3 1 AUG 2005 SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREGF! AUG 2005
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a sem conductor device conprising a circuit conposed of thin
filmtransistors (hereinafter referred to as TFTs) and a manufacturing

met hod thereof, and for exanple, an electro-optical device which is
represented by a liquid crystal display panel, an EL (electro

| um nescence) display device, an EC di splay device, and the |ike, and an

el ectronic device in whi chSEMICGNDYELORPRVICEANPEVi ce is nounted as a
part. Note that, in this specification, the sem conductor device represents

al | devices which can MANUFACTURINGSIETE®D THIEOs characteristic,
and thus an el ectro-optical device, a sem conductor circuit, and an

el ectronic device are all sem conductor devices. 2. Description of the

Rel ated Art Recently, a devel opnment of a sem conductor device with a |arge
area integrated circuit Mm@m@fmmﬂmﬁor (TFT), which is
formed using a sem conductor thin fiTm (several to several hundreds of nm
i n thicknegsd of B MRAnAHy @ substrate with an insulating surface, has been
progressing. An active matrix liquid crystal display device, an EL display

device, and apeRdseslinkdRPonrBBES 158 Qétﬂfcp?tﬁﬁ:tdf Q@Y\flee %P%{?qlﬁg ?%:ir&ﬁ@%@osse% In

particular, Since a TFT using a crystalline silicon ypl
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liquid crystal display device, circ ng i

cli i spl ay phiel! SSPEF1EHR ITMAIEAIRR) dibhiag lsvial dn BCALEMEY a&ilC Wid b GAPQEY of a

clectronic device in which such an electro-optical device is mounted as a part.

Note that, in this specification, the semiconductor device represents all devices which
can operate utilizing a semiconductor characteristic, and thus an electro-optical device, a
semiconductor circuit, and an electronic device are all semiconductor devices.
2. Description of the Related Art

Recently, a development of a semiconductor device with a large area int(_agrated circuit
formed by a thin film transistor (TFT), which is formed using a semiconductor thin film
(several to several hundreds of nm in thickness) formed on a substrate with an insulating
surface, has been progressing., An active matrix liquid crystal display device, an EL display
device, and a contact type image sensor are known as typical examples. In particular, Since a
TFT using a crystalline silicon film (typically, a polysilicon film) as an active layer
(hereinafter referred to as polysilicon TFT) has a high field effect mobility, it éan be also used
for forming various functional circuits.

For example, in the active matrix liquid crystal display device, a pixel circuit for
| performing image display in respective functional blocks and a driver circuit (composed of a
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.. . o . o 3 1 AUG 2005
3 1 ANC 2005 shift register circuit, a level shifter circuit, a buffer
circuit, a sanpling circuit, and the like, which are based on a CMOS
circuit) for controlling the pixel circuit, are forned on a single
substrate. In the pixel circuit of the active matrix liquid crystal display
device, the TFT (pixel TFT) is disposed in each of several tens to severa
mllions of pixels, and a pixel electrode is provided in. the respective
pi xel TFTs. A counter electrode is provided at the side of a opposing
subst r at ghiftiredistei cirdutt, a tovel sliftbedinaia bieerRirsgit, 288l 8Rc@Ndnd BR jHQUNt er

el ectrode. Thus, a kind of a capacitor using liquid crystal ‘as a dielectric
i s for medhicEhenbasad valatCIOS drmplt) 88 chbitrl foitd1@irBhi ' ! d by
a switching operation of the TFT. Thus, ?ﬁ%ﬂ&ﬁ?%%?gQ%F?E%%F®F§8@%?8%%?by
cont rol | subgtretent rol an anount of charges to the capacitor, and an anount
of transnted light is controlled to display an image. The pixel TFT is an

n-channel typh thEpixeRBidcdiSofUBe dctd® MatSiviliaai & tzﬁld?égfé}t g@l-[y a
voltage to the liquid crystal and drivi nirg i t.ﬁSSi nc thcg’fvfblrehﬁl? cr@g‘?’él is

driven bYF&is didpbSddiatehlfolibvE@Niens & %ol EMiIGBhd iﬂelé,raﬁg% éji}@é{%fc%{rf}@ drive
is enployed in many cases. In this system in order to keep consunﬁilon .

power | oprovided i the PRt pikatFRN &E&ﬁéﬂ&&%ﬁ/ﬁﬁf@wa@éﬁh@gﬁ;ﬂ bf gnt

flow ng when the TFT is in an off state) is su ently kep ow as a

Lowng when. . _ . N . ;
char ac edspd;ggigg sﬁl@ﬁ&téﬁﬂhg%?ldtéiﬁstﬁlﬁéﬁireeﬁ'%ﬁ%&el é?&&u%%%lﬁ_&ﬁl{egc{olrlg@{ 9%@&411&

(lightly drain : L structure is own as a ure

reduci ngThiga Rird-drurdapatiitoy akig ﬁgléfg dmtaﬂ%g Hidﬁe%’cnfié’{s HhdH. Mehehnlh Sortd e;ff)ﬁr €

that an inpurity elenent is ad ow concentration to a

bet ween #hptidd ach o EHE figels FEHnABLANGY %?@%Hi%@ﬁ&%%g tp%/ Tié*ﬁ*e I%tl? he!

formi ng region and a drain region, to [ ement’ TS added

with a hidifd e88QERIdREh Q%C?ﬁt%hiﬁ% Eorfthfl 2R ArloBnt' (ﬁ%ﬂé}{ﬁ%%tog t@? g%qa%ﬂoﬂ;% aff €91 on.

Further, a so-called GOL gate-dral n overl appe are; in which

the LDD arieig 8 trinfsnttieaN0ses doRuBNE] dodfisphiyt 4h fhagat e el ectrode through a gate
insulating film is known as

The pixel TFT is an n-channel type TFT, and is used as a switching element for
applying a voltage to the liquid crystal and driving it. Since the liquid crystal is driven by an
altematiﬁg current, a system called a frame inversion drive is employed in many cases. In this
system, in order tb keep consumption power low, it is important that an off-current value
(drain current flowing when the TFT is in an off state) is sufficiently kept low as a
characteristic required for the pixel TFT.

A low concentration drain (lightly doped draiﬁ : LDD) structure is known as a TFT
structure for reducing the off-current value. It is required for forming this structure that an
impurity element is added with a low concentration to a region between a channel forming
region and a source region, or the channel forming region and a drain region, to which the
impurity element is added with a high concentration, and the region is referred to as an LDD
region. Further, a so-called GOLD (gate-drai_n overlapped 1.DD) structure, in which the LDD
region is diéposed to averlap with a gate electrode through a gate insulating film, is known as
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2 3 1 AUG 2005 a means for preventing a reduction in an on-current ! V{005
due to a hot carrier. It is known that such a structure relaxes a hi _gh
electric field near the drain region to prevent a hot carrier injection
and thus is effective to prevent a degradation phenomenon. Here, there is a
problemthat the off-current value becomes larger than that in the general
LDD structure although the GOLD structure has a large effect for preventing
the degradation of the on-current value. Thus, this GOLD structure is not

pref err ed héins Mr}#é’iﬂmgtar}@dﬁt%ﬁ lin 1? En o ﬁt%lu%tdlﬂg to Qﬁo rrge!ﬁt %g%\gléﬁ'@f

general LDD structure has a large For SUppr essi ng
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field near the drain region'to prevent t Ion 051?116‘? carrier
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such as the active matrix liquid crystal display device, the above problems are made clear

It

particularly in the crystalline silicon TFT as the characteristics are improved a performance |
required for the active matrix liquid crystal display device are-improved. |
Conventionally, when the TFT with the LDD structure or the TFT with the GOLD
structure is fomed, there is a problem that these manufacturing processes become
complicated and the number of processes is increased. It is apparent that the increase in the
number of processes causes not only an increase of a manufacturing cost, but also a reduction

in a manufacturing yield.

SUMMARY OF THE INVENTION

The present invention is a technique for solving the above problems, and an object of
the present invention is to realize, in an electro-optical device and a semiconductor device
which are represented by an active matrix liquid crystal display device manufactured using
TFTs, an improvement of an operation characteristic and reliability of the semiconductor
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3 device, |ow consunption power, and a reduction in a nanufactuﬁiﬁgﬁdbgﬁﬁi

and an inprovement of a manufacturing yield due to a reduction in the

nunber of processes. To realize the reduction in the manufacturing cost and

~ the inprovenent of the nmanufacturing yield, it is considered as one neans

that the nunber of processes is reduced. Concretely, the nunber of

phot omasks required for manufacturing the TFTs is reduced. The photonask

- is used for formng a resist pattern as a nask on a substrate in an etching
process device, lpwabadurhtigy @y, 4G REENR id B kﬁanufé%{ugﬁ QB 2RA%L ?HEISOKFE NEans

that processes such as resist peeling, washing, an ﬁrylng, except e

pr ocesseof sntdnufetring il doetd PRAGHELGHE Rénberdt Sradded before and after
t he etching process, and conplicated processes su f“l as resist application,

pr ebaki ng, ex[Tosuiléze themaLERSERLthe ﬁﬁﬁuﬂa&%}iﬁg&s@%@{h‘é iﬁﬁf

in the
phot ol i t hogr aphy process. The present i1nvention Is cha a({:vt%fenrg?{zioeé&ﬂ?n t hat

t he nunbenanofachifioE3iels K6isi BnsBERd hE8Se mbARLGRYV SIS %gh%o\éessgp ggtg ﬁli]u(l;c%_j.t R& .

TFTs are manufactured by manufacturing processes as I"oned

Lrat one Conammig i S PRGOS, Renb BB REESENELNRILLSD Th

shown in Figs. 1 and 2. A manufacturing net presen
horm' n

di scl oseghotombabi B vSOLribGRhk QResist GAARHIaS 65y I, ep of f a
sem conductor |ayer 12 on angi n%slﬂsl t%asur aggg;ﬁ ae‘?ﬁEs’setlcszé%enlé1 aélteé%l%gfprpg?sﬁi ng

i Coul bt 4 : chhBuser : hi.rd f
an insul af  peptblithBErishPRchilg éem&?nﬂég%gl‘ri’né %ﬂo@éﬁﬁegskjr%eag?ﬁa} ' _{ocgs%tﬁgﬁl&giage

formng a first electrode made fro atron o

| o et . : ' | 17h., h
ayer fesiat pé’elﬁ% Wﬁﬁl‘ingf{"‘gg(? Flﬁﬁlﬁ%@gﬁ@c@? f(g 33&5&9@9 %190?1%% YL %%ﬂ?tg%lggﬁlp egfgmg 522 t he

insulating film1l3; a _ _ Ing a urrty e _
Concont 121 on | nearity onite kMg ey bR A SRR s REM e
second cgiplieatidny Brdbalimg, dxfBsie, Je‘%f@pﬂleﬁﬁ &Ry gos%a?{?&gr 24 Serformed in the
photolithography process.
The present invention is characterized in that the number of photomasks is made less
than conventionally, and thus the TFTs are manufactured by manufacturing processes as
. mentioned below. Note that one example of a manufacturing method of the present invention

is shown in Figs. 1 and 2.

A manufacturing method of the present invention disclosed in this specification,
comprises:

2 first step of forming a semiconductor layer 12 on an insulating surface;

a second step of forming an insulating film 13 on the semiconductor layer 12;

a third step of forming a first electrode made from a lamination of a first conductive
layer 18a with a first width (W1) and a second conductive layer 17b, on the insulating film 13;

a fourth step of adding an impurity elefnent to the semiconductor layer 12 using the
first electrode as a mask to form high concentration impﬁrity regions 20 and 21;

a fifth step of etching the second conductive layer 17b to form a second electrode
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©oann
4 31 AUG 2005 nade froma | am nation .of the first conductive | glyllar‘[‘\U.L"Blig“'5
with the first wwdth (W) and the second conductive layer 17c with a
second width (W2); a sixth step of adding the inpurity elenent to the
sem conductor |ayer 12 using the second conductive |ayer as a nmask to form
| ow concentration inmpurity regions 24 and 25; and a seventh step of
etching the first conductive layer 18b to forma third el ectrode nade from
a lam nation of the first conductive layer 18c with a third width (W8) and

the secomdde fomdulniinaionayfele AR coidubtivd1y&a8BRAHhE Hast (B (W1 dfignabove
manuf acturi ng nethod, a heat-resistant conductive material is used as a

mat er i al sdcond é@rduictig: kaber Ficrveith £0R8HE Wids (fWd)m and the second conductive
film Typically, the first conductive filmand the second conductive film

are made of omeixel gteEeofl adibhetic GlphfigBlerkd® ey b3y en
(W, tantalum (Ta), and ti tggﬁli ump('i'tig) ,e‘or é con%g%gg&%%%ﬂalﬁ%rg%ugiﬂqg

cont ai ni segoncheorsiatiiet lagerelk @Bk to kétnt e @ROMBraiBh bl pStEResi s,
el ectrode has a shape with a thickness graduaﬁly ilngrelgsf%gﬁg?{)énét 5éarel%_d to

the inside inasaventigesp &f ﬁﬁﬂﬁgihbfi‘ﬁsttc%ﬁ@ﬁctﬁzg ?eg)%r 1$H’toq:’f3lﬂ‘ﬁ5 thied hl%&{ﬁt?ddcyhmgéec h

the first conductive filmand the second conductive mw t

preci si ofiomwatlaminagive ofe@eief cniectiRahyer 884 gfritﬁ '&tthﬁ'ﬁ M&{ﬁm gﬁ@'ﬂ?&ré‘c%%d and to

formthe edges into the tapered shape, a dry etching using high

densi ty qundsctiveilsyeappt iveith th@%cc&hqbﬂdﬂg(v@ paratus using a mcrowave or :
i nductively coupled plasma (ICP) is suitdble to generate the high density

bl asm. hn panitheubt midutack Ghethbas ARALALUS dRdBARK AAAAN LR shE

pl asma and can be used for a |arge area substrate to processe

pr ocessimgefigittbothrand Me Pira SOBQRY [ hscl-psed..in
Japanese Pat ent Applﬂi%cafi cr)n Lai d-ggﬁﬁ&agtﬁ%@%‘%@g%&%ﬁﬁ%hf@?%&ut nt, a

met hod  cffirst comBhotvadilH 413 the SQRAE¥nRRHEL fif? afd MM It Rl efcRlent Yiterd EQUIN an
i npedance mat chi ng device to

the group consisting of tungsten (W), tantalum (Ta), and titanium (Ti), or a compound or an
alloy containing the selected elerﬁent.

In the above third step, the first electrode has a shépe with a thickness gradually
inéreasing from the end to the inside in an edge, a so-called taper shape. |

In order to rapidly etch the first conductive film and the second conductive film with
high precision, which are made of the heat-resistant conductive material, and to form the
edges into the tapered shape, a dry etching method using high density plasma is applied. An
etching apparatus using a microwave or inductively coupled plasma (ICP) is suitable to
generate the high density plasma. In particular, the ICP etching apparatus is easy to COIltlLOI-
the plasma and can be used for a large area substrate to be processed.

A plasma processing method and 2 plasma processing apparatus are disclosed in
Japanese Patent Application Laid-open No. Hei 9-293600. In this document, a method of
applying high frequency power to a multi-spiral coil through an impedance matching device to
form plasma is described as a means for performing.plasma processing with high precision.
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I
formplasma is described as a neans for perform ng plasm proceséihgﬁﬁﬁfh A
high precision. 51 11 3 1 AUG 2005 The multi-spiral coil is constructed
such that four. spiral shaped coil portions are connected wth each other
in parallel. Here, the length of the respective coil portions is set to be
a quarter of the wavel ength of the high frequency power. Further, a
separate high frequency power is also applied to a |ower el ectrode for
hol di ng an object to be processed to provide a bias voltage. Wen such an

et chi ng Abpunist-siralsoilgs ednsirh R benhat T ftaf Babia & flioUit obrhoBRR! | o
is used, an angle of a taper portion (taper angle) 1s largely change

dependi nyitbrath athepiavyaralleb PEEIcCthe 6hoth SLIRS tdBbGivS! i |As vol tage
is further increased and a pressureglghs char?gedl, tcﬁgpgﬁ\gﬁ%g% E(ﬁdeea% aper

portion qamebef tbaviyeldnih of thamar febudich Bofer. i oNEf.Qurth
step, in order to formthe hi g?\hggonggntcgggi on ﬁnrglgf’iats;@/p%rg%ihg%s%g Nehd 21

in a sel povedriigalst gpplevans . loRerBENRM: 96r IRFEE i Yol I purity
elemrent wth an eﬁ)ectri c fieldto gddr_to t%gﬁggﬁaggﬁgﬁéécggeﬁggg Or‘FPCIr%i“r‘fiough a
gat e i nsbih@vdligef il mis used. In the present invention, a film including

an insulating filmwhich is provided in contact wwth the first electrode

and the sem CunGE! al @¥Sihg APshriel HEEE Hel 1o WASLAOLD Rl 31 Bt A0 T 1™

whi ch extend fromthe above i nhsulatin mto a perrlphera

ref err edistigeddsn e 88k €apet PSRtz £ i ificatio t he above
net hod of addi ngﬁ?he im:l))Sr ?tyoe}(gprentﬂg!egis l(%%ebﬂ%én%%%ﬁ?%%ﬂg%g@sﬁﬁ‘fvﬁ‘bd" as
a mat t erapplic® QW QIHsBMERideNOWBerd B bias! %’9 LA SRl 9y, Lhe [mpurity

el enent rp(gpresents an i}rguri t?/ @?tgﬁgrﬂ&tg p‘ES‘?gﬁg%ﬁéeaS‘?d Eg}dsaePﬁeWrefn]gr

R B Sk b SRS 5T 21, (0
above 'f 1 Tth SARE,infile A8 cGb&tY §8p 3R Bﬁfeﬁo%nﬂ%ﬁ&ﬁgﬁ anéen_ratiénhﬁnp%?ﬁf 1[}%1'0113
20 and 21 in a self-aligning manner, a method of accelerating the jonized impurity element
with an electric field to add to the semiconductor layer through a gate insulating film is used.
In the present invention, a film, including an insulating film which is providcd in contact with
the first electrode and the semiconductor layer and bétween them, and other insulating films
which extend from the above insulating film to a peripheral region, is referred to as the gate
insulating film. In this specification, the above method of adding the impurity element is
called “a through dope method™ as a matter of convenience.
Note that, in this specification, the impurity element represents an impurity element
(phosphdrus or arsenic) for imparting an n-type conductivity to a semiconductor or an
‘impurity (boron) fo_r imparting a p-type conductivity to the semiconductor.
Also, in the above fifth step, by the etching apparatus using the ICP, the second
.conductive layer is selectively etched so that the second width (W2) of the second conductive
layer 17C composing the second électrode is narrower than the first width (W1). Further, the

taper angle in the edge of the first conductive layer in the second electrode is set to be smaller
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ALIOY ey
conductive layer i's selectively etched so that the second w dth (i/\é)‘“’b’f‘ {05
second conductive |ayer 17C conposing the second el ectrode is narrower
than the first width (W). Further, the taper angle in the edge of the
first conductive layer in the second electrode is set to be smaller 6 than
. that in the edge of the second conductive |layer. The present invention is
characterized in that, in the above sixth step after the second electrode
w th such a shape is forned, the | ow concentration inpurity regions 24 and
25, in AR 81t ithibe edgeefthe atdond cofiductiee laypuurity elenment is continuously
i ncreased as the distance from the channel form ng region increases, are
formed in t heTkepricsam duwehton isaheracledieat mdhatniemhe bbdve shaR8fepRBEL iheBeddar med
with the taper shape) of the first conductive | ayer conposing the second

el ect r ockdedirida gvithhauch hrsbapghis dopedmte hog mﬁ&hﬁaﬁd&lﬁﬁnﬁxrﬁ??&%ﬁﬁ% hath@ns

. ; ’ - > : ,in
difference in the ow concentration inpurity regions 1s hardly prodluced

al t houghwhink theoroneeritragivh of thesimparity ey contHRbEA B realdttisy thi HiSaFlg@frOI‘ﬂO
formthe | ow concentration inpurity regions 24 and 25 wth a gentle

concent rthe chamngr fadiningt region dnsedsts, ald BALBYITME B&hicohMRtdrANF Bfkai .
elenent is accelerated wth the electric field %o add rt?tﬁ%ascgrr?nﬁ{%}nt act or

| t Heparglortidne(fray fHei ' ' '
ayer t Hapugoritde(férapdrwiiothcitgtr Shapehsf thi Fdt c}gﬁclﬁﬂnbﬁvgr?]dg}fp?dc@ﬁ/cﬁfng&ﬁg%&?h@g

the second el ectrode and the gate insulating fi ef ore,

t hr ough elmprederasing ehe throaghldopél rethoth N @RGE 2 BOHdeh@Atid ditBe Ll fadhe gpductive
| ayer conposing the second el ectrode, the concentration OP the Tmpurity

el enent cadcextration ihpurity @¢8ic@y 16 Ue{dF proad@i ARBudehE Bk dRlrh&sh ?%gﬁ'ﬂ'ﬁf.og%lgo n

the thickness of the taper portion of the first conductive layer, t hen
the | owin@messedt rati on inpurity regions 24 and 25, in which the
concentration of the inpurity elenent gradually changes al ong the channel

| engt h di r ectThom, iaforddrhe fddnlthe ¢ cBecch @R : oal i.ane fter
the sixth step using the above through dopi r%ﬂﬂ?rﬁefﬁegg@%tzﬁgmgvﬁ{hégm%e

ggpf ieg 'ﬁl gag?mfrﬁiédirpgraﬁicnt inegdelindigathoathié®, tAE RnPNéA B RRELINALR id NQeLARST
with the electric field to add to the semiconductor layer through the taper portion of the first
conductive layer composing the second electrode and the gate insulating film. Therefore,
when the through dope method is applied to the taper portion of the first conductive layer
composing the second electrode, the concentration of the impurity element added to the
semiconductor layer can be controlled depending on the thickness of the taper portion of the
first conductive layer, and then the low concentration impurity regions 24 and 25, in which the
concentration of the impurity element gradually changes along the channel length direction of
the TFT, can be formed.

Note that, immediately after the sixth step using the above through doping method, the
low concentration impurity regions 24 and 25 are overlapped with the taper portions of the
first coﬁductive layer composing the second electrode through the gate insulating film.

Also, in the abbve seventh step, the taper portion of the first conductive layer is

selectively etched. The etching in the seventh step is an etching using a RIE method,-and is
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h thedghdds T
i onductive | ayer conposing the second el ectrode through the¥gate
T'n;ﬁfaﬁ ng film Al go, i nrr}t)he above seventh step, the taper portion of Eﬂe
first conductive layer is selectively etched. The etching in the seVﬁp
step is an etching using a RIE nethod, and is 7 different froman etch!ng
met hod used in the third step and the fifth step. Note that, the etc |n%
is not limted to the RIE method. If a suitable condition is selected, the
etching can be perforned using a (jry etching apparatus of the |ICP s%stem
or the etiEkrangiias anpiching RIcEhodmsti irdithafihied sters hnittht ethlsER. 'l%t@%t,qg% e
performed. By this seventh step, the taper angle of the first conductive
| ayer i reteNBg isnat dimsieddo tiudRIme thiod s IR dstabla tcoaditivn BARIreHOMHE !Bﬂ{l;ir%f CEHE,% "z
first conductive |ayer in the second el ectrode. Also, the thir ( OI)
is set tRFriempdpsiogerdry Mahingtapparhius SF thei IGPHyWih) oﬁﬁgem}%rusfr%qﬂe Rpg: _sec;)R
width (W2). Further, the insulating filmis renmoved simltaneously in e
sevent h Bet@pd afierasfrsibe HOP meting! @i BehRribhad. BPER YV alth ARp, in ek h¥ele of
regions. Note that, imediately after the above seventh step, the oci on
r espect i the firsh gondnctivntayet inahe thiripalédtiode be&inR Subshi ARy @?I_YAI Aehat &Idt e?jﬂft gio
25a which is overlapped with the taper portion of the first conductive 4
| ayer cowpduitivg lasieei thiesecoeldetdctrode  AlbOmg fﬁhi%cf‘ﬁicﬁl@?ﬂb’} RS f&tﬂef H'ch |hraISI?n
a regi onh2t§b whi ;:Ih is ngft ovsg!ﬁlag]gedﬁwafvggé;(gﬂgaggﬁﬁport![on ;ﬁl A _en L ati ng
ithefifsh yadt (m,[ﬂﬂ mridertt Isédbn . eli i b
??ngcglso, tﬁgdthird mﬁdtﬂF(VW) can be freely contr%?P%dH§§ s%?fgﬁﬁy_
changi ngemavast Smultgneonsiydi thedaventh ¥ep t@ 6656 bABiohOod t\%ﬁ h%%ﬁ@énﬂaﬂfgﬁ nti 3 n,
the width of the |ow concentration 1npurity region I I's overlapped
Wi t h t hémphiitydegibect r ode and the width of the low concentration |nPur|ty
region which is not overlapped with the third el ectrode can be freely o
control | ed byNaeithasliynediasigiafigr thoabekccdaiaifth 68PARE FRPediRe IO SELERERLS t'p' |
Note that the low concentration inmpurity region has a gentle concentration
gr adi entimpuetiyregionscafbetdivided ¢t a 9égion P9 % hich & @Jeﬂ%ﬁﬁéﬁ%iﬂé #H% ke phRRRON

which is overlapped with the third electrode, a hot carri |
of the first conductive layer composing the third electrode through the gate insulating film,
and a region 25b which is not overlapped with the taper portion of the first conductive layer
composing the -third electrode through the gate insulating film.

