SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREOF BACKGROUND COF THE

| NVENTION 1. Field of the Invention 5 The present invention relates to a
sem conduct or di splay device using a sem conductor elenent (an el enent
using a sem conductor 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 SEMICONDUGCTOR DEVECEAND MYaMeTA CatdRINSeMETAOhundr eds  of
nmthick) formed on a substrate having an insulating surface in order to
form athin filmtransistor (TFT) THEREQEen 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 displ ay ®ACEEROENDIQBEIE e also referred to as
organi c 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 laFpdd of die [r:2@ndbect r odes (an anode and a cat hode), and the EL | ayer
usual ly has a lam nation structure. A lamnation structure of a hole

t ranspor t i nJ heayeesena invghtiornidlatengtd ay semicandueinr edisplay ofeviaer AH880Rt i ng

| ayer devel oped by Tang, et al., of Eastman Kodak Coppany can b gi%en as
a typi catmicomiduatdrodlement éamelsmenti esing pemigondugior dhin éﬁﬁ)-y Fyriggr, the
light-emtting, efficiency, and nost_ of the EL display, devige chrrent |y
bei ng r gsesmnt rswntiod refatasie plegtroniceqyinmentsigg s ?%‘W@“C@réjgﬁpi%' cvice

|l um nescence generated by the addition of an electric field is obtainéd in
t he EL in} 2y POKHG®R has an anode | ayer, an EL |ayer, and a cat hode

| ayer. There is ’

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

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



em ssion of light in the organic conmpound 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 spl ay device of the present invention may use both types of |ight

em ssion. Further, a structure in which a hole injecting layer, a hole
transporting lgyer, alight- emtting |ayer, and an el ectron transporting

| ayer ar Smpg‘i’ﬂ BHIGHCor der on an anode; and 10 a structure in which a
hol e injectigg Iaxerh a hole trans ortingdlayer, a light-emtting |ayer, an

electron tra Pgnasegnee gengratetbyahe addioioniofijueeltt g fikRbesbalRdiaiH.nat ed
i n order an anodg may al so be used. Doping of a material such as a
t

n -
fl uor e‘scgﬁ?n elsmgnb nvhicht ast are anpdey layegnart ELngydrayend aveachads iybe meffofmed:
Al layers for rregi etween an anode and a cathode are referred to
gener i cafyssion ¢flishy in the oragmic caimpound mitien mpenin wathensaRombayg St at ed
hol e i_nj ect.ing | ayer, hole transporting |layer, light-enmtting |ayer,
el ect Pon¥SiEOFos R dlnenpagencah dangd adtenoretimijing trd ng bhay &bt fom thgfgfor e
all contained within the EL |ayer. Note that the em ssion of |ight by the
EL el eneffcitationsfate (ehosphomscende) ang die Ehdisplay deviesofithd pre$dicSnvention
speci fication. N%t)e al sp that, throughout this specification,
Iight-enfnPVi"ﬁﬁbO LYere epdgsiasd by an anode, an EL |ayer, and a cathode
are referred_to, as EL elenents. An active matrix EL di splay device has a
pi xel porti uﬂﬁk‘ffrhagfﬁ!ﬂtﬂi‘fedpi“t}yd@% bgleinjestinglaytr, a bélewhinsporhiag layef B lighpd an
EL element. An.inmage,is fii spl ayed in the pixel portion by controlling the
el ect ri CCRIFFPE AR Bl §lecHonsEansposingrasier axgilamirpre inpBddronparniodeaad, a
hi gh bility can he obha]igne,d froma TET usi ng a sem conductor film having
a cr%g?aﬁtpﬁ ugs P yehtich ahgle injcting feyer. p hplertranspyming laven @ LighFymitaing layer, i s
t heref or ible to .integrate functionality circuits on the sane
substr atag1 %@g&&é gﬁaini%orgng fl@%r s ‘!Flﬁ?tﬁ"b HiesHgdavrrepn hpninmediie ordtnonor
films hayj Line; structure include single crystal ] :
sem coniaﬁic%*?;?%, ‘ﬁ‘{‘)‘ﬁ%@l"?é‘feﬁ'l@ﬂ@%&% Hate S&Fg ,asg#&o'fﬁs‘éqiﬁ@ﬁgr@ttrwmtm@e
sem Conqlé‘fxtt%rnﬁtﬁﬂg layer may also be performed.

All layers formed between an anode and a cathode are referred to generically as an

15 ELlayer within this specification. The above stated hole injecting layer, hole transporting

lgyer, light-emitting layer, electron transporting layer, and electron injecting layer are
therefore all contained within the EL layer. )

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.

Anactive 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 TET.

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



this specification, and in addition, include the sem conductors disclosed
in Japanese 5 Patent Application Laid-open No. Hei 7-130652, Japanese

Pat ent Application Laid-open No. Hei 8-78329, Japanese Patent Application
Lai d-open No. Hei 10-135468, and Japanese Patent Application Laid-open No.
Hei 10-135469. Between one mllion and two mllion crystalline TFTs are

necessardefinfifdiade (Hésp}lﬁj matrix circuit (hereafter referred to as pixel
portion) in order to structure the active 10 matrix EL di splay device, and

nore than t RS R 0O RIRLY line TFIsi.are required . for the attached
functional i t;m%li r cui tt%pffgg{rsregltai@lnngjt %e %@i}%ﬂ%rwu‘%@ éﬁgk}&? i #3¢ oﬁ%’sﬁagqui r ed

for th ;& | : i d i d t g,. f o table i

L R o DG T
: - : . diyi S

on stat ehgnﬁkaﬁg??\%s%ﬁ%f& %ng?)fn ' g‘?%k%ﬁ t&aﬁlg?ré%i‘cé?'isc‘gsé%ﬁ BJagieser r ent ,

nobi 1§t )Bat@lt}’ﬁbﬁlﬁiati%ﬂ‘ifa%djéﬁ%ﬁ%eﬁ?%@%@%@?l?:ixﬁ?n%gﬁ%&ifthltzgd'open

characteristics, and o rrent s

beconmes hr oh wi i h oy aralept nc i AoBlg T A org NbI BT eSS,
still nqapat&@élPiafbd%ﬁifcﬁﬁéhitaﬁf»é?e%N%Uﬂeﬂ?—?ﬁ@nm actured on a single

crystal line sem conductor substra usi ng roma reliability

standpoi nt . Beeweexai@hellion aﬁ@&%%ﬂﬁ&ﬂcx{?&ﬁﬂﬂmmnﬁr?ﬁ% ?J;S?lggg,i#egtny and

the on current (the electric current flow ng whe

state) dnagpix eirchit (gerohfier QMEHR&N o bf PBeP o) G L n the
TFT is in an off state) ?rl se, vvheon aBZ§ E?fﬁ({ gll ?%&'}%éft%ds&l\é\fgntgﬁe%(;ﬁggl y

- dri vEh heaeixidedisplbp deved antitmb chhQ Ul hubdhat of dsclfhe TEAL bt EfqELEQ) -1 S
the cause, and that the degradation phenonenon is caused by hot carriers

devel opithg adeeh¢dfumchibghlitglceeiutes Gorbded ifl chapéfshedy.CTRE byeccaiots Aidhired -A

lightly doped drain (LDD) structure is known as a nethod of |owering the

of f  cuffererhe Fh dispUgSdevianatessmict, mnd il drelei agpediernbs@bleainegerdiglfy, @ @ in

the vicinity of the drain. A low concentration inpurity region is forned

on the BGEeisaw tofassure am rediabilegiobradki ¢igstalline TFT. '
TFT characteristics can be considered as divided between those of an on state and

15 those of an off state. Characteristics such as on current, mobility, S-value, and threshold
value are known as on state characteristics, and off current is the most important off state
characteristic.

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

20 Furthermore, crystalline TFTs are still not used in MOS transistors (transistors
manufactured on a single crystalline semiconductor substrate) using LSIs from a 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 thart 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.



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 drain is relieved, the hot carrier effect can be prevented, and the

reliability can be increased when there is a structure in which the LDD

region overlaps with a gate el ectrode through a gate insulating film

(gate-drain ovF_rIapped LDD, GOLD structure). Note that a region in 10 which
L

the LDD regi énlighist flopss! diairh (LBB) gatuenat écknode at Arautbd igaat® s at i ng
film is referred to as an Lov region (first LDD region) ("ov" i"ndicates
"over | apFurisng in aMOS gpesisior batdlievinghbé Righleb crhididld s Mi&ﬁﬁﬁ_oﬁc‘ﬂ@ rfin. an
LATID (large tilt angle inplanted drain) structure and an I'TLDD (I nverse T
LDD) st r del eongeatiponringsriGOtian isfotmusdon thelGubiie i aichadnGQh&h S t/yct ur e
in which sidewalls are forned by silicon, for exanple, reported in t ano,
M, Aki r H strurturanandakailow TcoricERivBEoT dnipoiicatedb g eSteffire 52326 anl@9f and
it has been confirned that an extremely superior reliability can be

obt ai Fed™@&Pbared Wwith other TFT structures. Note that, in this
specificatioEIi a region in which the LDD region does not overlap 20 with
the gate el eth Pidisulanribedtich nlectrin feld s vhavicingryfoflthe dein of etibed], tia: Rse an
Loff region, (§fecond LDD region) ("off" indicates "offset”) in this

speci fi cEATER eitegh eamhpe pse vraed oandrhe telizbility ngn beTitraasas ebsh nbefeot b an
Loff region and _an Lov . region have been proposed. A nethod of using a
mask, an¥TACHER Hbd"}t}gli‘ he AL ight eegien ewerlapte withva rmte whectraye rhroughha wateual | y
differi ngﬁm dt h?ﬂan{j a a?t,e i nsul at | nlg filmby 25 self-alignnment, can be

gi ven asTENOE s (2pts-diavgy ovedaprsd kBB, SHOBRGtruseutehf Nate ghara regldavever
two nrsks,ane,r ired in order t ormthe Lov region and the Loft region
when s Hgah hediDDapgion R Hammsich she g eksarode shrough thegate asadhtingrfiltnhie
other - 4. hand, when form ng the dﬁg‘% ion and the Loff region by self

al i gnment,t sitsdh B AnGkov Fegivg oiﬁ region) nc pEadrdicatennoavartap) snpbssi bl e
to suppress.4 he nunber of process steps. However, the width of the gate

el ect r od®® ﬁ‘&a‘?ﬂ% t hi ckness of t-he gate insulating film

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 Thereisa 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 s;ieciﬁcation, a region in which the LDD region does not overlagi
20 with the gate electrode through the gate insulating ﬁlrﬁ 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



i nfluence the position in which the Lov region and the Loff region are

formed. The 5 etching rates of the gate el ectrode and the gate insulating

filmdiffer, and it is difficult to precisely control the positional

alignnment of the Lov region and the Loff region. SUVWMARY OF THE | NVENTI ON

In view of the above, an object of the present invention is to suppress the

nunber gf%irgégs f\/\/ne,n form ng an Loy region and an Loff region, and

f ur t her D3Ryl eReny flprmpe ehg hov Tegionand dag beff egiprdiy selfplignegio thanumdbsiafed

| ocations. [Further, an Objg%ﬁ of the present invention is realize a

cryst al | Pagkstreedi notfici inpregench apd it is ppesibile £9 suppeess thenoibeai ofegtotess stept.h an

on state and an tﬁff , %atfe Anot hlgr obj ect of the present invention is to

real i ze HOWSVEh the idebi of thy & el vt th dyitkaysdefvibegatraivisnlgting film

sem conducgtor circuit forned b this type of crystalline TFT. 15 An

i mpur i t yINFREReR ke P@l%o%é%“aﬁﬁ%tﬁh@épvlfﬁgl@ﬂaﬁ@%ihﬁfﬂfgm tredbimed. nd heanner

i ctrode is ytilized, and py using a mask, form ng an Lov
L

in ich a gate el g i )
r egi \(I)\Ig 'a‘?\tﬁﬁ tpgsof thegats glectede gad shegate fsyinsingdilmelifierdand s diffiants toayer

conducting film and a |ayer ¢lgser to em conductor |ayer (a first gate
el ect r od¥ CP%W&QBQ’CPE}}WSI@QPGE 3@&‘&‘?}%‘1 of ‘Sﬁ;"t’ degipapnd (E\[“F beffregiot-a channel

| ength direction) than a |layer farther- fromthe sem conductor |ayer 20 (a
second el ectrode). Note that, in this specification, the term channel

| ongi tudi nal direction ref i recti n a source region and a
drain region in which a ca &5 f the channel

| ongitudinal direction (carrier novenent direction) of the first gate

el ectrode and the second gate el ectrode (hereafter referred to sinply as

e ors Sot AgEHER AL Bl Ml Bl b5 RESRERD f PSR Moo
gat e el ¢5t9de A5 TRplEy AoVl ThAE o NERLLLRT SR Q0 RepEt gt on

O a Y aYa

Ky OF THE INVENTION

dept h due rence n nesses of € gat'e it
is thgref Ll i : ' hidh :
o Sonauey SAnE abitef, EGH B ob Beyipth FERAGH | Blucfet, B clicts SBES Bent pan

]5 he ion ;60PGEOH iPldaBik McEREMbOTFT &%ﬁﬁ%&pt&%&é&%& e5Abe obEh QM he
irst gate electrode, w thout positioning Dbelow the
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 channe! longitudinal
direction (a channel length direction) than a layer farther from the semiconductor layer

20 (asecond 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 wich



second gate electrode. In addition, it is possible to nake the ion
concentration within the sem conductor |ayer |ocated below the first gate
el ectrode | ower than the ion concentration of the sem conductor |ayer not
| ocated below the first gate el ectrode, wthout positioning below the
second gate electrode. 10 Further, the Loff region is formed using nasks,

and t her eflarfrsofkyeltbeodu ﬂ{d}hgg%&)tﬁﬂ anéﬁl%tg%i%%@m%L%f%w S@lz?r?ngt gg&m&zho? f

the second gate el ectrode nmust be céntro

the | ocatindiongfentfi@ribRUEpEHOR H{&q‘liff nlc%at | %R%gﬁgsggfﬁﬁ}:’géég,ﬂjl%m&e comes

easy conpared to that of conventional €xa

posi ti onak inthgefeabogibié B8 e HRAATARHir-ohhl G0 O becpres easy,

and it also 15 becones easy to manufacture a CHES? tor layer

char act erlositedbenShdhUk Ye i.pvention are shown bel ow, A
structure of thenpr esent ﬁ%}/d; atti& g%cﬁéﬂg?c%%t@% PBeoRrepFaPywithinethe

havi ng5 aentieshdiRBcHUEHR! ’ i nsyl at.ing surface; a gate
insulating film cont a%:t i%df%/ﬁgd&getﬁlg@gg%fg? %?Faf)g?/é\ufh(g‘tPP?‘E‘P“’@&P@I%VI @et r ode

cont act i ngcombgfatRcOgy! Bl do8idd b second gate el ectrpde
contacting the first gate ez}dg%ttk?%ég;k p%g’rl%&ng%eztgﬁ“i%“?‘ﬁﬁ‘?‘:mtt‘%w“““ the

sem conduetmkor i edr aoeh@nn r7 Lon, reqgi ons contacting
t he channel form ng lrnag)?giror(l), andsgogﬁﬁ%gﬁﬁggggen%éeﬁéggedﬁ)g‘feﬁ FS*@@ &he ton
cont act i moncéerrddidh of @Bé @BRiconduk: it fir te electrode in a
channel |ongitudinal direct on iusﬂ)\(?'vilg{{eéril @tﬁgﬁét?‘%geba“g%lﬁggf“?ﬁée Elﬁﬁ‘aﬁ’fgﬁ-

gate
el ect r odevithoutipesitioanebelb#nbe setdindadardileegbdon; and the LDD regions
- overlap the first gate el ectrode, sandw ching the gate 6 insulating film

Anot hi} st r uFumher,ahe Loé i ' lg@ta] ' L 3P
st r udluntier,ahe Lol BgioAelorkbY eRkigdfad s RUSRBIAGINRL AL uspla.

device having: a semiconductor layer formed on an insulating's
gat e i nsirsitgang clictumde amtlagiel wigith lofiehe eetioRANKC LREch@Y Glust Be b BLIgRbE.
gate

el ectrode contacting the gate insulating film and a 5 secon
el ect r odetahing. aatlicog tiohef fHerlstargat &f bk €016 and the location of the Lov region
becomes easy compared to that of conventional examples. Consequently, minute
positional alignment of the Lov region and the Loff region becomes easy, and it also
15 becomes easy to manufacture a TET having desired characte;'istics.

Structures of the present invention are shown below.

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

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

than the width of the second gate electrode in the channel longitudinal direction; and

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



characterized in that: the sem conductor |ayer has a channel formng
region, LDD regions contacting the channel form ng region, and a source
region and a drain region contacting the LDD regions; 10 the width of the
first gate electrode in a channel longitudinal direction is wider than the
wi dt h -of j kiR 88GRRd gate el ectrode in the channel |ongitudinal direction;
the LDD regionS overlap with the first gate el ectrode, sandw ching the gate

i nsul ating f} ] region overlaps with the second
gate el ectr oﬁ%ﬁ%&ﬂﬁw&gﬁ?ﬁgg?ﬁgﬁ%@ﬁ gmi%:gsﬁfr%‘f? qur%?‘ﬁpmﬂh{&t’ﬁ'é 2€pguct ur e
of the p } i i ] r-di spl ay.deyi ce having:  a

e Conchiar AR el R SRREHEL AP el SRt Re A ristiaig 111 m
cont acti SRIF c l,ayer. [ at ey el ect.rode. contacting the
gate i nsﬁt}fﬁasteih{r}gofi I m&qggéf’s%?gsr%&a gea{leeug?c{eec‘{o?%%cgmgfglﬁ? a%&eilﬁsd‘qﬁtﬁbq ﬂf‘% andgat e
el ECt5Odé%'coﬁﬂ%aﬁz'%lgétr&ieeé&{laém%oth%Qﬂi%&?é%é&gdé-” that: the sem conductor

| ayer has a channel form ng redion, ons’'contacting the charnel
form ng regi&’(ﬁra&@ﬁzeﬂiﬁ%ﬁﬁe region and a drain region contacting the LDD
regions; the wdth of the first gate electrode in a channel | ongitudi nal

direction i s W dgeserdRohdddtol 1@&%&'&Egﬁtmﬁ{fbﬁm%&&l%@gngﬁ%ﬁvﬁg%ﬁg% {103%%4(& t ggt .

channel | ongitudinal direction, regi ons® overtla

el ect r odge GaRdM BRRG febBnIBhEa shBSHLALbNEnd b Ufin fed 184 il ashng
regi on overlaps wt h&%nebsggondaéate e%%‘??%%%Pmlgg‘?‘%émﬁgﬁﬁﬁgwﬁ%%heg

i nsul at imgids) M the EL el ement has an anode, a cathode, and an EL |ayer

formed between the anode and the cathode; and 5 the drain region is
el ectoical |y conheatigdh dfehd it gitedRcROAE Hea ABIRCABNgirudinal direction is wider

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 presentinvention 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 conracting the gate insulating filny; 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 channe! longitudinal direction;
the LDD regions overlap with the first gate electrode, sandwiching the gate

insulating film;



Anot her structure of the present invention is a sem conductor display

devi ce having: a sem conductor |ayer forned on an insulating surface; a
gate insulating filmcontacting the sem conductor |ayer; a first gate

el ectrode contacting the gate insulating film and a second gate el ectrode
contacting the first gate electrode; 10 characterized in that: the w dth of
the first gate electrode in a channel longitudinal direction is wder "

than the wi dth ofthehehsmadnfbroaie 8Lieat HAJR e.ch l; Longit udi nal
direction; the first gate el ectrode has & tg%)g‘?%g %l}%ag(g&?lg 8355 81e5EedS on in

an end puandwiching She pere Seviilaenoftgt.or | ayer has a channel forming region,

LDD regions contacting the channel form ng region, and a source region and

a drain region caht®iidlegenhiasaBinoied Qifodd B8 W@Lrlﬁﬁrﬁgﬁ}eﬁ?ﬁer‘l,%ﬁHWéBht e

the first gate el ectrode, sandw ching the gate Insula

channel fawieragndribgicach@icenhdps with the second gate el ectrode,

sandwi chi ng t he gzﬁte insulating film The LDD regions in the above
structfires may behédraiedegionas eleddically SR MBRBNRE ?P{ﬁ anyJ murity
el enent into the sem conductor |ayer s\',Nith t he secoﬁgg%% e eerllgé%qqﬁode as a

mask. 25 Wt PAhdhepstesante dfﬂ&@pftééeﬁﬂinv‘éhﬁoﬁﬁ@ﬁ@rﬁicﬁﬁ&ﬁ&& Qig%lta{;'&e\;i%” Lty in
n

the LDD regions at |east contains a region having a conc rati or?vb’?"édi ent

in a rangesesficdndi@tot layénfoified oh @il insilihg Srfabe 3¢ ﬁﬁﬁﬁx’&iﬁg‘ﬁfmicﬂnt nat,,the
inpurity elenent concentration increases as 8 the distancg from Hehs

channel  ftbesemirondgian layees 2fisegare Alicode cOhfadEhybIg: Sfre Id2GI Qﬁl@%@t da.
invention is a sem conductor display.device having a sw tchifig FI"38d a

driver ciseeend gZEElectrodeltvatuctibgtrhe fisstichehilo@roBeT and the driver circuit

TFT each has a sem conductor | ayer
: 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 ‘and a drain region contacting the LDD
regions;

the LDD regions overlap with the first gate electrode, sandwiching the gate
_insulating film; and |
20 the channel forming region overlaps with the second gate electrode,
sandwiching the gate insulating film.

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

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

3 . . . . . .
fem’, and may be characterized in thart the impurity element concentration increases as



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 electrode contacting the first gate el ectrode; the
width of the first gate electrode in a channel |ongitudinal direction is

wi der 10 than the width of the second gate el ectrode in the channel

| ongi ¢ udiiRalisheeabine hARnABHEARIALATGAKEL Of the switching TFT has a
channel form ng region - overlappi ig Wth the Second gate el ectrode,

sandwi chi ng ARedgatQuétisith@hi B&iséﬂtlimerﬂctioh? ase h—g«%m{ﬁgi&ggspgﬂﬁéﬁgé w\ga}é he

channel form ng region and overlapping w ITst

sandw chi §girtHige T Eahd s U@t Agcfid TP, second LDD regions contacting the
first 15 LDD regions; and a source region and a drain region contacting the

second LDD riggileeg; and the sem conductor |ayer of the driver circuit TFT
has a channel formng region overlapping with the second gate el ectrode,

sandwschi ng the @Gat@icthsg e T B fHel dAvet BirE e TFW}@EH QEPE{'ﬁetnﬁg%nﬁlgcﬁ(g@%e& he

channel form ng region and overlapping with the tirst gate rode,

sandw chofged b afldistldcipuliathéd) 8 gide ifBul AR BmTOHECEnG B Qi e B8 D
region conteact iang theﬂlt%lﬁi rd LDD régi ong% Anot her gi’?tgécb?glrle of t rqei‘{"m@jl:'esent

i nventi anfitst gaus el 6oaE u6h Ltk $hé Exteotﬁyﬁlﬁﬁn@ﬁ%ngnd 3 VAL ARG lebhgand a
driver circuit TFT; in which: 25 the switchi ng TET and the driver circuit

TFT eachdmscingdid fapneite tRerbdyer formed on an insulating surface, a gate
insulating filmcontacting the sem conductor |layer, a first gate electrode

contacting the ghteidihsifiled fiRgodre blexradeina deaaadogateligd]eat @steis wRier
contacting the first gate electrode; the width of the first gate el ectrode

i n al@hahnel the eriditt ofdihnabcatid @r¢ eleorbde i derchabhanlobpieudingt dircetiohhe second
gate electrode in the channel |ongitudinal direction; the first gate
el ectrode has a thapemérshape liyer of dessvsedinghFilthan ddgeel Hrporgtdegion -
overlapping with the second gate electrode, sandwiching the gate insulating film; first
LDD regions contacting the channel forming region and overlapping with the first gate
electrode, sandwiching the gate insulating film; second LDD regions contacting the first
15 LDD regions; and a source region and a drain region contacting the second LDD regions;
and
the semiconductor layer of the driver circuit TFT has a channel forming region
overlapping with the second gate electrode, sandwiching the gate insulating film; third
LDD regions contacting the channel forming region and overlapping with the first gate
20 electrode, sandwiching the gate insulating film; and a source region and a drain region
contacting the third LDD regions.
Another structure of the present invention is a semiconductor display device having
a switching TFT and a driver circuit TFT;
in which: |
25 the switching TFT and the driver circuit TFT each has a semiconductor layer

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

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



t he sem conductor |ayer of the switching TFT has a channel form ng region
overl apping with the second gate el ectrode, sandw ching the gate insulating
film first LDD regions contacting the channel form ng region and
overlapping with the first gate electrode, sandw ching the gate insul ating
film second LDD regions contacting the first 10 LDD regions; and a source
region and a drain region contacting the second LDD regions; and the

senmi condu‘é‘?%tlac‘ll%&g?e st gate clirdtede; circuit TFT has a channel forning region
overlapping wth the second ?ate el ectrode, sandw ching the gate insul ating
film third LDD thegiidrsofchntiesegimglertrede readteinntHonbingling diroetidg wider
overlapping with the first gate 15 el ectrode, sandw ching the gate

i nsul at i n@tarni theywidyobtheaerord gagictetmdd imthir clismne BlgbgitudiagntinetibRg t he
third LDD regions. Wth the present invention;, the concentration of the
inpurity in the fihesfirsy paxe cggtrode hat d eqrmted ohudpmi s crost €&itidM havhngigd
concentration .gradient-in a range of |Ix 1017 to [x1018 /cnm, and the

i mpur i ?y RPEPBAt concentration increases as the distance fromthe 20
channel formng region increases. Wth the present invention, the
concentration of WR&cmigomductprilaver bé thehswitc HiRDT Fldgisanchaahel foatingaombai ns a
regi on having a concentration gradient in a range of Ix 10" to [Ix 10L8
/cm , an(P‘Eer’i%PPHﬁqut yhe seqanst gate slestodet sendwiching deegta snsubeingifdinatiee f r om
t he chgg‘rﬁ formng region increases. 25 Wth the present invention, the
first L bg’fe&%ls&mﬁﬁémgﬁhﬁ shamp] fermig segiely bad ofentapping witl tsefifst gadegni ng
manner by .,adding the inpurjty to the sem conductor |layer with the second
gate el edilf e s "Hﬁ}g‘E‘gt B 2ais dnswating il sesaaddiDregipnecnamactingwbafican i s
a ‘semé@:ongﬂg)t or, di.s?PI ay device having: ~a sem conductor layer forned on an
i nsul aY i Feies And dquice regiopapd agirainitagion contasting thesecanddddPatgions:
second gate, el ectrode; a first wiring; a second wiring; a first interlayer
i nsul ati dfi Im a second interlayer insulating film and an internedi ate

wiring; 5 characterized in that: . . '
9 it sem1conducto?1tayer of the driver circuit TFT has a channel forming region

overlapping with the second gate electrode, sandwiching the gate insuiﬁting 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" fcm’, 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
Ix IO“’_/crn3 , and the impuriry element conceniration increases as the distance from che
channel forming region increases.

