insulating layer.

20. A semiconductor device according to claim 15, wherein the semiconductor device is
one selected from the group consisting of an EL display device, a video camera, a digital
camera, a head mount display, a sound reproduction device, an image reproduction

device, a personal computer and a portable telephone.
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