Alsq, the third width (W3) can be freely controlled by suitably changing an etching
condition. Thus, according to the present invention, the width of the low concentration
impurity region which is overlapped with the third electrode and the width of the low

~ concentration impurity lregion which is not overlapped with the third electrode can be freely
controlled by suitably ‘changilllg the etching éondition in the .seventh step. Note that .the low
concentration impurity region has a gentle concentration gradient regardless of the width of
the third electrode. In the region which is overlapped with the third electrode, a hot carrier
injection can be prevented since a relaxation of the electric field concentration is achieved.

Also, in the region which is not overlapped with the third electrode, an increase of the off-

. current value can be suppressed.
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jection can be prevented since a relaxation of the electric fi&l
concentration is achieved. Al so, in the region which is not overl apped
with the third electrode, an increase of the off- current value can be
suppressed. 8 3 1 AUG 2005 In the above manufacturing nethod, a first
phot ol i t hogr aphy process is perforned in the first step and a second

phot ol i t hography process is perforned in the third step. However, in the
ot her steps (the fourth step to the seventh step), a photolithography
process i s notn thsebpre meduisciuciog methesi, 8 firstphitolitiogtuphg prdvesyis psdstmied i he
second photolithography process is wused as it is. Therefore after the
above seltarfimt $eppnd asachnd ghethbthopiaphppoaess)is perfarasd if tie thied @fbﬁlgH@weG&Dt act
hole in an interlayer insulating filmto be fornmed and a fourt

phot ol i t ioie @ptey steps e Smurthosterf torthé suyeathseap),ceptekdithdgashyqiroceselisaion

el ectrode which reaches the sem conductor |ayer, are performed, and thus
t he TFT eeamonywedrpinngfaaesistrmaask wisicll bschdeh @sedinakesecahd ptglithb fraphyipioesss of
phot omasks is reduced, according to the present invention, a suitable TFT
st ruct ur Bsedas ibie. obt ai ned. The structure of the present invention is
represented bel ow. According to the present invention disclosed in this
speci fi cat i onThetsére, dfter frembode stvanthsesp, & diitl sHodslitextpley Bocms EifB8nidg a
sem conductor |ayer fornmed on an insulating surface, an insulating film
formed osontis hekrinaurictedayer insajating fitndo e gariredahe atfoatepiasimesapy he
insulating film characterized in that the gate electrode has a | am nation

st r uct ur processvibr fonmingf a setrce denahde br ¥ drdivylettrodet whish fdatsds thé §inficonductor
(corresponding to WB in Fig. 2) is a lower layer and a second conductive

| ayer wi layermasgeoiodned,dinl thisahe T5PeanbogiantachdPed.n Fig. 2) which is
narrower than the first width is an upper |ayer, and
As described above, although the number of photomasks is reduced, according to the
present invention, a suitable TFT structure can be obtained. The structure of the present
invention is represented below. |
According to the present invention disclosed in this specification, there is provided a
semiconductor device comprising a semiconductor layer formed on an insulating surface; an
ins_ulati‘ng film formed on the semiconductor layer, and a gate electrode formed on tﬁe
insulating film, |
characterized in that the gate electrode has a lamination structure in which a first
conductive layer with a first width (corresponding to W3 in Fig. 2) is a lower layer and a
second conductive layer with a second width (corresponding to W2 in Fig. 2) which is
narrower than the first width is an upper layer, and
the semiconductor layer has a channel forming region which is overlapped with the
second conductive layer, a low concentration impurity region which is partialljr overlapped

with the first conductive layer, and a source region and a drain region which are comprised of

high concentration impurity regions.
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the sem conductor |ayer has a channel form ng region which is ovérlé%ped
with the second conductive layer, a |ow concentration inpurity region
which is partially overlapped wth the first conductive |ayer, and a
source region and a drain region which are conprised of high concentration
inmpurity regions. 9 AUG 2005 Further, in the above structure, it is
characterized in that the | ow:;concentration inpurity region is |ocated

bet ween the channel form ng region and the source region, or between the

channel form Rgrth@ginGhe aitetshcilfifls RGLQBHzaYER A Fhe lb\/? cbﬂceenf}gt%/ e
h 5 the TITs

structure, it is characterized in that an end portion o

conduct i imspurty eégidteds 16cat PR SHARE chdfbibPRYGing bBioh U ARWGSLINGL yre. 1t 1's

characterized in that the end portion of t conductrv ayer is

| ocat ed b&bvwethetdﬂ@:niébﬁﬂﬂﬁﬁgfe%foﬁidﬁﬁtﬁ@@aﬁ{}e g the source region, or
bet ween the channel form ng region and the drain region, through the

i nsul ating fi FaRthdrinttheiboveRuhAgr2RQY a%%ﬁ&é{'?zteﬁ riL?{hai In %fnl%l p%@%u?@tﬁé b’%s‘%d in

that a filmthickness of a region of e I nsulating

overlappaﬁmﬂﬂ&bmﬁﬁthgmmﬁ@pgﬁggration i mpurity region becones thinner as a
~di stance fromthe channel region is larger. Furthernore,. as shown in Fig.

N s e LT

concentration inpurity region 25 prov ween

sueh that e paneoeyer i eled BabR0n el AARP LR S RN beg &
Feg o de Al A TR b Sl ARG PR e
e over | apped it MeiAth ol 863 Rrl R Rl 4 BT GO ERuOTeBRBR T 250

“which ishp HsuRYiRE kiﬁﬁ%ﬂcﬂqst&eﬁ%eg%iﬁl thg '1&8 tcBr?c%ﬁtr&t?o%’ impurity region becomes

thinner as a distance from the channel region is larger.

Furthermore, as shown in Fig, 3, the present invention is characterized in that, in the
low concentration impurity region 25 provided between the channel forming region 26 and the
drain region 23, the concentration gradient is formed such that the concentration of the
impurity element for imparting a conductivity type is gradually increased as the distance from
the drain region decreases, and the low concentration impurity region 25 with a gentle
concentration gradient includes the region (GOLD region) 25a which is overlapped with the
gate electrode 18¢ and the region (LDD region) 25b which is not overlapped with the gate
electrode 18c.

Note that, in this specification, the low concentration impurity region which is
overlapped with the gate electrode through the insulating film is called the GOLD region, and

the low concentration impurity region which is not overlapped with the gate electrode is called

-

the LDD region.
Also, the present invention is characterized in that the electro-optical device which

10
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Note that, in this specification, the | ow concentration inpurity™ égion
which is overlapped with the gate el ectrode through the insulating filmis
called the GOLD region, and the |ow concentration inpurity region which is
not overlapped with the gate electrode is called the LDD region. A so, the
present invention is characterized in that the el ectro-optical device which
10 AU G . 2505 represents the liquid crystal display device and the EL
di splay device is forned using the TFTs having the above structure.
Furt her , repfegeris 8eeinid Syt digNay Gevs i ' L dohe nunber, of
phot omas kts) i's matdi(g1 |e‘§¥ ?hdéﬂﬂ?yhget&%n\?g%%?%ﬁgsﬁdy Taeg{rc}ggst Oﬁgeé]ﬁ%nﬁ' s are
manuf act TFEchdyingd Mo ub@eldiuchige. Processes as nentioned bel ow. Note that one
exanpl e of a manufacturing nethod of the present invention is shown in
Figs. 23 and B#theAGROHEL ; shes -1 i iscl as in this
speci fication, as sho%%?ﬁ 153?32&?‘233{ hg%?\%hﬁ%%ﬁ ﬁéetrtgy?lgm%?r ngéam&S'ﬁé? hod of

menuf ACtHidd18sAn I AYLRI A0S dG s BOTRTL Helinad E8 {;g%}agﬁfa%?'f ormng a

sem conductor |ayer on an insufating surface, a secon fPng an

St atIiGeckidsis GbnliOR- ARG ONMNE B oo Bt L SLER L bOR L R 2 F1 1!

el ectrode nmade froma lamnation of a first con a first
wi dt h (\&éseﬁmv&tﬁﬁqg%vﬁpwﬁg iz\geanhzﬂer, on the insulating film a fourth

step of etching the second cofiductivé layer to forma second el ectrode nade

7 S e A U L e

and the second . conducti a Secon of

219110 380 BAPAC ot OB o DE SR QRN 0 BT 0 e85

el ectrode as a mms orm a concen

fs;[ ?gt of addi nGik\Gey HPEhing AleGliENubd: fa?fgr S Q0 'ijncgt s%gfa!:_é?}yer through the

a second step of forming an insulating film on the semiconductor layer;

a third step of forming a first electrode made from a lamination of a first conductive
layer with a first width (W1) and a second conductive layer, on the insulating film;

a fourth step of etching the second conductive layer to form a second electrode made
from a lamination of the first conductive iayer with the first width (W1) and the second
conductive layer with a second width (W2);

a fifth step of adding an impurity element to the semiconductor layer using the second
electrode as a mask to form a high concentration impurity region;

a sixth step of adding tﬁe impurity elerﬁent to the semiconductor layer through the first
conductive layer using the second conductive layer as a mask to form a low concentration
impurity region; and

a seventh step of etching the first conductive layer to form a third electrode made from
a lamination of the first conductive laYer with a third width (W3) and the second conductive
layer with the second width (W2).

In the above manufacturing method, a heat-resistant coaductivé material is used as a

11
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conductive |layer using the second conductive |ayer as a mask to forma
concentration inpurity region; and a seventh step of etching the first
conductive layer to forma third electrode made from_ a | am nation of the
first conductive layer with a third width (WB) and the second conductive
| ayer with the second width (W). In the above manufacturing nmethod, a
heat -resi stant conductive material is used as a 11 3 1 AUG 2005 materi al
for formng the first conductive filmand the second conductive film

Typi cal | ymatdriaeforffomsihg centiycédndactve PR thb 8B8E e&ﬂiu%ﬁ{ﬂé’igﬁﬁ.i ’I‘g%i&iﬂrﬂt% e

made of one el ement selected from the group consisting o
t ant al unfi¢stadndieride fiish and tHE seddnd, coﬁﬂu&w‘é?fmodf@ﬂxfaﬁé ofthe ALhOM 3913% gl ng the
a

sel ected elenent. In the above third step, the first electro s a shape

that is aaetgﬂowmeﬁuﬂ% adwabm (W C‘tﬁ:ﬁﬁ% a§ raﬁmtﬁ%ﬁulﬁgﬁ\)t&faouﬁmg‘ﬂﬁ? de,hn an

end portion, so-cal T ed taper shape. Int e ep, the

second calfsiugntaiging MeSeldcied @G vel y etched so that the second wi dth
(W) of the second conductive |ayer 17c conposing the second electrode is

nar rower thanid fae af)d)xfesthlr&‘sﬁébhth@\fﬁgt e%%’trﬂge ke %g@fh@?1st%ﬁﬂﬁ¥cﬂés§l§rac 1238 Ct he

| CP. Further, the taper angle in th e end porti tive

| ayer i nidchasing&oAdtheleasts ﬁl‘é%léiée p%ﬁb oS T8) 'c edtt 30 s E‘%]P in the end
ayer e

portion of the second conductive séquen above si xth

step, using tA@ol gy gﬁb‘ﬂlzqgﬁrtﬁ@lre? Ofle sdddfid k cﬁ%]ﬁlg{'rtl% getlec%nﬁ LYF’IQ% d s Iﬂéﬂent

regions 1024 and 1025, in which the concentration

i s cont i thQectnd v GRDRS tﬂéséch?d gr}rﬁihﬁﬂﬂ&eela%ﬁci%tcgﬁgg{‘ g ﬁ%oor done &

increases, are forned’in a se ni n nner ayer

| ocat ed ﬁﬁi‘ﬂﬁ&erttﬁh% th@BR% wilf'( Wﬁ%sﬁl%qwgﬁ)ﬂ'}%tag%agﬁ%s Eé’}ng [heSIE‘?’p@urtg he first

conductive |l ayer conposing the’sec
taper angle in the end portion of the first conductive layer in the second electrode is set to be

smaller than that in the end portion of the second conductive layer.

Subsequently, in the above sixth step, using the through dope method, the low
concentration impurity regions 1024 and 1025, in which the concentration of the impurity
element is continuously increased as the distance from the channel forming region increases,
are formed in a self-aligning manner in the semiconductor layer located under the taper
portion (formed with the taper shape) of the first conductive layer c0mposiﬁg the second
electrode.

Note that, immediately after the sixth step using the above through doping method, the
low concentration impurity regions 1024 and 1025 are overlapped with the taper portion of the
first conductive layer composing the second electrode through the gate insulating film.

Also, in the above seventh step, the first conductive layer is selectively etched. As the
etching in the seventh step, the etching using the RIE method, the etching using the ICP
method, or the etching using the RIE method after using the ICP method may be suitably
performed by an operator. By this seventh step, the taper angle of the first conductive layer in

12




Note that, inmmediately after the sixth step using the above thro%&hA@gp2%§
nmet hod, the |ow concentration inpurity regions 1024 and 1025 are .
over| apped with the taper portion of the first conductive layer conposing
the second el ectrode through the gate insulating film Also, in the above
seventh step, the first conductive layer is selectively etched. As the
“etching in the seventh step, the etching using the R E nethod, the et chi ng
using the ICP nmethod, or the etching using the RIE nmethod after using the

h i or . this seventh step,
| P et o Y coBy i cablt o RELRAIPA BY A RSS! oo S0
T the  SoontOPaRy PR e Mg BRLOYAT R st IP e Retnis thes B ERiGvHe (Dh over
' i ) - and i der t t idth (V). Here,
o R RS0 5 0
i YA . t tions o e hig
concent raty s epbled M REUEINR 8 Wibsey BB KRR i Kidie P Bugnt e figd,
parti cul

Rl N Bt On e 1o i UEF bt ivnCovBiion 1sraperiabrhabpeet ive.
i ch 1B aerERn a4ty BRI of 'che vt conductive I ayer
a0t on 10250 M BRI EHGATIRAO 6 <l ctpallareqsn o PRt st
i a B B PP F R et eriond0FF LRl ommerisomscry heumeabgion |
e o ot iy B GO RR coPiione 1 ifiecyonyroimbin bic revuae Fipped
Feai on e ERP B RGOS pE e et R e qomRBof e -camaperesty

- SUl ' i condition in the seventh step.
ﬁgc\;\r/ glr {C%&%@glln%#é t%?rh%le%?r%gg {hrr]gugt:hht%c Egt% rExlxs?ﬁgatin,g film. P

h
ion is not

Also, the third width (W3) can be freely controlled by suitably cﬁanging an etching
condition. Thus, according to the present invention, the width of the low concentration
impurity region which is overlapped with the third electrode and the width of the low
concentration impurity region which is not overlapped with the third electrode can be freely
controlled by suitably changing the etching condition in the seventh step. However, the low
concentration impurity region has a gentle concentration gradient regardless of the width of
the third electrode. In the region which is overlapped with the third élcctrode, since a
relaxation of electric field concentration is made, a hot carrier injection can be prevented. In
the region which is not overlapped with the third electrode, an increase of the off-current
value can be suppressed.

In the above manufacturing method, a first photolithography process is performed in
the first step and a second photolithography process is perfofmed in the third step. However,
in other steps (the fourth step to the seventh step), since a resist mask which has been used in

13
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. concentration inpurity region has a gentle concentration gradi ent

‘regardl ess of the width of the third electrode. In the region which is
overlapped with the third electrode, since a relaxation of electric field
concentration is made, a hot carrier injection can be prevented. In the
region which is not overlapped with the third el ectrode, an increase of the
off-current value can be suppressed. In-the above manufacturing nethod, a
first photolithography process is performed in the first step and a second
phot ol i t,hogr a rocess is perforned in the third step. However, in other
st eps (Eﬂﬁee F%‘%Mﬁﬁ%lftgﬁgr%h& CESEVETER 28 {tdp)2 Photolithogphy pragessigat whi ch has
been used .n 13 AU-6 Mb.the second photolithography process is used as it
is, a pﬁﬁ#ﬁ?? ography process is not perfornmed. Therefore, after the

above seventh_step, third photolithography process for form ng a _contact
hole in an i EF&&WE‘%&%% s AbRYE seyepth %?H’atﬁégpmtmogﬁmbpmwﬁ fiof forming a

photolithogr phy. process for fornm ng a source electrode or a drain
el ect r ogentagiokhinagdatseayer fesulativg ddmd dedermadapd e fountls phetpKtpgiaphy and t hus
the TFT can be manufactured. Also, in the above manufacturing process,
al t hougRTRS fRF fimdnme enreeelpdrrds@sianigain sleciede; pihinbireaches the stinfcomdeetep and
the I ow concentration doping is perforned in the sixth step, the | ow
concent 13YET 3k pRstrmgd rad thies the TEdrop e imanpfestured.t h step and the high
concentration doping may be performed in the sixth step. In this case, a
manuf act ur i ngl$feihBig 3pve Wén“fgﬁté§@a pracassepithiossh thedvigh fenwsntrationrdopingtiep of
form ng a _sem conductor |ayer on an insulating surface; second step of
f or mi ng P&RACTIS N Aag Rilgh step and thetlne corpsncrstion dering isppeformed i thel sigthegiemfthe
formng a first electrode made froma |amnation of a first conductive
| ayer wiQ¥hceneeptraiiongdaping oy be perdormedde thedfiftiosteuend the higiyeoncensratiphe
insulating film )

doping may be performed in the sixth step. In this case, a manufacturing method of the

present invention, comprises:

a first step of forming a semiconductor layer on an insulating surface;

a second step of forming an insulating film on the semiconductor layer;

a third step of forming a first electrode made from a lamination of a first conductive
layer with a first width (W1) and a second conductive layer, on the insulating film;

a fourth step of etching the second conductive layer to form a second electrode made
from a lamination of the first conductive layer with the first width (W1) and the second
conductive layer with a second width (W2);

a fifth step of adding an impurity element to the semiconductor layer through the first
conductive layer using the second conductive layer as a mask to form a low concentration
impurity region;

a sixth step of adding the impurity element to the semiconductor layer using the
second electrode as a mask to form a high concentration impurity region; and

a seventh step of etching the first conductive layer to form a third electrode made from

14




a fourth step of etching the second conductive Iayer to forma secénd Kb T
el ectrode nade froma lamnation of the first conductive |ayer with the
first wdth (W) and the second conductive |layer with a second width (W2);
a fifth step of adding an inpurity elenment to the sem conductor |ayer
through the first conductive |ayer using the second conductive |layer as a
mask to forma | ow concentration inpurity region; a sixth step of adding
the inmpurity element to the sem conductor |ayer using the second el ectrode
as a nas far i.gh cancentratian i rity reqion; and a seventh step
of etchi %léhﬁ%aéBP i%];fg}emé%{r}éﬂ?@??t{/v@ lf‘ya%?@fl&‘tao{ﬂﬁgr"ﬂ#é (tvﬁ%ra&d dhecteeprshionguelves r om
14 a | am [ of the f.i onductive layer with a third width (W) and

t he secghnge?ydﬁ{}ll}%ﬁc\?gg“P%E?Z&V&ith the. second width (W2). Al so, according
to the presenf, inventio i sclosed in this specification, there is

provi ded a %&%?rd%ﬂﬂgfé%ﬁrﬁ?qnﬁ&Vﬁn%%ﬁlé@?ﬁfﬂé’ﬁ 8Hs srsgitication ghse issi ng:  a
first steg .8f form’rﬁg% a semi conductor, | ayer on _an insulating surface; a
second st'8p taps ) DEPUfACEng STRUSqNdHCtoRdevics, SURPESMgIuCt or | ayer: a

third step ofa{i}O{r{i n&f first el ectrode made froma |am nation of a first
conductive I%Var SR PHommngasemjigondyciopfaysr epan iasdeinggrigetiduct i ve | ayer,
on the insulating film fourth step of etching the second conductive

| ayer to forf%® TRoldearinesadniiaime flmen the semicapdyctn laert he fir st
conductive Iaytsdrlﬁvvith he first wdth (W) and the second conductive |ayer

with a second fi5P Chpyrming g first glestrade mrdaliommdamination of & fiyst eprdustive t o t he

sem conguctor. Iag,%er u iﬁ% She second conductive layer as a mask to forma
| ow cond®XFE M Sﬁ\”ﬂf@i‘ ) 73 Bhcondh eondugtivmhlayeropr detiradatiog filmour ity
region; and a sixth st of etching the first conductive |ayer to forma
third el ectr 610t5 m%(]éﬁtgp p? gtﬁp:élg the second conductive layer to form a second électrode made

from a Jamination of the first conductive layer with the first width (W1) and the second

conductive layer with a second width (W2);

a fifth step of adding an impurity element to the semiconductor layer using the second
conductive layer as a mask to form a low concentration impurity region and a high
concentration impurity region; and

a sixth step of etching the first conductive layer to form a third electrode made from a.

 lamination of the first conductive layer with a third width (W3) and the second conductive
layer with the second width (W2).

-Thus, when the doping condition is suitably adjusted by a user, a process fof forming
the low concentration impurity region and the high concentration impurity region can be
performed by doping process one time.

Also, one example of a manufacturing method of the present invention is shown in
Figs. 25A to 26D.

According to the present invention disclosed in this specifircation, as shown in Figs.
25A to 26D, there is provided a method of manufacturing a semiconductor device,
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| ami nation of the first conductive layer with a third width (W) Jahd¥hedls
second conductive |layer with the second width (W2). Thus, when the doping
condition is suitably adjusted by a user, a process for formng the |ow
concentration inpurity region and the high concentration inpurity region
can be - performed by doping process one tine. Al so, one exanple of a

manuf act-uri ng nmet hod of the present invention is shown in Figs. 25A to
26D. According to the present invention disclosed in this specification, as
shown in_Figs. 25A to 26D, there is provided a nethod of manufacturing a
seni cond@é?‘%?s%vi ce, 15 3 1 AUG 2005 conprising: first step of formng a
sem conduct or h{iﬁer on_an . insulating surface; second step of form ng an

i nsul ating fi?HsHifep REfumng & pramisprAuctaijasier on e insulating puréfce] ani nati ng a
first conductive fil mand a second conductive filmon the insulating film
a fourth step? %PFOIF%%tﬁP REfoaming-ahasdatirmiin or thespmiconduttonlagérr st wi dth (X1)
afifth step of .adding an inpurity elenent to the sem conductor |ayer using
t he second c%ﬁli*éraéfq lagipatingp fixsticprdyctive tilmjaud h s¢oehy! casdimtivafikn ba thor m a
hi gh conceqtr,at',on inmpurity region; a sixth step of etching the first
conduct i PEUFEREHDS forma first electrode made froma |amination of a
first conductive |ayer with a second width (X2) and the second conductive
layer with a &i0PFH sEP@fkormiag 2 secondsendustine dyepwish adirsthwidgh ©Hg; second
conductive layer to forma second el ectrode made froma |am nation of the
first conductd ¥h ptsp ef adging an imapurésy elemnont Wtthe gex@irordgtar fieyes esinmthe second

conductive layer with the first width (X1) as a mask to form a high concentration impurity
region;
a sixth step of etching the first conductive film to form a first electrode made from a
lamination of a first conductive layer with a second width (X2) and the second conductive
layer with a third width (X3);

a seventh step of etching the second conductive layer to form a second electrode made
from a lamination of the first conductive layer with the second width (X2) and the second
conductive layer with a fourth width (X4);

an cighth st.ep of adding the impurity element to the semiconductor layer through the
first conductive layer using the second conductive layer with the fourth width (X4) as a mask
to form a low concentration impurity region; and

a ninth step of etching the first conductive layer to form a third electrode made from a

- lamination of the first conductive layer with a fifth width (X5) and the second conductive
layer with the fourth width (X4).

Further, in the above respective manufacturing methods, it is characterized in that, -
after the step of forming the third electrode, the method further comprises the steps of:

forming a first interlayer insulating film for covering the third electrode;
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conductive layer with a fourth width (X4); an eighth step of adélhg the
inpurity elenment to the sem conductor |ayer through the first conductive
| ayer using the second conductive layer with the fourth width (X4) as a
mask to forma |low concentration inpurity region; and a ninth step of
etching the first conductive layer to forma third el ectrode made from a
| am nation of the first conductive layer with a fifth wdth (M and the
second conductive layer with the fourth width (X4). Further, in the above
respective nmanufacturing nethods, it is characterized in that, after the
step of forni REGIPIHNE Aitief hepideqaiment for aptivaingibe impunithelemeohiirthees t he steps
of: formng a first interlayer insulating filmfor covering the third
el ect rodé‘?mI%BD@CEOIA 1’2005 performing a first heat treatment for activating
the inpurity elenent in the sem conductor |ayer; formng a second
interlayer in 1§ tgeqond intedayer Bisalating fitm dorfdovening the Sirdt ayterlayien snsilating g
film and performng a second heat treatnent with a | ower tenperature than
that of fHB 949 st heat treatment after the formation of the second
interlayer insulating film Furthernore, one exanple of a manufacturing
met hod of t heP§HQEERE 2 Serpadheerirdatmens Nathra foweFfogpera@EA than tAROfaindfiit st 27 A
to 27D. According to the present invention disclosed in this specification,
as shownirfatgsnt afen tha fgrma@meidhesepond Merlayepinpylatitgefien.i s provi ded a met hod
of manufacturing a sem conductor device, conprising: a first step of

formng a senf@ %100 gyanple of amanngtusing muptisad didbepresers éoendosisep of
formng an insul ati ng filmon the sem conductor |ayer;
shown in Figs. 25A to 25C and Figs.27A to 27D.