25 With the present invention, the first LDD regions or the third LDD regions may.be
formed in a self-aligning manner by adding the impurity to the semiconductor layer with

the second gate electrode as a mask.
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the gate insulating filmis forned over the insulating surface, covering
the sem conductor layer; the first gate electrode and the first wiring are
formed contacting the gate insulating film 10 the second gate el ectrode
and the second wiring are formed contacting the first' gate el ectrode and
the first wiring, respectively; the first gate electrode and the first

and e second s k1 g e R RERRP R B s cob AR A R e
el ect r oad - PRa ettty fned b TR SHl i vSeina BB 1 ng
For med over T f Reptl gt eRouble, S SERCHmidl: 7, RO VPR Arbet insenliee

o cont nal PRETS E8 Pl B NS A AR B R AT B B wringht hol e

formeds in tRe.seeqndyii | ayer insulating film the internmediate wiring
overlaps with taﬁag secgrlllgﬁ\%tfi ng through the first 25 interlayer insulating

filmin the contagd , <S8 & a.channel  form ng
region, LDD regi onsgggn?ggﬁﬁﬁgﬁﬁhﬁquﬂg%&ngfed %‘%rﬁh ?\Jg}%'r%%fg?%rﬁce‘aﬁweéms& Fce
regi on agghdcdidvictbr18@:on contacting the LDD 11 regions; the width of the

first gate electrode in a channel longitudinal direction is wider than the

wi dth of the secehd figRldiCbRELHAIGnHNKE Frs PR re 5813%&6 t@}tﬁ@ﬂm@g@&gﬁg on;

the channel formng region overlaps with the sécon ectro
sandw chii;ﬁggﬂidi@g glaf.e insulating film and

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 conduccing
film;
the second gate electrode and the second wiring are formed from a second
15 conducting film;
the first interlayer insulating film is formed covering: the first gate electrode;
the second gate electrode; the first wiring; the second wiring; and the gate insulating
film;
the second interlayer insulating film is formed over the first interlayer
20 insulating film;
the intermediate wiring is formed covering the second interlayer insulating
film, and 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

I



the LDD regions overlap with the first gate el ectrode, sandw ching the gate
insulating film Another structure of the present inventionis a
sem conductor display device having: a sem conductor |ayer 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 internedi ate
wiring; &880d% EL' elenent; characterized in that: the gate insulating
filmis formed over the insulating surface, covering the 15 semn conductor
| ayer; the first thpwidtkpbidefiotgaterdedtelefin a shawiel longiradiafdrdradn gantiact i ng
the gate insulatjng film the second gate el ectrode and the second wring
are for mepr Bt wicktheg thesecond gate dedrendel inahe oblenmah tbrighediriat direttid: N,
respectively; 20 the first gate electrode and the first wiring are forned
froma first conthfctchagnelf fomming hegioac onerlast il ehé rsecendndrd Ré:cs@dend
Wring are o_rg%(: froma second conducting film the first interlayer
i nsul &t i PGwichingghe griesasdating filg; artche first gate el ectrode; 25 the
second gate electrode; the first wiring, the second wiring; and the gate
i nsul ating fil nfhe HeDswginng avatlap waghethei firsigaat elgubidé, mundwichngdhevete t he
first interlayer_ 12 insulating film the internediate wiring is forned
coveri ng™® Ad interlayer insulating film and so as to contact the
first interlagyer, insulating filmthrough a first contact hole fornmed in
t he second i%‘l"é’r‘ﬁ‘%ﬁgﬁl‘:?qﬁwﬂbﬁpfﬂjﬂﬁmmntwntweiﬁricfmdmdiﬁaiﬁselamdeirhg hoviegi aps
with the second V\AriTg_tProughthe_firs.t )

a semuiconductor layer formed on an insulating surface; a gate insulating film; a firsc 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 dver the insulating sﬁrface, covering the
15 semiconductor layer;
the first gate electrode and the first wiring are formed conracting the gate
insulating film;
the second gate electrode and the second wiring ate 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 first interlayer

12



interlayer insulating filmin the first contact hole; the sem conductor

| ayer has a channel form ng region, LDD regions contacting the channel
form ng region, and a source region and a drain region contacting the LDD
regions; 10 the LDD regions overlap with the first gate el ectrode,

sandwi ching the gate insulating film the channel form ng region overl aps
with thejgecond Mate el ectrode, sandw ching the gate insulating film -the
intermediate wiring i s connected to the source region through a second 15

contact hol e for fRdipidmdddie 3atiRg 1@&51‘41‘@8'6398{11'14 e beP.Sme #ﬂtléha%e'?tﬁlgsrukﬁ%ﬁr

insulating film and the second”interlayer 1nsulating t €l enent

has an agffeands¢ M RAGRa@He Qiﬁsc%telr@f@rr m&.ﬂﬁﬁﬁ@fﬂ?@ﬂ%ﬁ% ta"fﬁtst ReLE HaRd the

cat hode; and the drain region is electrical connect ed the anode or the

cat hode. f&@nmgttﬁe@eéﬁ‘rdqggéﬂa%plfmmlggnglﬁggent |nvent| on |s a sem conduct or
di spl ay device having: a sem conductor |ayer formed on an insul ating

surfage; a gate tHesiHi@hdlack! Witing@ovelrlaph v ehe flcehl rx@iﬁﬁg RrRRAod
electrode; a first wiring; a second wiring; -a fi-rst interl ayer i nsu atl ng

film a gaed rhﬂitﬂiﬁ:@@ﬂ&nhﬂﬁi@fﬁ%i&ﬁnﬁédﬁﬂlean internediate wiring; and a
shielding film 25 characterized in that: 't he gate insulating filmis

fornmed on the i ngiel satniddghdSitiior 8665 ha\BhhAd fbheing &M QI EdoRinskaX@Etingl 3 t he
first gate electrode and the first wiring are f or med contactlng t he gate

i nsul at i dge Ehddhel Fdimiseepich, gatia sshretegida aadd dibie geardnwctingghal B or med
contacting the first gate el ectrode and the first wri ng, respectl vely; 5

the firstegahe el ectrode and the first wiring are formed froma first
conducti ng
10 the LDD regions overlap with the first gate electrode, sandwiching the gate -
insulating film;
' the channel forming region overlaps with the second gate electrode,
sandwiching the gate insulating film;
| the intermediate wiring is connected to the source region through a second
15 contact hole formed in: the gate insulating film; the first interlayer insulating film; and
the second interlayer insulating film;
the EL element has an anode, a cathode, and an EL layer formed between the
anode and the cathode; and
the drain region is electrically connected to the anode or the cathode.
20 Another structure of the present invention is a semiconductor display device having:
a semiconductor layer formed on an insulating surface; a gate insulating film,; a first gate
electrode; a second gate electrode; a first wiring; a second wiring; a first interlayer
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

semiconductor layer;
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film the second gate electrode and the second wiring are forned froma
second conducting film the first interlayer insulating filmis forned
covering: the first gate electrode; 10 the second gate el ectrode; the
first wring; the second wiring; and the gate insulating film the second
interlayer insulating filmis fornmed over the first interlayer insulating
film the internediate wiring is formed covering the second interl ayer

insul ating 15 fthd figst gaet dectasdd s et B8t wiig filef Sl ayer Jnsul ating
filmthrough a contact hole formed in the sle"cond@lh}}lf(gcﬁééf mPr'ié%ﬂ%‘tei ng
film tinsulatingrfitedi ate wiring overlaps with the second wiring through the
first interlayer insulating filmin the contact hole; the sem conductor

| ayer has a chatiestcdmtgiagecegiamd hPRORGWRS, £ORKAGH icg‘%&agégg ﬂgeﬁfc hannel

form ng region, and a source region and a drain region C He LDD
r egi onsgattrféed:mdem@ithafim\xﬁﬁhgpre\gﬂ)écﬁv&[?g first gate el ectrode, sandw ching
t he gate insulating film the channel form ng region overlaps with the

second gate el edterfusegate Abcwaddmd Hiefitsd PRInGaLER] lcat i ng. fi the
shielding filmis formed fromthe samssconlcri%cti r?grﬂl??lf‘?ﬁt‘%ggf tégf‘r}f\‘t‘%‘r‘\mdi ate

wiring;filamd 14 the shielding filmis formed on the second interlaver
insulating film and so as to overlap the channel form ng region. Another

structure of thiepresrehgai miemntddernidsthasermbRaust 86 Gk ﬁ)ﬁrrfjﬁ\ééc%ﬁdha\’i ng-
a sem conductor |ayer fornmed on an insulating surface; a gate Insulating
film aﬁqﬂdﬂfrtdngefﬂla; 5 el ectrode; a second gate electrode; a first wiring; a
second wiring;, a first incerlayer

the first interlayer insulating film is formed covering: the first gate electrode;

10  the second gate electrode; the first wiring; the second wiring; and the gate insulating
film;
the second interlayer insulating film is formed over the first interlay-er
insulating film;
the intermediate wiring is formed covering the second interlayer insularing
15  film, and so as to contact the first interlayer insulating film through a conract hole formed
in the second interlayer insulating film;
the intermediate wiring overlaps with the second wiring through the first
interlayer insulating film in the contact hole; |
the semiconductor layer has a channel forming region, LDD regionsrcontacdng
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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insulating film a second interlayer insulating film an internediate
wiring; a shielding film and an EL el enent; characterized in that: the
gate insulating filmis forned on the insulating surface, covering the 10
sem conductor |ayer; the first gate electrode and the first wiring are
formed contacting the gate - insulating film the second gate el ectrode and

the second wiri nheahieldins fikd isdoAhatbh A fk8nd tdSllaved B BLaBihE FiLO fdb% nd the
first wiring, respectlveTy 15 the first gate el ectrode and t

Wi ring anoeoxfanla@&ﬁefch@ma finiisly reapducting film the second gate el ectrode
and the second wiring are formed froma second conducti ng film the first

i nterlayer iAsothetrsmgetiid ¢ficthe pfesé BAVEGRIAIE A middMRiubiot 8 Qpde;
20 the second gate el ectrode; the first wri ngu th 3 seco%%?\t/i\n&fl?énﬁﬁ{iﬁd t he

gat e i nsauseahicondudtit myertfbﬁmS@@ﬁ@ﬁ thMIﬂiﬁ%Mﬂfacb nas&ﬂt@hlsﬂgttﬁtblﬁ%l §ﬁ£s?5£'t%d over
the first interlayer insulating filnm t internediate wring I's forne

cover § ngeledteods conetondt gt ajettrodes ul fist RErin@Sa fbddfd ARhSQ AR LiReerQ tact
the first interlayer insulating filmthrough a first contact hole orned

in the sesdadng filre; bayemd msedlaer ngsuldddy fileh el Ak@hEEG @ WM. d é]ﬂdﬁl%ﬁ?‘r” aps
with the second wiring through the fi rst 15 interl ayer insulating I min

the fi rsfﬂnr;(amtti&utEbelemertthe sem conductor | ayer has a channel form ng
region, LDD regions contacting the channel formng region, and a source
regi on and aharaiterizedghahacont acting the LDD regions; 5 the LDD regi ons
overlap with the first gate el ectrode, sandw ching the gate -

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

10 semiconductor layer;
the first gate electrode and the first wiring are formed contacting the gate -
insulating film;
the second gate electrode and the second wiring are formed contacting the first
gate electrode and the first wiring, respectively;
15 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 irttermediate wiring is formed covering the second interlayer insulating
25 film, and so as to contact the first interfayer 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



insulating film the channel form ng region overlaps with the second gate
el ectrode, sandw ching the gate insulating film the internediate wring
is connected to the source region through a second 10 contact hole forned.
in: the gate insulating film the first interlayer insulating film and
the second interlayer insulating film the shielding filmis formed from
the sanme conducting filmas the internediate wring;, and the shielding
filn1isiﬂ&ﬁhﬁﬂrbﬁugmmgéﬁmnndhkﬁhembaumthbhsulating film and so as 15 to
overlap the channel form ng region; the EL el enent has an anode, a cat hode,

and an EL |ayer thesemidohduaeehydrihas 2 shate! forsitdiegioal OB sigdohbR gk al N
region is electrically connected to the anode or the cathode. Anot hér

st r uct urtbestanhel foreamnegiony amd & source reyicreEOAehIs t@Torl HRAGIRLI 5D
having: 20 a light shielding filmformed over a substrate; an insulating
filmformednsver the substrate, covering the light shielding film a
sem conductor |layer forned on the insulating film a gate insulating film
contazting the gbeilddidegivos ovajeprwith the fist caat deahrl! sodeigans det kg the
gate insulating film and a second gate el ectrode contacting the first gate
el ect r odasulggng fibmacteri zed in that: the sem conductor layer has: a channel.
formng region; LDD regions contacting the channel formng region; and a
source regi on arnbe achhmaich foeyingn region actdriags wiéh t the bddOnd egitenslectrbide, LDD
regions overlap with the first gate el ectrode, sandw ching the gate
i nsul at isagdwiahing theegase isabdtiviedlm; ng regi on overl aps with the second gate
insulating film:- 5 sandwi ching the gate insulating film and
the intermediate wiring is connected to the source region through a second
10 contact hole formed in: the gate insulating film; the first interfayer insulating ﬁlm'; and -
the second interlayer insulating film;
the shielding film is formed from the same conducting film as the intermediare
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 layet formed between the
anode and the cathode; and
the drain region is electrically connected to the anode or the cathode.
Another structure of the present invention 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 light shielding filmoverlaps with the channel form ng region through

the insulating film Another structure of the present invention is a

sem conductor display device having: a light shielding filmformed over a
substrate; an insulating filmformed over the substrate, 10 covering the

| ight shielding film a sem conductor |ayer forned on the insulating film
a gat e ithsdlDimgofs;l m contacting the sem conductor |ayer; a first gate

el ectrode contacting - the gate insulating film a second gate el ectrode

contacting the fthe $Daégor GatbedaHh &Mﬂrs@@acgllele%h%ﬂ?mahd&{&‘%CE}%B{;}%@d in
re y

that: 15 the sem conductor |ayer has: a channel formng g o F egi ons
cont act iing:latieg Glmannel 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, thartiuhedli HtminderegdhCovdRpy At Ag: Tfeicl)ml &%Eﬁ {n%ﬁlaﬁﬁg%gﬁ chi ng

form ng region overlaps with the second gate Insulatin san
the gat eandeichidd thg datd Msulebiaglfil@hinghi el ding filmaverlaps with the
channel formng region through the insulating film the EL el enent has an

anode, a cat hodehe hgltt shteldihg lfigy ek e flapsmidh BR MRRRe! RBEmird T ABRAIERBH éﬁ@e

cathode; and the drain region is electrically connected to the anode or the
cat hode.insthetidg8im.at i ng filmin the above structures may al so he | evel ed by
CWP polishing 17 with the present invention. The present invention may
al so be: a Vimwbecamenae oftheipnesgar inepnshis b samicoaNiae: display Rask Ry Hed
di splay; or a personal conputer; in which the sem conductor display  device
i s usedalighnsluekling oy founed evarfa subarare gansulhiveliini formed overths Aadiate,
manuf acturing a . _
10 covering the light shielding film; a semiconductor layer formed on the insularing film; a
gate insulating film contacting the semiconductor layer; a first gate electrode contacting
the gate insulating film; a second gate electrode contacting the first gate electrode; and
ani EL element;
characterized in that:
15 the semiconductor layer hast a channel forming region; LDD regions
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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sem conductor display device, having the steps of formng a sem conduct or

| ayer on an insulating surface; formng a gate insulating filmover the

i nsul ating surface, covering the sem conductor layer; 10 formng a first
conducting filmon the gate insulating film formng a second conducting
filmon the first conducting film patterning the first conducting film and
t he secon%}gﬁnductln film formng a first gate el ectrode and a second
gate el &¢¢ SRRl §@¥W3rst inmpurity to the sem conductor |ayer froma
si de where ﬁ?@ first. ate ghgi§rode and the second gate el ectrode are
forned; and rpﬁ?sﬁat 'é{‘VﬁﬁE 1 B (Y anavége rependbxcting devieesf i r st
gate eIe tr el ect r ode; d form ng a channel

d
form ng? %dﬂ?u?ﬁeaé:{’sﬂ_ﬂ?)%t%9@3?*6?@“@69{“@8@%@ Wh§ riricontle ti Wgsplaygi on,

second aDD r?ﬁiloas contacting the first LDD regions, and a source region

20 and Y& gi on contacting the second LDD regi ons by addi ng a second
|rrpur|ty hayi ng, t he sane t of conductivity as t of the first inpurity
froma si de‘d\m)gbeer THECUR ﬁtﬁg RIETSTE I RN EPRL 15 @nfig @f aranuigepring a

char act erlzed a ﬁl?ie firs el ectrode is longer than the second
gate el sepicond u‘ftﬁr 158%‘3 gice, l?%‘"ﬁ‘@ﬁ!ﬁ direction; the channel forn ng
region overl aps,wi th the secg '[g te el ectrogI %ndvm ching the gate
insulating fil n{ LM 4 SFIRIRDEHGIeY YD Bl iHR RS SHIAT Wi th the first gate

el ectrode, sand hing {he e ingulating fil Anot her structure of the
pr esent |nvent|%2,)\llrrll%|l g ‘h@?hg%j ’fmgrgﬁﬁ’f Qg?ruﬁ?en{:}“& 08 T BB E P INgi g}ﬁ’l ay
devi ce,séﬁzﬁé !flétggla%[eps of: 5 formng a sem conductor |ayer on an

insul ating sur

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, forming
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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formng a gate insulating filmover the insulating surface, covering the
sem conductor layer; formng a first conducting filmon the gate insulating
film formng a second conducting filmon the first conducting film 10
patterning the first conducting filmand the second conducting film
formng - a first gate el ectrode and a second gate el ectrode; addi ng a

first inpurity ttheth@tE%Q%Mé@rlabavyﬁﬁlgﬁéﬁm@aé'e‘ﬂ% srgana 1chu1n g}e gate

el ectrode and the second gate el ectrode o e Sem conductor

forned; gardnddafies firdg a mask on the seniconductor |ayer, cover| ng t he
first gate el ectrode and the second gate el ectrode; and form ng a channel
formng region, first LDD regions contacting the channel form ng region,
second LDD regi ons contacting the first LDD regions, and a source region

and a drain Pegiher s@Réwed iofahehsres@iORG bR eW ARsh 9nd
inmpurity 20 having the sane typgﬁrgf COI’ldSCtI vity gg%t at’ %&‘ﬂg &Pﬁrggt

i mpuri tysémitlﬂihdu@bddmmr(ﬁvtd&ghamlghé seppsfred on the sem conductor |ayer;
characterized in that: the first gate electrode is |onger than the second

gate & ectrode iforminhabeticontot@i taydi BalanGhi@sidORiréS the channel formi ng
region overlaps with the second gate el ectrode, “sandwi 'chi ng the gate

insulating filmfoamhdQ ghe frsaBtingORof egbonbe QNGB Vidhe! H@vém{astzhcgat e
el ectrode, sandwi ching the gate insulating film Another structure of the

pr esent sm&nndm:torlmar nmet hod of manufacturing a semi conductor display
device, having the steps of. 5 form ng a sem conductor |ayer on an
i nsul ating surf afemidga fitmgoadgateg filns hahé¢ pgefindulacmgefilnt;he i nsul ating

sur face, contacting the
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 elecn;ode;
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 e_lectrode
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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sem conductor layer; formng a first gate electrode and a first shape
second gate electrode contacting the gate insulating film 10 etching the
first gate electrode and the first shape second gate electrode, formng a
first gate electrode having a tapered portion and a second shape second
gate electrode; adding an inpurity elenment which inparts one conductivity
type through the ate insulating filmand into the seni conductor |ayer,
form ng second LB iFeghlbRsregions oveBaptvithhdhedasegaé oRcaddd, RendichHRWLLT Y

el enent which inparts one conductivity type through the tapered portion of
the firs§atgapla fbde and into the sem conductor layer, formng first
LDD regions in ich the inpurity concentration increases toward an edge
portion of th8° '%thgthgyrées,enariwmwmgs arméthodr bf yha@h&reringhi ch
inparts a one condugtivity type with the 20 first gate el ectrode having

t he tapﬁ&&%‘&f‘f‘i%ﬁﬁ‘éﬂ@dﬁ‘écgé@dm@ﬂmmss:écond gate el ectrode as masks,
forn‘iEIg a sourcef region or. a drain region. BRI EF DESCRI PTI ON OF THE

DRAW RIGS Fi gs. [Am@eR semigendiicsern layer ashwwinsglasingsadess of manufact uring an
EL di spl ay devi ‘r:fg of the present invention, 25 Figs. 2A and 2B are.

enl arged di agr afBB#S2 Brte gunlatiagdiley over dic inbelapingserface, 28ntavienthen;
Figs. 3A taq 3D are diagrans showing a process of manufacturing an EL

di spl ay SCHHGPRBICKET IB¥&Sodi ment 1: Figs. 4A to 4C are diagrams showing the
process of manuf act,uri&% the EL di spl gy 5 device of Enbodinent |; Figs. 5A
to 5C are di agra{?t‘gn%‘ﬁé Hgatafaeqsrasieasd adirstghanesacont dateeledreodeicodimpihgy

devi ce of Enbodi nent h Figs. 6A and 6B are di agrans show ng the process of
manuf act FinBE ‘QEEEU 8| ay

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; B

adding an impurity element which imparts one conductivity type through the
gate insulating film and into the semiconductor layer, forming second LDD regions; and

15 at the same time adding an impurity element which imparts one conductivity type
through the tapéred portion of the first gate electrode and into the semiconductor layer,
forming first LDD regions in which the impurity concentration increases toward an edge
portion of the semiconductor layer; and

adding an impurity element which imparts a one conductivity type. wich che
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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devi ce of. Enbodi nent 1; 10 Figs. 7A and 7B are a top surface view and a
circuit diagram respectively, of a pixel of an EL display device of

Enbodi ment 2; Fig. 8 is a cross sectional diagramof an EL display device
of Enbodinment 3; Fig. 9 is a cross sectional diagramof an EL displ ay

devi ce of Enbodinment 4; Fig. 10 is a cross sectional diagramof an EL

di spl ay weendgenpf Enbodi nment 5; 15 Figs. 11A and 11B are a top surface view
and a cross sectional diagram respectively, of a pixel of an EL display

devi ce of Enbigsli enb 3 akd d&gralﬁﬁsmn&?agp@’c@ss@f%ﬁﬁﬁctﬁgﬁg’iaﬁ%@ dn fod of

crystallizing a sem conductor |ayer of Enbodi ment 7; Figs a 3B are

di agr anmsdshomofigmbodietemed; of crystallizing a sem conductor 20 |ayer of
Enbodi ment 7; Figs. 14A and 14B are di agrans showi ng a net hod of

crystal | i zi ngiga 4%em ¢Gredizpram} syewing fthEFRRSESBMhadifadtilSe HSA %ﬂgla%B are
an external view and a cross sectional diagram respectively, of an'EL
di spl y diswcce! Bhb&dibedicfent 8; 25 Figs. 16A to 16F are el ectronic

equi pnents using an EL display device of Enbodinment 13; Figs. 17A and 17B

are el ectronfigs. oduiph€rirs disirngs dioviingdhs ptaysdsthaauiruriad fEPedigeRt 13;
Fig. 18 is a block diagram of an EL display device of Enbodi nent 10; Fi gs.
19A to ldivicw of Embadigentd; agrans of a TFT gate el ectrode of Enbodi ment 11;
5 Figs. 20A and 20B are enl arged diagrans of a TFT gate el ectrode .of

Enbodi nent  Higs. 6A and 68 arsdiaggmeyshosiomitregprobes ofhanifoshing the EleiplalaN
filmthickness and electron tenperature in a shape A of Enbodi nent 14;
device of Embodiment 1; -