According to the present invention disclosed in this specification, as shown Figs. 25A
to 25C and Figs.27A to 27D, there is provided a method of manufacturing a semiconductor
device, comprising:

a first step of forming a semiconductor layef on an msufating surface;

a second step of forming an insulating film on the semiconductor layer;

a third step of laminating a first conductive film and a second conductive film on the
insulating film;

a fourth step of forming a second conductive layer with a first width (X1);

a fifth step of adding an impurity element to the semiconductor layer using the second

| conductive layer with the first width (X1) as a mask to form a high concentration impurity
region; |

a sixth step of etching the second conductive layer to form the second conductive layer
with a second width (Y2); |

a seventh step of adding an impurity element to the semiconductor layer through the
first conductive film using the second conductive layer with the second width (Y2) as a mask

to form a low concentration impurity region; and
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athird step of lamnating a first conductive filmand a second chAdAED %’5
filmon the insulating film a fourth step of form ng a second conductive
|l ayer with a first wwdth (X1); a fifth step of adding an inpurity el enent
to the sem conductor |ayer using the second conductive |ayer with the
first wwdth (X1) as a mask .to forma high concentration inpurity region; a
sixth step of etching the second conductive |layer to formthe second
conductive layer wth a second width (Y2); a seventh step of adding an

impurity el emept. he i.conduct or layer through the first conductive
film using t@g@@%%%gﬁ%@ypg@g ﬁ?fa'y‘é’ﬁ‘db\f}/tm fflﬁ]etog‘g%ﬂ‘ae\ﬁftéqq’? magds)from ag ask
to form OW: CO nt.ration i. rity.regi.on;.an 7 3 1 AU G 2005 an eighth
~ step of e clﬁ%“ﬁogn é}ﬁtge %lﬁ?gfmcgﬁﬁgg%?ﬂ/%ﬂgPIQIFH‘{]WI‘ﬁb%ﬁdé]IIW?%@W%VW rom a
" lam nati f-the first c tive layer with a third width (Y3) and the
second cgasfﬁﬁ%vftf‘@?eesef: W&ﬁ?ﬁg}he second width (Y2). Mreover, it is
characterized 'On t hat. after {h.e cgi (%Bth step, .the manufacturing net hod
further conpr"S8&OVL hispbaragtezizedsin thatafier thegighth step,i the Bpuipering swsthedi ng
filmfor.covering.the third electrode; a tenth step of performng a first
heat tre htO'PBYS®Sct i vating the inpurity element in the seniconductor

| ayer; an el event of .for a_second interlayer insulating filmfor

ste 1 ng . : , .
covering the f‘in}nst{;l step HE frmigep rtl’qil'sﬁ dyeichgsulaling fim foreoyerng tha ﬂ!élicgﬁﬁe%fode;
performng a s?cond heat treatnment with a | ower tenperature than that of
the first heaf cmtlégtpp@ﬁgf_:rformmg a first heat treatment for activating the impurity element in
the semiconductor layer; |
an eleventh step of forming a second interlayer insulating film for covering the first
interlayer insulating film; and

a twelfth step of performing a second heat treatment with a lower temperature than that

" of the first heat treatment.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings: |
Figs. 1A to 1D show a .manufacturing process of a TFT;
Figs. 2A to 2D show the manufacturing process of the TFT;
Fig. 3 shows a curve .repre.senting a concentration distribution of an impurity element;
Fig. 4 is a schematic structural view used in a simulation;
Fig. 5 is a graph of a simulation result (phosphorus doping);
Fig.6isa graph of a simulation result (voltage/current characteristic of TFT);
Figs. 7A to 7C show a manufacturing process of an AM-LCD;
Figs. SA to 8C show the manufacturing process of the AM-LCD; -
Fig. 9 shows the manufacturing process of the AM-LCD;
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_ _ 31 AUG 2005
BRI EF DESCRI PTION OF THE DRAWNGS In the acconpanying draw ngs: Figs. 1A
to 1D show a manufacturing process of a TFT;, Figs. 2A to 2D show the
manuf acturi ng process of the TFT; Fig. 3 shows a curve representing a
concentration distribution of an inpurity elenent; Fig. 4 is a schematic
structural view used in a sinmulation; Fig. 5 is a graph of a sinulation
result (phosphorus doping); Fig. 6 is a graph of a sinulation result
(vol tage/ current characteristic of TFT); Figs. 7Ato 7C show a
manuf act uri ngeor Eﬁess of an.AMLCD, Figs. 8A to 8C show the manufacturing
process of the SAVE LCHFTOSHegUoR! SHHctaral Biew atransmissiondynsy lspéd eryenl disglay
AM LCD; &%ige,l AUG 2005 Fig.- 10 is a cross sectional structural view of a

transm ssion’type liquid crystal display device; Figs. 11A and 11B are
i 12A to 12C show a

external views, of ligujd crystal panel; Figs.

manuf act uri ng ﬁ-oﬁgnﬂfigﬁremﬁirwv?m ¢f< liquiemsahmaek how t he

manuf act uri ng_pr ogess the AMLCD;, Fig. 14 shows the manufacturing
process of thgi%ﬂwf?@dﬁ‘ ﬂ%@?ﬂsm@u&cmﬁgw@mﬁw@wxmp; Fig. 16 is a cross

sectional stryuctural vjew of a reflection type liquid crystal display

devi ce; Figs. lﬁ'&%}h@ showpthe gpanpfactiingfprocess of ke ANILGIe manuf act ur i ng
process; Fig. 18 shows a structure of an active matrix EL di splay devi ce;
Figs. 19A and Bof" S5 the masnipcksingprogses efdhe dMARMI x EL di spl ay devi ce;

Fig. 15 is a top view of a pixel;

Fig. 16 is a cross sectional structural view of a reflection type liquid crystal display
device; |

Figs. 17A and 17B are top views of the pixel in the manufacturing process;

Fig. 18 shows a structure of an active matrix EL display device;

Figs. 19A and 198 show structures of the active matrix EL display device;

Figs. 20A to 20F show examples of electronic equipment;

Figs. 21A to 21D show examples of electronic equipment;

Figs. 22A to 22C show examples of electronic equipment;

Figs. 23A to 23D show a manufacturing process of a TFT (Embodiment 7);

Figs. 24A to 24D show the manufacturing process of the TFT (Embodinicnt 7

Figs. 25A to 25D show a manufacturing process of a TFT (Embodimcﬁt 8);

Figs. 26A to 26D show the manufacturing process of the TFT (Eﬂlbodiment 8);

Figs. 27A to 27D show a manufacturing process of a TFT (Embodiment 9);

Figs. 28A to 28D show a manufacturing process of an AM-LCD (Embodiment 10);

Figs. 29A to 29D show the manufacturing process of the AM-LCD (Embodiment 10);

Fig. 30 shows the manufacturing process of the AM-LCD (Embodiment 10},

Fig. 31 is a cross sectional structural view of a transmission type liquid crystal display
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Figs. 20A to 20F show exanpl es of electronic equipnent; Figs. 21& }cf&'bzéllf))mb
show exanpl es of el ectronic equipnment; Figs. 22A to 22C show exanpl es of
el ectroni c equi pment; Figs. 23A to 23D show a nmanufacturing process of a
TFT (Enbodinment 7); Figs. 24A to 24D show t he manufacturing process of the
TFT (Enmbodi ment 7); Figs. 25A to 25D show a manufacturing process of a TFT
(Enbodi nent 8); Figs. 26A to 26D show the manufacturing process of the TFT
(Enmbodi nent 8); Figs. 27A to 27D show a manufacturing process of a TFT-
(Enbodi nent. 9); Figs. 28A to 28D show a manufacturing process of an AMLCD
( Embodi ga?ﬁ‘cel ,bo‘%iﬂﬁ%t.wZQA to 29D show t he manufacturing process of the
AM LCD (Ehbod%nen%_lO); Fig. 30 shows the manufacturing process of the
AM LCD ( EnbodFHenAt isid§rosysegiion] siracturabyigwsofagefleatioaltymstliquid cnysthl disluy of a
transm ssiqn type liquid crystal display 19 3 1 AUG 2005 devi ce (Enbodi nent
10); Fi gdevaee (Eanbodimenidl2yeand onal structural view of a reflection type
liquid crystal_display device (Enbodinent 12); and Fig. 33 is a cross"
sectional st rHig 87 & a Gogspestionn! sleidterst view dfpeflddtiquitybediqnid erystal diglay
panel with a |light source (Enbodi ment 13). DESCRI PTI ON OF THE PREFERRED
EVBODI VERES! withadightiserses (Bsfbadireeri@sent i nvention will be described bel ow
wth reference to Figs. 1A to 3. First, a base insulating film1l is
formed on a substrate 10. As the substrate 10, a glass substrate, a quartz
substrate, and a silicon substrate may be used. Al so, a netal substrate or
a stainless substraRESCRIPTIIN DFATHE PREFRRRED EMBODEMENTEd, may be used.
Further, a plastic :

An embodiment of the present invention will be described below with reference to

Figs. 1A to 3.

First, a base insulating film 11 is formed on a substrate 10, As the subsirate 10, a glass
substrate, a quartz substrate, and a silicon substrate may be used. Also, a metal substrate or a
stainless substrate, on which an insulating film is formed, may be used. Further, a plastic
substrate with a resistible heat resistance to a treatment temperature may be used.

Also, as the base insulating film 11, the base insulating film 11 made of an insulating
film such as a silicon oxide film, a silicon nitride film, or a silicon nitride oxide film is
formed. Here, although an example, in which a two-layered structure (11a and 11b) is used as
the base insulating film 11, is shown, a single layer film of the insulating film or a lamination
structure with two layers or more may be used. Note that the base insulating film may be not
formed. |

Next, a semiconductor layer 12 is formed on the base insulating film 11. A crystailine
semiconductor film obtained by using a known crystallization process (a laser crystallization
method, a thermal crystallization method, a thermal crystallization method using a catalyst
such as nickel, or the like) is formed into a predetermined shape pattern using a first
photomask after a semiconductor film with an amorphous structure is formed by a known

20




3.1 MG 2005

substrate with a resistible heat resistance to a treatnent tenperaturé
be used. Al so, as the base insulating film1ll, the base insulating film 11
made of an insulating filmsuch as a silicon oxide film a silicon nitride
film or a silicon nitride oxide filmis formed. Here, although an
exanple, in which a two-1ayered structure (1la and 11b) is used as the
base insulating film1ll, is shown, a single layer filmof the insulating
filmor a lamnation structure with two |ayers or nore may be used. Note

that the base insulating filmmay be not forned. Next, a sem conductor
| ayer 12“‘?@04 Grpeiering mpdogaand B methed) afnlasmaidVDanethgd wallis like), then
sem conductor, fil mobtained by using a known crystallization process (a
| aser crii&seapirenductos Ailmpgtip med. {The sermicordugtar 4ilini 12+ formederifodthicknesser mal
crystallization nethod using a catalyst such as nickel, or the like) is
for med %28 t%g%ﬂﬁb@f@EWWeag ghéihempapitheughusinpigrial dfitheserystplliot omask after a
sem conductor filmw th an anorphous structure is formed by a known 20 3 1
AUG 2005emiaondectpnfilapismog Himigd tea patjal amtdrRbwiefoeblyate casipllaisma CVD et hod,
or the like), then the sem conductor film12 is fornmed. The sem conductor
film 12 semicopdwater fiim may be froledesing sdfcopSsii@na@rmanippr(SiGe)abby, or 3k tike. 60
nm. Although a material of the crystalline sem conductor filmis not -
limted to alNgxécinahsulatingfilal 13 grvefieg disl spmiidvadectystilas 12 eformedri conduct or
filmmay be fornmed using silicon, silicon germanium (Si Ge) alloy, or the
like. Next, The inywdatingtfilngl¥ isifomicdl asasirglayttve adaminagon stceaurefof bm 12 i s
formed. The insulating film13 is fornmed as a single layer or a |am nation
st r uct uirsugfingdilmj eontaizing mdicon wWithaahickiess 0§48 id 1500m Wy tuking thepledae€Yof 40
to 150 nm by using the plasma CVD nethod or the sputtering nmethod. Note
t hat t himethorser the pmytetink metid MNatortimt thigmselaiimstilnald beconids|angatdNexdlatimg i r st
conduct if'\llxi film14 with a filmthickness of 20 to 100 nm and a second

1im, .

Next, a first conductive film 14 with a film thickness of 20 to 100 nm and a second
conductive film 15 with a film thickness of 100 to 400 nm are laminated on the insulating film
13 (Fig. 1A). Here, the first conductive film 14 made of TaN and tirle second conductive film
15 made of W are laminated using the sputtering method. Note that, here, although the first
conductive film 14 is made of TaN and the second conductive film 15 is made of W, the first

- conductive film 14 and the second conductive film 15 are not limited to those and may be
formed using one element selected from the group comnsisting of Ta, W, Ti, Mo, Al, and Cu, or
using an alloy material or a compound material containing th¢'element as its main constituent.
Also, a semiconductor film, which is represented by a polycrystalline silicon film in which an
impurity element such as phosphorus has doped, may be used.

Next, a resist mask 16a is formed using a seéond photomask, and then a first etching
process is performed using an ICP etching apparatus. The second conductive film 15 is

etched by this first etching process to obtain a second conductive layer 17a with a taper
portion (a portion with a taper shape) in an end portion, as shown in Fig. 1B.
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- Y oahal
conductive film15 with a filmthickness of 100 to 400 nm are Igrﬁ %Geda%jn
the insulating film 13 (Fig. 1A). Here, the first conductive film 14 nade
of TaN and the second conductive film 15 nmade of Ware | am nated using the
sputtering nmethod. Note that, here, although the first conductive film 14
is made of TaN and the second conductive film15 is made of W the first
conductive film 14 and the second conductive film15 are not limted to
those and may be forned using one elenent selected fromthe group

i sti foe T | I t
Compound nat d155 AR oo eorBpe et oBee) F AR ER rsele GEREL b 2 co, o
i OGRS SHBlRE ”ng“ﬁ%ﬂ b BRI L A N

Next, a re thrras s formed _usi ng a second phofonmask, and then a
first et¥hK r@t D6 %011 %\éer%?rhlgaca% wtérhar@e@féhf%@s Appelostinga The
second con%@ctl e f|| 15 is etched by this first etching process to
obtai n &Y Bﬁ@{‘f’@rﬁﬁ'ﬂ itiohe Iayer 17a with a taper portlon (a portion with
a taper shap in an %nd portio shown in Fig. 1B. 21 1 AUG ' 2005
Here, an anglfeeXbfusitget Fé??ésrtnﬁé]f‘tlﬁ%?ﬁ‘(‘ESaBé?CO&HQFC@)ng@O%¥ lSr@HfC’&@C%HSl%gI e

f or med bg &: strate surf hor| zaont al - surface) .and a sl anting portion
of the t8p g GRPATHYE. EF QFS C%l?fb‘lcgv%?lh‘f’ Hélss‘éﬁl&ﬁﬁ]dnéllﬁﬁiﬁ%ftq gfehipgyer 17a
can be set i n ran se sui tabl e etching

to | ect.in
condi t i FHOCSRBYY Oﬂaéng@t ﬁqt}guqté@.l@ter %%%RS she# g Pg& 1Cs The féféfcféﬁémé{"éﬂﬂwg
process, i$erforrr§ usi n&@ he | CP etching apparatus. The first
conduct 198 g5 # frst adE (&Y bndipte H‘%H’étfg%%?é’ﬁ%d SICRIRE pEPCeps HiedssistBaskoli a first
conductive |l ayer 18a _as shaown jn The first conductive |layer 18a
has a fiSPndGoREHrtvalaver gt dng W&'%latlli‘&nflltﬂhf‘@ siighibreickaddpitonn proseaesk dffp
resi st mask, the secaond conductl ve layer, and the insulating filmare
slightl )?SS'PQﬂﬁléiﬂmleCtWGr Aves 1y Bsingian fpsykating film Wagwepsetivelsnduct i ve | ayer 17b,

and an i nsul atl n%fl | m 19a, respectivel ﬁn
Note that, here, in order to suppress a film reduction of the insulating film 13, the

etching process is performed two times (the first etching process and the second etching
process). However, if an electrode structure (lamination layer of the second conductive layer
17b and the first conductive layer 18a) as shown in Fig, 2C can be forméd, the number of
etching process is not limited to two times, and the etching process may be performed one
time.

Next, with the resist mask 16b as it is, a first dOpiﬁg process is performed. A through
doping is performed through the insulating film 19a in the first doping process to form high
concentration impurity regions 20 and 21 (Fig. 1D).

Next, using the resist mask 16b, a third etching process is performed using the ICP
apparatus, In this third etching process, the second conductive layer 17b is etched to form the
second conductive film 17c¢ as shown in Fig. 2A. The second conductive layer 17c has a
second width (W2). Note that, in this third etching process, the resist mask, the first
conductive layer, and the insulating film are slightly etched to form a resist mask 16c, a first
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Note that, here, in order to suppress a filmreduction of the in§u1dﬁﬁh§@h
film13, the etching process is perfornmed two tinmes (the first etching
process and the second etching process). However, if an el ectrode
structure (lam nation |ayer of the second conductive layer 17b and the
first conductive |ayer 18a) as shown in Fig. 2C can be fornmed, the nunber
of etching process is not linmted to two tinmes, and the etching process
may be performed one time. hbxt mﬁth the resist mask 16b as it is, a

first dopi er or A through .doping is perfornmed through
the ins &Bﬁ‘?‘&ﬁ‘% ?W’f‘rf‘?ilﬁéngﬁ” {78 flflg £i{m d8p; rﬁ@eﬁ?‘&’éléss to form high
concentratio U.I’I&% re |on§ éo and 21 (Fig, Next, using the resist
mask 16b, a ir d ga?glﬁéﬁmpﬂgimgceﬁﬁéﬂem%p%r atus. In
this third h|n process, the second conductive layer 17b is etched to

f or m t hdhr OEébg t? G%thff?l!%t & EapgPAHEMAL the fwtgton@mwermersb&bomt e
conducti,ve 17 second wwdth (W2). Note that, in this third

et chi ng ﬂbﬁul?é llmtlr%’ IP %690%@9@111& PROCHSS 11 fOrmdgHgBesiatipm frapurity regiqrise

i nsul ati_ng f|In1are slightly etched to forma resist mask 16¢c, a first 22
31 AUG 83&&68? i(fig- %}elﬂotfé%af iBrifiis sRCqnd Slopimeipagress: 1th high concsaiprtiomi imwhgity
Next, with the resjst mask 16c as it is, a _second doping process is

per f or n&eRIo0 20 andciicare depacg tran pighrconeasiration wapymity Freiqnagerang@dt i on of the
first conductive layer 18b and the _insulating film19b in the second

dopi ng pr oced¥eX-gvithhihgresittmeask d6p ey ids, efowmtpelching pracgisom gerfoupedrvy apRIEF g

. 2B). Note that, in this second doping process, the high concentration

i npuri t $PPHEY?- -oAPOpeTmelthe tapsF @fﬂéﬁégtméﬂﬁtﬁoﬁﬂmﬁt@ﬁ lasné&Enisrampend Wnpisri ty
regions 22 and 23. Next, with the resist mask 16c as it is, a fourth

et chi ng fyEBcetehing grogesst Ji%dh%ﬁfséﬁoﬂu@v%bwﬂ&bu&ﬂh the Siastovidih (Y Dibeeomeper
portion of the first conductive |ayer 18b is renmoved by this fourth

et chi ng ﬂpsfrfeféb%%lduﬂe‘feelayqrri@cmlmsqth@émd@(wﬂé Il {herprasgpt iniveriionhhis fissst wi dt h

(W) becones
conductive layer 18c and the second conductive layer 17¢ laminated thereon become a gate

electrode. Note that, in this fourth etchmg process, the insulating film 19b is also etched to
form an insulating film 19¢. Here, although an -example, in which a portion of the insulating
film is removed to expose the high concentration impurity regions is shown here, the present
invention is not limited to this example.

After that, the resist mask 16¢ is removed to activate the impurity element added to the
semiconductor layer. Next, after an interlayer insulating film 27 is formed, a contact hole is
formed using a third mask and electrodes 28 and 29 are formed using a fourth mask.

Thus, the TFT with the structure as shown in Fig. 2D can be formed using féur |
photomasks.

Also, the TFT formed by the present invention is characterized in that a concentration
difference is hardly produced in the low concentration impurity region 25 provided between a
channel forming region 26 and a drain region 23, and the low concentration impurity region
25 has a gentle concentration gradient and further a region 25a which is overlapped with a
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the first conductive layer 18c with a third width (W8). In the érkéﬁﬁ{z&b
invention, this first conductive |ayer 18c and the second conductive | ayer
17c | am nated thereon becone a gate electrode. Note that, in this fourth
etching process, the insulating film19b is also etched to forman
insulating film19c. Here, although an exanple, in which a portion of the
insulating filmis renoved to expose the high concentration inpurity
regions is shown here, the present inventionis not limted to this

exanple. After th resi st sk 16¢ s renpved to actjvate the

i mpuri t ;gafé\ﬁiﬁ?éfﬂ%‘e MB Iegign) reswaf%é%a’vhl%gs@m oygleppedyy it fhezgate
interl ayer, ins i film is faormed, a.contact hole iis fornmed using a
third é@ﬁ‘f&ﬂ%@@@ﬁ?ﬁf@é@zéﬁ%a PS’QP%FF& RogtioReef the IsBlating HUR dRc.thatis, ththys,

the TFT wi.t h.the, structure as shog in Fig. 2 n be formed using four

phot omadi&on té%’%“"“‘i‘ﬂ%nqtlﬁ’i’eflﬁ?q?ad” lmj]thﬁ lgétep‘/‘?"é%rég? (fgciﬂféldmp&h?‘?@o’é"n%frtg% highi zed

in that a copcentration diff%reg & is hardly produced in the | ow

concent FRRGCBHARHRRYEY regins V28 é BeeyaRIa FPEVRERC-a  channel forning region
26 and a drahgﬁrﬁgion;ZB,,and the | ow concentration inmpurity region 25 has

“a gentle cond¥it HEh ASHYALER SReioRRCE Iy hh BrocgsS A &l 2B 5 s siapplation, a

overlapggg with a 23 3 1 AU G 2006, gat.e el ectrode 18c (GOLD region) and a

e sHuetural Bieworssshows de Higrt i uiede Ay Hime thigmsss ¢ighe sergigonduofor

regi on
region), Also, a peri ?_he'ra,l portion of the insulating film 19c, that is,
the relpYshisZBmand p film thisknesg ek thg gaclsgtrone isnld Ogu-e The @pey poddon gicthand

upper p?,rti o,gg of the high concentration inpurity regions 20 and 21 becone
a t aper L spRducige yphigimodeled, any sian-ehaped stpicture prapwmingiig 4ord €asesviste Fi g.
2B. In this sinmulatiqon, a schematic structural view as shown in Fig. 4 is

used. APRPIPRPIUSIdERINGdS Poforned veiBharasselgeatipe voltagea! S0dkeXoandm dosageii 4 .
t hi ckneialaof the gate electrode is 110 nm The taper portion of the first
e

conduct afopyRdem s apyEded as a st ep-shaped structure as shown in Fig. 4.

A case where ) i ) - . L .
The simulation result is shown in Fig. 5. In Fig, 5, it is shown that the concentration

of the impurity element (phosphorus) is continuously increased as the distance from the
channel forming region is increésad_. Note that the concentration gradient is gentle and the
concentration difference in the low concentration impurity regions is hardly produced.

Also, a voltage/current characteristic of the TFT which has the concentration
distribution obtained as Fig. 5 and is formed with the GOLD region with 0.5 xzm in width and
the LDD region with 0.5 xm in width is shown in Fig. 6. Note that, from this simulation, a
threshold value (Vth) of the TFT is 1.881 V, an S value is 0.2878 V/dec, an on-current is 40
#A when Vds (a voltage difference between the source region and the drain region) = 1V, the
on-current is 119.6 ©A when Vds = 14 V.

The present invention constructed above will be further described in detail with the

embodiments mentioned below.

[Embodiment 1]
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phosphorus doping is perforned wth an accel erating vol tage of do! kAeL{P éf-’rqgisa
dosage of 1.4 x 1013 atons/cnR is assuned. The sinulation result is shown
in Fig. 5. In Fig. 5, it is shown that the concentration of the inpurity
el ement (phosphorus) is continuously increased as the distance fromthe
channel formng region is increased. Note that the concentration gradi ent
is gentle and the concentration difference in the | ow concentration
impurity regions is hardly produced. Also, a voltage/current characteristic
of the TFT which has the concentration distribution obtained as Fig. 5 and
i's formed wit Herthe nth®l efegyinoHangotsly Gorbring,ion the shnfe sabstrate,repikEdPortegi amd Wi t h
0.5 min width is shown in Fig. 6. Note.that, fromthis sinulation, a

t hr eshol dF¥a(nehqnuehIFHand pehaiFe! TETLoB8driwr camiSproaidad in the@efBiBy Uf thec, an
on-current is 40 A when Vds (a voltage difference between the source

regi on aptkel paatidn,db desceihedin) detaillwith Figs@A tod- current is 119.6 A when Vds =
14 V. The present invention constructed above will be further described in
detail with tFast, nthecimedimentensibetrad 108 iovsed] whichdi medd ofldlasR 4uch & AUG
2005 Here, a method of sinultaneously formng, on the sanme substrate, a

pi xel pobiriwm barvdilicate Edas§ o+ alvanmeah béfokilead, pprdsentadby Fuch)as Worging ¥TVOFY
circuit provided in the periphery of the pixel portion, is described in
det ai | wglabs #FidgEl7A7 tgasQ. Nbierthit, ad the tithstraerii®0gdihernit no dindtakish paivédell QRatiiSis
used, which is made of glass such as - bariumborosilicate glass or alum num
bor osi | i &stissirateopitle sensnetadne, sndhqueestzCabatiag: HfPbOusagl a6 plagtivckubdiradd withass.
Note that, as the substrate 100, there is no limtation provided that it is
a subst r héae rasistdnce t@aa praceisamPeratne obethiplsnibcdim e shdedle Peyebe used. A

pl astic substrate with heat resistance to a process tenperature of this
enbodi nent naYhed, abakefilus @01 formed of an insulating film such as a silicon oxide film, a
silicon nitride film or a silicon nitride oxide film is formed on the substrate 100. In this
embodiment, a two—léyer structure is used as the base film 101. However, a single-layer filmf
or a lamination structure consisting of two or more layers of the insulating film may be used.
As a first Iayer of the base film 101, a silicon nitride oxide film 101a is formed with a
fh_ickness of 10 to 200 nm (preferably 50 to 100 nm) with a plasma CVD method using SiH,,
. NH;, and N,O as reaction gas. In this embodiment, the silicon nitride oxide film 101a
(composition ratio Si=32%, O =27%, N =24% and H=17%) with a film thickness of 50
nm is formed. Then, as a second layer of the base film 101, a silicon nitride oxide film 101b
is formed and laminated into a thickness of 50 to 200 nm (preferably 100 to 150 nm) with a
plasma CVD method using SiH, and N,O as reaction gas. In this embodiment, the silicon
nitride oxide film 101b (composition ratio Si = 32%, O = 59%, N = 7% and H = 2%) with a
film thickness of 100 nm is formed.
Subsequently, semiconductor layers 102 to 105 are formed on the base film. The
semiconductor layers 102 to 105 are formed from a semiconductor film with an amorphous

structure which is formed by a known method (such as a sputtering method, an LPCVD
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Then; a base film 101 formed of an insulating filmsuch as a silicon oxide

film a silicon nitride filmor a silicon nitride oxide filmis formed on
the substrate 100. In this enbodinent, a.two-layer structure is used as
the base film 101. However, a single-layer film or a lamnation structure
consisting of two or nore layers of the insulating filmmay be used. As a
first layer of the base film 101, a silicon nitride oxide film10la is
formed with a thickness of 10 to 200 nm (preferably 50 to 100 nm with a

j i NH3,. and N.O as reaction_gas. In this
E'rrﬁi&r? rreg?\/{ﬂ‘mtetr?ggg’ul#uﬁ{éoq%v ﬁ:’ﬁ?‘?%"é %‘}ﬂlaé“q*rJF‘Ft m]am"‘(lb%ﬁ@élz@t;qsgpgp@qss tasi =
3 = = 179 ith.a filmthickness o nmis
? (2):/0rre8 hrsﬁggr?ységlzggoég%‘gﬁlgdﬁ %%%“ﬂfcﬂ\flmsﬁéﬁ@ggelmqth% 9p4 thegma aryssadhizationr i de
i de fi ( ' ' inated into a thickness of 50 to 200 nm
Cor ef er atoociiong b Sapagheiicn Ak Bie Ghuabupscretcmsincisitig tbvsabraines N2 s
rgactio IS eH‘oodi nt, the silicon nitride oxide film 101b
(corrposi%fl ﬁ%ﬁmrle{]t? ggsgiedé 4Pss L0 pptainghegenpcondpetos fayers. Theegmidonfucior aydrsn
t hi ckne J O run is fo d., Subsequently, sem conductor |ayers 102 to
105 ar eaﬁ%?mle on f?%edﬂﬁ?eé’?f rknestf fram gp ¢ R0 ne (preferaller36 1060 \Anﬁij riI(DnB are
1 i i t.h hous structure ichis
formed BUTAE R FEMINE Coiemaie'Shlip i@ prrguiney HoaiedahuUPEYIEG0R 0 AUG
2005 rreFQﬁ)d egi?fgugl asma,,CVvD nethod), and is subLect ed to a known

crystal ['T zatl QR ASIicon germapiup (i1 (Kz8008 f%ﬂ%dl}z}a é}t terlitml In
| |i.zat i thod, or a thermal crystallization nethod using a
cat al ysti€EbROLERR ORahy Hickncrpyaialiconaldnfesmid byiaiand GvDhusihont ai ned

o ContHTLEER 4 5 RH<eSraly Sl aiem s elcioo e mpraeus Hicomiizknass of from 25
to 80 n referably 30 to 60 nm. The material of the crystalline '
sem con SECRIH IR F%;gceﬁ%f’&?ﬁraﬂo&ho&ﬁ yicpn fim ésdperfoumedt (5008 ofoebmy bire to  be
formed of, siligon, a silicon, germani um (SixGel-x(X=0.0001 to 0.02)) all oy,
or the t tgu_?,refnﬁer d thermal crystalliZation process is performed (550°C for four hours) thereto.
Further, to improve the crystallinity thereof, a laser annealing treatment is performed to form
the crystalline silicon film. Then, this crystallihe silicon film is subjected to a patterning
pfocess using a photolithography method, to obtain the semiconductor layers 102 to 105.
Further, after the formation of the semiconductor layers 102 to 105, a minute amount
of impurity element (boron or phosphorus) may be doped to control a threshold value of the
TFT.
Besides, in the case where the crystalline semiconductor film is manufactured by the
laser crystallization method, a pulse-oscillation type or continuous-wave type excimer laser,
YAG laser, or YVO, laser may be used. In the case where those kinds of laser are used, it is
appropriate to use a method in which laser light radiated from a laser oscillator is condenscd
by an optical system into a linear beam, and is irradiated to the semiconductor film; Although
the conditions of the crystallization should be properly selected by an operator, in the case

where the excimer laser is used, a pulse oscillation frequency is set as 30 Hz, and a laser
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this enbodi nent, 55 nmthick anorphous silicon filmis formed by*a plasnma
CVD net hod, and then, a nickel-containing solution is held on the anorphous
silicon film A dehydrogenation process of the anorphous silicon filmis
performed (500C for one hour), and thereafter a thermal crystallization
process is performed (550C for four hours) thereto. Further, to inprove
the crystallinity thereof, a |laser annealing treatment is perfornmed to form
the crystalline silicon film Then, this crystalline silicon filmis
subj ected to_a patterni n(ﬁq process' using a photolithography nethod, to
obt ai n ?ff?églé@ﬁsgbiﬁoﬁ%%% g aniom” ¢typigaly. 200up BAG m/cat).eln thiheaskovhese | on of
t he sem cqnductor |ayers 102 to 105, a mnute amount of inpurity el enment
(bor on B Yhgdawnisuspd.ihis appropeiplsdhatshe sasondharmonis is sbrsl td with aipuled t he
TFT. Besides, in the case where the crystalline sem conductor filmis
manuf acPytliadiopyreduency|ofdde 18 kflztand|s laser energyrdetsissl of 30w 6¥-o¥cinf | ati on type
or continuous-wave type excinmer |aser, YAGIlaser, or YYVX |aser may be
used. |@yRipalys 3a@t ml/iemds élhenniaserdight eendensed dntosdihear shaps withppridfr ofat e
to use a nethod in which |aser light radiated froma laser oscillator is
condensHY tophP08 wrpFor examples OB pank Ktioradiatedrie dre wiaalersurfavd of thei substiitataed t o
the sem conductor film Although the conditions of the crystallization
shoul d Beoysrlepeing yatine(oserlapirabi) efitho hieeatlaser light at Hes Gms enayweeceast§detoexci ner
| aser is used, a pulse oscillation frequency is set as 30 Hz, and a | aser
26 31 MPG 2Q 5 energy density is set as 100 to 400 mJ/cn2 (typically 200

to 300 m}/cnR). In the case where the YAG |laser is used, it is appropriate
t hat the secHmdtchHasutatingiiing 106 sdh¢rofonntd far coudrim the sarnicbmtvican ldyeeoi0dv0y of
1 to 10 kHz and a | aser energy density of 300 to 600 mJ/cn2 (typically,
350 to BP0 The/gatpinsulatimgfiloh 48@is foimgéd ofonideristen filnt conmihingeficosbape with a
“width of 100 to 1000 yin, for exanple, 400 ,umis irradiated to the whol e
sur f aceplasma G¥ Dsuwisthod ax e spatiadingametbod int@p film ghicktedsoof boardOap 168 hi)Inof t he
linear |laser light at this time my be set as 80 to

this embodiment, the gate insulating film 106 is formed of a silicon nitride oxide film into a

thickness of 110 nm by a plasma CVD method (composition ratio Si = 32%, O = 59%, N =
7%, and H = 2%). Of course, the gate insulating film is not limited to the silicon nitride oxide
film, and an other insulating film containing silicon may be used as a single layer or a
lamination structure.

Besides, when the silicon oxide film is used, it can be possible to be formed by a
plasma CVD method in which TEOS (tetraethyl orthosilicate) and O, are mixed and
discharged at a high frequency (13.56 MHZ) power density of 0.5 to 0.8 W/cm®with a
reaction pressure of 40 Pa and a substrate tempcrature. of 300 to 400°C. Good characteristics
as the gate insulating film can be obtained in the manufactured silicon oxide film thus by
subsequent thermal annealing at 400 to 500°C.

Then, as shown in Fig. 7A, on the gate insulating film 106, a first conductive film 107
with a thickness of 20 to 100 nm and a second conductive film 108 with a thickness of 100 to
400 nm are formed and laminated. In this embodiment, the first conductive film 107 of TaN
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98% A gate insulating film 106 is then formed for covering the © AUG 2005
- sem conductor |ayers 102 to 105. The gate insulating film 106 is fornmed of
“-~an insulating filmcontaining silicon by a plasma CVD nethod or a
sputtering method into a filmthickness of from40 to 150 nm In this
enbodi nment, the gate insulating film106 is forned of a silicon nitride
oxide filminto a thickness of 110 nmby a plasma CVD nethod (conposition
ratio Si = 32% 0 =59% N= 7% and H=2%. O course, the gate
insulating filmis not limted to the silicon nitride oxide film and an
ot her i rfdot with adilmi thivkoess & 30 nmoansli the sseondragnduetivesiloh 88 of sWhijlrewlithyer or a
| am nation structure. Besides, when the silicon oxide filmis used, it can
be possifdimethiakngss of §70wmch oy fermegdlintotembone ThoTaN filmhs fhmEEOR sputeringet hyl
orthosilicate) and 02 are m xed and discharged at a high frequency (13.56
VMHZ) poweith d@ndargyt wikdeOa BittogeOcditAMingRtmbdphe. Besidey, illorWpfilessioenaf byihe Pa
and a substrate tenperature of 300 to 400C. Good characteristics as the
gat e i nsphgrnpgméthbdmwdthra Wetarget. alneW film triag bardiovfed by wrthelsil GvVidmethadde il m
thus by subsequent thermal annealing at 400 to 500C. Then, as shown in

Fi g. 7Ausog tuhgstgoiexaflocideaWhy WHichel@tmethod iswtd,dpiBdivcdstare t6 make 27 W th
a thickness of 20 to 100 nm and a second conductive film 108 with a

t hi cknegsatefial HaOe towv re§BGnnefanee fothogdteaiwtivdeianditds prefairedhha therertinent
the first conductive film2107 of TaN 27 3 1 AUG2 0 0O 5 filmwith a film

t hi cknesx thof W3illnmin senth Itdsehapoosydalcio POUEE ¢rv.e By makink(8e ofystal Mafrsllargwiit i3 a
filmthickness of 370 nmare forned into |am nation. The TaN filmis forned
by sput tpessibilg to makhb tiee Wafilirahgetlowadesisdvity, tHogear,do Heajasd WHerainmspher e.
Besides, the Wfilmis forned by the sputtering nethod with a Wtarget.
The W f iiinpurigyeléeerdto suabchs oy ygent die comhinéd/Withii tho ¥V filif) drgstalingRin6in inhibited

hexafl uori de (WF6). Whichever nethod is used, it is necessary to nake the
and the resistance becomes higher. Therefore, in this embodiment, by forming the W film by
a sputtering method using a target with a purity of 99.9999% or 99.99%, and in addition, by
taking sufficient consideration to prevent impuﬁties within the gas phase from mixing therein
during the film formation, a resistivity of from 9 to 20 zfcm can be realized.

Note that, in this embodiment, the first conductive film 107 is made of TaN, and the
second conductive film 108 is made of W, but the materiél is not particularly limited thereto,
and either film may be formed of an element selected from the group consisting of Ta, W, Ti,
Mo, Al, Cu, Cr, and Nd, or an ailoy material or a compound material containing the above
element as its main constituent. Besides, a semiconductor film, typified by a polycrystalline

~ silicon film doped with an impurity element such as phosphorus, may be used. Further, an
AgPdCu alloy may be used. Besides, any combination may be employed such as a
combination in which the first conductive film is formed of tantalum (Ta) and the second
conductive film is formed of W, a combination in which the first conductive film is formed of
titanium nitride (TiN) and the second conductive film is formed of W, a combination in which

the first conductive film is formed of tantalum nitride (TaN) and the second conductive film is
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mat eri al have | ow resistance for use as the gate el ectrode, and itgi‘]s‘b‘Liu 2085
preferred that the resistivity of the Wfilmis set to |less than or equal
to 20 scm By meking the crystal grains large, it is possible to make the
Wfilmhave | ower resistivity. However, in the case where many inpurity
el ements such as oxygen are contained within the Wfilm crystallization is
inhibited and the resistance becones higher. Therefore, in this
enbodi ment, by formng the Wfilmby a sputtering nethod using a target
with a purity of 99.9999% or 99.99% and in addition, by taking sufficient
consi derfé’!’m@‘%;of A1 or e wembinatipn it whish thé fitst conduetigaiinpisdemmdd afitanthimgitride
therein during the filmformation, a resistivity of from9 to 20 .Qcm
can be r@é@ﬁ@gthel\i@@@dtmﬂpctimfﬂmisfmﬂmid:if@nt, the first conductive film
107 is made of TaN, and the second conductive film 108 is nmade of W but
the material Nexthmesksa0ite dlanagde bf rasisearetfheneat wing apibtaithberapty methody be
formed of an el ement selected fromthe group consisting of Ta, W Ti, M,
Al, Cu, aDd,a famtietiing procass ialpkbriyrimsitiaoiddr toform denmodesahdnedriegs.alChis digtai ni ng’
the above elenent as its main constituent. Besides, a sem conductor film
typi f i ecctéynaprssbssds pefainicdveth thi lfirstaind fsedomd doghérg ovintiitioan fnisity el ement
such as phosphorus, may be used. Further, an AgPdCu alloy nmay be used.
Besi des, enamdimentbasthe ifiost etdynghenditipneyad CPUbhiuatvely caipbidyshdnge) ctohinghi ch t he
first conductive filmis forned of tantalum (Ta) and the second conductive
filmis thehaet wed,Wga miatire nACFQICL) madd)] shuséches dni etcting gasdthetgay Gofvirhimis S
formed of titaniumnitride (TiN) and the second conductive filmis forned
of W a sebiolid /1@ scom anthipblsmatihgerferatad by appdying b $60 W R (i13. 56 WMHEY pofer to
tantalumnitride (TaN) and the second conductive filmis 28 3 1 AUG 2005
formed of coMlshape elactomivhindat 1 Ba Andrwbichingt deeick iwidt IGPoMedel E¥4S-LIICM i s for ned
of tantalumnitride (TaN) and the-second conductive filmis formed of Cu.
Next, ngseductddyMatdikhitabitkettf Indesiist Carlad fiousatersi Ag5a WIRGR @Bischagzaphy
met hod, and a first etching process is perfornmed in order to form
el ect r ogesveaihlya apphigs to-Heisabdtiatesside (test picce stage) to effectively apply a negative

self-bias voltage. The W film is etched with the first etching conditions, and the end portion
of the second conductive layer is formed into a tapered shape. In the first etching conditions,
the etching rate for W is 200.39 nm/min, the etching rate for TaN is 80.32 nm/min, and the
selectivity of W to TaN is about 2.5. Further, the taper angle of W is about 26° with the first
etching conditions. Note that, the etching with the first etching conditions is corresponding to
the first etching process (Fig. 1B) described in the embodiment mode.

Thereafter, the first etching pouditions are changed into the second etching corditions
without removing the masks 109 to 112 made of resist, a mixed gas of CF, and Cl, is used as
an etching gas, the gas flow rate is set to 30/30 sccm, and plasma is generated by applying a
500 W RF (13.56 MHZ) power to a coil shape electrode under 1 Pa to thereby perform etching
for about 30 seconds. A 20 W RF (13.56 MHZ) power is also applied to the substrate side -
(test piece stage) to effectively a negative sel{-bias voltage. The W film and the TaN film are
both etched on the same order with the second etching conditions in which CF, and Cl, are
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etching process is performed with the first and second etching §011dwq c?ﬁ%g
In This enbodinent, as the first etching conditions, an ICP (inductively
coupl ed plasma) etching nethod is used, a gas m xture of CF4, Cl2 and 02
is used.as an etching gas, the gas flowrate is set to 25/25/10 sccm and
pl asma i s generated by applying a 500 WRF (13.56 MHZ) power to a coil
shape el ectrode under 1 Pa. A dry etching device with | CP (Mdel E645-0I CP)
produced by Matsushita Electric Industrial Co. Ltd. is used here. A 150 W
RF (13.56.M¥) ]ig)ower is al so %E.Iied to the substrate side (test piece
stage) t 8UEGF JRthsecondgphips sonditians, the ctehing raly fos W il 188yenm/fiie, Alfthé m i s
et ched th@tghe first etching conditions, and the end portion of the
second c8iBREERG LN tANEIS G643 mn/imia. Netothat, thepueline mapey Herintrhased by st
etching conditions the etching rate for Wis 200.39 nmimn, the etching
rate for BRERFMaialy 180 20%rp erdes friperfiem etehling witbottymp fesitieonThdzits about

2.5. Further, the taper angle of Wis about 26" with the first etching
condi t i off§ulaNpg Blmy ki additien, stcbhigryitivihersecdnd etdhing coatlitions is comrehdnidingsoi s
corresponding to the first etching process (Fig. 113) described in the
embodi meHiE SrEE ctehing raeess (Figt h6) déserbeddndhe ergbabmdittmades are changed into
t he second etching conditions wthout renoving the masks 109 to 112 nade
of resist, a H’i@@é%ﬁé&@h&g mpaessribe Q1Pportionsefdhafirst aml @roid eundgetive lafxes gas
flowrate is set to 30/30 sccm and plasma is generated by applying a 500
W RF (13215 0m14e)t0 Bavige? tapered shapd dustiaphe effestofitbelbias mdlerge lapPied o thdareiyte
performetching for about 30 seconds. A 20 WRF (13.56 MHZ) power is also
appl i ed ¥ige bhadopting maskeokiesist with estitghlesmpst Theinglooktht epeiodgloytianshegat i ve
sel f-bias voltage. The Wfilmand the TaN filmare both etched. on the
sane or dsehia B tthdSSeTorrd fiatt shipegonduntive layess 113 tovil € (firSFebnandive€lyear e 29 3
1 AUG 2005 m xed. In the second etching conditions, the etching rate for W
i s 58. 97113atonlHoa andseedns coptudiivedayeat B 3bdo 1T6HY cossthificd 3f tiglfiritrconMadiget hat |
the etching time may be increased by approxinmately 10 to 20% in order to
per f or m layerh pidythaisedamdicondyctive dayeseare fortred byaheefirst ciching process. The width of

the first conductive layers in a channel length direction corresponds to W1 shown in the
embodiment mode. Reference numeral 117 denotes a gate insulating film, and regions of the
gate insulating film which are not covered by the first shape conductive layers 113 to 116 are
made thinner by approximately 20 to 50 nm by etching,

Then, a first dbping process is performed to add an impurity element for imparting an
n-type conductivity to the semiconductor layer without removing the mask made of resist
(Fig.7B). Doping may be carried out by an ion doping method or an ion injecting method.
The condition of the ion doping method is that a dosage is 1 x 10" to 5 x 10 atoms/cm?, and
an acceleration voltage is 60 to 100 keV. In this embodiment, the dosage is 1.5 x 10"
atoms/cm? and the acceleration voltage is 80 keV. As the impurity element for imparting the
n-type conductivity, an element which belongs to group 15 of the periodic table, typically
phosphorus (P) or arsenic (As) is used, and phosphorus is used here. In this case, the
conductive layers 113 to 1.16 become masks to the impurity element for imparting the n-type
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insulating film In addition, etching with the second etching cdhdi PPEné s
corresponding to the second etching process (Fig. 1C) described in the
enbodi ment node. In the first etching process, the end portions of the
first and second conductive |layers are forned to have a tapered shape due
to the effect of the bias voltage applied to the substrate side by
adopting masks of resist with a suitable shape. The angle of the tapered
portions nay be set to 15 to 45. Thus, first shape conductive |layers 113
to 116 (first conductive layers 113a to 116a and second conductive | ayers
113b t o aopédtivitynand high eohoshtrativm ipusity egivtsd18 wel 21l ay frmed irda s¢iB agdngd
conductive layers are forned by the first etching process. The w dth of
t he fir smemendlbe impiritpylensni for ampirting die 1-gipg cbndlictieity isaddebiortbs pighds t o WL
shown in the enbodi ment node. Reference nuneral 117 denotes a gate
i nsul at i ergrcénittation amgunitygeginss Hif8 tbHE1 iy dteecohoamdativn nogé bf xiloF'eh 1ar B)*hot
covered by the first shape conductive |layers 113 to 116 are nade thinner
by appr cetoms/icst’y Np@ thet, 8@ fiven dopiret mbeesg is dinespondirfg toshe fiepisgngpacess i s
performed to add an inpurity elenment for inparting an n-type conductivity
to the s@ig di)desdribed imthercmbiotimerit meelepvi ng t he mask nmade of resi st
(Fig.7B). Doping may be carried out by an ion doping nethod or an ion
i nj ecting netTiexeaficfhbe scwodd tiching@rodebeisiperfoshogi wighow® tdipokihg tHehddska nthds age
is 1l x 1013 to 5 x 10" atoms/cnR2, and an acceleration voltage is 60 to 100
keV. | n dfhesiste Nudelihagming of bisioflas ggesutls ad CB, BCILPSiCl adraDE),, fiddriab gas firch as
acceleration voltage is 80 keV. As the inpurity elenent for inparting the
n-type CORGBE} onMNFy and 0, elndnBnixeghcincheinngs abave @ao upitslmabi cohupamgdi ¢
table, typically phosphorus (P) or arsenic (As) is used, and phosphorus is
used heriee uskd a biching @aeusddlig thecfdmdeichihy @rdcayend tHelEcbid didbink press. M&ks to
the inpurity elenment for inparting the n-type 30 3 1 AUG conductivity, and
hi gh concaiMedaial oNCETL addyOy Bakanss dhldicHife gl thareas flowred i fetdo 25/25/10
self-aligning manner. The inpurity elenent for inparting the n-type
conduct i setiyandplaghiiefd defieraltd yia@Plying a 500 W RF (13.56 MHZ) power to a coil shape-

electrode under 1 Pa to thereby perform etching. A 20 W RF (13.56 MHZ) power is also
applied to the substrate side (test piece stage) to effectively apply a negative self-bias voltage.
In the second etching process, the etching rate for W is 124.62 nm/min, the etching rate for
TaN is 20.67 nm/min, and the selectivity of W to TaN is 6.05. Accordingly, the W film is
selecti{/ely etched. The taper angle of W is 70° in the second etching. Secoﬁd conductive
layers 122b to 125b are formed by the second etching process. On the other hand, the first
conductive layers 113a to 116a are hardly etched, and first conductive layers 122a to 125a are
formed. Note that, the second etching process here is corresponding to the third etching
process (Fig. 2A) described in the embodiment mode. Further, the width of the second
conductive layers in the channel length direction is corresponding to W2 shown in the
embodiment mode.

Next, a second doping process is performed and the state of Fig, 7C is obtained.
Second conductive layers 122b to 12.5b are used as masks to an impurity element, and doping
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npurity regions 118 to 121 in the concentration ge” of X
1020 to 1 x 1021 atons/cm . Note that, the first doping process is
corresponding to the first doping process (Fig. 1D) described in the
enbodi mrent node. Thereafter, the second etching process is perforned ‘
wi t hout renoving the masks made of resist. Note that, one of chlorine gas
such as d2, BA3, Sid4 or CA4, fluorine gas such as CF4, SF6 or NF3,
and 02, and a m xed gas including the above gas as its main constituent may
be used as etching gas used in the first etching process and the second

et chi ng ippefoemsd siddr that the imputst ebsasendis £64d 10Ghe s@noRBictct 148EHe1B% (BE
etching gas, the gas flowrate is set to 25/25/10 sccm and plasm is

gener at éapeipg pptpdnsi af gheafis0 CondhBfve [h @.GBMH%)qn%Wﬁﬁcﬂt,galﬁs%ﬂrhs @"i‘é’ﬁ‘sed a
el ectrode under 1 Pa to thereby pertormetching. A 20 WRF (13.56 N+Z§

power i shedhporitagpesidaidplatiaa Edlhlﬁ%lisaﬁe@foﬁng&“ﬁth‘%ﬁé ARLELEE $5299)2 dGins/cm?

effectively apply a negative self-bias voltage. 1In the second etching

pr ocess and the aetalération veltageoBO0REVS Thad 167 cBfdelirftior iﬁ%uﬁ%&ﬁﬁ. 1¥9s 135 o f?j, TaN
is 20.67 nmMmn, and the selectivity of Wto TaN is 6.05. Accordingly, the

W fi | m ihichsmeledlap inithltie St b@ﬁﬁucﬁh@la}@ﬂé%e aoreled iRh s hBerife hAnkdie 1gECONd

etching. Second conductive |ayers 122b to 125b are fofnmed by the second

et chi ngcercenestivon c@phb%}ﬂlog% ) inedow (cBfcehtrh$dn in%ﬁ%uﬁg%)\gﬁ 15@%?{5%9 % ?1%? to

116a are hardly etche irst conductive layers 1 to 12

formed. 100te1 kKNt atdhgcHmEeaathah Gk | ofpTol t he
third etching processc( Fig. SA) gdescrofagggﬁiﬁﬁn?%g%gh%o%?%glﬁ&qn%?ﬁgggﬁ her,

the wi ditficieitssdtehsnperad poRasid WE theiers! @¥ah&iveNaycRe 1642 Mg/ inlgnat h direction
is corresponding to W2 ghomn in the enbodi%gn?knnég. Ne%f?t%psecond dopi ng

pr ocesssdnsicialutr 1Ber ﬂﬁﬂ0$é}ﬁg§ 43th&h fapglieg go?tgn-b of ﬂltatfﬂ‘gt%ﬂductigtg gﬂé&é F‘trléen ¢

conductive |layers 122b to 125b are use masks to an | npuri

and dopédtgeiiatdnbf MIGrARBy biSmREY sflf%hﬂ? G1B YR @hd HBRidnIRY HelYpflement s
added to the sem conductor” | ayer b€l ow the
portions of the first conductive layers toward the inner portions. The concentration, however,
keeps almost the same level. Further, the impurity clement is added to the high concentration
impurity regions 118 to 121 to form high concentration impurity regions 130 to 133. Note.
that, the second doping process here is corresponding to the second doping process (Fig. 2B)
described in the embodiment mode.