10 Figs. 7A and 7B are a top surface view and a circuit diagram, respectively, of a pixel -
| of an EL display devic;e 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 display device of Embodiment 4;
‘Fig. 10 is a cross sectional diagram of an EL display device of Embodiment 5;
15 - Figs. 11A and 11B are a top surface view and a cross sectional diagram, respectively,
of a pixel of an EL display device of Emﬁbdiment_ 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. I5A and 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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Fig. 22 is a graph show ng the relationship between TaN fil mthickness and
electron 10 tenperature in a shape B of Enbodinent 14; Fig. 23 is a
conpari son of electron tenperature and horizontal direction electric field
strength in a shape. B of Enbodinment 14; and Fig. 24 is a di agram show ng
t he concentration distribution of phosphorus in a shape A and a shape B of
Enbodi nenEmbédirdéntOBTAlI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ Enbodi nent Mode] A thin filmtransistor of the present invention, and a

met hod of manEEALs isrd bleck BRgrdahionadk Etrﬂuﬁj}a;{%é%gj_f @%@%@ggw n Figs. 1A to

1F. ‘A base film301 is formed on a subs ' m 301 need
not be formedFigs. 204 19Dheyrt QulREdPRiapf Ll L gcpfflective in
preventing inpurity diffusion from taﬁem{ssu sa:)?g?é’aé%gk?%%%é g’gﬁ”ln%’b’ﬁ'd‘ﬁﬁf‘ttor '
| ayers. Seiyi conductor |ayers 302 and 303 are formed on the base film 301
froma crystalline sem conductor film manufactured by a known nethod. A
gat e i Bsul at i Figs. 20/AmR020B ard ORIRRAIURRELDGf § TETSEN [5ei302
and 303. 25 A first conducting film 305 andaa se%g@ggﬁ%gﬂzlﬁl )ginlufﬂESOG
are then ffgrmed on the gate 22 insulating film304 in order to formgate
el ectrodes. Note that it is necessary for the first conducting film 305
and the secorflgA1ridugiapRehéiinp O felh GorRBirfIARIUG] TAY ARRLEL : ave
et ching sel ect?vi ty. (gee Fi ;@IA.) Resi st magir;s 307 antg{égggggrn}g@eggﬁgd
next on tdeenprestucoOmtisiape A a¥ Bhibodfidertdl; 303. 5 First shape conducting
layers 309 and 310 (first conducting layers 309a and 310a, and second
conducting | digrX idH@aphsbodititthe ailgrididbip BeowBRETIN (RhGRIRYedsanlicldtron
etching process) the first conducting |ayer 305 and the second condhctlng
| ayer 180@engpieraputein a shapk B SOEmbodind@8.14( See Fig. 1B.) An enl arged di agram
of the first shape conducting |ayers 309 and 310 of Fig. 1B is 10 shown in
Fid g. 2A. Edgdipddtis ammmpdrisbhef élecson conshraturduhd layRoaaB@Rec ikl &tAafie1and
edge ' ,

strength in a shape B of Embodiment 14; and

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

A and a shape B of Embodiment 14.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Embodiment Mode]

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

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

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

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

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

25 A firstconducting film 305 and a second conducting tilm 306 are then formed on the gate
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portions of the second conducting | ayers 309b and 310b becone tapered as
showmn in Fig. 2A Further, the gate insulating film304 is etched and
beconmes thinner in regions not covered by the first shape conducting

| ayers 309 and 310, beconming a first shape gate insulating film304a. 15 A
second etching process is perforned next as shown in Fig. IC. The fist
shape second conducting |ayers 309b and 310b are ani sotropically etched,
and t heifsufasing fdenmififcin avden w@yferns aegdecsrndles 1 ateathet i maseysepy fonthiefinat ched

at a slower etching speed than that of the second conducting |ayers 309b
and 310bondaetingfing é@g reahdsthepreconhdondiatigg filay 806 1318 comduding (aigreds
conducting |l ayers 313a and 314a, and second conducting layers 20 313b and
314b). mhidnhaygewhiigsgleativay. ke Fieddnll shape conducting Layers 313 and
314 of Fig. IC is shown in Fig. 2B here. The second conducting | ayers 313b
and 314b ar Kesisiohatks 387 end B3 aretformdd nestt opsheliwmitonylucsydawr3l3mddnd. 3 14a
by the second etching process, as shown in Fig. 2B. Further, the masks 307
and 308 Fiseshapetrondpgting baysecitiard 10 Mirspeandssting dyesetiFaiang Hdskand11 and
312. The first shape gate insulating, film304a is further etched and
becomes sedsingneandugting daysas 369k a@@\}égbh apy thepdosaed By c&iiune (¢ Hrassahing

| ayers 313 and 314, becom ng a second shape gate jnsulating film 304b. 23
The nmaskso@Esd) hedisngondusting 05 g herspeant @}6&%&%?@653@6 uging &h¢ or ned
on the sem conductar |ayers 302 and 303,. as shown in Fig. ID, adding an

i mpur i t yraskeaBAendifBe Pderfi&r &) n-t ype conductivity. Doping is perforned

pUT 1y el GRS ATl i ST aP AR S UnE ST o at TR R by

8 TR LSS AN, e secpnd sheoc. SOndhell el aasioptin apg 91ee

Whi ch. havEe g RGPy Rk o af Fons O e BRI R 21

R N R T
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 3 10b are anisotropically erched, and the first
conducting layers 3092 and 3 10a are anisotropically etched ataslower 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 3144, and second conducting layers

20 313b and 314b).

An enlarged diagram of the second shape conducting layers 313 and 314 of Fig. 1C
is shown in Fig. 2B here. The sec;ond conducting layers 313b and 314b are etched 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 315

and 314, becoming a second shape gate insulating film 304b.
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311 and 3 12 in this enbodi nrent node, the present invention is not limted
by this. The - masks 311 and 312 may al so be renoved after adding the
inmpurity elenment which inparts n-type conductivity in the process of Fig.
1D. A mask 319 is then fornmed fromresist on the sem conductor |ayer 303 so
as to cover 15, the second shape conducting | ayer 314. The mask 319

overlaps wt ardt i of e second inpurity region 318, sandw ching the
second shape hgg? {e%LEl ]f‘lssﬁlqe?tnidrjgl 49TF m%‘@g{: a&?a et gneind oprass ippotesedion thhen

per f or med i an, i It nt .which inparts n-type conductivity.

Dopi ng ofse{‘ﬂgg‘h‘ﬂ%‘bfelaégﬁg{ﬁ’l&%@fb i RpROPNg Figp LDy eydiak emeintpurisy elverdhor med

. at condi&,'h{)ns.i n \égi ch the dosage is_.increased nore than that of the first
oo BaRarty, nAOpe SORUALYIRE  JopRing i mestormed rusing he beswnd] shape

20 dopi ng" pr
addition to a channel _form region 324 and an Lov region 323, a source
regi on 3f&ndglcg{lgﬂﬁyqr§&lgrpr§£%}4aa%dmagﬁ wﬁastrtgeilawugm elementor Pegingnist he
sem copduycter. | ayer 303 ,jn self-aligning manner by the second doping
proc esgs]. Lh_e&f({rﬁga,soaast 1 2l iaﬁﬂlfF‘F t‘?‘ﬂ“@%l 612“@?5 ip segignsrpatler the wecond shape

sem conductor |.ayer 3 by t second dopi ng process with the second shape
first 2§O&§Iﬁlﬁh%¥fﬂ§m%§3}é‘rﬂn§2§ﬁaas a mask. (See Fig. IE) It is possible to
freely set t ize of the Loff region, 322 by conjirolling the size of the
mask 319 in [tﬁresﬁ)nrl%%%tﬁtreglﬂ |36‘:‘i1.%q§4“’1?‘ﬁ O ‘ilwltgalﬂ‘%ssembﬁor{dwéung layers

sem condugt-qr, | r. 303, whicch forns an p:chan TFT,, is then covered by.
a resi st %@kang%@gsg%%s&:\%ﬂng AURHgYY I_F&l.(mﬁg %@ﬁ?‘igﬂ?é’ﬁ‘l“ﬁlﬁ hayera h%_%ﬂl? §rPHI egi on
oo type  ComscatabR i S Akt ol e R oM TG o g pebaBes
usi ngyg h i ng | 13 as k agai nst .t he

i rrpurllcg_y elene tgl;e ang%ﬁ%lﬁgﬁﬁ%g#o rﬁ%ﬂe&furcé‘é%ﬁ% %@5@% C Ry RS hrRasks - a
sel f-ali g l%d‘ﬁmﬁrthlsrln{%%itﬁéﬁp@ﬁﬁ@lthIEgeiferg\{ig\rng%ttio E%}?H&%@ Qs oARE . 302

The n-type conductivity Inparting | npur IS alrea 5t he
source LReken1 ; Lk heedl d Legl at
differing conceiritg Irzg? F%ﬁgﬂ agt)?b © r%%btgﬁaegg%ﬁgg@ﬁtb??w %gﬁg*e%? W§@6§P3étb

regi on 3Alrypeh@ndugdivicy BOHRpradds ofPY. the Lov region

| 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 conditons 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 semicondﬁctor layer 303 in a self-aligning manner
by the second doping process. Further, a third impurity region 325 is formed in the
semicqnductor 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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329 is set to p-type by adding the p-type conductivity inparting inmpurity
el enment at a concentration which is sufficiently higher than the
concentration of the inmpurity element which inparts n-type conductivity.
The inmpurity regions (source regions, drain regions, Lov regions, and Loff
regions) 15 are thus forned in the sem conductor |ayers 302 and 303 by the

above procesgbs enihesurfee ofithesBARSNEQAGHEHEMD Y, AU Fodk3a2RL y
overlapping with the sem conductor | ayergagy 302 -and 383 ?%nc%hggllﬂtag%%t e

el ect r odssthefihevaed bycth &RRP M6k B36 a6 FRSAS i BY. LRY A § ﬁ%ﬁéci&“ﬂzﬁ%“ﬁaiﬁr e

referred to as a first gate electrode, and the secon ape secdn
conduct i regiod 338 nad 3hIkvaegiod 52D, iatewhrRhehiRgulis é&?mlé’ntssﬂ%ﬂ tn

ate
el ectrode. 20 A process of activating the inpurity elenents at:'(]jréhijp’tty “t he
respect i gendignivigidatidedrin dcayiaficd wither thatiRPiddetbeds hmnaﬂg?g@waas ape . .
controlling conductivity. However, it is preferable to performactivation
af t er 5f oconchy vimg lhydred 13ayen nharkWoainish chef ﬁﬁﬂﬂr(rﬂ@l@nﬂgmt?hﬂxd GURaRSe] fofm R N
constituent) in order to protect portions such as wirings if tFle conducti ng
mat er i al regserd 330 mré lieerf forsdedciong velt-ahghihi Infans@b iRkl HheasBCOTHTCORANGE i NY -
film306 is weak with respect 25 to heat. The activation can be carried out
by i rr adiemicogdwitohlaged 3G%&r 1ight or an infrared light. In addition, heat
treatnment is Eerformad in an atnosphere containing between 3 and 25 100%
hydr ogen, pefhenriypgcoydiaiyényamparingf intpneirseainennid b taly ddlvd is tl30duaded 303.
This process is one of term nating dangling bonds in the sem conduct or
| ayers baegicmyditTo thmdmin ttgiors3 1 enduhe Lowaoigionad 2ot diffarimpcdny e @genat ban
(usi ngngédrogen which is thernmally activated by a plasnm) nay al so be
perfé eondnetivisr tipe i shosourse tegihmotidnshd dmin Rgipncii8naed (i ToBdticand an
n-channe|  TFT 342 are conpl eted when the _above processes are finished.
Not e t hat2? HIseh&uBHyRhbY addingobe rarvee shodwrtivitytingat ing inepuritp elrandranesla i n
Figs. I1Ato |IF, and 2A and 2B, for regions in which the | engths of -the
second SHAIEDHRESR wautbls sulfickndly higdhwe thaprha conrengpaian of dhelimpyeiry donpar ed t o

t he Iengvtvﬁis of the second gate el ectrode
ch 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 material 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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313b and 314b in the channel |ongitudinal direction, actually a taper

havi ng an extrenely - small taper angle exists. Note also that it is also
possible to make this | evel, depending upon the etching conditions. The

|l ength in the channel |ongitudinal direction (the direction in which a
carrier 15 noves) of the first gate electrode and the second gate

el eCtrOT&p‘%ﬂﬁ q(}-after ferred to sinply as gate el ectrode w dth) thus
differs YHe2Sh &% fmirra/bmrpmat@@ csfttéc semideodactor layeac gahde3wi t h
perfornhrg&al on |n1ect|o? with the flrst ate el ectrode and the second gate
el ectro TQREEKE, O'E“hé’ d?ﬁﬂ@?ﬂélﬁg gngling opdhdn riati smidephuttatulayte Hyhe
differl thic sse ﬁyhe gate electrodes is utilized, and it therefore
becones g@)@gﬁﬁi‘” ighyi aj acHEatedn é&?ﬁ@émiﬁmeh@mlw(mmghﬂn@wavhmbnduct or
| ayers ich are arranged under the second gate el ectrode | ower than the

i on COI’]&‘FF"&@I BFfive %é’ FePBBRIuBRYr alseybsr perfarmah gedanmbier mdwes foff st
gate eI Ec&rode wi thout arranging themunder the second gate electrode. In
addi i oRY ’ioge’i‘%“‘-ﬁbsm ble to make the ion concentration within the

sem conduct qQr ed under the first gate el ectrode wthout

posi ti oni ngg‘tﬁ’lé J?Fé‘éS‘*? red gadupbrrpgl d T 3% s gempdsted whienhe hiosicon
concentration of the sem conductor |ayers which are not arranged under the
first gagoge‘g:sp%g{erf%&gl dr(iurther in order to formthe Loff region using a

second gt o are iRk oeltBe iy Gty b Buba o Blerel i ot o
Compar el 84 A BBAVER PO ReRORTTGE: chs Eoeds ofodie FonaN SERRGREARIO! ¢ he
ey ﬁﬂ?%f?ﬁéﬁgn& Jhpt€ hﬁ&rkggﬁéfgﬁt@aﬁ%ﬁ& Sl eaterEe i ef he
i spl ay> o FAAh Y ECiRne BBl BRERL R A tﬁﬁévgl'v?}cfa%%ﬁtff?a%ﬂn '
legriaidn e?ﬂerQh§%05%(%sﬁgo &;:c%glﬁ ofiHY SOSQLIC GuREERED evelnﬁee;?etn'd?rpc are
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 widch) 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 arranging them under the second gate
electrode.  In addition, it is possible to make the ion concentration within the
semiconductor layers arranged under the first gate electrode without positioning them
25 under the second gate electrode lower than the ion concentration of the semiconductor

layers which are not arranged under the first gate electrode.

Further, in order to form the Loff region using a mask, only the width of the first
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A met hod of manufacturing a pixel portion, and TFTs (n-channel TFTs and
p-channel TFTs) of a driver circuit formed in the periphery of the pixel
portion, at the sanme time and on the sane substrate is explained in detail
in Enbodinent 1. Note that, in this specification, driver circuit includes
a source signal line driver circuit and a gate 15 signal line driver

ci rcui t .gakecleddbdlé amd tHeh@id AT &6 cHef ' ' ' redito as
driver circuit TFTs in this speciSF(igéc.:t?t%’géﬁl&%gr@g{{t@Hgibegﬁg\%)ﬁ%%ﬁﬁ%hn@m a
base 11 landlihirefatiechtiofbfihe fusio dfie [bRAYU IO oL EHGHLdRS 11 M
silicon nitride film or a silicon nitride oxide filmis® orirsd on &

subst r atenifitedrasithefdonm gliesd eRimpRIEPECREpBYUBLLA aﬁgﬁﬁ’&:ﬁ%ﬁhr 1446 E%Lﬁgn bari.um
borosilicate 20 glass or alum num borosilicate glass, typically hi ng

Corp. #Z#0E0ttg! heff regiont tliet3forg/bassmes E0%, SYBIIS bofle GANehbhl e 0x de
| W a

filmmanufactured fromSi H4, NH3, and N20O by plasnma s forne

t hi cknesEF b$§ having de2d ohmvdqesdiregabl y from 50 to 100 nm), and a
hydr ogeni zed silicon nitride oxide filmwith a thickness of 50 to 200 nm

(preferabl y Noettheshe 1bOvesigied 5@ ubike ofithl ptachtineehddPnh St ididn e NEFLI S
simlarly fornmed and 25 |lam nated. Note that this is showm as one layer in

Fi g. 3Adisphay dases, Bind inid Glsd possilibeovise és abotarha@ayuas inSd licHBd UFySial Bisplay

Enbodi ment 1, but it may also be formed as a single |ayer of = 27 one of the
above imkwicating filnms, and it may al so be formed having a | ami nation
structure in which at |east two |ayers are | am nated. Sem conductor | ayers
102 to 105 dmebddimgpt dfyhe pusyst miventien sendxpbridetbeowf i | m  manuf act ur ed
using a laser crystallization nmethod of a sem conductor filmhaving an 5
anor phous structure, or using a known thermal crystallization method. The
‘thickness of the sem conductor layers 102 to 105 is formed from 25 to 80 nm
t hi cié (&E&h@d&'@ﬁ@t llpet ween 30 and 60 nm. There are no |imtations on the
crystalline sem conductor film material, but it is preferable to formthe
fiimfrom afséngthedicnanufzatusingar pivdhpersioni knd dF Tofn-ghsnndl cBRTgendani um
(Si Ge) alloy. for know crystallization nmethods, there is a thernal
cryst al Prebn Hﬁ@iss}me‘ga devercirgit tormed ip ¢he perinhesy obtheaywe! ponviewl dtrihe

crystallizatjon d using,laser. light, .a l.a
y S 9 ined in detgH in Embodiment 1. Note that,

amé time an E)rrxl the same substrate is explain

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 glass or aluminum borosilicate glass, typically Corning Corp. #7059 glass or # 1737 glass.

For example, a silicon nitride oxide film manufactured from SiH,, NH;, and N,O by

plasma CVD is formed with a thickness of 10 to 200 nm (preferably from 50 to 100 run),

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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annealing crystallization nethod using infrared |ight, and a
crystallization nmethod 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
crystal lizati,on method to manufacture a crystalline sem conductor film A
met hod 8P OEBKdREs ulagise ilms,gnd iemiy alsabé foomedhhvsgn lennasbonrgeyicce int o
a linear shape b% an ptical systemand then irradiating the light to the
sem conduBERYh 2§ %ﬁtr?ﬁ9g@’e@%w loinated.hese types of |asers are used. The
crystalli za%i on condi ti ons_mag be suitably selected by 20 the operator, but
when usi ng PRBIOREHART lpvse 02 1o d 05 uire éorereidsyi mnnyrllipeermicislseair fim 30

Hz, and the | aser energ)i density is set from 100 to 400 mJ/cn2 (typically
bet ween ™ EBaGcTHredawingd leser crysallizasion, methedsefon suminandmmor filos havingisned when
using the YAG | aser, the pulse em ssion frequency is set from1l to 10 KHz,
and the? OUSTEGIIIBePis P4 HEWOEY@ wermakiorgsallionionomed@dmiVlenthidineps cal |y
bet ween Ea(l) and, 50 mJ/&r; ).. The |laser light 25 collected into a |inear
shape wPt & S&RRigPRdton yetsol Clown 192 dsvformed froxmApite 8Pommithink (rsefetably
irradiajed ovey, th entgrisurface of the substrate. This is performed with
an over PEFeeRI0Andf0 mw) « 4 herpate o imisationseany theapellimsmmitomhtctof8mA gat e
i nsul atin f.illtr)n 106 i 3 f](P)r me co%{eer_' nght he is]l and shape sem conduct or

| ayers eriglobutas prgieyable to i% qu Apqnaicppylyaser Byteaial suabas dlidamg fi | m
contai ni.n slj licon with @Gtriﬁkness of 40 to 150 nm by plasma CVD or
sputter?‘hg.Sl IKOR BHTRFALEN -8 Pi¥n nitride oxide filmis forned in

T e BB R koS A

“containing;silicon ma al so _be,used, ipn. a.singl ayer .or in a |l amnation
o str UC![ ul?%%lelfg'?& Z%‘% ’é i%ﬁ/ﬁ‘éﬁnﬂ%qlﬁ‘& %Wséﬁ‘lz?t&?flh“%igﬂle ing faser 'élghw B or Imed
b I i ] xt f TEQS,(t.ef t hy t hosi | i cat d O at
> Dac: PnealRe s paifaioh Mphod yefie ekl i e o SirplPSion B2UEk Sienm 200

to 400 iischarging at a high frequency (13.56 MHZ) el ectric power
10 deng?fgﬁ Spé‘fegélto 0.8 Wcne. Good characteristics as a gate insulating

ot moan DeANRLAS DGR, OY pRREREANAR! b RETORAMLAR il bR WERL: Mher 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 harmonic is utilized when using the YAG laser, the
pulse emission frequency is set from 1 to 10 KHz, and the laser energy density may be set
from 300 to 600 mj/cm® (typically between 350 and 500 mJ/cm’). The laser light

25 collected into a linear shape with a width of 100 to 1000 m, for example 400 pim, is then

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

of 80 to 98% for the linear shape laser light.
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oxide filmthus manufactured. A first conducting film 107 and a second
conducting film 108 are then forned on the gate insulating film2106 in
order to formgate el ectrodes. The first conducting film 15 107 is forned
fromTa (tantalum) with a thickness of 50 to 100 nmu, and the second
conducting film 108 is formed by W (tungsten) having a thickness of 100 to
300 nni, inA@ﬁ%H@P‘a.tmﬁéﬁﬂ 196 isfhememicavermgitee islandsbamysespumderciandyyesnd
sputteri&g oggg I\ta target is performed by Ar. If appropriate amounts of Xe
and Kr fQ daea g amsulating lmisfermed by an insplatigg fihsonponingsdicomidt r ess
of the fol{‘_nﬁd filmis relaxed, and fil mpeeling can be prevented. The .
resi st i ¥ iRipkpessgh 44 tg hplrmpy plasma C¥ Dt sphaeingleh 180 npothidesicandride can be
used in t_ﬁg qat,e el ectrode, but the resistivity of a B phase Ta filmis on
the or de¥idsilmgpiormerhin Fmbogdiment Lynkha gasp insuksing fifra ispatdingrebonbiieypeAn a
phasg Ta f‘l;.;l m can ,easj | y. be gbt ained if a tantalum nitride film which
possés seksiticon pupde oxide il pEconsss, and sthesringlating Ginscontainingrsifisonwiash a 25
t hi ckness of 10,to 50 rlmas a base for Ta in order_to forma phase Ta. Wis
f or med %ﬁ&??@r%ﬂﬁg ¢ Havger @r i p deminasionssristye. fFor skagple, whienlusingwhi ch

i chevahepS o Ediim, Bapba GrmeLbe iyt b abReustnek s EOHe (rimesbbcone
pref er aBiROtHctel ARY FRstistiehrign Breneoid Prmebt e Sdsatmestaont s

e w1 TR SOBH 48T Sd b WaeFibimioe b Sallai S b Seditl bt s uen
R v
T ok PSRRI

i ntrod gyt i of fidmformation, a resistivity of 9 to 20 pOcm can
be acﬁ@ggg@ml%%@%ﬁtﬂh%é ITedéll t hough the first conducting film 2107 is Ta

and the SecﬁrﬂsE@&Qﬂ%%ggnmf fd?@ﬁ@?séﬁ%anBngﬂaﬂ{g RN 10 arel dREn FRARESA NO
I t oth

films are not limte t hese, and
the gate insulating 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 nmny, in
Embodinent 1.