Thereafter, a third etching process is performed without removing the masks made of
resist. The tapered portions of the first conductivé layers are partially etched to thereby reduce
the regions that overlap with the semiconductor layer in the third etching process. Here, CHF,
is used as an etching gas, and a reactive ion etching method (RIE method) is used. In This
embodiment, the third etching process is performed with the chamber pressure of 6.7 Pa, the
RF power of 800 W, the CHF; gas flow rate of 35 sccm. Thus, first conductive layers 138 to
141 are formed (Fig. 8A). Note that, the third etéhing process here is corresponding to the

- fourth etching process (Fig. 2C) described in the embodiment mode. Further, the width of the

first conductive layers in the channel length direction corresponds to W3 shown in the
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He K
tapered portions of the first conductive layers. In this enbodin:%r’itfwb 20
phaosphorus (P) is used as the inpurity elenent, and plasnma doping is -
performed with the dosage of 3.5 x 1012 atonms/cnR and the accel eration
vol tage of 90 keV. Thus, | ow concentration inpurity regions 126 to 129,
which overlap with the first conductive |ayers, are fornmed in a

sel f-aligning manner. The concentration of phosphorus (P) in the | ow
concentration inmpurity regions 126 to 129 is 1 x 1017 to 1 x 1018
atons/cnB, and has a gentle concentration gradient in accordance with the
film théenkedissnohodhe t apered portions of the first conductive |ayers.
Note that, in the sem conductor |ayer that overlaps with the tapered
portions of thethéihist etcling paicessgitedi@lfingtiin 119006RMT AUhOMNR (hO& daAur i tY
el enent slightly falls fromthe end portions of the tapered portions of

the fir sthehighctenténtentiony@psrity@egogs 13080113064 expRELd, ARG inslABng ARGEM3aabi On,
however, keeps alnost the sanme level. Further, the inpurity elenent is

added t 0l43ventilgh acofoeasd.r NoicGhat, inthidlerbodiedit GRS cikABiecBndiddn b whimbi gh
concentration inpurity regions 130 to 133. Note that, the second doping

process et &f the hippraoasammadbn gnpeity heri&Rcs0do 9P i pBidGeased( Fitdt is PBisible
described in the enbodi nent node. Thereafter, a third etching process iIs

per f or metiavd thivolayer @Ry ind@latife filB $@fRAE: Blzh chbREhfhtionAHuLRAPRERMs POLL | ons
of the first conductive layers are partially etched to thereby reduce the

regi ons thivkhesa\og thaRswhlidy ﬁﬁﬁoﬁﬂieie&ﬁﬂf#iﬁheﬁioh@y&{an%&.t he third etching
process. Here, CHF3 1is used as an etching gas, and a reactive ion etching

met hod (Rl E netdiesiiand wisiethe thifd a-tmu%g pﬁf@&g irgEJF];gt? r%%kgnst(ﬂtflﬁre fo%gﬂ;)j%ﬁggéos\?ss

is performed with the chanber pressure of RF power

t he CHF3137asrd foeed, abEcR o 36t S& ifs GAOLCL r 0
141 are forrréd (Fieg. 8&).0Notte ?%r?mﬁ%ﬂ%%ia%dugtchi g%bgg%gﬁg@m%g%ag

COr I es pGRiuFigy feBidnb €GOL P1He B8 19TPRERS bFrppdd it ARCHH h&ivehe
enbodi ment rrg(de.g Fu??her, ?%gg)tw dth of the fi rsrt pgondﬁcﬁlﬁveﬂsﬁb%%g’flés}witen t he
channel lhpngi¥s @i r14Acti on corresponds to WB shown in the 32 3 1 AUG 2005

The electrode formed of the first conductive layer 138 and the second conductive layer
122b becomes a gate electrode of an n-channel TFT of a driver circuit to be formed in the later
process. The electrode formed of the first conductive layer 139 and the second conductive
layer 123b becomes a gate electrode of a p-channel TFT of the driver circuit to be formed in
the later process. Similarly, the electrode formed of the first conduétive layer 140 and the
second conductive layer 124b becomes a gate electrode of an n-channel TFT of a pixel portion
to be formed in the later process, and the electrode formed of the first conductive layer 141
and the second conductive layer 125b becomes one of electrodes of a storage capacitor of the
pixel portion to be formed in the later process.

In accordance with the above processes, in this embodiment, the difference between
the impurity concentration in the impurity regions (GOLD regions) 134b to 137b that overlap
with the first conductive layers 138 to 141 and the impurity concentration in the impurity
regions (LDD regions) 134a to 137a that do not overlap with the first conductive layers 138 to

33




enbodi nent node. In the third etching process, the insulating filawﬂl&qbi%9m3
etched at the sane tine, a part of the high concentration inpurity regions
130 to 133 is exposed, and insulating filnms 143a to 143c and 144 are
formed. Note that, in this enbodinment, the etching condition by which the
part of the high concentration inpurity regions 130 to 133 is exposed is
used, but it is possible that a thin layer of the insulating filmis |left
on the high concentration inpurity regions if the thickness of the
insulatinglfiln1or the etching condition is changed. In accordance with the

third etdhl aep by medssmall, thereby improgingise TEDEhAra@érfis). 134a to 137a are
formed, which do not overlap with the first conductive |ayers 138 to 141.

Note that, i Nsat ithemaskyiodneist @GElmosed, aRsks %&p&s@é&w&@nﬁb@&%&éﬁfped
with the first conductive layers 138 to 141. The el ectrodé forned o# he

first coattiethisdeddpingprot3s iopedfdrineds BCedrdap@OHEh intehrd¥8ping prrbssPecones a
gate el ectrode of an n-channel TFT of a driver circuit to be forned in the

later piopeds regite kel7actspde: foans®dn ohidbhge fhilty eRBHCHpSdAyer 139 and
t he second conductive |ayer 123b becones a gate el ectrode of a p-channel

TFT of t benddciivieyr (petype)lippotie: tdahd mdve@ohahctimf(ﬂ_%@ﬁs RAQLLBShe Si M larly,
the electrode forned of the first conductive 1ayér 140 and the second

conduct i semikarydctot 24jer HRCHEBRES a8 AbBySh P& ToF AdeH-Hanal) TF’legfigergi : ;:Eg:lg éfﬂ%t a

pi xel portion to be formed in the later process, and th or med

of the feamslictbaridyms 192 ahdY4T ardbied MHadk o HRGAPEHGANGMGH: | A ¢ é%g;ur‘ Sb
becones one of el ectrodes of a storage capacitor of the pixel portion to

be for nedeinntthat itpbes therPEHS SonddRtiths RIABOER Hedby thE Iﬁﬁg}eﬁ% @g&ﬁ?ﬁﬁes, in

this enbodi ment, the difference between the inpurity co tron 1n the

i pur i t yseifedignir MGGLR Te@istHBodBAR, e i3ty t-habnOMeThaB) Y foﬂ%lf;]&; By hy st

conductive layers 138 to 141 and the inpurity concentration in npurity

r egi ons iohBBpingghansd usidgaibbrind 3B "NotiBai B thOURI @id fBcdband i T st
conductive layers 138 to 33
semiconductor layer to become the n-channel TFT is covered with the masks 145 and 146
formed of resist. Although phosphorus is added to the impurity regions of the semiconductor
layer to become the p-channel TFT at different concentrations in accordance with the first and
second doping processes, the doping process is performed such that the concentration of the
impurity element impa;ting p-type conductivity is in the range of 2 X 107 to 2 x 10* |
atoms/cm"; in any of the impurity régions. Thus, _the impurity regions function as a source
region and a drain region of the p-channel TFT with no problem. In this embodiment, a part
of the semiconductor that becomes an active layer of the p-channel TFT is exposed, and thus,
there is an advantage that an impurity element (boron) is easily added. |
The doping process here may be carried out once or a plurality of times. For example,
in the case of performing the doping twice, the first doping condition has an acceleration
voltage of 5 to 40 keV to form impurity regions 147 and 150, and the second doping condition
has an acceleration voltage qf 60 to 120 keV to form impurity regions 148, 149, 151, and 152.

Then, injection defect in the semiconductor layer can be suppressed, and further, it is possible

34




3 1 AUG 2005 141 can be made small, thereby inproving the TFT @1 AUG 2005
characteristics. Next, the masks of resist are renoved, masks 145 and 146
are newy fornmed of resist, and a third doping process is perfornmed. In
accordance with the third doping process, inpurity regions 147 to 152 are
formed, in which the inpurity elenent inparting a conductivity (p-type)
opposite to the above conductivity (n-type) is added to the sem conductor
| ayer that becones an active |ayer of the p-channel TFT (Fig. 8B). The
first conductive layers 139 and 141 are used as nmasks to the inpurity

el ement , thairthe consentmions of betoarie e iidpatity mRRAS $47 AR P50 MP 80 fftsﬂyéai%ﬁé!fe&])’ s

added to thereby forminpurity regions in a self-aligning manner. In this

enbodi mefem thatén thepmpittity regiono 048, 149, 131, ARP1V © iPFdR%rRYoRor & i ng
met hod usi ng di borane (B2H6). Note that, in the tgird dop?ngobf%ggggf t he

seni conduct orinlaggerdarico WiticiheRbbWedRcihYIBtesIE, ltht ImEQYE" | sks
145 and 146 fornmed of resist. Althoughrpghosph_orus ?s tgé%gﬂt%ggﬁgl%ﬁn%};uri ty

r egi ons thé respectivestmivpddirit@rlaydr@yer to becone the p-channel TFT at
different concentrations in accordance with the first and second doping

processes, t lSubsapicnty, piomesis 14S aB@NEObPRAISEME Rt bRl SiEs ﬁ%ﬂﬁﬁr‘&hﬁé&l hon of

the inpurity elenent inparting p-type conductivity is 1n the range of 2 x

102"t o ifsulatib@ilm HOOSBrered. IThisié Biterfahé: ihdi4tidelfnd £ Q0SS Lhe
inmpurity regions function as a source Tegion aﬁd a drain region of the

p- channétsuRERgilinconmigng il by B plfRhs B - -
2 yar Crbe 3 apﬁgﬁg{ﬁlﬁﬁwg%#%g ex posed,

sem conduct or that becones an active |ayer of the

and t hushickatdseo21005o000a6 0! ABRiRAmE, 4 MRU itk RRTRMinf AL Qe S easi
added. The dopi ng process here may be carried out once or a p uraﬁnlty of

times. MBoickrexaopl 3 nmistoied 635 e1RmhaReVH WY éﬁ&ﬂ&?ﬂ%&g&@t&ﬁa@he first
(0] e (0] orm

dopi ng condition has an acceleration voltage of 5t

i npur i t ynsubging fism 143 ianet phbfeulARAihie] RARORHSPRIAS £OAMLE Yt a{ e

accel EI‘(_;ItiOI’l vol tage of 60 to 120 keV to forminpurity regions , 149,
151, anéhsiibfing fieontainiheGlitONmdehe fc%*fﬂeﬁ ihtBS SRR BOAHICH il AYE SerELePE
e

suppressed, and further, it is possi
' Then, as shown in Fig. 8C, a step of activating the impurity elements added in the
respective semiconductor layers is performed. This step is carried out by thermal annealing
using a furnace annealing oven. The thermal annealing may be performed in a nitrogen
atmosphere containing an oxygen content of 1 ppm or less, preferably 0.1 ppm or less, at 400
to 700°C, typically 500 to 600°C. In this embodiment, a heat treatment at 550°C for 4 hours
.is carried out. Note that, except the thermal annealing method, a laser annealing method, or a
rapid thermal annealing method (RTA method) can be applied thereto.
Note that, in this embodiment, at the same time as the above activation process, nickel
used as the catalyst in crystallization is gettered to the impurity regions (130, 132, 147, 150)
containing phosphorous at a high concentration. As a result, nickel concentration of the

semiconductor layer which becomes a channel forming region is mainly lowered. The TFT

with a channel forming region thus formed has an off current value decreased, and has high
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34 3 1 AUG 2005 that the concentrations of boron in the inpurity 3égﬁ8ﬁszwh
147 and 150 are made to be different fromthat in the inpurity regions
148, 149, 151, and 152 to inprove freedom for designing. In accordance with
t he above-described processes, the inmpurity regions are forned in the
respective sem conductor | ayers. Subsequently, the masks 145 and 146 of
resist are renoved, and-a first interlayer insulating film153 is forned.
This first interlayer insulating film153 is forned of an insulating film
containing silicon by a plasma CVD nmethod or a sputtering nmethod into a

t hi cknesslestriafield ooty benaust of LévdscreddltsitfeRirebyatidih %isfﬂcfco\E;Ede oxi de
filmwith a film thickness of 150 nmis fornmed by a plasm met hod. O
cour se, tdheratieristicsi nterl ayer insulating film 153 is not particularly
limted to the silicon nitride oxide film but an other insulating film
cont ai ni ng si |Hucthar, anyctbentiba hiwdsd RbPbepstdialed s Ak '
structure. Then, as shown inPFi g. 8({O tgpstep oPhgﬁo\ﬁlﬁgﬁgkﬁﬂéﬂ?%ﬁ{éfty

el ement s inadihgiftimt 153. HOSORE H VR SNERBAUGTHAE nlAYEH SsddSis RRAE Q1B it Thi s
step is carried out by thermal annealing using a furnace annealing oven.

The t her ipdfemhleahiti thgadthmtibe pRRESQE PREbrMRAALB! 4] RESRyeAhIRSRRGHE GQNt ai ni ng
an oxygen content of 1 ppmor less, preferably 0.1 ppmor less; at 400 to

700C,  typisubdting tBOQoheiGAE Glichiad K SaRTRELHERN for e%aﬁﬁ?ct silitGREITRE 0xdde 550C
for 4 hours is carried out. Note that, except the thermal annealing

met hod, dilinBebraharoret e WAty odthe fike Ao HistAodBhefANNeal i ng met hod (RTA
nmet hod) can be applied thereto. te that, in this enbodinent, at the sane

time as the abouddifiei,iheat trMmPiiOE86Gio IHCkShr 1 U5 EIhASs i1 roRhad ¥fy 1
crystallization is gettered to the inpurity 1;egi ons 334(}% 1%, ﬁ#‘ 150)

cont ai ni agngsphapon@iin@hydofindT 0N00% fRAbd | | I
®b nghydiofy O, Iperfiim a%?%%orrl{e@%gg égﬁzgnmﬁghgf orm ng

concentration of the sem conductor |ayer which be

][ egi on i semizbiiductdraien€ din AR@mbodimatdt tthe et RRAAR fsﬂfe%ﬂﬂecf £919PCLHUs
ormed has an off current value decreased, and has high
hour in an atmosphere containing hydrogen of about 3 %. This step is a step of terminating
dangling bonds in the semiconductor layer with hydrogen in the insulating film. As another
means for hydrogenation, plasma hydrogenation (using hydrogen excited by plasma) may be
carried out.

Besides, in the case of using a laser annealing method és the activation process, it is
preferred to irradiate laser light such as an excimer laser or a YAG laser after the
hydrogénating process.

Next, a second interlayer insulating film 154 of an organic insulating material is
formed on the first interlayer insulating film 153. In this embodiment, an acrylic resin film
with a film thickness of 1.6 um is formed. The1.1, patterning is performed for forming a
contact holes reaching the respective impurity regions 130, 132, 147 and 150.

Then, in a driver circuit 205, wirings 1_55 to 158 electrically connected to the impurity

region 130 or the impurity region 147, respectively, are formed. Note that, these electrodes
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35 3 1 AUG 2005 electric field nobility because of good crystallarﬁt‘b}HG 200
t hereby attaining satisfactory characteristics. Further, an activation
process may be perfornmed before formng the first interlayer insulating
film 153. However, in the case where a wiring material used is weak to .
heat, it is preferable that the activation process is perfornmed after an
interlayer insulating film(an insulating filmcontaining silicon as its
mai n ingredient, for exanple, silicon nitride oxide film is formed to
protect the wiring or the like as in this enbodinment. In addition, heat

t r eat menare AmBAbytpattBmdigs fagtindtionCilaPofMOTI M %itR 8 F:QtARRNdsE 0P80 nAtARSRer
cont ai ni ng hydrogen of 3 to 100% to performa step of hydrogenating the

sen condalltydilml (alley film bh All Bh& THWAEHA FBA thickda§ &S duh.eat ment is performed
at 410'C for I hour in an atnosphere containing hydrogen of about 3 %

This step is Burlicgin @fpited poitRatd080a colMesidNde RO 66 Bnd Q@ﬁ@é‘é@%@%%@“

| ayer with hydrogen in the insulating film As another neans

hydr ogenat famed phBRERCHMEN WHE E}ﬁtihffaﬁri{)ﬁ&%%iﬂﬂ IBY,dJnﬁgt%nﬁéiQfoﬁ%ﬂecPXdé)i@is{gﬁ) may

be carried out. Besides, in the casé of using a | aser annealing nmethod as

the actifeahed)WHMIDERSfets With iR infjusityefebRA 150 | rradiate |aser |ight such as
an excinmer |laser or a YAG | aser aft'er the hydrogenating process. Next, a

second i nt er |Rueya iritisphidhi 8hdbibdv® fiffis Shrntd (UrBEDY fin aNFiALS BERORE PAj &l 1 S

formed on the first interlayer insulating film153. | Is e ment, an

acryl i ¢ dn@Sind afpikéNeWctrBd@ 142 is%ﬁﬁ@d’éﬁ‘}%t%rr@ﬁg (é‘%lg ﬁ)g} iAS) afllg) gﬁﬂidiﬁm E’gide and

patterning is perfornmed for formng a conta es r Ing t

i ol L 205 e ) MR iRm0 Sp2o ity

: ﬁgis(e)neﬂcggihgiéigi |Sﬂi$mi. FRthed Yink @R hatthg gallREPERE) UG (Zn® :eGg)OJr '?Féjtiké\l%ta? pg hat .
preferably used in order to improve transmittivity or conductivity of visual radiation.

Further, the pixel electrode 162 is formed so as to contact and overlap with the
connection electrode 160, and thus, an electrical connection with a drain region of a pixel TFT
is formed. Moreover, an electrical connection of the pixel electrode 162 to the semiconductor

7 layer (impurity region 150), that functions as one of the electrodes forming a storage
capacitor, is formed.

Note that, although an example of using a transparcnt conduétive film as a pixel
electrode is shown here, a reflection type display device can be manufactured if a pixel

~ electrode is formed using a conductive material with reflectivity. In the case, the pixel
“electrode can be simultaneously formed in the process of manufacturing electrodes, and it is
preferable that a material with excellent reﬂectiv_ity, such as a film including Al or Ag as its
main constituent or a lamination film thereof, is used as a material for the pixel electrode.

In the manner as described above, the driver circuit 205 including an n-channel TFT
201 and a p-channel TFT 202, and the pixel portion 206 including a pixel TFT 203 and a

storage capacitor 204 can be formed on the same substrate. In this specification, such a
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36 3 1 AUG 2005 are forned by patterning a lamnation filmof a ‘I% ?f%&“r}n‘ %
with a filmthickness of 50 nmand an alloy film(alloy filmof A and Ti)
with a filmthickness of 500 nm Further, in a pixel portion 206, a
connection el ectrode 160 and a source electrode 159 are forned, which
contact with the inpurity region 132, and a connection electrode 161 is
formed, which contacts with the inpurity region 150. Next, a transparent
conductive filmis fornmed thereon with a thickness of 80 to 120 nm and a
pi xel el rode 162 is forned by patterning (Fig. 9). An alloy of indium
oxi de ansgl%gt?lﬁﬁbs e@ién("?th‘ﬁ%@%’f@)lgﬁw for genveriesee.(ZnO) are al so suitabl e
materials for.the Lran%@t conductive film Further, zinc oxide having
gal lium (Ga) RHUEENPRDOIETER offherdiiying qiecuitdPStiecludes afchaets] fornsegiregivnor der
to inpr og@ ib(r?gnsrri ttivi t.é?or conductivity of visual radiation. Further, the
pi xel el ett HEd8W EBCGEraHR HERLIy region 3Rk regien)everiapmingvivith thehfrst
connecti on .el ect rOd;i%g?o’ .and thus, an electrical connection with a drain
regi on ofPREUVedpyerd3s fotming pa of tsreatalectrode, the lewt eoncantraionimptiiign of  t he
pi xel el ec.tr(igﬁ Elgltho _t&e sem conductor layer (inpurity region 150), that
f unct i orf$&'88 ‘i TREoB) fopmned awside thangatryelactendsr angehe highaionesmyratisn f or med.
Note that, although _an exanple of using a transparent conductive filmas a
pi xel  MPLHPOGEIONS 30 BugtoREEas aonEE region ona dspperedionp Thy pechanmat THIM(2e
manuf act.ured if a pixel electrode is formed using a conductive materi al
wi th refPEEdssA gpnngl formpiag segien 164 en pingetity regioe f 4D oeerppingevit thalfraneous| y
formed in the process of manufacturing electrodes, and it is preferable
that a fRPYSUNP lR¥er A3 fumingmpart ef the gaievdlaoyrods wolimpuriy rEgibmld® Gmeidng Al or
Ag as its_,main constituent or a lamnation filmthereof, is used as a
mat er i al®Use R gatsickstrode.aad thrimpurity regionnTifenctimsinges crsobed regiover a t he
driver cjrcuit 205 including an n-channel TFT 201 and a p-channel TFT 202,
and t he dﬁ?‘?é?gl%rti on 206 including a pixel TFT 203 and a

The pixel TFT 203 of the pixel portion 206 includes a channel forming region 165, the
low concentration impurity region 136b (GOLD region) overlapping with the first condu‘ctivé
layer 140 forming the gate electrode, a low concentration impurity region 136a (LDD region)
formed outside the gate electrode, and the high concentration impurity region 132 functioning
as a source regioﬁ or a drain region. Besides, the impurity element imparting p-type
conductivity is added to the respective semiconductor layers 150 to 152 functioning as one of
electrodes of the storage capacitor 204. The storage capacitor 204 is formed from the
electrodes 125 and 142 and the semiconductor layers 150 to 152 and 166 with the insulating

film 144 as a dielectric material.

[Embodiment 2]

In this embodiment, a process for manufacturing an active matrix liquid crystal display
device using the active matrix substrate manufactured in Embodiment 1 will be described.

The description is made with reference to Fig. 10,
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storage capacitor 204 can be forned on the sane substrate. In t B AUG 2005
specification, such a 37 3 1 AUG 2005 substrate is called an active matrix
substrate for conveni ence. The n-channel TFT 201 of the driving circuit 205
i ncludes a channel formng region 163, the | ow concentration inpurity
region 134b (GOLD region) overlapping with the first conductive |ayer 138
formng a part of the gate electrode, the | ow concentration inpurity

region 134a (LDD region) formed outside the gate el ectrode, and the high
concentration_ inpurity region 130 functioning as a source region or a

drai n regi on. Firsleafterdh@aniive nftiix a@Btraierveilhuthe stage aftfigrieis obeitddngcsrdigan 164,
an inpurity region 149 overlapping with the first conductive |ayer 139

f or mi ng Eﬂéaﬂlﬁne@rt 11 dneoripatation|fdot ¥6dde forared ionpihe adtiye megi-o fubbd8efod FIEG tout Si de
the gate electrode, and the inpurity region 147 functioning as a source
regi on oPeréprmgg mibhingggoeess. Whte thatxial thifEmbddBneait, Helisre piedolmpesit ¢fake 206
includes a channel formng region 165, the |ow concentration inpurity

regi on lewmtgtEoLfin £G4, en praawertesip filmguuh sdar deeylfd resh fitandpatdive tolfaneh 140
formng the gate electrode, a | ow concentration inpurity region 136a (LDD
regi on) cdlemnercspecar fomdeeping agap detieea tsiintiaies dind dediedipogition O AERN sk OR
inpurity region 132 functioning as a source region or a drain region.