The Ta film is formed by sputtering, and sputtering of a Ta target is performed by
Ar. If appropriate amounts of Xe and Kr are added to Ar at the time of sputtering, the

20 internal stress of the formed film is relaxed, and film peeling can be prevented. The
resistivity of an « phase Ta film is on the order of 20 pf2cm, and it can be used in the gate
electrode, but the resistivity of a B phase Ta film is on the order of 180 pQcm and it is
unsuitable for the gate electrode. An & phase Ta film can easily be obrained if a tantalum
nitride film, whicﬁ possesses a crystal structure near that of o phﬁse Ta, is formed with a

25  thickness of 10 to 50 nm as a base for Ta in order to form a 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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may al so be fornmed froman el enent selected fromthe group consisting of
Ta, W Ti, M, A, and Cu, or froman alloy material having one of these
elenents as its nmain constituent, or froma chem cal conpound of these

el ements. Further, a sem conductor 15 film typically a polysilicon film
into whi.ch an inpurity element such as phosphorous is doped, may al so be
used. EXAIFIEESH lﬁr@fﬁ%ﬁ? wagp g filar berpsneoloenesisthare thatleusade itns the
Enbodi ment 1 include:, formng the first conducting filmby tantalumnitride
(TaN) arfdte ElorBPiemgd if isprefsratie thasabe gesisamity of thegW filhnbd mnde dqfatamowy
form ng .t he fizat _corlg cting filmbpy tantalumnitride (TaN) and conbi ni ng
it with £5idbareBuicann g%quﬁgvzncan beromsraddy enlapinalthe apstals of dieriy fille f i r st
conducti,n 1Cfi | m by t nthfal umnitride (TaN) and conmbining it with the second
conduct ibr‘r'g P17 F3CT B thewe are mespémpIGly canyntvasisas 0§ gen witen aieW or med
next fr resistl, and a first etching process is perfornmed in order to

f or m 2l Sty pskallizagonisip fhired sgnd e flindeceomeshigly rasstpice dApKaarge) hawnghi ng
met hod' i s usedf'bg %&di gg%(}g. gas m xture of CF4 and C, is used as an
25 et chidRyrgEet Y%Ad> A%mr §tgéﬁ@ﬁedtl@@plﬁyiﬂmpIhyild@tianﬁ@(fwlﬁaﬁgehewri c
power (13.56 .M—lzl(,to coi | shape electrode at a pressure of 1 Pa. A 100W
RF el ec ‘incwﬁlgﬁe‘ia E3sHhCie NG shan 8o impyrities from wichis ubst gaat phase dee (t est
pi ece staqge), effectively applyipng a negative 30 self-bias voltage. The W
film andnf?ﬂéueﬁ‘; ft |‘h?a‘ﬁ@eb%f Eihét gﬁ@éﬂ@% BHESSEE OF dbrto wHbpQaorcaante O 2
are conbi 1qed dNot shown in Fig. 30, edge portions of the first conducting

| ayer afi™ &% second conducti ng | ayer are made into a tapered shape in

( i t.h fegt ,of .the bjas \ : lied to, th bstrat
< aoinder el afholi if abriareldhios B 07 Rof 2 abiidsrend cniotngsk
h . H f vt 1" d ti i§ f 15.t0 45 Th t.chi ti
oy b (o 8 By Bt BPRL Loty o0t b0 a S s b i e Fursrandiobing
ith j i"ni h i | at i film.Th | i vi
of o si [P ANt QL BOR! L0 BRSPSl GO thtanaht e Frofi St 4 ¥

(Lye caldy o Cone hereLer MO APRLE AR L2 40, PU0MR L1, Sepgser

surface o e silicon ni mis e

process co$tichBRY, or A8im § PRMidaN cSihfourtfof thER AlReR. FIGnOAE SehiSuliRli 09 -

15 film, typically a polysilicon film info which an impurity element such as phosphorous is

doped, may also be used. Examples of preferable combinations other than that used in

Embodiment ! include: forming the first conducting film by tantalum nitride (TaN) and

~ combining it with the second conducring fiﬁn formed from W; forming the first

conducting film by tantalum nitride (TaN) and combining it with the second conduc ting

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

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

25 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 REF electric power (13.56

MH?z) is also applied to the substrate side (test piece stage), effectively applying a negative
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film 106 not covered by first shape conducting layers 114 to 118 are nade
thinner by-20 to 50 nm The first shape conducting |ayers 114 to 118
(first conducting layers 114a to 118a 15 and second conducting | ayers 114b
to 118b) are thus forned fromthe first conducting |ayer and the second
conducting layer in accordance with the first etching process. A second
et chi ng pifebies soltagep erioréitn nadtthe Ta flimama both &icbed 3R+hd Bgnd SRR NY
method is simlarly used, a m xture of CF4, CIZ and O is used as the
et chi ng Qagandkid, are cohdsmal.i s generated by supplying a 500WRF el ectric
power (13.56 MHz) to a coil shape .20 electrode at a pressure of 1 Pa. A
50W RF (13. SBokshyweliedig. 30, pdgeeportionapptheefirst coridie ting Wbk hatiehs sé@n(it est
stage), and a self-bias voltage which is lower in conparison to that of

t he fi rstorelwhingdayer acemadé mrapphpadd stre iMaéddrdanc aite Hade it sbieopiscal | y
under these etching conditions, and Ta (the first conducting |ayers) is
ani sofr opsleadel sppdied hedthet substrateoside uatiehtingalspeeetchingraindgriGackhndsishape
conducting layers 119 to 123 (first conducting 25 . ayers 119a to 123a and
second condild fasiyt gk sbaged 9W he angR3bf) theRupérhe porddrishis Ggin N6tto 4R0Whei n
Fig. 3D, 'the gate insulating film106 is additionally etched on the order

of 20 t cetchthgwime el ingreabédbeappronimaglydisor?® moveleed pyrfomecshnend
shape conducting lavers 31 119 to 123. The masks 109 to 113 are etched by
t he secaowitheutainesphecessjnibg oonibegaterisideting Gitmt oTHe Sdecifiny aftacilicog
reaction of the Wfilmand the Ta filmin accordance with the m xed gas of
CF4 and wiride gridsefiles witharespedtriorn Whdilmasifion ¢ gehéwpicelly 3hrand themtoive i on
types 5 and vapoy pressures of the reaction products. Conparing the vapor
pr es$8r eaprspximaaly 3%&&5%@ of ske axppsed pefacges the sikcoy pivids filwe seseksoling . W6
‘is extrenely high, and the _vapor pressures_of (\éfl:l 5, Taks, and TaCl5 are of
similar GHyRYer-SRBingmsPeess-nEUTRRer not shewn i EierdCH ragipnscf the gredpfiainsy t he
CF4 and (J 2 S m xtur jowever, if, a _sujtabl guapti t f QZis ded to
this ga it 496 Rel cevesed ubit Seansiaonduging R4 d LES ai o ¢ g eltnount
of Fradicgls or Fions are generated. As a result, the etching speed of
the WA A%Vving a high fluoride vapor pressure becomes high. On the

other hand, THE %rsltfshape conducting layers 114 to 118 (first conducting layers L14a 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 mﬁture of CF,, Cl,, and O, is used as the etching gas, and a

plasma is generated by supplying a 500W RF electric power (13.56 MHz} to a coil shape

20 electrode at a pressure of 1 Pa, A 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, alchough not

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

. 50 nm, becoming thinner, in regions not covered by the second shape conducring layers
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F increases, the etching speed of Ta does not relatively increase. Further,
Ta easily oxidizes conpared to W and therefore the surface of Ta is

oxi dized by the addition of Q. The etching speed of the Ta filmis
further reduced because Ta oxides do not react with 15 fluorine and
chlorine.. It therefore beconmes possible to have a difference in etching

speeds bef yegn) i1 i t Ta fil apd it hecqnes possible to make
t he etching sgged.ﬁ o& H?g {/\ﬁ!lfo a?rﬁgFC}ieH]ahX tﬁﬁg&cog CtHERZBIOCE spbecPhdngrasks
109a to 1 r , and a first doping process is performed as shown
in Fig. 4],61?&%1% ?gé?gg\{lggfpuri ty el enment which inparts n-type conductivity.

o 120 kev and i raegsaaior 8 AEOSREFlneth A Raiihnge procbesivel
B nst A RO 4 T RS OBy A AU el Vipacechand o e orgment
mpur 1 T S RS BEE Qe SERER! o0& St e Suh aceomennt Mhend

2 i gher 1 e (s AEEchBRtes B2 Ay ol B RRB ieoqrerish By, e et hus
Famovi ng. CREor BRI TS AR PACI MO CHRBRD B2 BhERe o wlbfirand
- ype condion it ot bR by TR FRYICL GeohSRR: BV SRS  ne

masks  109Q sl SLOMdIE 16 P B iR 0P 315, B! fofr&gng{&p;gnﬁi Eﬁ,gpsa 121a

seni conductor layer®104 so as t8 cover the*seco con

and 124D. [ArgRARidueR oPF rhiliSaliBsE i&ﬁsgal%‘é%ﬂz%geﬂf WS DR, GRG0 'sﬁ%biroi,ﬁt&)(e

region 131, sandwi ching the gate insul&a second

process I\ fiiichavies b BigHefuord ity Ror | ' . &l s hyipe
conductivity is added. Dop? ng o f?@%‘?%‘é@%ﬁ%&t%% qt%ﬁaﬂ h‘%’%1 P

impurity & Biredised, thoetdlghiRfed of TAdidds A% relalviliifdtehfte RYE TaSedsiy Sed
hi gher than that of the first doping process, and at aiow 10 atcel eration

vol t age. EStzdsicgmpafdd o WeanldgengfotothekBrfsadf Tads QHUizQY by At HARIJADES, i on.
i npl antation. lon doping is performed under conditions of a dose anount
from| x Te etching speed of the Ta film is further reduced because Ta oxides do not react with
15 ‘fluorineand 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 T2 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 at an acceleration voltage of 70 to 120 keV and wich
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 to [13a in
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to 5 x 1014 atons/cn2 and an accel eration voltage of 60 to 100 keV. A
periodic table group 15 elenent, typically phosphorous (P) or arsenic (‘As)
is used as the inpurity elenent which inparts n-type conductivity, and
phosphorous (P) is used here. The conducting 15 layers 119 to 123 becone
masks with respect to the n-type conductivity inparting inpurity elenent
in this Embedinaand Isbur clee prgémriavdddon B il Timididadonthise giiengnpddy bRokst, . and
Lov regions 142 to 145 are fornmed in a self-alit; ng manner. Further, Loff
regi on IwBichiimphus megipé combooivitanosy abothe added madk st FENG AL ARYHidythe! ement
which inparts n-type conductivity is added to the source regions 134 to
137, andmaskst 9adodilda meyibensmt38dt o 20 141 with a concentration in the
range of 1x102 to 1x102'atons/cm . It is possible to freely set the length
of the Lof f Aewiskd3]imexnfarveddinrthe sémiconthiabr bhixe 104as ad @icommmhs sdywnd
controlling the size of the mask 133 with the present invention. The n-type
condubt i apndpcting daveirnty liargmak 121p. oA goerion bbtheddask K6 @erlhps #ivhrtha second
concentration of IxI O to 1x10!9 atons/cnB in the Loff region, and a
concent ristpwity afgior 33 1saodwiching the @ateainswatiogfilo h06.hA skoond dgiinnproSessr ce
regions 147 and 148, drain regions 149 and 150, and Lov regions 151 and
152, i ntisthen perfermeddapod pnymphdyetempanvhighamgperis naypaianducyipey shidded.i s t he
inverse of 33 the above one conductivity type, are then forned in the

p- channdPomig of ravriype aondiue GridristpaTting faperity G lenand isypsforasd s howmlitionsFi g.
4C. The secon hape second _conducting |ayers_ 119b and 123b are used as a
mask wi tif Wb@gégf: ad%@a&qfé raiggsh pichor e ot thifirst Hepingpuesesy andgitadewar e
formed in sel f-aligni r} nner. The island shape 5 sem conductor |ayers
102 K0d apesleraganyolgem e Hgnha) Thedopiag 6as by enirdore by IHAPPnEAt ione
~surface areas by a.resist masks 153 at ,thi s _point. Phosphorous is alr.eady
added i iMRlREEPRNJOR ARBIELH BEReRabURdRE COBHRIES 0Eg UoHEAma T aRAMT Ot he

s per  aBeRUOetanaei o0 P8 B ORI ASoESE AL R by e Rl e ggg R o
coch of g LeALonE Tt SERCEITSEL a0 of 210,010 40 20 M e
il ﬁ'? | u eﬁl(r:]% %K}}r{] rges,‘%{_%%‘g cjdﬁgu&ﬁ]xgw?ggd p%%gpﬁoqgué‘ﬂiﬁ i %Qeid esre.l%e%p)gld&g%ngi S
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 o 141,
| and Lov regions 142 to 145 are formed ina selfaaii,g';.ﬁng manner. Further, Loff region 146
is formed in accordance with the mask 133. Thé itﬁpurity 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’.
It is possible to freely set the length of the LO%f 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% aroms/cm’ in the Lov region.

Source regions 147 and 148, drain regions 149 and 150, and Lov regions 151 and

152, into which an impurity element having a conductivity type which is the inverse of
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t hi ckness of the conducting layers and the insulating film which have a
tapered shape.in cross section at their edge portions above the

sem conductor |ayers, simlar to the second doping process. The
concentration of the inpurity el enent added into al so changes. 15 Inpurity
regi ons ﬁﬁo%éce regions, drain regions, Lov regions, and Loff regions) are
formed i H'% FECTeSPECEPRBICTRIGINYPS hageeteanformad uat bk pakenselbYFThgabqaye
processes. The  secqond shape conducting |ayers 119 to 121 and 123 =
over | app?§iBicOREurer davers H@g eands &0, corsthostoin FigydCs Thackdoad Hapdak&nd

el ectrodes. ,Further, the second shape conducting |ayer 122 functions as a
capaci t oFORfStng layens Al Y sk bate aeediay atiask witheeipaptioithy irgh @@ Rl agdded to
t he respecctii e island shape sem conductor layers is then perfornmed, Wth
t he ai m & t PRIty regiond uase i formed tiy e self-Thming maneeal The S GhRR:

anneal_i ng fur nace [ f performed for this process. In addition, |aser
anneaPi n%r%‘ﬁﬁn WHPH layre: ki) angh H¥ which forma)-chamnd ITRT shere appbiedhveT Hesmal
anneal i n i'séﬂ%f ormed with an oxygen concentration equal to or less than |
ppm 25 %#%ﬁf £§ 21e@8 Ay atresigrmasks 4 58 lnarhio poibt.p Bhpsphoraas i lf@gdeadded in

envi ronn&% at 400 to 700C, typically between 500 and 600C. Heat treatnent
i s perf MHEHDESPRGEIHEAOR terths sPace regidmwdddiand A48, The Honie wionsfle0 aedd6e, i n
whi ch t he 'ééi mat er i 31 used in the conducting 34 layers 119 to 123 is
weak wi t#HG EapeeY ¥egionadd ! and s, pand madoping ds perfémat hertinsiid diboaiieer
form ng joterlayer insulating film(having silicon as its main . '
constit u@ﬁ 758 fh?ﬁvj@?fof‘ds 5115? 6@%‘6‘[ torgpeh g Eheriggions withirecdricketration afi2t k™dn,
heat rea?rygl b1 1S pf:rf3o med for ég 12 hours at 300 to 450C in an 5

at rm%{%hetto ntAPHSTEY b &R REACHICS tha Gorumnksinedinahe spurce tginnsd 4Apdddg8nat i on
of the island shape m uctor layers. This process is one of '
termn att;hﬁgf&a%‘r{ﬁg'ioﬁ@ 1%@ ﬁﬂg %ﬂ’ angh theilovaggionh hpleardk ki is influeneed baterfdmby
hydr oge ich isithernally excited., Plasma hydraogenation (using hydrogen
exci t ed Qg‘ma“eﬁﬁ Jé@#ﬁ)co ak %%Y‘Héaﬁ‘gﬂ% "—“é%%d‘fofﬁélﬂ ﬁam&al@emis ape.in

hydr oge ' . first interlayer insulati film155 i s fornmed next
froma SQ:? %%Sgg%ucgﬁ??ﬁh&g eéikF 88“??[15 ﬁ%oﬁﬁv}eﬁﬁnﬁcﬁgﬁﬁ’ﬁé@@fso'ﬁ“ml'@!)tct @ezeemin A
second 'd%tp%é Ardckss. Rpgl %ﬂ&%ﬂfa'tilmm o%%ﬁe {anggﬁgyre?e@lént 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 fpnctiéns as a capacitor wiring. ‘

20 A process of activating the impurity elements added to the respective island shape
semiconductor layers is then performed, with the aim of controlling conductivity type.
Thermal annealing using an annealing furnace is performed for this process. 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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an organic insulating material is then formed on the first interlayer
insulating film 155. Contact holes are then fornmed in the second interl ayer .
insulating film 156 over the capacitor wiring 122 and over the source
region 148 to expose a portion of the first 15 interlayer insulating film
An internediate wiring (electric power source supply line) 157 is the
formed so.as 1@ o0t Airst interlayver insulating film 155 through
t he cont a(‘:{t@ ]Lol e agggge%lﬂgl%la% cr t 'g)rh%t’rll ﬁé)rifg'f‘%lle(@é@gﬁf@.%gﬁ?t}“ K a
third i nggtlia¥sh ih t.] g made;.frol .an organi ¢ insul ating
material 1S gor rlre%ﬂgt&t he %géﬁc“oﬁ?g%?}ﬁ Vgl?? Saﬂ;}ceorn THSUPA HSHiyenf18grdago
Cont act Belest Mebuili jn the gate insulating film 106, the first
A AR L

interlayer 1nsulati , and the second interlayer insulating film

156, and soufgedykihin [ 6 s to tagt .the source
regi ons 147, 135&%&6&%@‘%&4@{ #r%etfg{q&[eag&pgg%ti gc%uﬁbo?tew 'i‘—')ugt% i 8y ai n
W rings 1fgcd Qs b 0] ti he drain regions 149,
130, a0t aie OB AR OuES Th00% AR pdbrhiSe b fomnat sl or 25
W ring 128 .r $.a6L sGhichaa! nRe e, dr ai i.ring 164. Further, the
el ectric power aﬁsour gte)ﬁgttljép%f %:/a?ﬁgngﬁﬁ@égﬁr&gﬁ%ﬁg‘%n\r{\qﬂ%{g”)]g‘.iL%n:g%é]ﬁ(5’“??%%‘“5our ce
region 14 alddehasd §drsi t | s . ppRyhote
that it is praef era%l e tgbél%iﬁcr%‘éf%g&gﬁ%ﬁ{o*@ﬁg@?@f%ﬁeﬁxé{ c%’fclﬁ%auﬁaﬁamcm
and OZ  wheRgbhstidalBidg o/daddr Ckditell By LG asrh ' ' | ting
film 155, and t he s(eclor'l’d inter a(fyer qungiﬁfﬁataibﬁ[ag# ?Eénb&@%ﬁg@‘g?sd%&?ﬁ%ﬁs or
Si ON fi | Aanfuf hftRbgerda®oncases in which the gate insulating film 156, the
first interlayer insulating film 155, and the second interlayer 5
Jinsuliating f Al ficsclin€erbiyer RGRABNE filrRY5H if folBd nkkt frSmplAi@habhRlelRidatm t he
contact holes by dry etching using CHF4 or by BHF (buffered hydrogen
f 1 uori dehavihg4 thidkkgss of 102@6I200 am. Abécdndan@alager insulhadd filth 154 MadOGont he
first interlayer insulating film 155 and the second interlayer insulating
fi | m 156amoegdndr imsdlabiyig dhfbdalentherafoemiedlos, the firstdn b ariabligntofichasgye the
met hod of etching and the etchant or etching gas type for each film The
contact 10 hobsscihyleahsahbe fémratkd thy serend gnteHaysanmilainghiilngl Stedves cheaand
the sane etchant or, etching gas.

capacitor wiring 122 and over the source region 148 to expose a portion of the first

15 interlayerinsulating 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. 5A.)

Next, a third interlayer insulating film 158 made frorln an organic insulating marerial
is formed on the second interlayer insulating film 156.

20 Contact holes are then formed in the gate insulating film 106, the first interlayer
insulating film 155, and the second interlayer insulating film 156, and source wirings 159
to 162 are formed 50 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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A storage capacitor 166 is fornmed in portions at which the first interlayer
insulating film155 is formed contacting and between the capacitor wiring
122 and the electric power source supply line 157. 15 A fourth interl ayer
insulating film167 is formed next froman organic resin. Oganic resins
such as pol yi m de,dmpol yam de, acrylic, and BCB (henzocycl obutene) can be
used. In partNow t it it pieferpbRite fE ehel @nes® hakt ¥l 1 igh.ha j or

| evel ness, hlt;ecguse the fourth interlayer insul at#ng’?tlx\ﬁﬁlr[rlf’%"g"iﬁséggg%d
with a stwheg thepatedadilaingfiin B06 ha\Gest indHASF MsitGibb ki 1155 .00 med . i n

Enbodi nment 1Iat a fih;il m t hi ckness at whi ch sat%gps foPn‘Ed%P%’@q\dhrEggwgdcan
be suf fi cirgatlayer ireubitied filfiHS 6fird $10 HilekpeSON 810, & enab! - [.im
(more preferably betf\ﬁeen 2 and 4 [czr’r). A contact hole ’ofar‘rérargac ilvrll%ccf}%g
drain wirgate idasatirg filor i ceefitst inteddyer freulatiie fimtS5 | AYEhe A, fi 1 m
167, agd a gib:;el ﬁj?l ectrode 168 is fo%‘ﬁrred. An T ndi um oxi geetg‘ir%%@ﬂf'ggw(rl TO
filmi§ fiosuldngifiin 156tk clgnaisedh il idipicfer B o8 kNt e ni ng
25 is then g_erfomed, form ng the pixel ser?ectrode 1(68. 1&&??%@??@2%wa _
t r anspar estehirgnasirgg ChiF, of by BHI (iffeedd Brirsganfidorid FHA0% KiDNE) OP%%@%&{]O) I's

m xed with indiumoxide may also be used. The pixel el ectrode econes

an anode ibfthagatl inshientmptfilm( 566 thedirsEiBedrlay@BirBufaringtflRAS %@@ [H@gcc%naecond
bank 170 are formed next froma resin material. The first bank 169 and the

second bankerl@@r tselatingfibel 156 ave demedbyskifacat Raflbalauey sreatshle ¢RLIDALES.
formed | ater, of adjacent pixels. It is therefore preferable that thé

second hahie methodsifietshiogant ahe leerhanoor zwhiad gas drp@forteheh Film STHaM 69

Note that it is preferable that 5 the conbined thickness of the first bank
169 ahdl thrlesmesmisodanformed byeusingitheomntehachingdaechotl dndt heZaMaecbiin her e
are no limgtations on this thickness provided that the EL |ayers and the
cat hodes tehing®as.at er of adj acent pixels can be separated. Further, it is
necessary to f&or m the first bank 169 and the second bank 170 by an
i nsul ating fifMOTAgFFPREitersl ObHstosmetlén porsionb rewhishube finntrerilajes irsulakings an
oxi de or resin, .for exanple. The first 10 bank 169 and the second bank
170 may B‘@Fh?%% i formed %’%tﬁ%@gsﬁrébmaithﬁ Capgritar veiying gy axlds thebdedtac med
by different materi al S The first bank 169 and the second bank 170 -
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 a¢rylic, which has superior levelness, because
the fourth interlayer insulating film 167 is formed with a strong implication of leveling.
An acrylic film is formed in Embodiment [ 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 che fourth
interlayer insula_ting film 167, and a pixel electrode 168 is formed. An indium oxide tin
oxide (ITO) filmn is formed 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 (ZnO) is mixed with indium oxide may also

be used. The pixel electrode 168 becomes an anode of an EL element. (See Fig. 5C)
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are formed in stripe shapes between pixels. The first bank 169 and the
second bank 170 nmay be fornmed on and-al ong 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
al so be formed by a material in which a pignent is mxed into a resin.

(See Fig. 6A firsAbaril 16%Byeta &tnd Bsinla 1 T@hRISENIMIAG fp%ln%wsﬁ%bte%&? ALE

formed next in succession wthout exposure to the atnosphere using vacuum

evapor afficsirbankol69 srthe deeohd Ibihk 170 Gko Bsitnedlintdige from
80 to 200 run (typically bgt ween 100 and 112eO lr21 n IEd,O b;%:%ﬁ}ﬁlﬂp@#{f

t hi cknesattaddet fformed edpofbdfaceny piels! [AMHSHotoHrB3R0Ha ) tween
200 and 250 nm). Note al soat?ahat paI tshough onloy@%ne E;l)l %(&%@é%@g%b?ﬂ?

Enbodi néao stick anc ﬁtcﬂeah@ﬁzcwttamt@m the firgbagR!169. N&@Ehat%m %Eefté%ﬁ:f chgpi ch
emts green color light, and an EL |l ayer which emts blue color light are

for med ahe thebirederhidknmssasf the firs Haak 69 223 theeddnd %rp?oll:?elmaéi@oﬁ Qfdred in
order for a pixel corresponding to the color red, a pixel corresponding to

t he col erdgrafdnio 2pth,bupitkele £ONOAERONRD hid ﬂﬁcl&@s@?robldé@ thatQiever, the
EL | ayers 171 have scant resistance with respect to solutions, and

t her ef olayerSdnd dehcarhbdds forséd beed off dﬂi?ite&@gﬁ{e&tcﬁhybd/\ﬂebbﬁ%d UBflke it is
photolithography technique. It is preferable to use a netal mask and cover

the pi xeksessaiyeo foduarhd fiac st tEVamd ¥l secandibarsiel BE by yeknsufzemp fileakl
layers 171 in only the required |ocations. Namely, first a mask i s set so
as to cénierhereforoposstide pi welsaterielbptick avart bdde or 5 vetu, fespangilngThofitshe
color red, and red color light-emtting EL | ayers are selectively fornmed.
Usi N§ t hankdéR antishe secandesinki I§0spay b@t?ﬁx foomed bg thasdmomatdrial pindathsy except
for those correspondl ng. to the col or een, and reen color light-emtting
EL IayeﬂljlYaﬁf@ h@f%@neﬂ\bew IR DY MALETiads. gh«t fiest ba@,lkl Fendithysecandbakk iLg0set so
as to cove of the pixels except, for those correspondlng to the color

bl ue, aptf dé%ﬁ%ﬁ?ﬂlﬁhwﬁsb@mqq pigelsL Thefsstdankd 69andahesacondibpnk dvored

using the te t | t hough the use of all different masks is
r ecor de8a orrpggogg ai!%YW hggusee siripgs &Qﬁ%dwnﬁhlﬂ‘ﬁ%ér‘ﬂ“&lmaﬂéﬁ@F‘@f—’@rabI e

to perf 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.) |
AnELlayer 17 ll and a cathode (MgAg electrode} 172 are formed next in succession
without exposure to the atmosphere using vacuum evaporationh. Note that the film
thickness of the EL layer 171 may be 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 180 to 300 nm (typically
between 200 and 250 nm). Note aié: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 tine at

this point.