Besi des, the lseluinmau spacyr, elsphveivtl spapambdyrig disttipped oosdbe tititk kirfice, added to t he
respective sem conductor |ayers 150 to 152 functioning as one of

el ectrodes of NtXiga spposagesubetpac i 6©1s pR€phredlh& colofiReein GRAREE i bSloredQ4yer 374
formed fromthe electrodes 125 and 142 and the sem conductor |ayers 150 to

152 and @it Nt khichiing laged E75i apgarrdrigedncdridspanding & @R idel & prBViaEd B this |
[ Enbodi nent 2] In this enbodi ment, a process. for manufacturing an active

matri x |opposidg sulystaed 168, Spkaa lighe vhiekingShitg 171 es etidée iR péition e RAHLEL €
manuf actured in Enbodinment 1 will be descri bed.
circuit. A leveling film 176 for covering this color filter and the light shielding layer 177 is
provided. Next, a counter electrode 169 made of a transparent conductive film is formed in a
pixel portion on the leveling film 176, and then an orientation film 170 is formed on the entire
surface of thé opposing substrate 168 to perform a rubbﬁg process.
Then, the active matrix substrate in which the pixel portion and the driver circuit are
formed and the opposing substrate are adhered to each other by using a sealing member 171.
A filler is mixed with the sealing member 171, and two substrate are adhered to cach other
with a um’form interval by this filler and the columpar épacer. After that, a liquid crystal
material 173 is injected into a space between both substrates and then completely encapsulated
by a sealing member (not shown). A known liquid crystal material may be used as the liquid
crystal material 173. Thus, the active matrix liquid crystal disptay device as shown in Fig, 10
is completed. If necessary, the active matrix substrate or the opposing substrate is cut with a
predetermined shape. Also, a polarization plate and the like are suitably provided using a
- known technique. And, an FPC is adhered to the active matrix liquid crystal display device

using a known technique.
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The description is made with reference to Fig. 10. 38 3 1 AUG 200% First,
after the active matrix substrate with the state of Filg. 9 is obtained
according to Enbodinment 1, an orientation film 167 is fornmed on the active
matri x substrate of Fig. 9 to performa rubbing process. Note that, in
this enbodi ment, before the formation of the orientation film 167, an
organic resin filmsuch as an acrylic resin filmis patterned to forma
col umar spacer for keeping a gap between substrates in a desired position.
Al'so, instead of the colummar spacer, a spherical spacer nmay be
di stributed ofeiruchie eha ligeidenystal displayipeane] thusopipaisédgilbbbddstabel dsbi 4 ®p
prepared. A color filter in which a colored |layer 174 and a |ight
shi el di n§leMasfdfig-11s Note that therrgew referanes pgmbhlnaretusedfie popione koirsspprdmi eed i n
this opposing substrate 168. Also, a light shielding layer 177 is provided
in a por hoghobfigal®iri ver circuit. A leveli ng film176 for covering this
color filter and the light shielding layer 177 is provided. Next, a
count er el ect FbeltopTdew whfieg. dt Ashows tieptate tiat thendtied mygixfsubstdisafomeed in a
pi xel portion on the leveling film176, and then an orientation film170 is
formed ofPPROSEZeHbStrage 16t adbered td dueh ofifee sirogphstb séaliaf; eachiftr 191 PRY ther m a
rubbi ng process. Then, the active matrix substrate in which the pixel
porti on 2AWdemprixisubstmtecan extbtnabingut fonine20nd wiieh 0B PO&I PertHPEHE Hal S ar e
adhered to each other by using a sealing nenber 171. A filler is mxed
Wi th t heciswitl ambthedFRO(fletible prmed tinenis ubsidhated, aweridod B cdihe het her
with a uniforminterval by this filler and the columar spacer. ter that,
a | i qui cexterysltiaput terertieali 24017 wiflBan Mmpunpaebedrf he respactBRIGRUBE LG &l 1Rt
substrates and then conpletely encapsulated by a sealing nenber (not
shown) . farkedwAlsbj thaicdlot fifist aid B URE bl formyd i‘ﬁ&hé@ﬁfbsﬁ% sub&rdtd g d crystal
material 173. Thus, the active matrix liquid crystal display device as
shown in Fi g.Alight sideldimpibyesr 407 isfprovidebmany oppddfgaabdiee SBE 56 X SURSiEAL
or the opposing substrate'is cut with a predeterm ned shape. Al so, a
pol ar i zavition gpleatieng sidetdniwet ¢ikamiteR0Sa s Wildon B IghtheNdide thydS 1 b 8 provided in

the opposing substrate side so as to overlap with a source wiring side driver circuit 205b. Ina
color filter 209 which is provided in the opposing substrate side ona pixel portion 206, a light
shielding layer and colored layers for respective colors (red color (R), green color (G), blue
color B) and are provided corresponding to each pixel. Actually, a color display is formed
using three colors, that is, the colored layer for the red color (R), the colored layér for the
green color (G), and the colored layer for the blue color B. Note that the colored layers for
respective colors are arbitrarily arranged.

Here, for a color display, the colof filter 209 is provided in the opposing substrate.
However, the present invention is not paﬁicuiarly limited to this case, and in manufacturing
the active matrix substrate, the éolor filter may be formed in the active matrix substrate.

Also, in the color filter, the light shielding layer is provided between adjacent pixels
such that a portion except for a display region is shielded. The light shielding layers 177a and
177b are provided in a regior covering the driver circuit. However, when the liguid crystal
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‘known technique. And, an FPC is adhered to the active matrix quuﬁd? &%@QW
di spl ay device wusing a known technique. 39 31 AU G 2005 A structure of a
liquid crystal display panel thus obtained will be described using a top
view of Fig. 11. Note that the sane reference synbols are used for portions
corresponding to those of Fig. 10. The top view of Fig. 11A shows the
state that the active matrix substrate and the opposing substrate 168 are
adhered to each other through the sealing nmenber 171. In the, active

mat ri x s&lbﬂitr te, an external input term nal 207 to which the pixel

por t i on, Y iR INCOrpQIRied intg pa elensomipdey(itt evd displap pomtive dharéafcthi tygion e
adhered, a wiring 208 for connecting the external input termnal 207 with
an i nput®oyereg B daiver ¢ecuitds ﬁ@‘@tf@d/‘éifgiarccmrt Thuga et ¢cher filisrenzgrte cohwruved.

Al so, the color filter and the like are forned in the opposing substrate
168. A IWighut g lighishiglding layer) fiy manefapmoing thedictive mheixompasitaghsligiat r at e
side so as to overlap with a gate wring side driver circuit 205a. Al so, a
li ght sifhislding lpyeripey be frmedgn fremgtive thaimx subkteatepposi ng substrate side so
as to overlap with a source wiring side driver circuit 205b. In a color
filter 209 whhlse, wishgnt pravididg ithe light sluplding layersthbsolpaildagirdeomposingahael
portion 206, a light shielding |ayer and colored |ayers for respective

‘col ors (cokd fidsr pray bRsuitaplw emanget detwedh thebdppesing stitmstraB)andnke et cvirods
correspondi.ng to each pixel. Actually, a color display is formed wusing

t hree cobeh that lighitshiedding remads tyr eldrdisation liyer lantieate@ drithal poura(iff)of lifess. col or ed
| ayer for the green color (G, and the colored |layer for the blue color B.
Not e t hathusibe pottionedcém ferthe Hisplay regige (4aby betootopiscldl ectaxdbi)tand thd dtiver
arranged. Here, for a color display, the color filter 209 is provided in

t he oppésicwymsyibetlight-shicldeibwever, the present invention is not particularly
limted to this case, and in manufacturing the active matrix substrate, the
color filter Atay theFPOmwidch isrotripesalodfiamserfitm 2X0 stubs tidie211 is adhered to the

external input terminal by using an anisotropic conductive resin. Further, a reinforced plate is
provided to increase a mechanical strength.

| Fig. 11B is a cross Sectional view along a line A-A’ on the external input terminal 207
in Fig. 11A. An outside diameter of a conductive particle 214 is smaﬂer than a pitch of a
wiring 215. Thus, when the conductive particle is dispersed in an adhesive 212 with a
éuitable amount, an electrical connection with a corresponding wiring in the FPC side can be
formed, without oécurrenée of a short circuit to adjacent wiring.

The liquid crystal display panel manufactired above can be ﬁsed as the display portion

of various electronic equipment.

[Embodiment 3]

In this embodiment, a manufacturing method of an active matrix substrate different
from that of Embodiment 1 will be described with reference to Figs. 12A to 15, and Figs. 17A
and 17B. Although the transmission type display device is formed in Embodiment 1, in this
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Al'so, in the color filter, the Iight shielding |ayer is provided be?t\;{eélrjlb 2085
adj acent pixels such that a portion except for a display region is
shi el ded. The light shielding |ayers 177a and 177b are provided in a
region covering the driver circuit. However, when the liquid crystal 40 AU
G 2005 display device is incorporated into an electronic device as a
di splay portion thereof, the region covering the driver circuit is covered
with a cover. Thus, the color filter nay be constructed wthout the |ight
shielding layer. |n manufacturing the active matrix substrate, the |ight
shi el di rf‘gn‘?%%la?ntnﬁ;&s tharactrnized I that aectlgetion pedisplax devibs isrfatmeed tairednceve hout
providing the |ight shielding |ayer, the colored |ayers conposing the
col or fifumher ghipagks comnagasl Wit Embedbaensdt ween t he opposi ng substrate and
the counter electrode such that |ight shielding is nmade by a | am nation
| ayer | am nat@eptvipdiys gmbpdiment,tasubstrite§e0 is. usediiwidch isheadedrom ghssxedpts f or
the display region (gaPs bet ween pi xel electrodes) and the driver <circuit
may be |haghm kdrpsilicatel glagy ernluminanFh@ositicath glass, cemprosted byfCaming #8059 Elas210
and a wiring 211 is adhered to the external input termnal by using an
ani sot r Asddflddnglass. i Netertkati as. thEeutistrete 408, 2 quarfzoubethtg loat silicen syhrstaieded t o
i ncrease a nechanical strength. Fig. 11B is a cross sectional view along a
| i ne A- Anetahsubhigatexy arstainlessqubrstrate,rom whkikch 20 fasulatingfigm istfbAmedynmagtibesisde as
di ameter of a conductive particle 214 is smaller than a pitch of a wring
215. Thube repiesa. Phplagioribsitdty bayieg héat resistancd ispprosess tempanatuaddighisve 212
with a suitable anount, an electrical connection with a correspondi ng
W ring iembddimERayide beowsede formed, without occurrence of a short
circuit to adjacent wiring. The liquid crystal display panel manufactured
above can be Theada hasetfim 4lisfotrayd gioart insulating filmasuchus asllEoh peiiedilagai pnent .

[ Enbodi ment 3]
silicon nitride film or a silicon nitride oxide film is formed on the substrate 400. In this

embodiment, a two-layer structure is used for the base film 401. However, a single-layer film
or a lamination structure consisting of two or more layers of the insulating film may be used.
As a first layer of the base film 401, a silicon nitride oxidé film 401a is formed intoa
thickness of 10 to 200 nm (preferably 50 to 100 nm) using SiH,, NH,, and N,O as reaction
gases by a plasma CVD method. In this embodiment, the silicon nitride oxide film 401a
(composition ratio 8i =32%, O = 27%, N = 24% and H = 17%) having a film thickness of 50
nm is formed. Then, as a second layef of the base film 401, a silicon nitride oxide film 401b
is formed $0 as to be laminated on the first layer with a thickness of 50 to 200 nm (preferably
100 to 150 nm) using SiH, and N,O as reaction gases by plasma CVD. In this embodiment,
the silicon nitride oxide film 401b (composition ratio Si = 32%, O = 59%, N=7% and H =
2%) having a film thickness of 100 nm is formed.

Subsequently, semiconductor layers 402 to 406 are formed on the base film 401. The
semiconductor layers 402 to 406 are formed such that a semiconductor film having an
amorphous structure formed by a known method (a sputtering method, an LPCVD method, or
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In this enbodinent, a manufacturing nethod of an active matri x%&b‘é%a@gs
different fromthat of Enbodinment 1 will be described with reference to
Figs. 12A to 15, and Figs. 17A and 17B. Al though the transm ssion type

di splay device is formed in Enbodinent 1, in this 41 3 1 AUG 2005

enbodi nent, it is characterized in that a reflection type display device is
formed to reduce the nunber of nasks conpared with Enbodinent 1. First, in
this enbodi ment, a substrate 400 is used, which is made from gl ass, such as

barium il | ass or. al ym num borosj licate gl ass, represented by
Comi ng %@g@lﬂ assgleglr?gfﬁf?é]‘f%ﬁé%gﬁnm ErysiRdtzation pogessda ser ayssalljemiong
quart z t L a. . sili.con substrate, metal substrate, or a
st ai nl e?gag%g“ttrﬁg‘iﬂgﬁl Hystallirebinn Btiote ot %{heﬂagiqusttﬁlll%aﬂpa mateod yping heatalysd as
.the repl A plastic substrate having heat resistance to a process
t enper ats%rag asolflcg?‘}? %nd @ﬁﬁ{;ﬁ?ﬂﬁ}é‘}ﬁse%‘gpﬂg}l%@r g@“ thys @btamedrs peftasapsiantol degirad) 1
f or med 0531 an ifhsul at.ing fil [n sucg as @@Si | icon oxide film a silicon
ni tride PR ot "o CEPPIUBHORIAYEES 482 4% i@ areifprmedsintoot Whickness of MonsAbit 3Gt e
400. In this en‘&o mséht a two-layer structure is used for the base film
401. HO\%Q/@I,G&’E?I’ 102 b Ths mptetial offhe gpystaline semisondiectenfdmciomet st i ng of
two or nore rs.of . the insulating filmnmay be used. As a first |ayer of
the bas é"‘ftf“luﬁﬁfalﬁ’g?ﬁn“%fi DI ¥ iscpretirabls @efomm et nsingglicor, s silipomsemiamiom a
t hi ckness.0f 10 to 2 n referably 50 to 100 nm using SiH4, NH3, and
N20 as f@fgﬁ) iaﬂlﬂy’ 0@&?@&%% &Bbf”&?ﬂ@n@% 2ot TR ghick gmemphauseyrbesdi filemnis formpal :
silicon,nitride ide film40la (conposition ratio Si = 32% 0 = 27% N =
24% and o) aP1asHe 8@)?‘&’1%'0%’ 0| thamy Rickgheantaiping splutign js hedd po thesenorians, as a
second | gyer .of the base fi|m401, a silicon nitride oxide film40lb is
g}é f]? 5 af I DAL 2
formed SBIRR Y- Krdehygiogspatipngiogase of the emarphps silicem film ihpesfosesd (F0°60 t o
200 um (.pr ef rab)l g .100_to 150 nm) using SiH4 and N20 as reaction gases by
pl asma EVIERCPUphid bRtsafierathermalcpystallization proviesy is aerforaade(550 I Grfor Gaty
(conposition ratio Si, = 32% 0 = 59% N = 7%and H = ‘
hours) thereto. Further, to improve the crystallinity, laser annealing process is performed to
form the crystalline silicon film. Then, this crystalline silicon film is subjected to a patterning
process using a photolithography method, to obtain the semiconductor Jayers 402 to 406.
Further, after the formation of the semiconductor layers 402 to 406, a minute amount
of impurity element (boron or phosphorus) may be doped to control a threshold value of the
TFT.
Besides, in the case where the crystalline semiconductor film is manufactured by the
laser crystallization method, a pulse oscillation type or continuous emission type excimer
laser, YAG laser, or YVQ, laser may be used. In the case where those lasers are used, it is
appropriate to use a method in which laser light radiated from a laser oscillat6r is condensed
into a linear beam by an optical system, and is irradiated to the amorphous semiconductor
film. Although the conditions of the crystallization should be properly selected by an
ooperator, in the case where the excimer laser is used, a pulse oscillation frequency is set to 30

Hz, and a laser energy density is set from 100 to 400 mJ/cm? (typically 200 to 300 mJ/cm?).
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29 having a filmthickness of 100 nmis forned. Subsequently, 31 AUG 2005
sem conductor |ayers 402 to 406 are fornmed on the base film401. The
sem.conductor |ayers 402 to 406 are formed such that a sem conductor film
havi ng an anorphous structure fornmed by a known nethod (a sputtering
met hod, an LPCVD net hod, or 42 3 1 AUG 2005 a plasma CVD nethod) is
Subjected to a known crystallization process (a |laser crystallization
nmet hod, a thermal crystallization nmethod, or a thermal crystallization
met hod ﬂi'ﬁ% a catal gst such as nickel) and the crystalline sem conductor
film thd8 "ohease mdgre the YAG taserds usash  islappropriate taafesecolkdasaonic tnoud tor
| ayers 402 to 406 _are forned into a thickness of from25 to 80 nm
(pr ef er aft yPYlse essilbgionfequamey fram drtp 40 kblz, aba sgrsielglyidensisdsba dGroauso®r
filmis not partjcularly limted, but it is preferable to formthe film
usi ng sitPioBB MY/’ iynicds 3 a0 und/cm{)SiTBe), ladet tight condérsed itk e linédd shiies
enbodi nment, a 55 nmthick anorphous silicon filmis formed by a plasma CVD
met hod, &iffya width of AP fee1008g¢malion exaymple] 400 zom is Sradizted! tonhd Whola RO R She
silicon film A dehydrogenation process of the anorphous silicon filmis
per f or nSHP{HBEHEnd ap pvestappingurtio (evedap hesio af therinaart laser hight o tyis tistlel hasgtsd on
process is perforned (550C for four hours) thereto. Further, to inprove
the cry$E&asI8PX%.|1 aser annealing process is perfornmed to formthe
crystalline silicon film Then, this crystalline silicon filmis subjected
to a patt er ni‘hgate hrsglasing filwi 407 iatheh domhdd dowgrimpihy semidoaductédaas #02not he
sem conductor | ayers 402 to 406. Further, after the formation of the
seni condiét dhe galy dnsylaling film 406s fandmite iwsvbiting fivafcohtiiifig §ifice BEnt
(boron or - phosphorus) nmay be doped to control a threshold val ue of the
TFT. Be®lagme CYR or hepettsinguhethed Wik adfilysthidkine e Seii S0 R8N @, i hig i s
manuf actured by the l|aser crystallization nethod, a pulse oscillation type
or cont embedisneaitbs gase insylating Xidnmdy7 is fased frofAGsiliasehitridy oxY¥E K as5@ra My be
‘used. In the case where those |asers are used, it is

thickness of 110 nm by plasma CVD (composition ratio Si = 32%, O = 59%, N = 7%, and H =

2%). Of course, the gate insulating film is not limited to the silicon nitride oxide film, and
other insulating films containing silicon may be formed into a single layer or a lamination
structure, |

Besides, when the silicon oxide film is used, it can be formed by plasma CVD in
which TEOS (tetracthyl orthosilicate) and O, are mixed, with a reaction pressure of 40 Pa, and
at a substrate temperature of from 300 to 400°C, and discharged at a high frequency (13.56
MHZ) poWer density of 0.5 to O.SIW/cmz. The silicon oxide film thus manufactured can ha{fc.
good characteristics as the gate insulating film by subsequent thermal annealing at 400 to
500°C.

Then, as shown in Fig. 12A on the gate insulating film 407, a first conductive film 408
and a second conductive film 409 are formed into lamination to have a film thickness of 20 to
100 nm and 100 to 400 nm, respectively. In this embodiment, the first conductive film 408
made of a TaN film with a film thickness of 30 nm and the second conductive film 409 made
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3 : S _ o 3 4cAUG 2005
ppropriate to use a nethod in which laser light radiated froma4as
oscillator is condensed into a linear beam by an optical system and is
irradiated to the anorphous sem conductor film Although the conditions of
the crystallization should be properly selected by an operator, in the
case where the exciner laser is used, a pulse oscillation frequency is set
to 30 Hz, and a | aser energy density is set from 100 to 400 mJ/ cnR
(typically 200 to 300 mi/cnmR). 43 3 1 AUG 2005 In.the case where the YAG

| aser S, it.4s opri at at the second harnonic is used to set a
pul se ogg%ﬁ?gpgﬁﬁn¢?éﬁ%@ﬁf@n$$8ﬁ$%pFBaﬁbﬁﬁﬂﬁ@Uﬁ%&“ﬁ“ﬂ&@eﬁn@ﬂéNdMHd§nsity is
set froq&3qg”)to 00 nﬂ[ﬁngagnéﬁic |ly,.350 to 500 mJ/cn2). Then, |aser
li ght condensedPrRER &™P Acgrta@rpeer nitogen Grripipingrimophers. Bygidesthd B
exanple,.409 n1i§t;r6adiated to the whole surface of the substrate, and an
over | applRg® FAMeE by dhesRutisripg mediodgrith # &V tarersar e 36 Ehm maythe farmaddiysa t i e
may be et [’ié 0 tﬁ’ﬁaS% A gate insulating filma407 is then forned
cover i néﬁ?w M TEHea s He trigslendeagfiuqride ). Whichgearandtieduis asédadf i6i | m 407
is formed of an in ulating‘filn1contajning silicon by a plasma CVD or a
sput t er PREFSTAEY Hutraly th meterial hay s lopkresistanes for usmasbe gdje eBotredn, andiitihi s
enbodi nent tc{]tﬁ gt%te i.nsul at i ngwfi_l m 407 is formed froma silicon nitride
oxi de f PF§TFF4 fagthe resistivite oF thefW film is setg 201ElmmoTivss. (Bomekisg theomystalt i 0 Si
= 32% 0 = 59% N.= 7% and H= 2% . O course, the gate insulating film
[s not EFHRS 3R 1 i prssibig toawpkerthe W fim Brvedewer resistivitid Howdwer, in theudast | ng
films co tainigg_siljcon na% be forned into a singlg | ayer or a |am nation
st r uct uMECTEBANHEP UK IRMERE su¢h scaeex g sontained ivathins thd, Wittlme enysteBizhtomed
by plasga CVD in which TECS (tetraethyl orthosilicate) and 02 are m xed,
with a FeRPitehant hedesitange hegormes highpt. Therefore b ditis embodiewpt batamsngthef r om
300 to ﬁg%gh and di scharged at a high frequency (13.56 M{Z) power density
of 0.5 0 DY FPRIFINSHISNES tarasbhaving abighipunitst (PustymeH9f99 %) sxbddanddisive,

by taking sufficient consideration to prevent impurities within the gas phase from mixing

therein during the film formation, a resistivity of from 9 to 20 uSlcm can be realized.

Note that, in this embodiment, the first conductive film 408 is made of TaN and the

second conductive film 409 is made of W. Howevér, the first conductive film 408 and the A

second conductive film 409 are not limited to those and then may be formed from one element

selected from the group consisting of Ta, W, Ti, Mo, Al, Cu, Cr, and Nd, or using an alloy

material or a compound material containing the above element as its main constituent. Also, a

semiconductor film typified by a polycrystalline silicon film in which an impurity element

such as phosphorus has doped may be used. An AgPdCu alloy may be used. Further, a

‘combination of the first conductive film made of a tantalum (Ta) film and the second

conductive film made of a W film, a combination of the first conductive film made of a

titanfum nitride (TiN) film and the second conductive film made of a W film, a combination

of the first conductive film made of a tantalum nitride (TaN) film and the second conductive

film made of an Al film, or a combination of the first conductive film made of the tantalum
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good characteristics as the gate insulating filmby subsequent é%ér%%ﬁ cuud

annealing at 400 to 500C. Then, as shown in Fig. 12A on the gate insulating
film407, a first conductive film408 and a second conductive film 409 are
formed into lamnation to have a filmthickness of 20 to 100 nmand 100 to
400 nm respectively. In this enbodiment, the first conductive film 408

made of a TaN filmwith a filmthickness of 30 nmand the second conductive
film409 made 44 3z AU G 20)05 of a Wfilmwith a filmthickness of 370 nm
are formed into lam nation. The TaN filmis forned by sputtering with a Ta

target undes (RAN)IANMOGANhEQRbAL BoiEicABEPRRICof PERiFlRTnay ks, filmis
formed by the sputtering nmethod with a Wtarget. The Wfilmmy be forned

by a t her mal Ne¥Dmkh@th wsmgname&m@aae%waiﬂ}%slin\gﬁﬁahotamwéi'w met hod

is used, it is necessary to nake the material have | 0w resistance for use

as the ﬂf&lﬁ)d@blﬁﬁt‘lléﬂﬂ@irst%'ﬁ?liﬁé prlogess ﬁélﬁfoﬁﬁfng@léc%ﬁestaﬁﬁa &igﬁ%s?itrs]ig&%ft?ﬁnéafat.t he W

filmis set to 20 & mor |ess. By making the crystal arge, it is

possi bl girdt @ndrBdeBnd BRAME dohMdaY errl 1a1RImHoa Ak | A4itheY firsm\’ﬁﬁﬂég rcq)nchﬁoﬁ, Qﬁ epse
where many inpurity el enments such as oxygen are contained-wthin'the W

film cg 1 i i«Syah BRIt St L.gher.
L Clsicbiiakiion i BBk bgihaId A CHEELARRS PGOTSS il

y formn sputtering using a

target baxkngda n%xb ABwRlol i ¥et(tBBE 25)5Pi0 EnDd R RFHI ek @W@ e 508Y

taking sufficie consi deration to prevent ‘i mpuriti es w thi gas phase
20" O e CRRRE S ek ie J PP PR o B L Rty Ynfl, s 0 © 1
ade of S BB ARelR HERA Y o LANRRick Uing 107 UBACAREETNCE) iogied® 1 <
conduct by S BR:alanBtl 08 L58 ALRORRCERY ST TS Wiz B P 0
e D384 B g BATRYUBA T

Under this first etching condition, the W film is etched such that the end portion of the second

conductive layer becomes a taper shape. A top view of the pixel portion observed by using an

optical microscope immediately after the etching with the first etching condition is shown in

Fig. 17A.

| After ti;at, withqut removing the masks 410 to 415 made from resists, the first etching

condition is changed into the second etching condition, CF, and Cl, are used as etching gases,

and a gas flow rate is set to be 30/30 (sccm). And, RF power (13.56 MHZ) of 500 W is

applied to a coil type electrode at a pressure of 1 Pa to generate plasma. Thus, an etching is _

performed for about 30 seconds. Also, RF power (13.56 MHZ) of 20 W is applied to the

substrate side (sample stage) to effectively apply a negative self-bias voitage. Under the

second etching condition that CF, and Cl, are mixed with each other, both the W film and the

TaN film are etched With the same degree. Note that, in order to perform the etching without

any residue on the gate insulating film, an etching time may be increased by about 10 to 20 %.