25 The EL layers 171 are formed in order for a pixel corresponding to the colorred, 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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processing until all pixel EL layers are fornmed w thout rel easing the
vacuum Note that a single |layer structure conposed of only a
Light-emtting layer is shown in Enbodinment 1 for the EL layer 171, but a
structure having layers such as a hole 15 transporting |layer, a hole
injecting layer, an electron transporting |ayer, and an electron injecting
| ayer in eaghicolasmuss betfamempamlwm@ukamgawuﬂitﬁgargﬁhyu&%ﬂ k. fe EL
. . : =) ] C. )
| ayer. Various exanpl es of these types of conbinati ons have aPready een

r epor t ed prefegakit Iro sisch matt neskinad coRyr e pgEd odf tkRoMILORLEE Bl gan. be .
used as the EL layer 171. Considering theI'MEL dri \Eer vollt agégl,rédﬁ%miq’sgmp

preferabISeleCCinséOIamthHEhrlliy&rsr‘rhlleiliﬂ(ﬁﬂyeﬁe teqeirkhRagRL erial . 20 The cat hode
172 of the EL elenment is formed next. An exanple of using an MgAg -

el ectrode as Nawelyafinude mak issseshonss ik GEROGI BINthe Lpixltedcbpd BordliS0e
possible to use other known materials. An EL panel having a %truc ure as

shown 1 n cPITgsp@Bling to ihis colambdl antl rébeslot Mighe-em@HhEL RiyBisNge SRechydiPt
bank 169 and the second bank 170, it is effective to perform pr ocessi ng

i n succedeined wiingidhetmaskp dbaxtea tmaskt 9 eerRbAD EPRREL UG R R B B hose
formati on of the cathode 172 by using a nulti-chanber nethod (or an 1n-1ine

net hod) €afgsHdnding footheablamgreppandbteen c3bbr ligh EBRQEINEPN agors KeSOWEGHIY €9i ON
204, a drain region 205, an Loff region 206, an Lov region 207, and a
channel fempschusing gheormasios Faradly contask it so agiecsegviee all dfeho pixeBY&Eeptdhr @
swi tching TFT 201. The Loff region 206 is fornmed so as not to overlap with
the gat ethesceeemrespending tohrlwughlor Ndugatmd ibhsutalot ghtichmkQOEL Aujdrhieke t he
Lov region 207 is forned 5 so as to overlap with the gate electrode 121

t hr odgh seiecilpiqmed usingnidefraskh 196te thai, slthoygle thef ustofuditdiffechsmextsiemel y
effective in e;daguci g the off_ current., Further, a single gate structuré is
used as FHO< et Hep e posk impyEriiobe neused 1 Further, it seprpleedénto peréent | on
may al so have a doufl)@lf gaL| %yr‘:ucture or_another type of nulti-gate

st 1 uct ur BFesFsipgundlall pie EL 1s apgdorprerkwitheutefefeasing vb¢ yagomnect ed i n
series 10 by, usi the doubl e gate structure, gjving the advantage of

addi tional | yl\tf’é?ja%tﬁgs"% & layer sthegiprespmposed of only a light-emitting layer is shown

in Embodiment 1 for the EL layer 171, but a structure having layers such as a hole
15 transporting layer, a hole injecting layer, an electron transporting 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 reipérted, 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 it is 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 per’f;c-‘rm
25 processing in succession without exposure to the atmosphere up through to the formarion
of the cathode 172 by using a multi-chamber method (or an in-line method) thin film

formation apparatus.
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Further, the switching TFT 201 is an n-channel TFT in Enbodi nent 1, but a
p-channel TFT may al so be used. A sem conductor |ayer of an electric
current control TFT 202 contains a source 15 region 210, a drain region
211, an Lov region 212, and a channel form ng region 213. The Lov region
212 is fornmed so as to overlap with the gate el ectrode 123 through the

gate insul atiIn f'bl m 106.. Note that the electric current control TFT 202
does not have f.‘g%fﬂ ?‘é)'f"fe“rtégf‘éﬂu‘icﬁ regivie dPfrehtrain rasion 20% andetflregicnallongn an
Lof f regi;on rram@o b used, .20 Further, the electric current control TFT
202 is a 129‘6%’ T 7 thanmsbiorming region A08rarg ¢ontaipcd insoschecamlurretiarnel
TFT. Note g hat. the nel ., of odi nent. | shows an extrenely high
reliabil iqftﬁ Swéfffﬁlmg ith%ér h'he regiRBrotivioraed e apne tapyelimeitbakeghte by
arrangi ng,opti ly,structured TFT in, not only the pixel portion, but also
in the d%l%‘gqoﬁlﬁifo E‘F gate %Twn%fﬂl,m Worirrthevithy Lav sagrarcQirieformewthi ch
hot cagrier_ injection.i,s.reduced so. a of to ave a very large drop in
oper aﬁ or’?§| asstﬁé)gﬁrng witdidpe gatey eﬁifeﬁ%i%gwﬁws‘h 2@38?&#3 imsubving filol FQfui This
formng the. driver. circuit rtion. Note that,circuits such as a shift

regi st er ,tyée Oggr‘bclﬁwee‘? Fxge‘lngs’éilf%egﬁi’? pereduging the ofEReA circuit (sanple and
hold circuit) e included as the .driver circuits e. Signal conversion
circuits suc hFugéheeli’ ﬁl%%gsﬁvesﬂu&u_rg%us&\{isaa thswi Q\E’P&uﬂgﬁ A én témenlg

di gi tal Ve, i | f '.n-ch | TFT 203 of the CMOS
cireurt o @edleSaARIM %iﬁva'«}zﬁoi hge g ket é@ﬁ%&rﬁ%ﬁgﬁf ety pegicdn
222, i ‘ i eqion, . Further, it is
not " neceeau bRt Sthuci (F el RIRFTRT. SRS afRHErcomie s T
203, d A oper-ation speed than, t 0
curr eﬁjtq. W%ﬂ?%%@mccﬁugﬁy% @ﬁ%&ﬁﬁ% g?@%?&‘%“%‘%’%&%&#?ﬂ%ﬁgwaa ‘h'i?tab‘ﬁ‘f’é’ th¢ &t r ode

120 throyghel@ the gate insulating film106 is therefore effective in .
i ncreasi ng the operating speed because the resistance conmponents are

reduced as MmMpgfriRs, H{Esﬁ@/ipdfﬁng TFT 201 is an n-channel TFT in Embadiment 1, but a
p-channel TFT may also be used.
A semiconductor layer of an electric current control TFT 202 contains 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 overlap with the gate electrode 123 through the
gate insulating film 106. Note that the electric current control TFT 202 does not have
an Loff region in Embodiment 1, but a structure having an Loff region may also be
used.
20 | Further, the electric current control TFT 202 is a p-channel TFT in Embodiment
1, but it may also be an n-channel TFT.
| Note that the EL panel of Embodiment [ shows an extremely high reliability, and
its operational characteristics are also increased, by arranging optimally structured TFT
in not only the pixel portion, but also in the driver circuit portion.
25 First, a TFT having a structure in which hot carrier 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 revister, a
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Further, a sem conductor |ayer of a p-channel TFT 204 of the CMOS circuit
contains a source region 231, a drain region 232, an Lov region 233, and a
channel formng region 234. 15 Note that, in practice, it is preferable to
perform packagi ng (sealing) by a protecting filmhaving high airtight
characteristics and little outgassing (such as a lamnate filmor an
ultraviolet hardened resin film or by a transparent sealing material after
conpl et i npuffepatdvebsigfiet, and heamphiesisas: @implednddBIEAr@T) bR RANANR the
exposure to the atnosphere. Further, if an inert gas is placed In ?%e

i nsi de of dtiber siealitsnigerontSighall condetion SFiRGUAEANT: BOA(RALHE 0Xd Qﬁo gkOr
t he

exanple) is arranged on the inside of the sealing material, then
rel i abi | i inchededwkerthedbremppididiel dAeé.eased. Further, a connector (flexible
printed circuit, FPC) is attached in order to connect the elenents forned

on the substrat esmidondutwr nape! 6f ebd eneiethriet ONFE MB3CHI 64 IMOD Xk gnnal
signal termnals after increasing the airtight characteristics in

accor dancEmbotim@i I tentpaslkagung rpgios 3$, Ddralh@oldokE 2, AnTRP wEAGk B eding
product is thus conpleted. This type of deliverable state is referred to
as an EL aicbphigl foewingaegibn@dghout this specification. The w dths of the
gate electrodes differ as stated above wth the present invention. 40
Theref ore, i tFithenéss bbenta@ssmk eo bdeon@mabnikinhe afficarent fithe hi®annel
sem conductor |ayers arranged under the first gate electrode | ess than the
i on concehtlaZ@brand tthportarive map i qdmadctnore bayhe Spoaitioar speadatlannbe bt he
first gate electrode by utilizing the difference in ion penetration depth,
due to theurgknt ditiefgrmation efithe Lovtrgiarl Zioveslspping whamrpelet wodd 1§ thiodgbn
injection using the gate el ectrodes as masks. Further, in order to formthe
Lof f ABgi earsinggatingtib 10Gisitherefrae effattive of incheasihi thst opegaie; spbathdcade and
the width of the second gate el ectrode need to be controlled by etching.
Control ohegesEpre comgppents A legucedes vuchespessibhs becones easi er conpar ed
to the conventional exanples. It therefore becones easy to have gr eci se
posi tional 10F &g etemisendysson aver eficprshameelt HET 26K ofr i GMOS avintuit
becones easy to manufacture _ TFTs, havi ng desired characteristics. -

coritains 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 afltet completing
up through to the processes of Fig. 6B so as to have no exposure 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 substrate, with terminals extended from the circuirs, 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 specitication.

The widths of the gate electrodes differ as stated above with the present invention.
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Furthernore, the electric power source supply line, conventionally formed
fromthe sane filmas the gate signal |line or the source signal line, is
formed between the second interlayer insulating filmand the third
interlayer insulating film The electric power 15 source supply line can
be formed overl apping the gate signal line, and therefore the aperture

rati o can Beerefoee,danedssibletce ridkatchakdrhesanl e 3RS chdseME Sl Lgnt

emtted fromthe EL layer is directed toward the substrate is expl aihed in

Enbodi mentarfangtdeirpiee shotfirsnygnt dlocrode R4 chadith€don t@nttisaticdNdid;
structure in which the light emtted fromthe EL | ar;erni S tgiit}oglcglé mal%%%e

the 20 subemimﬂumlzaﬁemdn@rﬂﬁgaiuﬂd@:rtﬂfﬂfﬁs@g@%@eleét‘?&ie@ﬁtﬁﬂﬁ%ﬁﬂ%Jiﬁgreﬁ!:e

el ement becones the pixel electrode, and it is preferable that t

el ectric dmigrepenecanbndepthydude s diffeehiana el electille chiEFRASETBREL ﬁérfcﬁ‘ 1&1‘?9
surface diagram of a pixel of an EL display device having two thin i 25

transi st oien irgeeiql asing chd gniErhetiodenis AaskA t op surface diagram of an EL
di spl ay device of Enbodinment 2 is shown in Fig. 7A. 41 Further, a circuit

di agram of a [uxeler,dh driler dolfoethshe apffdevibacughe Erpal Hifﬂ?tth@wii(ﬁh%ﬁ"@ﬂ@firsit n
Fig. 7B. Reference nuneral 501 denotes a source signal [ine, and reference
nuneral §o2 denoods andght ewislidyndlcht isseond\gader dlogrERBné@l fEle eBnttiRJBY €
signal line 502 is an electric power source supply line, and overlaps with
the gate stging. ControbofrhsLt fayienarnd honeegibn poditidanbé@mme cavied €thfged FT,
and the switching TFT has a sem conductor |ayer 505. A portion of the gate
signal |i e thbozongendeonddxomplere [sdrirefordbetamnes ease o 505e asedsegpdsirional
el ectrode. One of a _source region and a drain region of the sem conductor
| ayer Bosalignmenhetthed avoregtoms sodribe LnffrtiegignsGind iabecdnins catsher masufaciure
connected_to a capacitor wiring 511 by a drain wiring 510. The electric
power souW&Jﬂ@%@ﬂ)@‘#s}wﬁicﬁ?@wsiﬁ-connect ed to a first interlayer
i nsul ati ng finkm not shown in the figures) by a portion denoted by .
ref erence nunErEhennore, therlectic gpwgesaapraippbilinesconensianaly formed Bbmabei ¢
ower source ly, line 503, the fjrst interlayer insulating fi] and the
2 apaci t or Same BB s he gate signal line or the source signalaﬁlne, is fgrme bEtw%en thergecond
interlayer insulating film and the third interlayer insulating film. The electric power
15 source supply line can be formed overlapping the gate signal line, and therefore the
aperture ratio can be increased.
Note that although an example in which light emitted from the EL layer is directed
toward the substrate is explained in Embodiment 1, the present invention is not limited
to this, and a structure in which the light emitted from the EL layer is directed above the
20 substrate may also be used. In this case, the cathode of the EL element becomes the pixel

electrode, and it is preferable that the electric current control TET 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.

41



wiring 511. The capacitor wiring 511 is connected to a gate el ectrode 506
of an electric current 15 control TFT 507. The electric current control
TFT 507 has a sem conductor |ayer 508, a source region of the

sem conductor |ayer 508 is connected to the electric power source supply
| ine 503 through a source wiring 531, and a drain region of the

sem con i.s.ccanngcted a_pixel. el ectrode 509. The
el ectri ?{ggﬁé}é’raé@ﬁ‘fiigﬁ%gapﬂﬁ|°§%|ﬂ"ﬁez Ogg? fig disg Viset Bwi)au%%@rlél shaweer | ayer

A KA A Bt
[ Enbod PoR 810 i et die o G A0d Tt bh the ehgishul Gie 857 s at) ng
St or age cesaae POy ERERII Tt W ovsBBhebf i Blrebi S¥hsul at1ng 111 m
Note nat he asher RupBrl K8 SURRsY & SuRERCHFT R Piietung Atasw m g
i, e 0 DB T R 2
00 I b B Oy B R ATE

Enbodi . ' iled. f, the EL
i spi oy CHeb SakpREue ) FERF0Y i CRRENARoTH b e Riind S3hordife Bbhin: o

ayer Qenﬁ&&_eag% hobbiedr hldad! 5 CRBREIGRL Wbl %Pa,?ﬁ'ﬁega?éjﬁnﬁ]pf%gg Sree 10

capacitor w ring 122b, sandw ¢hi ng gate 1 fAsu

sem KPNGUEHIgink 398 ts &ReBAH @ LRAIARIL A INIS LA ow i IHeFoubTPUri Ly

region 6 ormed so as to contact an ge por e cha m ng

AR riane et A S s S R R e e
i mpur i t ¥lecegt powéQ3uice shpplink 508, thb Grdr REflayeY iSARERRAAL ifMthe capacitor
wiring 511.
The capacitor wiring 511 is connected to a gate electrode 506 of an electric current
15 conuol TFT 507. The electric current control TFT 507 has a semiconductor layer 508,
a source region of the semiconductor léyer 508 is connected to the electric power source
subply 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 pou-rer 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 insularing 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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in the second inpurity region 601. Further, the first inpurity region 602
overlaps with 15 the first capacitor wiring 122a, sandw ching the gate
insulating film 106. Note that when the electric current control TFT 202 is
a p-channel TFT as in Enbodinment 3, it is. preferable to add a p-type
inmpurity elenment into the first inpurity region 602 and the second

I mpur it Yext@ahen; : /S Lt ts preferable t dd an . n-type
i mpurity XEI enﬁ%ﬂa}?ﬂ)g&gﬁ\éﬁf} i ?\lg%{e fﬂrlraptl}%‘ie £ %/)m? & ?ISHC%U?%&%P‘F H%"dsfgﬁgﬁfﬁlopﬁpur ity

regi-on %ﬁowinfﬂi_%s,gﬁsﬁsﬁﬂs” which the electric current control TFT 202 is an
n- channel TFT. e second capacitor wiring 122b is electrically connected

to the drairg; ' Of ' ' T 01 by th LN . Wri 164.
Fur ther . the BT pnare-safpEdaba BPor F b hetet ak Sbougar oy

interl ENSk (o PRy : . I t j i 122h th h
he. cont o horE Pt R BEnd DR GEPEhl derks sRownbrbe. 75 in

addi tg o ; ‘ i | i.S_ connected.to.the source
eq on Tap U apE RChA 3 RANESRAREEUB0Y| O L tRRT T lisddtdRenct

hol e f ; s UL g B aln ey b T AYEL,
ol e foreiBrhihdd I EfRY %1;26;?.26}?&%!%(3131116?“11Hig'g;betr_e%éer:lccﬁgfjri%}r}a%??1 g‘{r?fli%a The

insulating film 155 an Interlay

capaci tgﬁg@tlﬁgldggh@ELH@%m%meofc%H@ﬁg{ngﬁE %’Z"?h#lgﬁg%‘?r%{et%a ed in accordance

with the structure of ment L8 fromthe EL

ayer is di el aohichRyandh 108y $80eAhGs WihEIRod IBaludh B4 f5rglepe the

brightness of the EL display 5 device becones [ess due to a"d_ro“ﬁ_l he
aper t Ur edciid @abhcitdie wiithd ALATRIGLHNE BLOEARCINSGARAGI ART Iy, | nfgased.

However, with the structure of Embodi ment 3, The storagg capacitor for med

by tite sapaindecolsjRG003As 2 dfnddl Sriisilatdens, id ﬁ%éﬁlﬁpufﬁ?g?%@gsgzy he

sem conductor |ayer 600 overlaps with the storage capacitor

el ect ri éompeaikso assoonexcs ipplye porten s the ikl fostnidd e8! ad s -84 N9
film 155, and the capacitor wiring 10 122, and therefore the capacitance

val ue ofmphsetstegiongs)icfopacd s0bs aacodact tieshst mipufioptegidnosle. i Tigk fhgaperture
rati o. Note that although an exanple in which light emtted fromthe EL
| ayer i sonierdgeatinh int dwefrrsk iy ibagion 602 iisloexptizinéde inpubmpesicranaidn t he
present invention is not limted
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 preferable to add an
n-type impurity elementinto 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 contact hole formed in the gate

insulating film 106, the first interlayer insulating film 155 and the second interlayer
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to this, and a structure in which the light emtted fromthe EL |ayer is
directed above the 15 substrate may al so be used. In this case, the cathode
of the EL el ement beconmes the pixel electrode, and it is preferable that
the electric current control TFT be an n-channel TFT. [Enbodi ment 41 An
exanple of formng an electric power source supply Iine and a shielding
film 20 (black matrix) at the sanme tine is explained in Enbodi nent 4. Note
t hat t heirsahaing fidfrei ®ce synbols are used for portions shown by Figs. 3A to
6B. Fig. 9 shows a cross sectional diagramof an EL display device of

Embodi ment 4 TheEapaditandé spluayf dRwsi@geoagarhodiamptindesicfe RILY) EL
di spl ay device shown by Fig. 6B in that it has s#iqelediené ?‘T%Iofrrr% 1 yzg[%to

157g. Notle ttrattuet bEEmbodimény £:5 Nuay ehal lighadniaSd Boan Pl #iRed difkcred
Enbodi nent 1, and therefore Enbodinment 1 may be referenced ‘regarding a

det ai | edtovaucthersabatact ir Brhbotlimehe$, sied tiegefote BEDOMNERAL of (hBE Gl
omtted 44 here. The electric power source supply Iine 157 contact's 'the

first 5i ndevicapecorheslebsatieng o diopin 166 aperrire@a8E FQRE sGFRAGIELEHF Mo st fIkel 22D
t hrough the contact hole formed in the second interlayer insulating film

156. In esjsfiditooris itdreaselleciowevpgweith sherse@cuPRINVELDAEMERY B, iche Srdrpnect ed
to the source region 148 of the electric current control TFT 202 through

the contapicitonlferthed g dthi: reaphat@ad irign 524, ahk n@d idsilalg, filkhe0d,i £igt the
interlaver insulating film 155 and the second interlayer insulating film

156. Theseshicehdiicmr taybmGO0ibEalapowith The stoegt oapmeitopforinked by eeanecdiobewtayer
insulating-film at the sanme tine as the electric power source supply |ine
157. An sqwrceaseply fine 187 pfte firiOintenlayen insilsinigditid Y, abd ehe exgivalvidg t he
EL- di spl ay device, and light emtted fromthe EL el enent, being injected to
t he dRanhdZ, 4nst thiereforeadiie sapadifanchealieTof thestobazeprpyaniredny rakat wichgut he
shi el di ng)a‘ii | ms 157a to 157g. Further, it is possible to formthe shielding
films 15 qrmg1®¢@p@fmamm.mnt 4 at the sanme tine as the electric power

source suppl qus 1?7, and an increase in the nunber
ote that although an example in which light emitted from the EL layer is directed

toward the substrate is explained in Embodiment 3, the present invention is not limited
to this, and a structure in which the light emitted from the EL layer is directed above the
15 substrate may also be used. In this case, the cathode of the EL element becomes the pixel

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

TFT.

IEmbodiment 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 the 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 1 may be referenced

regarding a detailed structure of the EL display device of Embodiment 4, which is omitred
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15 of process steps is unnecessary. Note that it is very inportant in
Enbodi nent 4 that the shielding filnms 15 7a to 15 7g and the electric
power source supply line 157 be formed by a material through which it is
difficult for light to pass. Although an exanple in which light emtted
fron1ththL | ayer is directed toward 20 the substrate is explained in
Enbodi the present inventionis not limted to this, and a

structure |rT%/n i.ch the light emtt d frgmthe Eh__l | ayer i s directed above
the substra #ﬁ?}“&ﬂ’-’%ﬂb UGSEUPPIYneHiod COREISTS thy drst inteideiet isulabiag Alm

ol ectri o, #Ereﬁsee G T Ve 40 Bratebahe CoRIRct bele g inahe pacond
Enbodi RiH T KBRRAE I GG THeCihPEVER 1yrae fppDEWeL &
subst at% andtegt ﬁm conducgt or %\gr of a TFT is expl i:u ned i.n_ Enbodi nent 5.
Not e ggct gﬁ aﬁgo‘fﬁgﬁgﬁ‘- B Lfoths g&%mgg??wn : E-sqggwxlnye? gs.

0 6B, i . shows a cross, sec ram an i spl ay _devi ce
£ EnbodiomEAY: e formed i ¢t B UlaBoE Bl P ehe S ekt dsphsing Hind#ot he EL
gisplasI ) oyn %%59 PQﬁelthasllght shleldlngfllms881
and 802.2 { § B}tﬁri?yeggf'sﬁ@ttmgefgnh al ready been expl ained in
Enbodi t E f d di
o et 18 R Bl e SR R °

tted 0 8 f
Che semtShsanE st s théglecty; S%ﬁ%'“ %%Mfféﬁsa?gv %Tgﬂd%?ﬁ?aﬁgéﬁ f‘ﬁ

TFT
S e 1TSS LSO SN g
overl ap eirhBnd, B@m%gﬁf%néh tBQlé@kH&H{e?g%rﬁgﬁép&lcﬁ{b dr Ia‘:r‘e FEH 8&’:{‘9&18%&% er 104

of the 15 sw tchi FT, an nirel form ng gl on
sen congyghRly the¥Rleldiflg films 157a to 157g.

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 to 157¢
and the electric power source supply line 157 be formed by a marerial 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 emitted from the EL- layer is directed above the

substrate may also be used. In this case, the cathode of the EL element becomes the pixel

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

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

Embodiment 3.
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of the electric current control TFT, sandw ching an insulating film (an
oxide filmin Enbodinent 5) 803. The light shielding filnms 801 and 802 can
shield light, and it is possible to use any nateri al provided that the
material can withstand the heat treatnent process 20 tenperatures of steps
after tqﬁg%%ﬁgt sh%glding films are formed. It is possible to use materials
such as SRE25i | i con, t hrough which |ight does not easily pass, and W

is used inhgnbodi malnt F Not e thﬁ: it is preferable that the thickness of
the |ight sHi*BI 8¥3BPler pf dereime anbigtgoshigldiag file borvten of sithstrateo a@d5agm
Further, it.is refFrabI that the thickness of the oxide film 803 be on
the or deEyfoRductenlayerof achFT)is exalainadoin Embolimas pr dfexabhe thbaimt he

di stance petween the |ight ?Phi elding filnms 801 and 802 and the '

seni condGetoReq %{9@0@ Y Aseth T Postions sBewnrhy HgdéA of6B. 1 to 0.5 um Note
t hat, . al t hough td; light shielding filmis only formed under the TFTs
formed 46 ingt Heshawsd crosy secpnaldizgramdifmertL SisplaydevicerehEnthollanarats,
limtedt,0 i tryuctur The, light shielding filns may also simlarly be
f or med ﬁb"e&t‘ﬁﬁé’faﬁ ICGfOE%ﬁ%bQﬂ#m%ﬁrS di ¢rg thaRL idisplayalewideshowa b¥FE. of f
current e tpo tight .jnjected fromunder the substrate to the channel
form ng Fedf 5ﬁ%t 'itg"aﬁrl’é’gtﬁﬁ’ggfm% ﬁg@&épgzﬂ?@ Qdi- t Nota ghastoher sruatutestavien 5
Enmbodi t .5 .1f the oxide film 803 does, not have g |l eveled surface, then a
probl e mnea@fc?éa?f Ee‘?%e’ﬁ?ﬁlﬁ?d mteﬁTBB‘é‘g]’fﬁe% tth?re%oé’? gﬁ‘gog%‘ﬂtﬁ’éd gy hegpleometthe

oxi de fil 03 akre not uniformy rystatlized. duripng crystallization. The
sem cond ﬁ%%rg}nbl aa@%?’@e‘éﬁ‘@‘q‘bﬁg r?ré31 HY%“‘FI?@%PW deics ?fﬁng@%ﬂ’a‘ém IWhigo s onzipgd
thergforne it is preferable to level the surface of the oxide film803 10
bef ore fhorrr'i ng the sem conductor |ayers. For exanple, the oxide film 803

ey be | evel g ik O AATOMaRh SRR Ca PRSI QB e e
o 1 SOk R EI L ABY) SR BIOET o LS e 0
]lf?g ﬁqm EBn&oP?ﬁﬁHitH@EEﬂ%pla;@vQE%?EH{b%dﬂHérlt%g 'Iﬁl%l lig%l@isfﬂgldﬁ%rfilgles 86?'313& ted
802 overlap with the channel forming region 208 of the semiconductor layer 104 of the
15 -, 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 © 0.5 um. Further, it is preferable that the
thickness of the oxide flm 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 pm.

Note that, although the tight shielding film is only formed under the TFTs formed
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within the range of 50 to 150 kg/cm . Further, polishing is perforned with
a gap of 0.1 /,gym between the surface being polished and the polishing
pad. The TFT off current can be suppressed and non-uniformties in the
crystallinity of the sem conductor |ayers can be prevented in accordance
with the above structure. 20 Al though an exanple in which light emtted

f t he, I ' ' t t t he t _' ol ai ned i

Enbodi ment s P AR R h kY GG R) T pbEbSins 1l e The

The  subBearTED SRE sttty JRAGTE: Kb ieer e U e bt recem.
I t b L.xel d d |.t,i.s. f ble that th

ol cotri o curronpceaenhife T BE'RRRY dRERD bibnd SiiEoR et i subriras

i bl i | 5 in_canbination with di 3 and
Embodi mest 1. TRPSIERERRIDBRIOTER vt s a-BR e Fish the RO wiigee i ne

aftersf LNRG: rce signal line is explained in Enbodinent 6. Fig.' 1
I A shomsoﬁl{a{b?%%?esrﬁr%?ace di agram of an EL di splay device of Enbodinent 6. 5

oL et FigenclbBi gt 85 aEEA oIl AUEAT oL LA CUL lng (e
et encerueoh 305 510 Somd 08 Ryl 008L o Y LICLG0 [hod

under the gate signa s an 8 6ctrT ¢ power
and t he Mdtk ; it h i i ndw ching an
S0 AR TSR BLAN LI 08 (R SRRISRS 1

insulating film 10 Reference nunmera

swi t chi ngidERIABH3NAR (RerSRIFE CORPISPIbI wgaeﬁﬁg-sunatg%&m&' Shlik gﬂﬁ 8930

connected to the gate signal Iiné 902 1s forned o e sem conductor | ayer
905. 1@1%6%reafo§gwgctﬁe@@g‘;&,@dg%rqaﬂg@i n region of the sem conductor |ayer
"905 is connected to the source signal line 901 by a source wiring 921, and

the other i ForaasElEthexade 8RAGMBMaWE18EIQL by BWMEP Eh&hRaVidelAghidd0: The
15 el ectric power source supply line 903 contacts a first interlayer. -
i nsul at ipadishinighn GR8P byn &e 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_tmed in the electrdlytic solution b;r 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
pum between the surface being polished and the polishing pad.

The TFT off current can be suppressed and n0n—unif0.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 toward
the substrate is explained in Embodiment 5, the present invention is not limited to this,
and a structure in which the light emitted from the EL layer is directed above the
substrate may also be used. In this case, the cathode of the EL element becomes the pixel
electrode, and it is preferable that the electric current control TFT be an n-channel

25 TFT.

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

Embodiment 3 and Embodiment 4.
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portion denoted by reference nuneral 912, and a storage capacitor is forned
by the electric power source supply line 903, the first interlayer
insulating film923, and the capacitor wiring 911. The capacitor wring
911 is connected to a gate electrode 906 of an electric current 20 control
TFT 907. The electric current control TFT 907 has a sem conductor | ayer
908, and a source region of the sem conductor |ayer 908 is connected to

t he el edﬁm@)%ﬁmﬁ] source supply line 903 through a source wiring 931, and
a drain region of the sem conductor |ayer 908 is connected to a pi xel

el ectrode 90%n erampl¢ of fointingongatessgnal dirsuplptryfokinig 9Q3uics si@iimidchet ween
a second interlayer 25 insulating film924 and a third interlayer

i nsul at iqxglafmq:dﬁmlémbaﬂimmrrﬁe present invention. The electric power source
supply line can thus be forned overlapping with the gate signal |ine, and
t he apert ur &ig-atid shaws aHepstidace diogiane o€ as &l digfay BatiadofBimbodindm 6 hi s
enbodi nent, an exanple will be described in which a crystalline

seni c%ndﬂmeoﬂlaﬁﬁlgnnﬁ&e@ asrase seationdli diagrath af diig. 11 tche alomgatie ert Ande i s
formed b a thermal crystallization nmethod using a catalytic elenent. In
the casd&leberenss pymgral §031denptess solimessignal line, iasd pefefencablmetd 903 denotes

t echnol ogi es di scl osed in Japanese Patent Laid-Open No. 7-130652 and
Japanes & gase ggralilised Aopiring )3 feumebanderiibe gateaignelamB2 inwd blebeicdeser i bed
in Figs. 12A and 12B in which the technol ogy disclosed in Japanese Patent
Lai d- Op&Aurgs supply singeand deadping 803 pverlaps “ﬂge@s gateisignehlina2, sdFdvdthing
silicon oxide film1202 was fornmed on a substrate 1201 and then an
armrpho@é‘@@uléppg -film 1203 was fornmed thereon. Further, a nickel
acetate solyti.on containi

10 ppm by weight of nickel was applied thereon
to fma nitafEEneoRuReRL @gﬂd&y@&s @2@!4&&% i gnd q@@mtchm?%?@%mst rate

was subj ected tp dehydr najion gt 500C for one hour and then was

ub] oot Sqerbendisser raatiie b sgte Sepedc biamsielsorbastasgreb inodP3 (i n
the 15 present preferred enbo imst 550C for 8 ,houra) dto_ forma
crystall {Qémg (O spmicpnductor layer 905. One ot a source region and‘a drain region of

the semiconductor layer 905 is connected to the source siénal line 901 by a source wiring

921, and the other is connected to a capacitor wiring 911 by a drain wiring 910. The

15 electric power source supply line 903 contacts a first interlayer insulating film 923 by a

portion denoted By reference numeral 912, and a storage capacitor is formed by the

électric power source supply line 903, the first interlayer insulating film 923, and the
capacitor wiring 911.

The capacitor wiring 911 is connected to a gate electrode 906 of an electric current

- 20 control TFT 907. The electric current control TFT 907 has a semiconductor layer 908,

and a source region of the semiconductor layer 908 is connected to the electric power

source supply line 903 through a source wiring 931, and a drain region of the

semiconductor 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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1205. The crystalline silicon film 1205 formed in this nmanner had a very
excellent crystalline property (see Fig. 12B). Al so, the technol ogy

di scl osed in Japanese Patent Laid-Cpen No. 8-78329 nakes it possible to
crystallize an anor phous sem conductor film selectively by doping a

catal yti fdeﬁ el eméit selectively. An exanple in which this technol ogy was
applied ‘H invention will be described with reference to Figs.
13A and 13B. Fl jlicon oxide film 1g02 was formed on a gl ass
substrate 1304 eF‘I%’@ ‘“&‘ﬁlt aHbregh n‘]ﬂli erdespribadl 303whish a sivsialioe oxi de
film21304 were,for 1l'd in uence , t hereon. that tinme, the thickness of
the sil |§?6‘?1‘C8Qﬁl‘6cé°ﬁ3 F%“Cr%’éiélcgéaﬁf?ﬁﬁ m e k@ybpdinaeng mede is Grrnexdibge i1 m
1304 was giatterned 0 formalmitures 13 5 s Iectlvely and then a nickel
acetate $ ‘?H‘F’('JFFVE“@ Fé?‘%‘ﬁ‘@‘ BiFE B§R genpmnincibs casenf usipgkicewlyticher eon

T gt R e e L iR BB 3
D e st T houl R R T
LTS B STl B 0 s LA i
s T AR BB S e e o ™
YL, T s R L B, TS A 25,
S N e e R
o PRl B AR GRS B PSR

to nick ‘%\germanlum(Ge) iron (Fe), palladium (Pd), tin (Sn)., |ead
(Pb), co 51t %ﬁo pl ati num (Pt), copper (Cu), and gold (Au). The

crystal i ne ey e A E e el G TRt TR S Mt 10
crystal |ihef wislsuBRBred to a heat treatment at 500°C to 650°C for 4 hours to 12 houss (in the
15 present preferred embodiment, at 550°C for 8 hours) to form a crystalline silicon film
1205. The crystalline silicon fitm 1205 formed in this mahner had a very excellent
crystalline property (see Fig. 12B).

Also, the technology 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 applied to the present
invention will be described with reference to Figs. 13A and 13B.

First, a siiicon 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 tha£ time, the thickness of the silicon oxide film 1304 is made 150 nm.

25 Next, the silicon oxide film 1304 was patterned to form apertures 1305 selectively

and then a nickel acetate solution containing 10 ppm by weight of nickel was applied

thereon to form a nickel-containing layer 1306 and the nickel containing layer 1306 was



germaniumfilm or the like) and then by patterning it. The TFT made of a
crystalline sem conductor film by using the technol ogy of the present
preferred enbodi nent can produce an excellent characteristic and hence has
been required to be of high reliability. However, the adoption of the TFT
structure in accordance with the present i nvention 20 can produce a TFT

Ki t t echnol th t f d mbodi t.
I this orpo el Cofact Bk R MGrpBHu ot ofE il AL cubimrcuctietcot of Hham vs
f or med %eﬁﬁw%@]gcrl{gnggz sem conductor filmas a starting film and by

using the a alytic elenment and then the catalytic el ement

d | | duct or fj il | d i bed
%o a method ol Tspasutait Wa Aecaf SEMERREG Ohat ol sosseChddiment 1
Japanese " S?Eh?@fﬁa.fﬁ%&e‘? °9ff%‘? 4 pnihodiginh ZanaieC o g 4emen oL@ acpen
No. 1051 Th hnol I d h
above%r e? g‘égzﬁg@g&lﬁg 1e one reﬁ@#%ﬁag‘z%‘é‘?%é@g?bg%% é?ﬁgt%‘fsgl o8 (‘ler'} u%cmg

crystall t ndyctqr, filmby the gettering action
ofyphospgggdggg %&F%t e cr yg%gﬁsl%gg}ﬁa H gdé%fh%‘eﬁﬁ‘ef‘éi‘ﬁ‘%hpf@iﬂett diggheal ytic

" el t t | b d dt 1019
ot ome ot ECRSH ST L RBURE TICORENS ‘g%ﬁ' SRR Grveda sroiing g

this t t f d di t w

be deser HEayROihcl kifig 60 Shigdd 6‘0‘3‘?@1@ R %ﬁ?@ﬁe%fﬁé‘? <l gﬁe'pe {'eng“as-s
bst t Co

P oot | aatackaRopRally in & specifc dir ‘E%‘L‘ HEREE wBY w18 55t e BDeltS

crystig | Wwheclsisl dnCRVvahitd Mﬂ@i@cﬁgfag %@%ﬁ&ﬂu B Pﬁlf'g%@ﬁu hnol ogy of

crystallization described int ®si17’con oxide film

1404 for nmaskh pkis forARHE t § h ilLigon film
1403 to a thi ckng%g)eof' l150e E&Oatﬁghl'?é{gn@gggﬁn&%ggb%%:& fl)ll&?’n§ Cataqw erni ng

to form elegiedits ma@bpesédth ddtd @ﬁ?l’éhﬁ'klz! Sdelt @A | Y
phosphor us addltlgn process vvals 15 perf-or zredrtlo (:I)Iﬁr(nct e rg(g%t?%nﬁlggl

whi ch ph@@pheinSnidead (Rtgd cobulé (Co)s plasindint (MY, 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 adeption-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 rechnologies disclosed in Japanese Patent Laid-Open No. 10-135468 or Japanese
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silicon film The substrate in this state was subjected to a heat treatnent
in a nitrogen atnosphere at 550C to 800C for 5 hours to 24 hours (in the
enbodi ment, at 600C for 12 hours), whereby the region 1405 to which the
phosphorus was added acted on the 20 crystalline silicon film 1403 as a
gettering site to nove catalytic elenents remaining in the crystalline

Then, ¢ nel 2P SR GRehd 1P 2489 Wee? uidlel e Bkt e 1 ogi on 1405 o whi ch
St Con i m TR SRR BRIGHI ERBISED BIFeaes suih e nen i coabeg |
Thi s of ystsrieRu P LB S st B mpsp ot picoryieros B Ry chcsimauct or
enbod moric R PhE P RERTHAR iR el SRR Ehenifin ofihe gofincakment "
Ecpl i hod's TR e At R8O & ot By PehichS ca RE R heoniliie ey ragre
Ceati onal Pergapsl RAG AR RUERE R IS AR bl of o ance numeral 4001

CFac. ot ny. ThE 00, SEBRL Bl BisBhePabHA Mo AR, BEIRRER 30 °°
(11 ox b1 Gelhle f st SRRSEAER4B0, SIS RonclO| BB Sl B AP E007 o
Senond SRR ARGy SRRIBILaR. MEtkaL LR Bty BLFH It o0
ottt ASgatiagEl SECI AT Endd KA SHb HIAC14GN W0 Rl By il B
i's shown teBhftblbgy bPEystaRatibs deukiteld 3 ehé ORbodithend Yl VE{enCh sEidbh oI{iiE g0l

included in the source side driving 15 circuit 4003 (an n-channel TFT and
a p- chanmefO4Tiol mskish ek fARR&R) oR tlle BufEE BRthe crystalline silicon film 1403 to a

thickness of 150 nm and then apertures were formed by patterning to form regions
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 cryswalline
silicon film.
The substrate in this state was subjected to a heat treatment in a nitrogen
atmosphere at 550°C to 800°C for 5 hours to 24 hours (in the embodiment, at 600°C for
12 hours), whereby the region 1405 to which the phosphorus was added acted on the
20 crystalline silicon film 1403 as a gettering site to move catalytic elements remaining in the -
crystalline silicon film 1403 to the regions 1405 to which the phosphorus was added.
Then, the silicon oxide film 1404 for masking and the region 1405 to which the
phosphorus was added were removed bg} etching to form a crystalline silicon film in which
the concentration of the catalytic element used in the crystallization process was reduced
25 to 1 x 10" atoms/cm’ or less. This crystalliné 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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controlling TFT 4202 included in the pixel portion 4002 (a TFT for
controlling the current flowng to an EL elenent is shown here) are
formed. In this enbodinment, the driver circuit TFT 4201 is fabricated using
p- channel TFT 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 niineetlineat Bher, the storage capacitor (not shown in the figure)
connected to the gate of the current controlling TFT 4202 is provided in
the pixel pontixamploopfabsinating en By filedtnd ubitidsoende) kisplayeleeldengidd dhe) 4301
made froma resin material is forned on the driver circuit TFT 4201 and

t he curpresantciowendbhiwil) bERTpURE2, inameboalipbnel. Na@ thheEigr o5k i aagdekw4302

el ectrically connected to a drain of the current controlling TFT 4202

t her eorofa display deviee using ehdg@eritindemivegafhd Big #5B sarspaketionabrdwct i ve
film having | arge work function. As the transparent conductive film an

i ndi Bimtheietd. and tin 52 oxi de conpound or an indium oxide and zi nc oxi de
conmpound can he utilized. Further, the above nentioned transparent

conduct i ve HniHign W/t tndiBigctbB, sefdumed ngalekal 460t denatke sosubbeates 4002 &hewes an
insulating film4303 is forned on the pixel electrode 4302, and an opening
5 portipixed pootiomdt®l deroipd asbumieetde ddeing302uitAlODheleopeniangarpaidel on, an
EL (El ectrolum nescence) |ayer 4304 is forned on the pixel electrode 4302.
A knowrivingeisceit. Hhadriveng cifcudis aferongacied tEexwedequipmist, dsmdghsnFRE EL

| ayer 4304. Both of |ow nolecular type (nonomer based) organic EL

mat er i alflexibieiprined ieuin JORF viapwitip#9Qfer based) organic EL material s can
be used as the organi¢c materials. 10 A known techni que of evaporation

met Hod or paf ?htf Hiene fiFs geating materabblGloa reyenng mateppl 4 e p fgonatenine £L -

| aver, DOfcHel  eseeporainepiral FUF freiovidaied #hip ragfese thaRbE BoTin
o RS A AR il S0 | 20T,
naving 8 1p g ehiehd ng propersy (1 Ypheah Koo A SODHSLLYE ) L)
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 TFT- for conrrolling the
current flowing to. an EL element is shown here) are formed. |
In this embodiment, the driver circuit TFT 4201 is fabricated using p-channel TFT
or n-channel TFT forming by a known methﬁd, and the current controlling TFT 4202
20 s 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 4002.
An interlayer insulating film (leveling film) 4301 made from a resin material is
formed on the driver circuit TFT 4201 and the current controlling TFT 4202, and a pixel
25 electrode (anode) 4302 electrically connected to a drain of the current controlling TET

4202 thereon. The pixel electrode 4302 is formed from a transparent conductive film

having large work function. As the transparent conductive film, an indium oxide and tin
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silver as a main conponent, or a lamnation filmof those and other
conductive film is fornmed. It is preferable to renove as nuch as possible
any noi sture or oxygen existing in 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 at mSpHerERPRE AR ‘éldé‘a’{ll‘?éﬂﬂg %@G@q axideearerbpunid b veilipoi Mgtlo,
oxygen ang nBisture” %Pe above fil mdeposition beconmes possible in

enbodi nedte 8OBYF RERHGNS! HanIPRICK £ppductivediipowith shich srdopedgallishod)alfd | m
deposition apparatus. Then, the cathode 4305 is electrically connected to
the wiri "g %865 in the region 25 denoted by reference numeral 4306. The

wiring 4005 for inpartin redeterm ned voltage to the cathode 4305 is
connegt ed to &’%af@@%gﬁfﬁ&g@fw%nmmw clegwpdnbi02nand 40 opetdaly. 53
4302, ¢ RFE 15yaimEEon i PG eRiFote 11005, ATHbe kel onttion andilosed
with a cougring material 410% qﬂﬂ_c is.lamnate inth the substrate 4001

t hr ough CF@&‘E@SWH@%%M% isgipgmed R Ehet pixek clegzpdendOvat et lnowaod,
o e S Bl LRl 0] RS E1YE0 50, Bkt am ¢
e B T e R
fiberdgl -k el | ;asti ¢ material, a RPVE ol.yvinyl fluoride) film
.<(3t %% a? ? ??ser(ri? %5%113{ gggfl%tre & l|‘SIC I)lbgrﬁl(ﬁe‘_g_ﬁs %te_r(gfg?%lcfﬂ(t%‘a%an_ %e_ used. | jt)i S
SR e i S R R

em ssi ongdi ' i 1 0, = - el i i ted to the
Coveri ng mer STy 3P de TG BRuhEEhat O el bRy heEhhEph R

possess hEHRNSPREGHE Yayel,NalilGe C@ac‘r%g)o?mg ﬁ%%g,aEelright r@%ﬁﬁh@' Iaf@l‘c Qnaélggtr(glll ass

plate, a plastic plate, a polyeste mor an” acrylicfl rﬁc_an e used.
15 Addi t yaRdhdr¥ingdayer] ARl alBlelirbA linjtd@: la§ed, OF HBRANSILAG sthiha¥l ol et curing

e 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. [t is preferable to remove as much as possible any moisture or oxygen existing in

the interface between the cathode 4305 and the EL layer 4304. It is therefore necessary

to use a method of depositing continuously the cathode 4305 and the EL layer 4304 in

20 vacuum or depositing the EL layer 4304 in an atmosphere of nitrogen or in a rare gas

atmosphere, thereby a cathode 4305 is formed without exposing to oxygen and moisture.

The above film deposition becomes possible in embodiment 8 by using a multi-chamber
method (cluster-tool method) film deposition apparatus.

Then, the cathode 4305 is electrically connected to the wiring 4005 in the region

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



thermally curable resin. PVC (polyvinyl chloride), acrylic, polyimde,
epoxy resin, silicone resin, PVB (polyvinyl butyral), and EVA (ethyl ene
vinyl acetate) can he used as the tiller material. If a drying agent
(preferably, bariumoxide) is formed on the inside of the filter material
4103, then it can suppress the degradation of the EL elenment. 20 Further,
spacer maybe contained in the filler material 4103. At this tine, the
spacer is fobegnEgpnedabnychar ELimleoxndes madefrahyhd pigelspaeed. (1sgkf 45@s a
hygroscopi c property. Further, in the case of providing the spacer, it is
effecti veth@hlglt- layep égﬁ)‘haﬂd ithe cathodevi308dThe ELt dlement b edel 43DRihs @veHbher
| ayer for relaxation of pressure fromthe spacer. Further, the wri ng" 4005
i s el ect riataria)4E@hwhichdsllaminated wittQheG0bstvate 400 thidtgten fisotdaling eaterial
conductive film4307. The wiring 4005 transmts signals forwarding the
pi xel  pdtkQloandia by seadimgarateriaks WM, endgeaded withta MepMaaniil g20% si de driving
circuit 4004 to the FPC 4006 and are electrically connected to external
equi pnent  t hridagialsseckps glass maweal, Asoal matetinle ryricdiyn steimbasitoe placcp
second sealing material 4104 is provided to cover an exposure portion of
the first2 suaniiagaerar ind aploticanarepol ndndiog « plestPfind0am hd aseabisahn t he
structure in which the EL elenment is conpletely shut out fromthe outside.
5 1n thi Sovgyngrpeedal 41Qh) 4y delaste metsrial, @ d6beicbeateisbrasdt plagics hown
in Fig. 15B. ‘EEWdi mint_ 9], The EL display device of the present invention
can have BaEreladofbitrolmindiluopdeltiloe 8 Mylgr filrre polvesteefilsh oot an aktylic §ilm
possi bl e to ,provi %s I f:eo ? TFTs or nore. The 10 present. invention can
per f or m rf3P Y& usFd-eld isRreterbly Focese asheefstiyctursfn whis hmluntinais) @)l is wedividhed
['Enbo?é) nt E,g]r / drivg{ portion of an EL display device of the present
inventY or?Yi% dﬁa% VT fifhodi nent 10 usi ng Fig. 18. 15 An exanple of a
nvention is shown

bl ock di agram,of the EL displ ay device of the presen{ | |
in Fig. 18. %ﬁ‘é‘eéﬁaﬁif%‘ﬂ? s3Pedewy ghé*fe W&?loﬁsﬁwagsm Pﬁhaléfc%‘r“(ﬂ‘é?ﬁcfé‘wﬂﬂ%HFFTs
for med '

element is directed to the covering material side, it is necessary for the covering material

to possess transparency. In the case, a transparent material such as a glass plate, = 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 tiller

-material. 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 transmits signals forwarding the pixel

portion 4002, source side driving circuit 4003 and gate side driving circuit 4004 to the

FPC 4006 and are electrically connected to external equipment through the FPC
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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
of sour@806signal line driver circuits and gate signal line-driver circuits
in the present invention. The source signal line driver circuit 1602

basi cal | y hd¥lsa isihetpresegt strdodinéoRaa secdmat shling Aatasd2H04angravidat eh ( B)
1602c. A clock signal CLK and a start pulse SP are input to the shift

regi st eCOTGUREXNPSHlgeportsn obthedistskaling mhienie! 4k heerd mirticwbf (hkeRPL 400¢ shi f t
- regi ster 1602a generates timn siEnaIs in order based upon the clock

si gnal @ Rbzaia thhgreatara inprhiske IIISPE, alethaninés qorupileglyshgnatsramehe 66csskeppl i ed
one after another to downstreamcircuits. The timng signals fromthe shift
regi t ednghiscrav theebb display dswicy dias ercresspeetidnelistycruse shiowauintFig UGB. as a
buffer (not shown in the figure). The | oad capacitance (parasitic
capacitance) of a wiring which supplies the timng signals is |arge because
many of the 5 circuits and elenments are connected to the wiring. The buffer
i's fornéﬁﬂﬁwdgﬁﬁ@ﬁﬂto prevent dullness in the rise and fall of the timng
signal, generat lue to the large | oad capacitance. The timng signals
buffer anpl iﬁheegftfgsﬁavbdﬁwéﬁ af 1t rREens Hprentiary ran apve sbe stasaire sdpphied to
the latch (A 1603% The, l atch (A) 16%@? has a_plurality of latch stages
for 10PprYEesaThd Fdisgnithe nistla 15 isgprisidlecEnpmivisies d ﬁth%&ﬁ?Tisnﬂdﬂm i bhe  The
latch (A 1602b wites in and maintaing a digit dat a sip al .

si mA% aREFEEF JIVERPT RN iPRPRTMOROL KRite ntiong‘e RGN 3FUCNE} 8 e EL figelay gi t al
data signal may also be input in order to the plurality of latch stages of
the | at &AV{A) 1602b when. writing in the digital data signal to the |atch(A)
15 1602b. However, the present invention is not limted to this structure.
The plurality of latch stages of the latch (A) 1602b may be divided into a

nunber r d the digital data signal may be input to the
respect i@gl%&a](u%ﬁ %t at' the sane tine in parallel, .

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

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

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

order based upon the clock signal CLK and the start pulse SP, and the timing signals are
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perform ng so-called partitioned driving. The nunber of groups at this tine
i1s 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 signal is
completely witten into all of the latch stages- of the latch (A) 1602b is
referred to as a line period. Nanely, the line period begins at the point
when t hesufinjiedainedditea aspgralodewwwirédrmrircato the | eft nost stage latch
within the latch (A 1602b,  and is conpleted when the digital data signal
is witten iihe tihing2nalsghtmuhbe shifageisteatcibuic 160D A&Y be BuffEMBRElIRLIG | MeS
when the line period includes the addition of a horizontal return period
to the ab@iwuit swshpwra baffen (hat sHovai gnahe figusipPhé dshd eapabRak@t GArdsBk 1602c
when one line period is conEI ete. 56 The digital data signal witten into
and st or eaPactans® ofa wiringhyhidhoRipplies dhenimilgl sighialsin bRge Bécalibti dahPsf @Rt to
the latch (B) 1602c, and is witten into all of the stage |atches of the

| at ch 5( Byirawiopend glemesitsd pedcoMidctet ion dof widheo. diThict alffed af forsiednalorils @oai n
perfornmed, in order, to the latch (A) 5 1602b after it has conpleted

sendi ng Pieweat dulingss inthe wiegral fatl of thetinmgig(B) cchéfRe] dhagethe (B 1
timng signal fromthe shift register 1602a. The digital data signal
written faRast@neE.-stored in the latch (B) 1602h is input to source signal

| ines during_the second one line period. An inmage.is display in the pixel
portion in atberiaingsignalnhbuffes amplifieal by attalfst goal thel thiftnpgistet d60Reagour ce
si gnal Iine?.. [ Enbodi nent 11é The first etching process for formng the
first shapPlicdrades laseh (A)26Q2h. sThe fatch (AY 1662b baen slotalinf ofkodti vigges for

condi hi ons in Enpodinent 1, but may also be perforned under a plurality of
et chillg RIOsEIstngsHE ] dagy denals eontpipmeizage idotmadar. n halatah (e G02b mrites
reduction 15,and the shape of the gate insulating film An exanple of

form ng B AR{ PaiBR{pS acg‘ﬂﬁak:diaﬁgﬂgﬂgy%muﬁf?ﬂ%ﬁh’oerﬁhn@lﬁt hout iof stheetimbnigng
process Slfgnrgiﬁr two etching conditions is shown in Enbodi nent 11. ’

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 data signal to the lacch(A)
15 160Zb. However, the present invention s 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 mayhe input to the respective groups at the same time in parallel,
performing so-called partitioned driving. The number of groups at this time is called the
- partitioned number. For example, this is referred to as partitioned drive with 4 divisions

20 when the latches are divided into groups every four stages.