In the first etching process, when the mask made from the resist with a suitable shape
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sem conductor filmtypified by a polycrystalline silicon filminmwhiegh &H5
inpurity elenment such as phosphorus has doped may be used. An AgPdCu all oy
may be used. Further, a conbination of the first conductive fil mnade of a
tantalum (Ta) filmand the second conductive filmnmde of a Wfilm a
conmbi nation of the first conductive filmmade of a titaniumnitride (TiN)
filmand the second conductive filmmade of a Wfilm a conbination of the
first conductive filmmade of a tantalumnitride (TaN) filmand the second
conductive filmmade of an Al film or a conbination of the first

conduct i g @sdd, thm emdgpertidnstafiehe st edndocthle 13yet aAG208MdriohdidiRe (haNbedontem and
the second conductive filmmde of a Cu filmmy be used. Next, masks 410

to 415 nmuperfshap, es icisetisos of e i Vojtagsipplied toihe kebsira e Y angdlebhed,
and then a first etching process for formng electrodes and wirings is

per f or nedpatportidn is i Sars45% COMG, &€ Bidpe coandtive ﬁP@rs 4 td MB(rRENSFINERRE, as
the first etching condition, an ICP (inductively coupled plasna) etching

net hod ilaydis4tija 10222 Gl®second céRivefite & 4a%b Rt 4£NbNEbnsHRERSf tRdfrst gas flow
rate is set to be 25/25/10 (sccn). And, RF power (13.56 MHZ) of 500 Wis

appl i ed doadéctBRildyesh@aiahe bewhl e8fiRtivalapbB et iobmed byl Bkt @BNEPRE&sP! asma.
Thus, an etching is perfornmed. Here, a dry etching device using | CP (Mdel

E645- 0 | Keéfrenty @hlaad 160y aMatesiusilatimy M CA tédor WHIERLE hétlco®@ed Witk thé Sirgdsed.
Al so, RF power (13.56 MHZ) of 150 Is applied to a substrate side (sanple

stage) tspagf ER@uEHR) 1xy@pmmoa4mgetdhy@g§ ghdut Bb &850 Rlt88%m a WRGRG LHbR. first
etching condition, the Wfilmis etched such that the end portion of the

second £RAALIGH vy bEHEDIREHEARE dBsdrRBERy 8PS oftichPRi¥S R¥p OfmihBBakiyx e
portion observed by using an optical m'croscope i mediately after the

et chi ng afief theldhhing with 18 &bieteAgicbadifion & sBHOWM Fip. 1789. 17A. After t_hét,
w t hout renoving the nmasks 410 to 415 nmade fromresists, the first etching

condi tion i s ThANERHoktERCYRE REEAOMEECHERINCRERI LirRR dobfd RS2 are

used as etching gases,
performed to add an impurity element for imparting an n-type conductivity to the

semiconductor layer (Fig. 12B). The doping process may be performed with an ion doping
method or an ion injecting method. As a condition in the ion dope method, a dosage is 1 x
10 to 5 x 10" atoms/cm? and an acceleration voltage is 60 to 100 keV. In this embodiment,
the dose is set to 1.5 x 10" atoms/cm? and the accelerating voltage is set to 80 keV. As the
impurity element for imparting the n-type conductivity, an element belonging to Group 15,
typically phosphorus (P) or arsenic (As) is used. In this doping process, phosphorus (P) is
used. In tlﬁs case, the conductive layers 417 to 421 become masks against the impurity |
element for imparting the n-type conductivity, and thus high concentration impurity regions

- 423 to 427 are formed in a self-aligning manner. The impurity element for imparting the n-
type conductivity is added to the high concentration impurity regions 423 to 427 in a
concentration range of 1 x 102 to 1 x 10%' atoms/cm’.

Next, a second etching process is performed without removing the masks made from

resists. Here, CF,, Cl,, and O, are used as etching gases to scleétively etch the W film. At
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and a gas flowrate is set to be 30/30 (sccn). And, RF power (13535% %)29%?
500 Wis applied to a coil type electrode at a pressure of 1 Pa to :
generate plasma. Thus, an etching is performed for about 30 seconds. Al so,
RF power (13.56 MHZ) of 20 Wis applied to the substrate side (sanple
stage). to effectively apply a negative self-bias voltage. Under the second
etching condition that CF4 and Cl12 are m xed wth each other, both the W
filmand the TaN filmare etched with the sane degree. Note that, in order
to performthe etching without - any residue on the gate insulating film an
et chi ng thistimesfirstowndncivedayss $38betbd38b 26 form@Dbihe kecontetdhingsiroadss.hORg
process, when the mask made fromthe resist with a suitable shape 46 3 1 AU
G 2005 i the@thed hand; éhesegopbedridontivediiydrid1 T4 tosi22e arechandly wehtdyoeforaBetonkie
second conductive | ayer beconme a taper shape, due to an effect of the bias
vol t age equdhétint layers A28astobiSBa.aNexts a decondropinglpeodes is perfoingidab opeid ihen is 15
to 45. Thus, first shape conductive |layers 417 to 422 (first conductive

| ayers 4date of §igl22€. Dupireis pardfommuthuch ithes, Winahs sebdbad cériudidZbhy&oasTd fout ed
of the first _conductive |ayers and the second conductive |ayers are forned

by the f422staretwhiangaskosgdsst theRafparigndement e ahpdd® clandt @aldded psmkat i ng
film A region which is not covered with the first shape conductive |ayers

417 to 4emicendatohiyefsyundbotit t3Rr pertidfs sMNtht Girdt @bRduRLVHIHASI ThEYii@BurityAl SO,
a top view of the pixel portion observed by using an optical mcroscope

i mredi atregipns 434 er 43%heveehphing gvith thé fitdd o O icl a9é:6 Rt Brig &N dTRd @hctAratbawn
in Fig. 17B. Then, without renoving the nask made fromthe resist, a first

dopi ng pofgphespshonss (P etk ¢ atieldd tootha detpadity rogivhd hiaé 26deaile BénckMfatioiRasdibmignan
n-type conductivity to the sem conductor |ayer (Fig. 12B). The dopi ng

process avayrdascepeitii trerfiich thidkhe®nof itgd tap@Pongons 08 tEksOdondictiveNayen. EQbieNg
nmethod. As a condition in the ion dope nethod, a dosage is 1 x 1013 to 5 x

1015 at odsy, intbe asdicandutedbprabia@lapyed Wil thd ﬁrsﬁ&)ntclﬁctﬂ&q?@i/-aithtﬁhghf'ﬂns -
enbodi ment, the dose is set to 1.5 x 1015 atons/cn? and the accel erating
vol t age iipusiet cdneethtioa\s sifightliyR€duced from the end portions of the taper portions of the

first conductive layers toward the inner portions, substantially the same degree of

concentration is obtained. Also, the impurity element is added to the impurity regions 423 to

427 to form impurity regions 439 to 443.

Next, a third etching process is performed without removing the mask made from the
resist (Fig. 13A. In this third etching process, the taper portions of the first conductive layers
are partially etched to reduce the regions overlapped with the semiconductor layers. The third
etching process is performed using CHF, as an etching gas by a reactive ion etching method
(RIE method). First conductive layers 444 to 449 are formed by the third etching.
Simultaneously, the insulating film 416 is also etched to form insulating films 450a to 450d,
and 451. |

By the above third etching, impurity regions (LDD regions) 434a to 438a which are
not overlapped with the first conductive layers 444 to 448 are formed. Note that impurity

regions (GOLD regions) 434b to 438b remain overlapping with the first conductive layers 444
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inmpurity elenment for inparting the n-type conductivity, "an el ene

bel onging to Goup 15, typically phosphorus (P) or arsenic (As) is used.
In this doping process, phosphorus (P) is wused. In this case, the
conductive layers 417 to 421 becone ‘masks against the inpurity elenent for
inmparting the n-type conductivity, and thus high concentration inpurity
regions 423 to 427 are forned in a self-aligning manner. The inpurity

el enent for inparting the n- type conductivity is added to the high
concentration inpurity regions 423 to 427 in a concentration range of 1 x
1020 tot@448.1021 atoms/cnB. Next, a second etching process is perforned

w t hout renoving the nasks nade from resists. Here, CF4, Cl2, and Q2 are

used as et chiBpdejases it Thiseinemidimaltythe differdrive betdekh i inf¥uridycohedntidon 3005
this time, first conductive |ayers 428b to 433b are fornmed by the second

et chi ng the ey re@ionsi(GOIM heforsp4Bib thHASE dmooerRPRAtChE testlcBy@Isivd17a to
422a are hardly etched to formsecond conductive |ayers 428a to 433a.

Next, a layscottt WeigBngd theagaisity conpertfationes tHedmpbiig) Bgibhe (LD agom) 451
12C. Doping is perforned such that, when the second conductive | ayers 417a

to 42230 488 theedd mt ovesgswitahofiist édnductiRubyery 4] ©MRBLan bBehadBBmAILL Y
el enment is added to the sem conductor |ayers under the taper portions of

the fir sheremnidhpeoving tHeayBatslityThus, inpurity regions 434 to 438 overl apping
with the first conductive |ayers are formed. The concentration of

phosphor us ( Bext,hhd masksaddnel fromtrbgstiapPieirichyd, Rk BS2 RAFS 458 ﬁé\;«%yqonned
concentration gradient in accordance with the filmthickness of the taper

por t i ondrond resist ahd b shird dopitg piocessliay@fEmelioitacchiBhee With thanggabsgpduct or
| ayers overl apped with the first conductive |ayers, although an "inpurity

concent paddess) impurith r@liohsyt I5ad U6e dref foffied, e waltl (ROThpR1S eféﬁaehh@-ttyﬁé)er
portions of the first conductive |ayers toward the inner portions,

subst anfimpdrtiyig b kendirtieitdeg@ee @f the®as @@mutavﬂtp(h-dyﬁ?% haddaad Al so, the

impurity element is added to the inpurity regions 423 to 427 to form

i mpur i t yemieghdursorddfr titt Bdchmes an active layer of the p-channel TFT. The first conductive
layers 445 and 448 are used as masks against the impufity element, and the impurity element
that imparts the p-type conductivity is added, to thereby form impurity regions in a self-
aligning manner. In This embodiment, the impurity regions 455 to 460 are formed by an ion
doping method using diborane (B,H,) (Fig. 13B). In the third doping process, the
semjconductor layer forming the n-channel TFT is covered with the masks 452 to 454 formed
from resist. Although phosphorus is added to the impurity regions 455 and 460 at different
concentrations in accordance with the first and second doping processes, the doping process is
performed such that the concentration of the impurity element imparting p-type conductivity is
in the range of 2 x 10%° to 2 x 10° atoms/cm® in any of the impurity regions. Thus, the
impurity regions function as the source region and the drain region of the p-channel TFT so
that no problem occurs. In This embodiment, a part of the semiconductor that becomes an
active layer of the p-channel TFT is exposefi, and thus, there is an advantage that an impurity

element (boron) is easily added.
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xt, a third etching process is perforned w thout renoving the sk ‘nmade
fromthe resist (Fig. 13A In this third etching process, the taper
portions of the first conductive layers are partially etched to reduce the
regi ons overl apped with the sem conductor |ayers. The third etching
process is perfornmed using CHF3. as an etching gas by a reactive ion etching
nmethod (RIE nethod). First conductive |ayers 444 to 449 are fornmed by the
third etching. Sinultaneously, the insulating film416 is also etched to
forminsul ati fil 450a to 450d, and 451. By the above third etching,
inpurity regi Quﬂ% abaYs pregssesaths impurieagiahs ol famed inthe evEctiopheeswi t h
the first cogj‘ﬁ%tive Iagers 444 to 448 are forned. Note that inpurity
regi ons (GOL HIWHEY: thomgsksstS238 45+ consistingwé rdsmppiergmuan dd ahcdhe fikdtr st
conducti,ve layers 444 48 3 1 AUG 200: to 448. By doing so, in This
enbodi neRterlayd dnslating fHmcAS Ijs fowed. This finvpinteriryerdosutein fain 481 i Formed©f
inmpurity regions (GOLD regions) 434b to 438b that overlap with the first
conduct i E\?énsql%{wfﬁlnﬂ%tqlblﬂgﬁgwan &y elpdasimapQY Dtyethadh crendpuatt fionmicthol Réith a
i mpurity regions qSLDD regions) 434a to 438a that do not overlap with the
first cohighpass pELOQR00 nm4 In disetgbaskimenttea sitiden sitide oxidd files ety al fitpy OVi Ng
the reliability. Next, the masks formed fromresist are renoved, nmasks 452
to 454 &PiEknesspl 1 bnmds formed by péssinatC VRN Ofaotiststhe Gopimerlayeopesiating film
perforned. I n accordance with the third doping process, inpurity regions
455 to 46 isnet prEigwkaly limitehiodhe siticon miprirfel dxydeefilemnt ofter ingpR)ing KAAr ti ng a
conductivity opposite to the one conductivity (n-type) is added to the
senm cond@ORiapyng silieon maybe fyowdimo arsinatd layer draylenimfion kengarehannel TFT. The
first conductive |ayers 445 and 448 are used as nmasks against the inpurity
el enent, and Thee asspownty Fig. @36 step bibdctivaghay ths inperity eleyRatcomeaet ingi ty is
added, to thereby forminpurity regions in a self-

respective semiconductor layers is conducted. This activation step is carried out by thermal

annealing using an annealing furnace. The theﬁal annealing may be performed in a nitrogen
atmosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm or less and
at 400 to 700°C, typically 500 to 550°C. In this embodiment, a heat treatment at 500°C for 4
hours is carried out. Note that, other than the thermal annealing method, a laser annealing
method, or a rapid thermal annealing method (RTA method) can be applied thereto,

_ Note that, in this embodiment, at the same time with the above acti\f;ation process,
nickel used as the catalyst for crystallization is gettered to the impurity regions 439, 441, 442,
455, and 458 containing phosphorous at high concentration. As a result, nickel concentration
of the semiconductor layer which becomes a channel forming region is mainly lowered. The
TFT having a channel forming region thus formed is decreased in off current value, and has
high electric field mobility because of good crystallinity, thereby attaining satisfactory
charactcristjcs.

Further, an activation process may be performed before forming the first interlayer
insulating film 461. However, in the case where the used wiring material is weak to heat, it is
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aligning manner. In This enbodi ment, the inpurity regi ons 455 to34$OA¥@EQMb
formed by an ion doping nethod using diborane (B2H6) (Fig. 13B). In the
third doping process, the sem conductor |ayer form ng the n-channel TFT is
covered with the masks 452 to 454 formed fromresist. Al though phosphorus
is added to the inpurity regions 455 and 460 at different concentrations
in accordance with the first and second dopi ng processes, the doping
process is perforned such that the concentration of the inpurity el enent
inparting p-type conductivity is in the range of 2 x 1020 to 2 x 1021

at ons/ c @eéﬁbéfpatdhe felevatiop proacss is pgifomsed aftensn intdrayeminsulating filegi ons
function as the source region and the drain region of the p-channel TFT so
t hat no (FRIHAE sPiconras its|mairrisprstiturnt domesamplea siigon nivfidd filn)sie firaeddeict or

t hat becomes an _active |ayer of the p-channel TFT is exposed, and thus,

t her e i Prefctdbe wiringer thy dike anin thjsmitodia¢rénrent (boron) is easily added. 49
3 1 AU G 2005 Through the above processes, the inpurity regions are forned
in the respedtiadéitipayheastreat®ehtaGieme 550°C foe IrmdR oS 2s pafotméd doasi st i ng of
resist are renoved, and a first interlayer insulating film461is forned.
Thi s fi @&nosphersrdoataéning hydrogen o3 fo 10004 &lperforh arsepobfafydrogenatinguhat i ng film
containing silicon by a plasma CVD nethod or a sputtering method with a

t hi ckne$§emigpndgaon laye®Olmilrs dmbadivnentetib hdatreatmera isspdrionand ai 410° degopxi de
filmwith a film thickness of 150 urn is formed by plasma CVD. O course,
t he fir&pusintacniiragearatinesphicat comgaihingrhyddin bbabont 3garThicstbmlslaystdg of t ed to
the silicon nitride oxide film and other insulating film containing

si | i con teraynatmgfdenghing honds imthei saglientiagter lagsr by Hydragaatrichiied i thetintegayefhen,
as shown in Fig. 13C, a step of activating the inpurity elenents added in
the respebting dilme Ascanother orans foy duydrogenationdladnechydibienatst (usagilgaroptep i S
carried out by thermal annealing using an annealing furnace. The thernal
anneal i pxcited\bylydasmen) fowayrbedcarmeciowni t r ogen  at nosphere having an oxygen

concentration of 1 ppmor less, preferably 0.1 ppmor |ess and

Also, in the case where a laser annealing method is used for an activation process, it is
desired that laser light of an excimer laser, a YAG laser or the like is irradiated after the
hydrogenation.

Next, a second interlayer insulating film 462 made of an inorganic insulating material
or an organic insulating material is formed on the first interlayer insulating film 461. In this
embodiment, an acrylic resin film with a film thickness of 1.6 um is formed. The film with
the viscosity of 10 to 1000 cp, preferably, 40 to 200 cp is used. Also, the acrylic resin film has
convex and concave portions on its surface.

In this embodiment, in order to prevent the mirror reflection, convex and concave
portions are formed on the surfaces of the pixel electrodes by forming the second interlayer
insulating film with convex and concave portions on the surface. Also, in order to attain Iight
scattering characteristics by forming the convex and concave portions on the surfaces of the
pixel electrodes, convex portions may be formed in regions below the pixel electrodes. In this

case, since the same photomask is used in the formation of the TFTs, the convex portions can
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at 400 to 700C, typically 500 to 550C. In this enbodi ment, a heat' treat nent
. at 500C for 4 hours is carried out. Note that, other than the thermal
anneal i ng method, a | aser annealing nethod, or a rapid thermal annealing
met hod (RTA nethod) can be applied thereto. Note that, in this enbodinent,
at the same time with the above activation process, nickel used as the
catalyst for crystallization is gettered to the inpurity regions 439, 441,
442, 455, and 458 contai ni ng phosphorous at- high concentration. As a
resul t, nickel concentration of the sem conductor |ayer which becones a
channel ¢ &rmedgvithayt cerasingahminymbesvof pertesstheNofERat iaviony e poftidnmely Heor mi ng
region thus fornmed is decreased in off current value, and has high
el ect ri guitabgy profisist lin the i pognobgigoesiceapt fortthe wiririgh ynd tHeeFEbyortibh ah Bhag
satisfactory characteristics. Further, an activation process may be
per f or négbsheieorldwus.dhecory exmed chnsive pottiont aredormédathakifigel bf the4Hdel
However, in the case where the used wiring material is weak to heat, it is
50 3 1 AlecrgBsslqnedheceties and aondae partivhy firined op tiecsstacé of the iifsoratirg fiadit er
an interlayer insulating film (containing silicon as its main constituent,
for exafgiesingdhd ¢apynx ppttionde filnm) is fornmed to protect the wiring or the
like as in this enbodinment. In addition, heat treatnent at 300 to 550C for
1 to 12 hour $ldos afidmfwitinte levelahsurfatemmp be ueedcanhassebndinttiyagasulaing t o
100% to performa step of hydrogenating the sem conductor layers. In this
enbodi nﬁﬁn 462.hb thisetase, rtbafoliemting & ppefefred. MEoht &, 2A4:06e f@mation bOthe pixt]l a
ni trogen at nosphere containi ng hydrogen of about 3% This step is a step of
t er mi natleetgodianginivergaisbemieavepdrtienssaatanrdwatths suriyewithy fyeioggng ancl uded
in the interlayer insulating film As another means for hydrogenation,
pl asna hyarogethatisoch fussangbhydneted or exeichiag nyhdd, a8) sit@thdSice i ed
out. Also, in the case where a |aser annealing nethod is used for an
act i vat ieflectimois @ssventet] aind reflection light is scattered, whiteness is preferably increased.

Then, in a driver circuit 506, wirings 463 to 467 electrically connected with the

respective impurity regions are formed. Note that those wirings are formed by patterning a
- lamination film of a Ti film with a film thickness of 50 nm and an alloy film (alloy film of Al
and Ti). with a film thickness of 500 nm.

Also, in a pixel portion 507, a pixel electrode 470, a gate Wiring 469, and a connection
electrode 468 are formed (Fig. 14). By this connection electrode 468, an electrical connection
between a source wiring (lamination layer of the impurity fegion 443b and the first conductive
layer 449) and the pixel TFT is formed. Also, an electrical connection between the gate
wiring 469 and the gate electrode of the pixel TFT is formed. With respect to the pixel
electrode 470, an electrical connection with ﬁhe drain region 442 of the pixel TFT and an
electrical connection with the seiniconductor layer 458 which functions as one of electrodes
for forming a storage capacitor are fqrmed. It is desired that a material having a high
reflectivity, such as a film containing Al or Ag as its main constituent, or a lamination film
thereof, is used for the pixel electrode 470.
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desired that |aser light of an excimer |aser, a YAG |aser or thé}JP 1 i‘%(UeU iE,QGS
irradiated after the hydrogenation. Next, a second interlayer insulating
film462 made of an inorganic insulating material or an organic insulating
material is formed on the first interlayer insulating film461. In this
enbodi nent, an acrylic resin filmwith a filmthickness of 1.6 /.gymis
formed. The filmwith the viscosity of 10 to 1000 cp, preferably, 40 to
200 cp is used. Also, the acrylic resin filmhas convex and concave
portions on its surface. In this enbodinent, in order to prevent the mrror
reflection, doHYdRe SRYPTCHRBIAVEC hsdng p SREOS circib formdd by an mechson¢laFISSAH ¢ he

pi xel ele tr&ggs by formng the second interlayer insulating filmwth
convex a gt %@Féyfﬁé”rftqwg agri-ehvaneliypea Bl 503, s0d thepinelortianoSQet Hazing 4 | ght
scatteripg characteristics by form ng the convex and concave portions on
t he sur PEEEEFEA0¢ gad 2 petaiminggapecitas §68 carcbmfcameg on theomamensapstine. f As meguitn
regions bel ow the pixel electrodes. In this case, since the sane phot onmask
i s usedtherrctife mpEEnEbSGRe 6F camppletBETSs, the convex portions can 51 3 1 AU G
2005 be formed w thout increasing the nunber of processes. Note that the
convex porti dRe iesharel tyngi TBHSY off the dowet dizcuit 86 pasethapoeltfomming egiion except
for the wirings and the TFT portion on the substrate. Thus, the convex and
concave4pbratlpyn sorgeatrptinmisepusity tdgions(GiPTR ecgiaf) 431k opétappingedticthedidtes al ong
the convex and concave portions formed on the surface of the insulating
film cevsiuchv leyer 4ddropastitpting 2 portioalof the gatef dleatmodiet h lbeochemehkich sur f ace
may be used as the second interlayer insulating film462. In this case,
t he f ol IRRUIHY régiompilddR region) 4Haforned wtside the atcfetoctrade, and athighhe pi xel
el ectrodes, convex and concave portions are formed on the surface with a
pr oces sCARsSERigatin Hapowmy negtonod33 whichadsneaticna nsteas tircarddiamlonthe afkieta@iinig
met hod. Thus, since the mrror reflection is prevented and reflection
|i ght i $hepahemmebtype AHTT Ecfosming the EMDSbiryuit nceomasethg with the n-channel type
TFT 501 through an electrode 466 has a channel forming region 472, an impurity region 457
overlapping with the gate electrode, an impurity region 456 formed outside the gate
electrode, and a high concentration impurity region 455 which functions as the source region
~ or the drain region. The n-channel type TFT 503 has a channel forming region 473, a low
concentration impurity region (GOLD region) 436b overlapping with the first conductive layer
446 constituting a portion of the gate electrode, a low concentration impurity region (LDD
region) 436a formed outside the gate electrode, and a high concentration impurity region 441
which functions as the source region or the drain region.
The pixel TFT 504 of the pixel portion 507 includes a channel forming region 474, the
low concentration impurity region 437b (GOLD region) overlapping with the first conductive
layer 447 forming a part of the gate electrode, a low concentration impurity region 437a (LDD
region) formed outside the gate electrode, and the high concentration impurity region 443
functioning as a source region or a drain region. Besides, impurity elements imparting p-type

conductivity are added to the respective semiconductor layers 458 to 460 functioning as one of
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Then, in a driver circuit 506, wirings 463 to 467 electrically co?hﬂegpgdza%
wth the respective inpurity regions are forned. Note that those wrings
are formed by patterning a lamnation filmof a Ti filmwith a film

t hi ckness of 50 rimand an alloy film(alloy filmof Al and Ti) wth a
filmthi ckness of 500 nm Also, in a pixel portion 507, a pixel electrode
470, a gate wiring 469, and a connection electrode 468 are fornmed (Fig.
14). By this connection electrode 468, an el ectrical connection between a
source wring (lamnation layer of the inpurity region 443b and the first

conduct itheeletiaydes of tHe)staange ¢dpeciir §65. Thd stofagh esipiior A5SH foraRdoReinel cal
connection between the gate wring 469 and the gate el ectrode of the pixel

TFT is febscmede (Mbinindtidapgats bad 430b) ahd ele seﬁh@ﬁaﬁa&qaﬁr&@ 45&8 Aakidd 6al
connection with the drain region 442 of the pixel and an electrical

connect iifsulamniglTilinh 45 IS&H dielRewiendmbeayer 458 whi'ch functions as one of
el ectrodes for formng a storage capacitor are fornmed. It is desired that

a material hagrfhgr, @ HeGlixel kREUERIIF IS )émb§&!ﬁﬂnﬁ§n%mi bbﬂ?‘bﬁ%ﬂfﬁ'ﬂﬂ;ﬂgle&m@é Ag
as its nain constltuent or a lamnation film thereof, is used f

pi xel eliefdrimed®y4Alngin Re Wik Vg th ing a
CMOS ci rlcwt fo?med %ly gﬁoksm&h%?%@y‘%%‘i& and d %tgﬁéﬁﬁgéﬁwgeﬁgand an

n- channglixdl ¥Rewddk & Aaelddd dotd 1ol WidbutRtidd maépl%ai?ﬁzv' ng a pixel TFT 504
and a retaining capacitor 505 can be fornmed on the sanme substrate. As a

result, the feid MewBRtHd pixSWosiddGnd &tﬁe%ﬁi %sulﬂa'%néhu‘ﬁt&%ﬂ@&i thype TFT

501 of the drivér circuit 506 has a channel form ng region 1, alow

concent fegfbo@find T ¥Hokh 1§58, NeL-fRal, 9H Qe @%ﬁ@ﬁ%l&ﬁ 0 Qséﬁ' tg '"h&l&%f first

conductive |ayer 444 constituting a portion e gate el ectro

concent j ﬁé Q&Icsbﬁii’cﬂﬁ%?y os” £91OM, (A BRHGRI 20’ %?‘ﬁ'% jorsmd Q%Stb%% Lipapat e
el ectro and a concentration inpurity reé€gion 2387 Whi ¢h functi ons as
the SOUI’V% f2R6h MnQthd Mhe A A Nin'168] B Also, a dash line B - B’ in Fig, 14 corresponds to
a sectional view taken along the Iine B - B’ in Fig. 15.
In addition, in accordance with the process steps of this embodiment, the number of
photo masks needed for manufacturing the active matrix substrate may be made into five

pieces. As a result, it can contribute to reduction in manufacturing steps, lowering the

manufacturing cost, and improving the yield.