A period until the digital data signal is completely written into all of the latch stages
of the latch (A) 1602b is referred to as a line period. Namely, the line period begins at
the point when the digital data signal is written into the leftmost stage latch within the
latch (A) 1602b, and is completed when the digital data signal is written into the

25 rightmost stage latch. In practice, there are times when the line period includes the
addition of a horizontal return period to the above line period.

A latch signal is supplied to the latch (B) 1602¢ when one line period is complete.
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Further, both sides of the conducting |layer are forned so as to have a
taper, and LDD regions are fornmed in both side of the channel form ng
region, with the present 20 invention, but Enbodinment 11 is explained in
accordance wth a process of manufacturing, using enlarged diagrans of one
side of the vicinity of a conducting layer in an n-channel TFT of a driver

ci ruit TheRigenl diSAidal MRkenNaleatd dored A hS1AWh (8) k926 ASG [ dp.and

substrate are not shown in the figures. First, e Sane state a
)tag[t‘hough

Fig. 3B isdabiraidedoihe Pe&@ngEP'DG@ZdNa_ B i{ERBRdhTRAY all gffth%-sdgg‘,'\lﬁeéﬁ&s

Ta is used as the first conducting filmin Enbodi men whi ch has

ext remel jardh §B) DG, sR$s®tance characteristics, is used in Enbodinment | |
as the 57 first conducting film The first conducting filmis fornmed

having a fil Wridiiakifess dfical UatDsigdfQs againa}j%%m@d.%c&ﬁgr,CtBQﬂHj\M'ngQ(p{)i I'm
rrm 1 rs

may be formed with a filmthickness between 100 and 40

condust i p§D7Y Afearimiee corgREdReainfciee dibicaldabd SHDE S R (2R D @pléow%a%dsecond

conducting fil mmade fromWhaving a filmthickness of 370 nm aré

| ami nat egh ahe ritngrEignalfrdsiRhe siWitegibder 160%4.r St shape mask 1505a is forned
next fromresist, etching is perforned by ICP, and a first shape second

conducti ng | aledighb0daca sgidrmten tblanelsieRd i8fthEhbch CBY 1600Wlis iud & used
as an etching gas having i gh selectivity with respect to TaN here, and

t her ef or mutrbesighatlimes dawng idhe fFdcgnd LA [e@pebisdobt ai ned. Several et ching
conditions, and 10 their relationship to the etching rate of the second
conducti ng | Apamagds displey at did pigelr gdreiondfi atdveddndesyick elnddigivhhdah 3igak!
(TaN), and the taper angle of the second conducting layer = (W are shown
i n TaBl enput (i wutde dignad linkat a taper angle indicates the angle forned
between a horizontal plane and 15 a side face of a material layer in this
specification, as shown in the upper right diagramof Fig. 19A Further,
for convenience, the side face of a shape having a taper angle is referred
to as a [Fapbedimend 14l portion having the taper is referred to as a tapered

portion throughout this specification.
The first etching process for forming the first shape conducting layers is performed

at one set of etching conditions in Embodimenr 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
Jayer by performing the first etching process under two etching conditions is shown in
Embodiment 11. -
Further, both sides of the condﬁcting layer are formed so as to have a taper, and
LDD regions are formed in Bofh side of the channel forming region, with the present
20 invention, but Embodiment 11 is explained in accordance with a process of
manufacturing, using enlarged diagrams of one side of the vicinity of a conducting layer
in an n-channel TFT of a driver circuit in Figs. 19A to 19D. Note that, for simplicity, a
base film and a 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 1, TaN,

which has extremely high heat resistance characteristics, is used in Embodiment 11 as the
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Further, the angle forned between a horizontal plane and the side face of
the second 20 conducting |ayer (W (a taper angle a 1) can be freely set
with a range of 19 to 70 by wusing one of the conditions 4 to 15 within
Table 1, for exanple. Note that the etching tine may be suitable set by
t he operator. Further, reference nuneral 1501 in Fig. 19A denotes a

seni condigt@nduasieg mmr%@ﬁ%@e@n Al RS RN EE a BRSO T T 95

film and reference numeral 1503 25°denotes a |rs‘f’ con

Et chi ng 108 mal it R&0EXd c%&ﬁttﬁosf?lﬁpﬁl‘ax%@tfor?ﬁ{eﬁﬁﬁ'agﬁlgc nc?glf: Qq;ﬁg\é\%% ,h n;he

mask 1505 a | eft in pl ace as Is rst sh

I 1 h cr
ayer 1308andMO0eh hAtfirkh@nddtigs & aﬂ% 6736 Thi 131?‘? il ﬁg?{é%bhapﬁ%@, tions,

et ched when perform ng etching u?l er t secon

becom ngnd 4 isé&indshspRicgab ng) s made from
CF4 and 8 i's used her gaagﬂﬂtnheﬂgi@c dlﬁll%g\fv| gﬂéa{svl&%ﬁg Qﬂéme %ﬂg32@t“‘%f"‘"e

etChl%glé}ﬁﬂiﬁtéd@ﬂi@forﬁﬁ}d iR EnltiRlim@RdLfions | to 3 Of Table 1, for exanple,
may he used as the second set of etching conditions. Filmreduction of the

gate insul atA Ag:c Ehapge hable ] SEh is FOS PR 3 YRS F&E?%t@’u@%ﬁ ée&fo@n@%&gqﬁﬁ | rst

etching process at two sets of etching conditions 10 Note

that t hanflial fabc HApP 286 BHd GARMIGYL 4 ly 0
et ched sonewhat g/henC per form ng e%cﬁggaﬁr&@hﬁtd&%&gﬁ% set zé’ts?tl}: i ng

condi ti Qhsis et dshan et bad Batihe M908k QP Xt | e nanel y
0.3 tni of the over alel Ilneavm 3t hY, éa(r%getgﬁ‘é@g%@e gg?gc?s%s %r\lf/\ni“{rﬁ &d
figure alserefort nige stae: MR 9 %el%cbzﬁ\bgbgtalrﬂe%“\ seee:%@@&mqoeé&{a&élﬂmloﬁ&&ess s
performed next with the mask 1505a left in place as is, and a second

shafg® cadmdnodlagshiprerhe baing Mtddfghe IR6ni soRicing®er CEW) Wh@gtd}ﬁn%'ié or med
under etchi ng conditions using a m xed gas nade from . as
s

t he secofithe ftschdmipcpingdess (TaNE el theapeldngl Aol Hefsetdial @&{&ﬁtth '[bﬁ;efl to 15
of Table | may be used for the etching conditions here, and the” et'chi ng

ti me mayWhearsshowbliy Tabteet.mi ned. Further, the width of each conducting
| ayer in the channel | ongitudinal direction can be 20 freely set in
accordance with the etching conditions. A second shape mask 1505b, a

[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 specification, 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
throughour 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 conditions 4 to 15 within Table 1, for example. Note that the erching
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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second shape first conducting |ayer 1503b, a second shape second conducti ng
| ayer 1504h, and a second shape gate insulating film 1502b are fornmed by
the second etching process. Note that the second shape first conducting

| ayer 1503b corresponds to the first gate 25 electrode, and that the
second shape second conducting | ayer 1504b corresponds to the second gate

{ ngir angl e ST e“%ﬁ@ﬁiae%gﬁ?ﬁ @ eritif S Rbube) .%?ﬂg; ayer
1504

first conmir e PETERY relEnind R L ABE R Ko bR sbedtRr 458 RiFwatarRe w th
the mask g2 QRAuE (?Iflé)fltnp 1%?&0%%38 rrsx‘%vhe Setcheliz:f o (1;{?"% mgngéy\:ngggg N ty

|npart|N© phosphorous is a enlcon

S e e G S ER R e él(?%4\?a5|?§ha
th f d

be. pert oFiee Breuiti i, %édt%@% S Gegstk *P@‘ffﬁ%m?zfgeﬁﬁ%eﬁsﬁéé’c%ﬁéfafr%y s
1501b ar& i’l %&C%ﬁqﬁgc%&lnoﬁaFtéth 8 I pgéi{(i]ﬂ 189_, P%i/@? leé:dJ

t he sem conddttor Tayer & “%econd cghdu

sandw ¢ hﬂ'[@:gsh b Ofd %ﬁtofefc'ﬂﬁw &)tndﬂﬂ)rts |F Flthcfn bt aféq % J]iﬁn{ @fﬁrcaph

becones anne orm rfig r egi on. ﬁou

fi gur es, ahfdebd RBflod" 50 h)gﬂﬁn%ﬁ:‘%ltfé ?sfadet&ﬁ{&' M&sf:ﬁrm’ 588 gdes of

t he chann g regio ave |near t e ion
i ntroducdd ffiHgRpt (BekFiglqppnNg becones shal | ower the thicker the f| I m
t hi ckness of the material l'ayer arranged over the sem conductor |ayer

becops.  Thrloed 818 ché B sRAPY setdnd e8hAR ke U r WhDFNInOMEr 1FPS a‘lk'oté@cﬁéﬂle
first conducting | ayer, sandw ching the gate insulating film nanely a

first LOnieghanviidoped@eiingchind iiddiehe edonliyed dferélangtesiinond, bandhkavi ng
the sidewall with the taper angle (3, and the concentration 20 of the
i mpur i t yarabanen miagdeshis dpprdkinhe:1g@itibgandueiady 0.Baye ot tbangad linteddhypuri ty
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. 19C is obtained. Etching is performed
under etching conditions using a mixed gas made from CF,, Cl,, and O, as the second
etching process in Embodiment 11. Any of the conditions 4 to 15 of Table 1 may 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 directiori 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 erching
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 corresponds to the

second gate electrode in Embodiment 11.

A taper angle o 2, which is larger than the taper angle a L, is formed in che second
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el ement concentration decreases the thicker the filmthickness becones, and
the inpurity elenent concentration increases the thinner the film

t hi ckness becones. Further, there are al so cases in which a tapered portion
is formed in the gate insulating filmin accordance with the etching

condi tions when perform ng the second 25 etching process. The

sem conductor layer is alsqg influenced by this tapered portion in such
cases, aPRRRhECERHeerdycamgdayesl 504t andporaxpnelemenit rapeategio isformedhin

sem conductor film changes. 60 On the other hand, the filmthickness of the
gat e i nsthessoegdishpps fisst pendugringdmer 4603bi n the impurity region 1501b which
does not overlap with the first conducting |ayer, and the second LDD

regi on (Lof f 4 gt dening aragesshiepafamedmist withohe myslchtob htft mtplore dsss. 1Sar | y
constant. 5 Although not shown in the figures, a resist nmask is forned
next, coVigil9§-h Moves eondustivityémpaitingtpbigphierous Sheldbdngthe sfmicbedicdf
region in the_ switching TFT is determ ned here by controlling the size of
the ré&si byerdsRl baresusingigndlopingvish she second shepef srombcorhictinatayienpsd4lt y

el ement which inparts a  one conductivity type to a sem conductor, n-type
conduct i 8 aymaskpaunthey, she Spnsloning precesy & mgwed én @ stase ith evhéanilpomdsict or

| ayer 1501 using ion doping wWth the second shape first conducting |ayer
1503b and-Phl re@aiive ahipecrse buhehecbist depinggrpespe maysalan ba perfasked aftghe
second dopi ng, process, perfornms dopi ng of a higher concentration than in the
first dﬁfﬂﬁﬁ‘r‘ﬁﬂgééﬁ, lakab; mpurity regions 1501c and 1501d are forned. In

addition to the inpurity ncentratj.on ded, by the, first doping process,
the 15 i npuﬁmpynweﬁgws 15814 apé Ag%tr V@Z}g%@# Feagegiianse Btk on,

beconegs even note high. concentration in accordance with the second doping
or ocals. BIREshef SrRE thesRIEGPIuSHTTOR SR CaPRINGGhe gl peadireie aver,
overl aps

with the first . conduct.d,ng l,ayer., and,it .h the identical .
S mcenr s sAtldching hrisats GRUBENE flm, it Qgrrring Byey Become 4 channel y
i 1501c. i th f | fi LDD i.on. it.20
oot er btk Ereit Rafd GalakBefier R hoar 1?%@%%%%5‘%#3{@ Iseit 136

case, 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
film thickness of the material layer arranged over 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 pdrtic)n ha\-ring the sidewall with the taper angle f3, 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 gare
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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it is influenced by the tapered portion having a sidewall with a taper
angle Qin the second doping process, simlar to the first doping process,
and the inpurity is added within the sem conductor |ayer. On the other
hand, only regions of the switching TFT not covered by the resist 25 nmask
are doped, form ng source regions or drain regions. Further, the second LDD
region 150!y, v GlRel B A resi st sk and .does not overl ap
with the conducti ng e# a%/rgdr?téﬁgr; ggnawlgkg‘%s Pga{eegft% tlabiog flm fenqarlycoppant
swi t chi ng, Tk ichSurt 88 whi L1, 9FJFi g. 6B nmay be nmnufactured
! 1 %.[)SCZ W&gl Whiﬂ%o%ngﬁp\%ﬂsﬁantlfl %‘L\thftﬁopﬁ%ab%ol@é%rs‘é‘é&

by performng s glient “processing I nh acc anc of

Embodi megte e HLAMIHGeoi e, T, [ Leeul t. n-channel TET and the
swi t chi ng @I'F'Ig a?e [_Elgggglélg;g%r at g’ﬂjyn) h%gjeﬂ{e%é’f?{# %&(‘:‘8 %{Hccém\ﬁf?%a?%“é‘bﬁr\lﬂe
met hod. TRgs@piver circuit n-channel TFT is prepared with: a channel

formng region overlapping wth a second conducting | ayer, sandw ching a

gat e igisul at iAlehdughMor Shéwh ik BR 84 QRSP &a@?ﬁg&ﬁoﬁﬁgfﬁeﬁf %(;VQ(E channel

forming region; and source regiors of “drain Fegions — contacti ng & r st

LDD regi @ghe shechad T ﬂﬁldeﬁ'é?iaé RREPBI LA mhegv“ﬁgﬁp{%gfpa%gs {e?éﬂ?{h{{

regi on overl apping a second conducting | ayer, san ate insulating

Film T hepd b EEherhORSe Qf SOMR 8didGRakf the channel form ng region;
second LDD regions contacting the first LDD regions; and source regi ons or

drain regi ongy &Q_Bhd@bhﬁ% grb&:ss E9ePREmbPR k€ WA R MR pufity diiREne Mtﬁ%gfhitnﬁz?ttts &DD

regi ons overlapping the first conducting |layer, sandw ching 1 e gate

i nsul at i Bﬂefcbh{i’hctmw&y?@td ABUhichid € BARNEypE eBRGN AL iRIpatinsd pRABLLRE, whi ch
i ncreases as distance fromthe channel form ng region increases. Note that

t he irppunddyd heene ehé seaticondidiot Rgerf 1509 tuskddlibh 68HAB Wi ANTRIsBER] JHaPE ARt -
havi ng a concentration gradient 1in a range of at Meast 1x10° to 1x1018

at oms/ cnton®iaitigdegert 13@Bbtand thDR:dordishapbasohlicondidtig l@ferCiGOdbRy aldsks. -
concentration distribution, it is effective in lowering the off current. 20

Fur t her , Thel seatmid doping peoaas perfoies dapigeof 4 hghlee nghdenitntiohehahannkd firse
| ongi tudi nal direction
doping process, and impurity regions 1501c and 1501d are formed.
In addition to the impurity concentration added by the first doping process, the
15 impurity region 1501d, namely a source region or a drain region, becomes even more high
concentration in accordance with the second doping process.

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

20 becomes further high concentration depending upon the doping conditions. Inthatcase,
it is influenced by the tapered portion having a sidewall with a taper angle f in the second
doping process, similar to the first doping process, and the impurity is added within the
semiconductor la_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 s covered by the resist mask and does not overlap with the conducting

layer, remains as is.
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in the first LDD region becones. In practice, the boron included in the
regions 149 to 152 with respect to a boron doping process (see Fig. 4C) in::
the electric current control TFT is also influenced by the thickness of '
the first conducting layer in which a taper is positioned on the

sem conductor 25 layer simlar to the first doping process, and the

concentrati of .the i ity element added within the inpurity region
changes. Thgﬂeﬁﬁﬁti‘?%kﬁﬁg’éh‘f’ﬁﬁ %nﬁ-mélsrfé@%@ﬂn@ﬁe thicker the film

thi ckness bggones, and.the jnpurity concentratign increases the thinner 62
the filmt hﬁ@ﬁﬁsl%a“sg%ﬁ:#ﬁ%s@ RBY B¢ pipatiiaerure bpperderpling substqueek prasossiigne
Enbodi nent _11,w th any, of Enbodit{fn s, 1to 10. Furthernore, the _

sel ect i W?VW?‘W% & BrachS6T o Fmbodiment 1dwm Fig. 4G onevastly high 5 when

t he et chi ng-gas,.of Enbqdi nent as,mixture of CF4 and d,) is -

substit ut edTgﬁ d&“’eb‘é’%‘“—‘m‘ﬁ b %n%‘héﬂené% WEC%mg Whégre thas geparatektoade of
CF4, A 2, anddOz | S. s’gl%itituted by a gas mxture of SF6, d., and OZ, and
t her &f oPERGGEdaTGeH 26Q%6 ®eOHe additional Iy suppressed. [Enbodi nent

State oxei AP QTRLFIQE GrhpnataTrR  REHRTSRIGLT on chanpelophasomsion
I nvention, ;the external |Jight, em ssion antum efficiency can_be |ncreased
by a | aP‘ééedaePr%%wtﬁgﬁe% ngycung l?"Beetc ichHRE T Bt insy mgéﬁmi fstELe| erent
i 11 31 RGBTy RORE BF U thanrl Remipitestios end once fRpcurhin peigh 15
o = o B THE BRSNS eI R B Tt T
ot 480 aring R et tpppinn S confbeudiRien RV Gihinds vee Ropledibe vt e
above pap q.rDﬂ)Sreglﬁﬂg\%nb%t%V\éidgsoof{ Hrelabhel forming region; second LDD regions -
contacting the first LDD regions; and source regions or drain regions contacting tf‘lt‘.
second LDD regions. | ‘
‘Further, the first LDD regions overlapping the first conducting layer, sandwiching
[5 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/cm’. Provided that the LDD region has this
type of continuous concentration distribution, it is effective in. ldwering the off current.
10 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 cAurrent control TFT is also influenced by the
thickness of the first conducting layer in which a taper is positioned on the semiconductor
25 layer similar to the first doping process, and the concentration of the hnpurity 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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Baldo, M A, OBrien, D. F., You, Y., Shoustikov, A, Sibley, S.,
Thonmpson, M E., and Forrest, S. R, Nature 395 (1998) p. 151. The

nol ecul ar fornula of the EL material (Pt conplex) reported in the above
paper is shown below. 63 [Chem 2] Baldo, M A., Lamansky, S., Burrows, P.
E., Thonpson, M E., and Forrest, S. R, Appl. Phys. Lett., 75 (1999) p.
4, and Thetdmichickness¥agmeM J., Yahiro, M, Nakanura, K., Watanabe, TG,
Tsuji, T., Fukuda, Y., Wakinoto, T., and Mayaguchi,  S., Japan Appl. 5 .
Phys., 38 (1@ th99is HoddBI2 co Tieely wBted Bibb@rimgt 21 e«ﬁtht%goﬁtg{&gﬁﬁér&& (It
conplex) reported in the above paper is shown below [Chem rovi ded

t hat thd gwhbXphorescence em ssion fromtriplet state excitations can be - 10
utilized, then in principle it is possible to realize an external [|ight

enmi ssi on qudnithrrmetd, ithe eeleytivity @ithi the TatOindulbtiAB SR 102N LRAEMERA T O
cases of using the fluorescence emission fromsinglet state exci'tafions.

Not e 4 hatheirt chiesetgluing ighd of Eiabodinleard ht(gishaie@rIf IR bhaTI9fis EHQdia®e) 2 12 by
freely conbining it with the constitution of any of Enbodi nents 1 to 11.

15 [ Enbeeds mexturd 8f SHfwndECl, dbrsphety thatanas @eixbuab bf CBY, €11, aRd WL LdARAReALE N the
present invention is of the self-emssion type, and thus exhibits nore

excel | entgaseuogmiez#liH,j Cly, ofd Oypank sidrafred charilge redurtianlch 8t BHRCR 85
conpared to the liquid crystal display device. Furthernore, the EL display
devi ce buppmsseidder vi ewi ng angle. Accordingly, the EL display device can be
20 applied to a display portion in various electronic devices. For exanple,
in order to view a TV programor the |like on a |large-sized screen, the EL
di-spl ay device in accordance with the present invention can be used as a
di spl ay [Bevhodimewnsf124n EL di splay device (i.e., a display in which an EL
di splay device is installed into a frane) having a diagonal size of
10 By using an EL material in which phosphorescence from a triplet state excitation can -
be utilized in light emission in the present invention, the external light emission qualltL;lll
efficiency 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 udilizing triplet state excitations and increasing the external lighe
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 (coumarin pigment) reported in the above

paper is shown below.
20 [Chem 1]

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

is shown below.
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64 30 inches or larger (typically 40 inches or larger.) The EL displ ay

i ncludes all kinds of displays to be used for displaying information, such
as a display for a personal conputer, a display for receiving a TV
broadcasting program a display for advertisenent display. Mreover, the
EL display device. in 5 accordance with the present invention can be used
as a disRﬁ%¥ ? rtion of other various electric devices. Such electronic
devi ces H a video canera, a digital canmera, a goggles-type display
(head nmount display), a navigation system a sound reproduction device (an
car audi o equi pnrent, an audio set or the like), note-size personal

conputer, a hipe, 10 a.pqrtable_ipformation term nal_ (a nobile
conputer, a %%Hg’ang‘t gﬁ‘@ﬁﬁ%ﬂe,s"gsumagi E-', %@Moﬂdﬂhﬁnépdéﬁ@@m& Roni ¢
book, or,th i ke) i e repr ctio paratus - including a recording
medi um (ﬁBPE ﬁ?ﬁ%@i‘#‘i‘*?@ﬂ dl ,g)ali’r %Bﬁ‘gﬁgﬁﬁglr\%w%gc J-r Ehitee b eNakamueraoKdi ng
medi um h as a~digital e tile,d (DVD),, and includes a display for
di spl ayisﬁ%‘tf'?%er gg‘{f’o ﬁ‘&é'dﬂyi' @gé‘;*}'%r{x&ﬁ@nm% - 34l Mayaguebi. ax, Japan el case
of th rta i r i,on termnal, use of the EL display device is
pr ef esagﬂé‘fs"ggﬁ@ég? Hggg'olr te information termnal that is likely to be
viewed fromsa tilted,direction,is.often require to have w de vi ew ng
angle. Figs. %Kxoﬁe&uiaféo @68@#}%?3%%?@&?% ) Egnogtetliip theahow parerof
such el ect%oni % fievi ces. Fig, 16Aillustrates an EL i mage di splay device
whi ch i nePUd%8 %5 ame 2001, a 20 support table 2002, an EL display
portion 2003, -or the like. The present invention is applicable to the

di splay portion 2003. The EL display is of the EL display type and

t her ef orlﬁjﬁqﬂglres no back light. Thus, the display portion thereof can
have a thi Cknéss thinner than that of the liquid crystal display device.

Fig. 16B illustrates a video canera which includes a nmain body 2101, a .
di splay 25 portion 2102, an audio input portion 2103, operation swtches

2104, a batt ; i VA : i On: the like., The

sel f-em ssi pﬁﬁgg\%ggga? ﬁ{éa%%dé?ggrﬁé%qﬁe t tlcﬁ‘gﬁzﬁ{rnees?%%%%?antsg%f’iﬁc}go‘{éézﬁgg)g used

as the Elhlthedptih ROpLAQPIAIS possible to realize an external light emission quantum
efficiency which is 3 to 4 times higher than that for cases of using the fluorescence
emission from singlet state excitations.

Note that it is possible to implement the constitution of Embodiment 12 by freely

combining it with the constitution of any of Embodiments 1 to 11.

15 [Embodiment 13]

| The EL display device fabricated in _accordance with the present invention is of the
self-emission type, and thus exhibits more excellent recognizability of the displayed image

in a light place as compared to the liquid crystal display device. Furthermore, the EL
display device has a wider viewing anéle. Accordingly, the EL display device can be

20 applied to a display po;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
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65 Fig. 16Cillustrates a portion (the right-half piece) of display device
of head nount type, which includes a main body 2201, signal cables 2202, a
head mount band 2203, a screen portion 2204, an optical system 2205, an
sel f-em ssion device 2206, or the |like. The present invention is
applicable to the EL display device 2206. 5 Fig. 16D illustrates an inage
reproducBDQﬂc}aa@mr[ﬁtggls LRehdbmehRet SERESAH9 nmedium (nore specifically, a-
DVD reproduction appar% %is)',pyd&%i che§ ncl u%léz a main body 2301, a recording
medi um (a DVIPHRIEL figplhy kelude3 0l kifBEs Adibiys Y | LyRortion
(a) 2304 another droal Hudes A S s g‘pﬁ{g@ﬁﬁ@%ﬁw@@h@g%@%ﬁ
portion L@h d3Q4isslay Bsred pERbAAYcSRpudt SPHRYIFFoE ihd'f CF B jle
the display porti op?l j?h) 2505 IS Cusrg%u 10 nai }r?las ?o%ﬁs‘%’l éyl ng é%d;ra‘cétgger

i nf or mat peiprathh@ Esply St AvaakkaRn} MipEFO" HAGesyM the FE&SFAL;

i nventi ogﬁ)(r:gan be usgdlyas t hese di 53 aﬁ%@?ti ons (a) ttg%(ﬂ' Eaﬂrgfgla b@%:’f}o%‘. The
| mage 51 epEsidahdcORitARRAbALESE inVehtigh BSh Be LRLOH NEhITPA AL I LHG vakiBG udes:
a gane nmachine or the Pi ke. Fig. 16E ill ustrrast eﬂ%aﬁrgg‘gﬂéﬁgg#yggﬁd?gg tZay
(head nogletae ddvs@dsay), 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 Wsti¢h eleahes@ddicéweRidedvidso 2BRkES AiSirh I ah{i8a A SeoAX. I!Skﬁr tion
2402. Fig. 16F illustrates a personal conputer which incl udes®a malt?"l ody
2501, a fxph® (hefdmhoudt dis@lﬂg@iya RO 80, adokRY rdRadet e Qtbyir (ahog: | 1 ke.
The EL display device in 20 accordance with the present invention can be
used as #ldio@uaipn@shtpad 4idio s@&a3he MO InbleSiRPegdhaY conyliteR B 8me nachat
emtted fromthe EL material becones available in the future, the EL

di splify deorabld mfemecnidacamingl (2 hbbilpreseaterj ayperntublenclephbhe, kepapllé cabl e
to a front-type or rear-type projector in which |ight including output

i mage i nfameanadings arntlecwenic dyakganstlef likanses invaget tuprdduesiohoafp@ratus ™ -
projected. 25 The aforenentioned el ectronic devices are nore likely-to be
used f orindiladihgy recordimgratedom dirstre ispecifclly haw apprratus etteclo man néadiana pat h
such as Internet, a CATV_ (cable television system, and in particular
likely twcordipzapedivm surhppe audigitalivessatile idiss. (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 displa_y device is preferable, since the portable

information terminal that is likely to be viewed from a tilted direction is often required

to have a wide viewing angle. Figs. 16A to 17B respectively show various specific

examples of such electronic devices.

~ FHig, 16A illustrates 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 display device.

Fig. 16B illustrates 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 Jisplay portion 2102,

65



66 The EL display device is suitable for displaying noving pictures since
the EL material can exhibit high response speed. A portion of the EL
di splay device that is emtting |ight consunes power, so it is desirable
to display information in such a manner that the light emtting portion
therein 5 becones as small as possible. Accordingly, when the EL display
device is api¢.dédC Mlugrsh : i MiLeh: A _di spl ays .character

& HeS PhBMiROfthe Bglf‘nf'\’ghl?gle M LG SN e

information, e.g., a display portion O orta ¥HPhal ,

and nore b lgich t di,0 .equi nt,..i.t is
desi r abl etpltgéb dri vgﬁﬁlﬁ%sgﬁhgﬁg%ﬁgyﬂggggggﬁ§8151te§gg@}tj’ﬁeh%]ﬁég%%r?ﬁnﬁﬂfzgf}-n%t i.on
is forned dri 20m L4 | i i non-.em ssi o rtion,.
correspo nfjl?é%l ? trtﬁgﬂ Q% 84’3&;% Eg?%ag ?}g&é%zgﬁ h%)l\?vseﬁfé‘f:lg reh E'éfetvge E—’@Q 8'].(71-:5\[,?166{[1(&

por t abl e Tied pRb&tent&idd ié%g%ﬁé;ﬁgfl toVhle ﬂl%@%‘f?‘gﬁc‘izwl n body 2601, an

audi o out put portion 2602, 0 I npu , a display portion

2604, Dper at iFy) (5B iﬂﬁitﬁaie@:ﬁpﬁmag%?%@Hgﬁﬁﬁbﬁrﬁggﬁgg%ﬁg%gﬁqg} ‘fﬁ@ ay .devi ce -

in accordance with the present nt1on %"&F‘é';‘»‘m

I 2 ‘] H . ) f
poL on, et il bW ke RGO AR, ISR BLSTRL 0 ©

bl ack- cok@tmrdi ' : ducti on.devi ce,
2 car aul o cat prone T Lo R o B P A B Svor

di spl ay. oy 23090 2ag@c dapthyGRATIBA B2 50, OE BRE1ik@ 79Ro AM1G [dhiod 1 Abadl SP! &Y

device in.accordance with the present invention can use

di spl ay pasd mainlp R22lisphtiobdeliiraationdhi BRUIBTENboRhn! (P2 Iy Rl Pe
is shown in the present enbodiment, the present invention i's”also _

appl il®abiminly fandiapldyiag chbrdche ipiinabbs, MHREOHisPRTSLE i g\%{%rda{m@ wlis P! ay
portion 2702 can reduce power consunption by, displaying I'te-col ored
char act ethe presentiheericiarota bsludedels ghesriisplaypiirabnd &) 2304 641(BY 1305, The -
advant ageous for the audio of the portable type. 25 As set forth above, the
present imagntdpsodiaionbapmpatus dnkluding cusicyrding madia fuahee inc@ideglaegfaioni C
devices in all fields. The electronic device in the present enbodinment can
67 machine or the like.

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 dLSpIay'device 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 reﬁr—type projector in which light including output
image information is enlarged by means of lenses or the like to be projected.
25 The aforementioned electroriic devices are more likely to be used for 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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be obtained by utilizing an EL display device having the configuration in
which the structures in Enbodinents 1 through 12 are freely conbi ned.

[ Enbodi nent 141 A second shape first gate el ectrode (TaN) becones vari ous
shapes in accordance 5 with etching conditions such as those recorded in
Enmbodi ment 11. A sinulation and a conparison are perfornmed in Enbodi ment
14 on a $hefd dspay duvice ie0Arablcfordisplapmgafing Fit Gire ke FBELShaRAaR 5hown
in Enmbodinent 11 is shown in Fig. 20A. Fig. 20Ais identical to Fig. 19D,
and t heretlobi higle respomserspéat. ence symbols are used. Fig. 21 is a graph
showing 10 the relationship with electron tenperature for cases of setting
the Lov | engfhp¢rtioe dfehgEh cgsplmo&e\rietg then is emitting diBhna@lsub@e gotwdisbal is
direction) to 0.4 Am 0.8 .m and 1.5 mwith a filmthickness of the first
gate el edesinbl ©Thilaysieforination 16 stch 4 Manner thiat ehe lighit ehliRinggioRibRLQELAS
performed using the inpurity elenment concentration distribution in the
channél begnesasi sl @i [mssib?:zo nA¢edrdingbn edrenrcht iEindishlay divivé isoapplitd a0 dept h

of 10 nmfrom 15 the surface of the sem conductor |ayer) shown in Fig. 24.
However , displey giomitmwhinh maisly giepltpr chedlactiet infotretiomp elg., andibag panpad fian a
portion of the first gate electrode sidewall, and the |ocations of the
changes BRew@abledniormagon erpginaimant! motenparticean espotftaldmeelephomd er an nsdioat i ng
filmas seen in cross section, and_at positions separated by 0.13 an from
the fireguigxeatdyisdesivble todlgeshe ELdisplavelevise smtiatshe clrarattepindomfaaimn. 20
Further, fig.%(ng sh%\gfs t he shape B of Enbodi nent 14. Fig. 20B differs from
Fig. 20afoHRed brarlighiemitiing pesionowbile A nomienissipe Postien cemeipondhendes in a
portign .of .the idewall. A taper angle y is forned. The sinulation is

si i |1§r|§ﬁﬁ#§m dinafirst gate el ectrode 1700 shown in Fig. 20B, and

Lov ' 551 engHIHbest raeieie T/ DUsebIL AT ilbAceNd, PR gsrioss
22. Nt & PR BOHE2&) o 30ibr BRSPS s 524G P RO EOm LD AR
di st r i buﬁ(; %ncjtﬁot‘},r]gpgra on st%%cﬁés%gf alil artl Q&e%ﬁ%%ﬁ%. Ll%régéﬂ &QI'){Q? ldevice in
' ac(:drdanée 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-colored background. |
Fig. 17B illustrates a sound reproduction device, a car audio equipment in concrete
terrn, 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 portéble type or home set type. The display portion 2702 can reduce power
consumption by displaying white-coldred characters on a black-colored background,
wﬁich 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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direction shown in Fig. 24. Further, the first gate electrode 1700 shown in
Fig. 20B, nanely when the TaN film thickness is 30 nm the relationship
between the electric field strength in the channel 5 |ongitudi nal
direction and the Lov length, and the relationship between the Lov | ength
and the electron tenperature are shown in Fig. 23. The tendencies shown in

Fig. 23 qf the electrjc.field structyre and the electron tenperature are
appr oxi n&’(ee?‘gltafr}?g %HELZ‘P&; a“cgih dbs@llj@a‘ii‘t}{m‘t haviag ghe :configuratie ihoviech tine

el ectron tenperature, the |less the tendency for the degree of the TFT to
degr ade. Si%‘%&ﬁ“bgﬁ%ﬁ i“Ff‘g“?:iTth%halri?cﬁflfif'g‘-ﬂvz:@mhiw—shape of Fig. 20B shown
in Fig. 22 shows a lower electron tenperature. In other words, seen from
t he viewpoint of TFT degradation, using the shape of Firg. 20B is

pr ef er abl Eﬁg{eoﬁause.i e electron tenperature can be | owered. Further, when
the Lov Il INENY 1Y pm the el ectron tenperature is low, and 15 :

therefore it gan be inferred that a |o I\hov length is preferable. It is
possi bl e to &4 17 Etéﬁﬁo’ﬁF‘h"é?Ae besomny veriomnthegementcsodlahee 13.
The | ggt h }?f E&’E‘?" gatcf .el ‘ectFkoqle in thg \ihannel I'ongi tudi nal direction
(her eat t S FEFERS EQPGIIORS 15 s ARosgdeeordre &t Fpgedipanti)l. dh sibedatam mtdat ed
above wi th the. (gresent i nﬁen&éi %2) .and erefore it i.s possihble to make the
i on concERPHERFSEM afg Rerfopmedn Sm é{fﬁlﬁ%ﬁgll‘é@aﬁhﬁ‘%ﬁﬁ’ﬁ:‘ﬁr N gad ashaey Bohe

first ga trode less than the ion concentration within the
sem conduct’'or Tayers not arranged under the first gate el ectrode by

01112 19,1l Gl SRR Ao B s RS
oL 05 R OB e AR SIS STl ARl o
e BB LR L B B4 8E B B S i
conents 0l SR s L SRR W P RS L
to manuf QEIHT @ickness of the first gate electrode (TaN) set from 15 to 40 om. Note that the
' s_imulation was petformed using the impurity element concentration distribution in the
channel longitudinal direction (the concentration distribution at a depth of 10 nm from
15 the. sutface 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 ;:arn 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 the
sidewall. A taper angle vy 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 xm, 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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TFTs having desired characteristics. Furthernore, the electric power source
supply line, which is conventionally fornmed fromthe sane filmas the gate
signal line or the source signal line, is forned between the 5 second
interlayer insulating filmand the third interlayer insulating film The
el ectric power, source supply line can thus overlap with the gate signal
line, andisipgethgrenceneation distritusiontol ehehgneidelehnret gegREhad Qe \Wddinddenal
clainmed is: 1. A sem conductor display device conprising: a sen conductor
film bei rdirgcgiomesdhonm inrFig.dul ating surface; a gate insulating film a
first gate electrode; a second gate electrode; a first wiring; a second
wiring; a firisirther delfiyegatd eleuratd H@Ofshbam i Fige 20 chanitlewhey ée TS GLAL | NG
film an internediate wiring; an EL el ement, wherein the gate insulating
filmis fhickagsoiseid nie thamiduariship barwan eh¢ elecaiaviuld shengamh cBP SHELQ
film whirei.n the first gate electrode and the first wiring are formed in
contact iangifudipal disecsionrnnd deilioy lengthy amhdreaichdonehipde ong ngéi€ o8 legdrhode
and the second wiring are formed in contact with the first gate el ectrode’
and the fandstheglestrn tanepgsecne vl showntiorfig.23t fehd iendendet shoehdatFiads @nd
the first wiring are forned froma first conductive film wherein the
second géh@e CEIdE. %tmalt’@mdgbcghdmrtmgeamefam amtokinonely the same. It

can be said, therefore; that the lower the electron temperature, the less the tendency for

the degree of the TFT to degrade.

10 When comparing Fig. 22 and Fig. 23, the shape of Fig. 20B shown in Fig. 22 shows -
a lower electron temperature. In other words, seen from tilxe viewpoint of TFT -
degradation, using the shape of Fig. 20B is preferable because the electron temperatﬁre
can be lowered.

Furthet, when the Lov length is 1.5 um, the electron temperatﬁre is low,' and

15 therefore it can be inferred that a fong Lov length is preferable.

It is possible to freely combine Embodiment 14 with- any of Embodiments 1 to 13.
The length Qf the gate electiodes in the channel longitudinal direction (hereafter
referred to simply as gate electrode width) differ as stated above with the 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 injéétion using the gate electrodes as masks.
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 o have precise positional
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a second conductive film wherein the first interlayer insulating filmis
formed to cover the first gate electrode, the second gate el ectrode,. the
first wiring, the second wiring, and the gate insulating film wherein the
second interlayer insulating filmis fornmed over the first interlayer
insulating film 71 wherein the internediate wiring is forned to cover the

second i nteld r e.insulating fi rein the internediate wiring is in
cont act c\% r% g ﬁgt cffitbg ()lvﬁf%'f)gﬁ9’é‘h ﬁl‘q %F%@Wgalﬂql KrRecamosiedsy 4o imarsffactont act
hol e bei qggﬁi inih econd interlayer insulating film wherein the
i nt er medi At o WO rggd?3 \’i%‘ff@?)@cﬁe?:éms*econd wiring through the first
interlayer i ing>filmin.the first contact hole, wherein the
seni conduct o ﬁ#ﬁérﬁn?% &1 %‘8 SECIICDOYRTSARICe SURRly ﬁ’@e’ et lois conpmtiangily fsrmied

a source region and -a drain region

contact w he_channel formng region, ] '

in cont a\(,:Pf&\?vi tbﬁg%lﬁsﬁgrbﬁs rlacgash siEnal linerosithe sonrce penaldigicois Sorovedrieapedrhehef i 1 st
gate eke . W he gat.e . nsulating filmjnterposed therebetween,
wher ei '];1 t%%[e:é?lg(ﬁé%\qﬁggyc%roqlﬂgﬁang é‘bf‘é‘ﬁ‘ rtP‘HBsmEeﬁ yeleitowatiga filme | Hut elodeic wi t h

the gate j lLAf I fi,]minterposed.therebetween, erein the internediate
Wi ring iéﬁ#ﬁ@‘{%g“?@yﬁﬁsc% BOVEHAP Wﬁttﬁ? gifgigng! linee anditheperare tvioe

bei ng for i te insulating film the first interlayer insulating
film an qgegbef%%ﬁ)ﬁ?’ﬁ’feéﬁcgyer insulating film wherein the EL el ement has

an anode, a cathode, and an EL | ayer forned between the anode and the _
cat hode, wherein the drain region is electrically connected to the anode or
t he
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cathode. 2. A sem conductor display device conprising: a sem conductor film
being formed on an insulating surface; a gate insulating film a first
gate el ectrode; a second gate electrode; 72 a first wiring; a second
wiring, a first interlayer insulating film a second interlayer insulating
film an internediate wiring; a shielding film wherein the gate

insulating filmis formed on the insulating surface to cover the
senicond6§h®&ﬁﬁﬂ$ﬁﬁﬁMﬁerein the first gate electrode and the first wiring
are formed in contact wth the gate insulating film wherein the second
gate el ectrode and the second wiring are fornmed in contact with the first

gate electrode and the first wiri.ng, respectively, wherein the first gate

el ectrode ng‘qeﬁﬁc?li‘ Or\/d‘mtl%d%‘fl@gf)‘émﬁﬂgmgrom a first conductive film

wherein the second.gatge el ectrode and the secon i are formed from a
Sotuclgrdiian

second conduct ARSTHE e LorRedQn o frsp agvi?mgrrs{lﬂﬂ%‘?il ating filmis

formed to cover ttge.fi%ﬁt f&at_e el ectrode, the second gate el ectrode, the
first wiring, tHESESBRIYGIT Mg, and the gate insulating film wherein the
second interla j Llating . filmis forned over the first interlayer

a second gate electrode;

a first wiring;

a second wiring;

a first interlayer insulating film;

a second interlayer insulating film;

an intermediate wiring;

an EL element,

wherein the gate insulating film is formed over the insulating surface to
cover the semiconductor film,

wherein the first gate electrode and the first wiring are formed in contact
with the gate insulating film,

wherein the second gate electrode and the second wiring are formed in
contact with the first gate electrode and the first wiring, respectively,

wherein the first gate electrode and the first wiring are formed from a first
conductive film,

wherein the second gate electrode and the second wiring are formed from
a second conductive film,

wherein the first interlayer insulating film is formed to cover the first gate
electrode, the second gate electrode, the first wiring, the second wiring, and the
gate insulating film,

wherein the second interlayer insulating film is formed over the first

interlayer insulating film,
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wherein the internediate wiring is formed to cover the second interlayer
insulating film wherein the internediate wiring is in contact wwth the
first interlayer insulating filmthrough a contact hole being formed in
the second interlayer insulating film wherein the internediate wiring
overlaps the second wiring through the first interlayer insulating filmin
the contact hole; 73 wherein the sem conductor filmincludes, a channel

for i ng T egi 0w HRBNTRGIABAMEAaGOMIRE! isobels cBaNNR! sckOidTErIARg1 0N, a

source region and a drain region In contact with LDD regi ons,” wherein
the LDD {rﬁ;gja@;ﬁgfgﬁgrl ap the first gate electrode with the gate insulating
filminterposed therebetween, wherein the channel form ng regi on overl aps

the second gat eirkéft thedmtermiddintg Neirit & imehakt RE ithen first aieAsRE
t her ebet ween, wherein the shielding filmis formed froma same conductive

filmas imalatingt @iiredoagke awlifst eontashRslel beild €ordiddeindiheebondrintsildy@e med over
the second interlayer insulating film wherein the shielding filmoverl aps

t he chanisuldtiagfilng region. 74 3. A sem conductor display device
conprising: a sem conductor filmbeing formed on an insulating surface; a
gate insul ati ngiterdimthe ififermediget wikhe overdates, the seond dvigapehrdughtthede; a
frrstow Hrsr; gi’r;iteriayer insulating film in the first contact hole,
wherein the semiconductor film includes,
a channel forming region,
LDD regions in contact with the channel forming region,
a source region and a drain region in contact with the LDD regions,
wherein the LDD regions overlap the first gate electrode with the gate
insulating film interposed therebetween,
wherein the channel forming region overlaps the second gate clectrode
with the gate insulating film interposed therebetween,
wherein the intermediate wiring is connected to the source region through
a second contact hole being formed in the gate insulating film, the first interlayer
insulating film, and the second interlayer insulating film,
wherein the EL element has an anode, a cathode, and an EL layer formed
between the anode and the cathode,

wherein the drain region is electrically connected to the anode or the

cathode.

2. A semiconductor display device comprising:
a semiconductor film being formed on an insulating surface;
a gate insulating film;
a first gate electrode;

a second gate electrode;
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a second wiring; a first interlayer insulating film a second interlayer
insulating film an internediate wiring; a shielding film an EL el enent,
wherein the gate insulating filmis fornmed on the insulating surface to
cover the sem conductor film wherein the first gate el ectrode and the
first wiring are fornmed in contact wth the gate insulating film wherein
the second gate el ectrode and the second wiring are fornmed in contact with
the first gateaeﬁré'b‘fv% and the first wiring, respectively, wherein the
first gate electrode and the first wiring are formed froma first
conductive fil @ ScapRd ¥iiEhe second gate el ectrode and the second wiring
are formed from_.a second conductixe film wherein the first interlayer

i nsul ati ng fiIﬁ‘lﬁ@“F%ﬁI%ﬂﬁr’cr’éu 8Mfhe first gate electrode, the second
gate el ectrode, the irsi W Ein .ttﬁ second wiring, and the gate

insul ating fil ﬁ]seﬁﬂ?eci'é’it?{%yﬁ&“ésé}%&% P'Hteri ayer insulating filmis forned
over the first _.i.nterl r_ithnsulating film 75 wherein the internediate
wiring is forn@&"ﬁ%%S@é%WﬁglgSecond interlayer insulating film wherein
the internmedi a i1 5y LS in contact with the first interlayer insulating
filmthrough atafsihgs! ggirﬁﬂ;ct hole formed in the second interlayer

| nsul ating 1| BinchbR oedhdind g Pk rothiolh B BRRinkGucBREABT Wi 1 g

cover the semiconductor film,

wherein the first gate electrode and the first wiring are formed in contact
with the gate insulating film,

wherein the second gate electrode and the second wiring are formed in
contact with the first gate electrode and the first wiring, respectively,

wherein the first gate electrode and the first wiring are formed from a first
conductive film,

wherein the second gate electrode and the second wiring are formed from
a second conductive film,
| wherein the first interlayer insulating film is formed fo cover the first
gate electrode, the second gate electrode, the first wiring, the second wiring, and
the gate insulating film,

wherein the second mterlayer insulating film is formed over the first
interlayer insulating film,

wherein the intermediate wiring is formed to cover the second interlayer
insulating film,

wherein the intermediate wiring is in contact with the first interlayer
insulating film through a contact hole being formed in the second interlayer
insulating film,

wherein the intermediate wiring overlaps the second wiring through the

first interlayer insulating film in the contact hole;
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first interlayer insulating filmin the first contact hole, wherein the

sem conductor filmincludes, a channel formng region, LDD regions in
contact with the channel form ng region, a source region and a drain region
in contact wiwth the LDD regions, wherein the LDD regions overlap the first
gate electrode with the gate insulating filminterposed therebetween,
wherein the channel form ng region overlaps the second gate electrode wth

the gate insul ajiensinfhd BhitbARISESIA R&Y t ween, wherein the internediate
to

wWiring is connecte the source region thfough a second contact hole

being formed in thgcggﬁl%iifm?%%gnfilm the first interlayer insulating
film and the second interlayer ihsulating film wherein the shielding film

is formed froma samp ¢efeREin dmitddt Wittede chnnd] To:@hinBEgibR, Wi ri ng, wherein
the shielding filmis formed over the second interlayer insulating film

wherein the shi el dhRgufde!rpior @ht ardainegionanrehtatowithiBe LED afionder ei n t he
EL el enent has an anode, a cathode, and an EL | ayer fornmed between the
anode and the edicheidethe itBDeragidzeovtrhipntheefiiso paicseleteedd mdeh the gasnect ed
to the anode or the cathode. 76

insulating film interposed therebetween,

wherein the channel forming region overlaps the second gate electrode
with the gate insulating film interposed therebetween,

wherein the shielding film is formed from a same conductive film as the
intermediate wiring,

wherein the shielding film is formed over the second interlayer insulating
film,

wherein the shielding film overlaps the channel forming region.
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3. A semiconductor display device comprising:

a semiconductor film being 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;

a shielding film;

an EL element,

wherein the gate insulating film is formed on the insulating surface to
cover the semiconductor film,

wherein the first gate electrode and the first wiring are formed in contact
with the gate insulating film,

wherein the second gate electrode and the second wiring are formed in
contact with the first gate electrode and the first wiring, respectively,

wherein the first gate electrode and the first wiring are formed from a first
conductive film,

wherein the second gate electrode and the second wiring are formed from
a second conductive film,

wherein the first interlayer insulating film is formed to cover the first gate
electrode, the second gate electrode, the first wiring, the second wiring, and the
gate insulating film,

wherein the second inferlayer insulating film is formed over the first

interlayer insulating film,
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wherein the intermediate wiring is formed to cover the second interlayer
insulating film,
wherein the intermediate wiring is in contact with the first interlayer
insulating film through a first contact hole formed in the second interlayer
insulating film,
wherein the intermediate wiring overlaps the second wiring through the
first interlayer insulating film in the first contact hole,
wherein the semiconductor film includes,
a channel forming region,
LDD regions in contact with the channel forming region,
a source region and a drain region in contact with the LDD regions,
wherein the LDD regions overlap the first gate electrode with the gate
insulating film interposed therebetween,
wherein the channel forming region overlaps the second gate electrode
with the gate insulating film interposed therebetween,
wherein the intermediate wiring is connected to the source region through
a second contact hole being formed in the gate insulating film, the first interlayer
insulating film, and the second interlayer insulating film,
wherein the shielding film is formed from a same conductive film as the
intermediate wiring,
wherein the shielding film is formed over the second interlayer insulating
film,
wherein the shielding film overlaps the channel forming region;
wherein the EL element has an anode, a cathode, and an EL layer formed
between the anode and the cathode,
wherein the drain region is electrically connected to the anode or the

cathode.
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