[Embodiment 4 ]

In this embodiment, a manufacturing pfocess of a reflection type liquid crystal display
device from the active matrix substrate manufactured in accordance with Embodiment 3 will
be described hereinbelow. Fig. 16 is referred to in an explanation thereof.

First, in accordance with Embodiment 3, an active matrix substrate in a state shown in
Fig. 14 is obtained, and thereafter, an orientation film 471 is formed at least on the pixel
electrode 470 on the active matrix substrate of Fig. 14, and is subjected to a rubbing process.
Note that, in this embodiment, before the formation of the orientation film 471, a columnar
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The p-channel type TFT 502 forming the CMOS circuit by connecti ng?’V\} tph t he
n-channel type TFT 501 through an el ectrode 466 has a channel formng
region 472, an_ inpurity region 457 overlapping with the gate el ectrode, an
inpurity region 456 fornmed outside the gate electrode, and a high
concentration inpurity region 455 which functions as the source region or
the drain region. The n-channel type TFT 503 has a channel form ng region
473, a low concentration inmpurity region (GOLD regi on) 436b overl appi ng
with the first conductive |ayer 446 constituting a portion of the gate

el ect r od®P2cer (netshowng Erimainiaging arpap betyeeretic snbetiaBBis foegkdaa d3ad f or ned
outside the gate electrode, and a high concentration inpurity region 441
whi ch f uPRSEGHRY RadteriBag s orgeniciresyi 6ilm sncht 4sancheagilic resyfitm. FihBerpipheticllFT 504
of the pixel portion 507 includes a channel formng region 474, the |ow
concent r PR Maydgscaticrede ty caRisufac of the gitsirptedy tacappibegolinitar kpeef. i r st
conductive Inlz\i]yer 447 formng a part of the gate electrode, a |ow

concent r at i onNFHEp@R PRROSIgFubrASF Y isipDiparede Taloned layeretV 20473 hntea lekeligat e

el ectrode, and the high concentration inpurity region 443 functioning as a
source rilgn 67 ere fernerdomthe egpening Bbsirated79. Therddtoplabe iwet 477 apanhé big-
p-type conductivity are added to the respective sem conductor |ayers 458
to 460 fephered davend7pare overlapiped ithhackebiket, tiodelsy fofminge ifghoklagldingaRagHt. O

505. The storage capacitor 505 is formed fromthe electrode (a |amnation
of 448 aNetedlEthhe sevticalnreddayer emhal greenicolotytElager4hd BeopadilyUsicAgppdasyith
insulating film451 as a dielectric nenber. Further, in the pixel structure
of this cagbethentmiormariight dhipldirtg mmtiad. t he pi xel electrode is fornmed by
arranging it so as to overlap with the source wiring so that the gap

bet ween the Ipithislembodinenydbs sutstrateiae shisen for Biabbdigleht Mistsedt Thd, MUFR. bb ack
matrix. A top view of the pixel portion of the active matrix substrate
manuf actshpwéng the tdyi sewerfitidpimeintortion afffmbodime 3 it i$ Decddairg td fadld thdiggtiane
reference nunerals are used to indicate parts corresponding Figs. 12 to
14. A dadleast, agap\betwhen it dhitgwiring 460rané sipopidel dletdds %0,ia0ndlbetween the gate

wiring 469 and the connection electrode 468, and a gap between the connection electrode 468
" and the pixel electrode 470. In this embodiment, the respective colored layers are arrénged
such that these gaps are overlapped with a light shielding portion made from a lamination
layer of the colored layers in light shielding positions, and then adhered to the counter
substrate, |
Thus, without forming a light shielding layer such as a black mask, the number of
processes can be reduced by shielding the light in the gaps between the respective pixel
electrodes using the light shieiding portion made from the lamination layer of the colored
layers. |
Next, an opposing electrode 475 made from a transparent conductive film is formed on
a leveling film 474 in at least the pixel portion, and then an orientation film 476 is formed on

the entire surface of the counter substrate to perform a rubbing processing.
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view taken along the line A- A in Fig. 15. Also, a dash line B - 31 Adt 2005
Fig. 14 corresponds to a sectional view taken along the line B- B in :
Fig. 15. In addition, in accordance with the process steps of this

enbodi nent, the nunber of photo masks needed for nmanufacturing the active
matri x substrate may be nade into five pieces. As a result, it can
contribute to reduction in manufacturing steps, lowering the manufacturing
cost, and inproving the yield. [Enmbodinent 4 ] In this enbodinment, a

manuf acturing process of a reflection type liquid crystal display device
fromthe act ?ﬂ@nnﬁl@.ﬁpﬁvemb&wwbetrmhwaich thregquixél portmdildamd ¢hemriver Erbwitli ment
3 wll be described hereinbelow. Fig. 16 is referred to in an explanation
t her eof .S0fiarsformed and theravantceswistrate Bnbathicreerio e:h clerdytusing asetliiganembet r at e
in a state shown in Fig. 14 is obtained, and thereafter, an orientation
film 4787%7s A Glerdsl mixed with thosaliempinbet 477 ket twooahbstdatd amndhbred astdciie
matrix substrate of Fig. 14, and is subjected to a rubbing process. Note

t hat, i rothdrivethembifirmeintervaldfyohis filleearddtherabiunmandpatdre Adter ettt liquid éiyktenl 471,
a columar 54 3 1 AUG 2005 spacer (not shown) for maintaining a gap between
t he subgnatetiast7Bss injecteiintt a spadebétmecn behsubstrateslyd fehtcorplandy senlal igeai C
resin filmsuch as an acrylic resin film Further, spherical spacers may
be scat tsealag agant (net shotwin).e Askifofacléquid ciybeal mualesialrmiebd weplaadr lafuid &@stal

col umar spacer. Next, an opposing substrate 479 is prepared. Colored

| ayers 4iferial AZ8ahbtathagvizice tgs efbbdindrdis aliecerefl ectivadyy) a hisstappagnRgY
substrate 479. The red-colored |ayer 472 and the blue- colored | ayer 473

~ are ovembeappechbout inhafdhat af Babodindear €b¥his the rafectioh itgdet lictiid alystalndisiigy t i on.
Note that, the red-colored |layer and a green-colored | ayer nmay be partially
over | appledicaias shovaaimFigt teis compledsdn IAnédegdaty, S aetidd RGirPpodubk@ste of thet hi s
enbodi nent, the substrate as shown in Enbodinent 3 is used. Thus, in Fig.
15 counter substrate is cut with a predetermined shape. Also, a polarization plate (not shown) is

adhered to only the counter substrate. And, an FPC is adhered to the liquid crystal display
device using a known technique.
The liquid crystal panel thus manufactured can be used as the display portion of

various electronic devices.,

[Embodiment 5]

* Inthis embodiment, an example that an EL (electro luminescence) display device,
which is also called a light emitting device or a light emitting diode, is manufactured by using
the present invention will be described. The EL device referred to in this specification include
a triplet-based light emission device and a singlet-based light emission device, for example.
Note that, Fig. 18 is a cross sectional viéw of the EL display device of the present invention.

In Fig. 18, a switching TFT 603 provided on a substrate 700 is formed using the n-
channel type TFT 503 of Fig. 14. Thus, this structure may be referred to the description of the

n-channel type TFT 503.
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showi ng the top view of the pixel portion of Enbodinment 3, it is3r¥e¢5@§s§gq§
to shield the light at least, a gap between the gate wiring 469 and the

pi xel electrode 470, a gap between the gate wring 469 and the connection
el ectrode 468, and a gap between the connection el ectrode 468 and the

pi xel electrode 470. In this enbodi ment, the respective colored |ayers are
arranged such that these gaps are overlapped with a |ight shielding
portion made froma lam nation |ayer of the colored layers in |ight

shi el ding positions, and then adhered to the counter substrate. Thus,

wi t hout f or nil¥ege thal.iig bhis sinbedidieny aldaybie gatecstruatsreainbiidck twmshannélifermmgber of
processes can be reduced by shielding the light in the gaps between the

r espect iregionsi ate formel és usedd dbovesen g strigle gatgittucaire @l @hiech opeothinmmel fFadmef r om
the lam nation | ayer of the colored | ayers. Next, an opposing el ectrode 475
made fr oegien isfamsphoeatrige gaectristere inlwhitisthf@rdthed formng RgRInk A foihea 474
in at least the pixel portion, and then an orientation film476 is forned
on themsytherusedur f ace of the counter substrate to performa rubbing
processing. 55 3 1 AUG 2005 Then, the active matrix substrate in which the
pi xel porti or &ierairduit peovidedwarthe sutstthte 70087 forned (ahgald @IOS hRuaGH AL er
substrate are adhered to each other by using a sealing menber 477. A
filler khamekiyge WFTT60ad pectianng typriieT 6} bf Fand4! Waus Wlis biradtereansy moher ed
to each other with a uniforminterval by this filler and the col umar
spacer . rofétrat totthatescaptionpuofdhe hychirdlel tyRITET SU1 ohd hd $chalineClyBEITFMSD2a Space
bet ween both substrates and then conpletely sealed by a sealing agent (not
shown) . Natethatyin thisierhbodimgst, de steilepatabirimyre beuded e Bloxevih thel dogbledrats ySt al |
material 478. Note that, since this enbodinent is the reflection type, a
subst r asteudtweer ¢iad tripheganersisucalio iayaldodefustdiat i n Enbodi nent 1. Thus, the
reflection type liquid crystal display device as shown in Fig. 16 is

conpl eted. | Alsugodssgy 301 dnde703chnationBisbircs WiSAg & tBe OMOB ircuit, a wiring
702 functions as a drain wiring thereof. A wiring 704 functions as a wiring for electrically
connecting a source wiring 708 with a source region of the switching TFT. A wiring 705
functions as a wiring for electrically connecting a drain wiring 709 with a drain region of the
switching TFT. |
Note that, a current-controlled TFT 604 is formed using the p-channel type TFT 502 of
Fig. 14. Thus, this structure may be referred to the descriptions of the p-channel type TFT
502.. Note that, in this embodiment, the single gate structure is used. However, the double
gate structure or the triple gate structure may be used.
Also, a wiring 706 is a source wiring (corresponding to a current supply line) of the
 current-controlled TFT, Reference numeral 707 denotes an electrode which is electrically
connected with a pixel electrode 710 by overlépping with the pixel electrode 710 of the
current—coﬁtrolled TFT.
Note th_at, reference numeral 710 denotes the pixel electrode (anode of an EL element)
made from a traﬁsparent conductive film. As the transparent conductive film, a compound of
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counter substrate is cut with a predeterm ned shape. Al so, a poﬁa}i%iﬁggp
pl ate (not shown) is adhered to only the counter substrate. And, an FPC is
adhered to the liquid crystal display device using a known technique. The
liquid crystal panel thus manufactured can be used as the display portion
of various electronic devices. [Enbodinent 5] In this enbodi nent, an
exanpl e that an EL (electro | um nescence) display device, which is also
called a light emtting device or a light emtting diode, is manufactured
by using, the present invention will be described. The EL device referred
to in thindiupesideiapdtineridens corpouns afrindinestoxtidesand Ainaprideriresixale, evi ce and
a singlet-based |ight em ssion device, for exanple. Note that, Fig. 18 is
a cross eddeosmrdiumaxidestanttisarsed. Alsepthe yraugparent carfducties filne wewhich goldintm isn.
In Fig. 18, a switching TFT 603 provided on a substrate 700 is fornmed using
t he n- carddedanaythepsedFThepixebélectiage 710 is finmed on hilevebintarkyeriesulatyngfdm
referred to the description of the n-channel type TFT 503. 56 3 1 AUG 2005
Not e t hatll beforetthsfoemptici abiht abevedwirige hethis embrodohentgit isvemhinggortanbtochannel
formng regions are fornmed is used. However, a single gate structure in
whi ch onkvelrasterein theo i Flngingrthyleyelingsfilno 7 hieshadoof msihr Spice.agdildapdrfomtadr e i n
whi ch three channel formng regions are formed nay be used. A driver
circuit lateovd eksrtmely thig therb it tharese 7d@ré mshfficrentligigiengtting@cGvOBuciotbei t (a
re- channel type TFT 601 and p-channel type TFT 602) of Fig. 14. Thus, this
st r uct ur gepraVhisein ordériorfodn the Ehkycesdevaias possibdd, it i desiredhbatnipd steyyise TFT
501 and the p-channel type TFT 502. Note that, in this enbodi nent, the
si ngl e gleveedbefiont the doinmtioned theqoye \ebacirodh@l@oubl e gate structure or the
triple gate structure may al so be used.

- After the wirings 701 to 707 are formed, a bank 712 is formed as shown in Fig. 18.

The bank 712 may be formed by patterning an insulating film with a thickness of 100 to 400
nm containing silicon or an organic resin film. |

Note that, since the bank 712 is an insulating film, it is necessary to pay attention to a
dielectric breakdown of an element in the film formation. In this embodiment, a carbon
particlé or a metal particle is added to the insulating film which is a material of the bank 712

" to reduce a resistivity. Thus, an electrostatic occurrence is suppressed. Here, an additional

amount of the carbon particle or the metal particle may be controlled such that the resistivity
is 1 x 10° to 1 x 10™252 m (preferably, 1 x 10° to 1 x 10 §&m).

- An EL layer 713 is formed on the pixél electrode 710. Note that, only one pixel is
shown in Fig. 18. However, in this embodiment, the EL layers are formed corresponding to
respective colors of R (red), G (green), and B (blue). Also, in this embodiment, a low

" molecular organic EL material is formed by an evaporation method. Concretely, copper
phthalocyanine (CuPc) film with a thickness of 20 nm is provided as a hole injection layer,
and a tris-8-quinolinolate aluminum complex (Alqg,) film with a thickness of 70 nm is
provided thereon as a light emitting layer. Thus, a lamination ,stfucture of those films is
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Al'so, wirings 701 and 703 function as a source wiring of the oMbd 3@0@%&5,
awring 702 functions as a drain wiring thereof. Awring 704 functions
as a wiring for electrically connecting a source wiring 708 with a source
region of the switching TFT. Awiring 705 functions as a wiring for
electrically connecting a drain wiring 709 with a drain region of the :
swtching TFT. Note that, a current-controlled TFT 604 is forned using the
p- channel type TFT 502 of Fig. 14. Thus, this structure may be referred to
t he descript] onf_ of the p-channel type TFT 502. Note that, in this
enbodi néﬁ@,?cdlr He lightrgniginggodorcap e conteolled hysddingladiworeshrompisudiosbl e gat e
structure,or the triple gate structure may be used. Also, a wiring 706 is a
sour ce MMRAGA: PEERSoRdPEN Lt Aldgurrent supply |ine) of the
current-controlled TFT. Reference nuneral 707 denotes an el ectrode which is
el ectri cal | y NotpHhabdhetbareenamplsiixete exagple ofthe piganisyElomerckiabwhicl cavi b t he
pi xel electrode 710 of the <current-controlled TFT. Note that, reference
numer al usahasdbn Sldayarradgt iseinnedessary todee limitwtio this caample. dhedEriayer (lameke f r om
a transparent conductive film As the transparent conductive film a
conpoundoigfausing ght tne@ivasha ¢amdéntmmieder thndmiiting of lidet) may be fipmeddyof
i ndi um oxi de and zinc oxide, zinc oxide, tin oxide, or indium oxide can be
used. AfEgly qopbinipg tepighe amittiog thyet ander ¢hiakgn trapspéi biyemalal dhargeiisjectamded may
be used. The pixel electrode 710 is fornmed on a level interlayer insulating
film 7lavepefaeaample, ingthisemitmdinoént; #thoaplothe ewampleghat thelavhinsleenfandigariot , i t
is very inportant to level a step in the TFT using the leveling film711
made of Blewatarialds nessl asih&EL lapeers shownpalpolymbeorgasic &Lt materhlymiyhbaylsd teerde | s
the case where insufficient light emtting occurs due to the step. Thus,
i n or deAlsem af inargathemBteriabyeh aasilicew edrbiis cpobs iHdess the cliasgedesispatlaybadr t he
step is leveled before the formation of the pixel electrode 710.

the charge injection layer. A known material can be used as the organic EL material and the

inorganic material.

Next, a cathode 714 made from a conductive film is provided on the EL layer 713. In
the case of this embodiment, an alloy film of aluminum and lithium is used as the conductive
film. Of course, a known MgAg film (alloy film of magnesium and silver) may be used. As a
cathode material, the conductive film made of an element which belongs to group 1 or group 2
of the periodic table, or the conductive film to which those elements are added may be used.

When this cathode 714 is formed, an EL element 715 is completed. Note that, the EL
element 715 completed here represents a capacitof formed by the pixel electrode (anode) 710,
the EL layer 713, and the cathode 714.

it is effective to provide a passivation film 716 so as to completely ‘cover the EL.
element 715. As the passivation film 716, a single layer of an insulating film containing a
carbon film, a silicon nitride film, or s.ilicon nitride oxide film, or a lamination layer of a

combination with the insulating film is used.
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After the wirings 701 to 707 are forned, a bank 712 is formed as bHOUn 208b
Fig. 18. The bank 712 may be forned by patterning an insulating filmwth
a thickness of 100 to 400 nmcontaining silicon or an organic resin film
Note that, since the bank 712 is an insulating film it is necessary to pay
attention to a dielectric breakdown of an elenent in the filmformtion.
In this enbodinent, a carbon particle or a netal particle is added to the
insulating filmwhich is a nmaterial of the bank 712 to reduce a

L5 et Ao 8 B RSB AR B30 B
cont oL o e BBl ot oL oA R BOEATY 15
eboai e T DT AP AFbe hed UK Buelof s Bogm Rt irs © 1A pect FUbe iy s of
ol ocul 47 OREF MR M P ok hidizenlonch: VEDoRer RorOHG Hadts ahigh
o o o AR IR B0, R SL s A 8 T S
oD AR T 0 R e T A e el a8 &
o Tl b b L AT R S oSO, oy,
e o 14 R B30 B e .
The Ll b Om T R Bl S B el et e
e A A B ISR e S,

rgani c. . . . . :
mol ecul %rem%eg %1 Wﬁlch a carbon film (preferably, a diamond carbon like film) is formed on both

surfaces of, a glass substrate, a qﬁartz substrate, or a plastic substrate (including a plastic film)
is used as the cover member 718. |

Thus, an EL display device of the structure as shown in Fig. 18 is completed. Note
that, after the formation of the bank 712, it is effective to successively perform the processes
until-the formation of the passivation film 716 using a film formation apparatus of a multi
chamber system (or an inline system) without exposing to air. Further, prbcesses until the
adhesion of the cover member 718 can be successively performed without exposing to air,

Thus, n-channel TFTs 601 and 602, a switching TFT (n-channel TFT) 603, and a
current control TFT (n-channel TFT) 604 are formed on the insulator 700 in which a plastic
substrate is formed as a base. The number of masks required in the manufacturing process
until now is less than that reqﬁired in a general active matrix EL display device.

That is, the manufacturing process of the TFTs is largely simplified, and thus the
improvement of yield and the reduction of a manufacturing cost can be realized,
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EL material is used as the EL layer is shown, a polyner organi c i AdE 005
may be al so used. Also, an inorganic material such as silicon carbide can
be used as the charge transport |layer or the charge injection |layer. ‘A
known nmaterial can be used as the organic EL material and the inorganic
material. Next, a cathode 714°made from a conductive filmis provided on
the EL layer 713. In the case of this enbodi nent, an alloy film of
aluminumand lithiumis used as the conductive film O course, a known
MyAg film (al Loy, film of, nesi ym and silver) may be used. As a cathode
mat eri al , thei:‘&%}ﬁ&fé{ae%‘%%ﬁﬂn&%& 165 when theampreityipgiens orerloppgs wish theoup 1
or group f the, perjodic table, or the conductive filmto which those
el ement Sgai? Eﬁﬁ%ﬂgdhﬁ’é‘ﬁh b insyating filen arerpravided, sorclranael typs TF Fbdyingn high
element 715 is conpleted.. Note that, the EL elenent 715 conpleted here
repres en’ie§15t3n[:%ﬁ9§g? thsrdetesionationisipe tpa hpy sesricrafiset ¢ap de foramsld hug, 10 ELt he EL
| ayer 713, .and the cathode 714. It is effective to provide a passivation
film 71695R)aydeyice WHﬁﬁF@t@@blhﬁw‘éﬁ bepealized. el ement 715. As the passivation
film716, a sj ngje | ayer of an insulating filmcontaining a carbon film a
silicon nitri faé Isiepodipend; enly. e strueturaseol dhe plwelfriortion and the Hevdrmatciioard ayer
of a cgsglbi nation with the insulating filmis used. 59 Here, it is
pr ef er r sROFRatHoyever aecgrding do fsguanbacturingposess obthismmbdiémpmls Rigicadifonits f i | m
and it is effective to use the carbon film in particular a DLC (di anond
li ke carGhfs f sigaal sepprpden eirauitpr B/Ai donverten, deeopemtivea amplifier, ang e ff ‘a room
tenperature to 100" C, it can be easily fornmed over the EL layer 713 with
a | ow heRIeridgan girqufccan bafamher fpmmed anhbe B fustlaionad methomytandll ocki ng ef f ect
agai nst oxygen, the oxidation of the EL |ayer 713 can be. suppressed. Thus,
t he oxi dBIFRIOEESArisan pe alsafenmerl13 during the fol | owi ng seal ing process can
be prevented. Further, a sealing nmenber 717 is provided on the passivation
film 716, andkFédight cmiiling dendpdbelt thiskdtioglimettieftertht sedling (§dalz) pycesifber
717. Utraviolet light cured resin may be

protecting the EL clement will be described using Fig. 19. Note that, if necessary, reference

symbols used in Fig. 18 are referred to.

Fig. 19A is a top view representing the state after the scaling of the EL element, and
Fig. 19B is a cross sectional view along a line A-A’ of Fig. 19A. Reference numeral 801
shown by a dotted line denotes a source side driver circuit, reference numeral 806 denotes a
pixel portion, and reference numeral 807 denotes a gate side driver circuit. Also, reference
‘numeral 901 denotes a cover member, reference numeral 902 denotes a first sealing member,
and reference numeral 903 denotes a second sealing member. A sealing member 907 is
provided in the inside surrounded by the first sealing member 902.

Note that, reference numeral 904 denotes a wiring for transmitting signals inputted to
the source side driver circuit 801 and the gate side driver circuit 807. The wiring 904 receives
a video signal and a clock signal from an FPC (flexible printed circuit) 905 as an external
input terminal. In Fig. 19A, although only the FPC is shown, a printed wiring board (PWRB)
may be attached to the FPC. The EL display device in this specification includes not only the
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used as the sealing nenber 717, and it is effective to provide ) bl i 2005
havi ng a hygroscopic effect or a material having an oxidation inhibition
effect inside. Also, in this enbodinment, a menber in which a carbon film
(preferably, a dianond carbon like film is formed on both surfaces of, a
gl ass substrate, a quartz substrate, or a plastic substrate (including a
plastic film is used as the cover nenber 718. Thus, an EL di splay device
of the structure as shown in Fig. 18 is conpleted. Note that, after the
formation of the bank 712, it is effective to successively performthe
pr ocessd82in {ady pf the EL5 ¢isplay Hevicobuttalie thaELidisplayotevice torwhich ths FRG oa the | m
formatiqQn_apparatus of a nmulti chanber system (or an inline system
wi t hout TE¥Bd8ateshed air. Further, processes until the adhesion of the
cover nenber 718 can be successively perfornmed w thout exposing to air.
Thus, n-chanA¥xtthETerospsectinnaléoncture will becduseripedfSingriig HAM eThe P9l pbAdin and
a current control TFT (n-channel TFT) 604 are fornmed on the insulator 700
i n whi ci$0§ apd e gate side dEveratnsuit 807 erafertneboar baststrafEHia0n dseixd porak s
required in the nmanufacturing process until nowis |ess than that required
in a ged@bais fauned/ey aplurality BE puiclspiacly haléng z eurréfihadnticd TRTHs 4t ufpiedlur i ng
process of the TFTs is largely sinplified, and thus the inprovenent of
yi el d astpcirade 7 Hieleetrioslyofonaectedwithdbaidiaingegion thecevt. Bds, el garedde 6vad 1 AUG
2005 Further, as described using Fig. 14, when the inpurity regions
over | apsEauinB@histfhenedyesing thedMOSHercut imwhichtaner-chasndlaypeOET 60TuRT £p-
provi ded, the n-channel type TFT having a high resistant against the
det er i ochannghtyge d FIcO0R dretombined evithedatleother@ee Big. 14y med. Thus, the EL
di splay device with high reliability can be realized. In this enbodinent,
only the strdéepixsd clsttrodee7 il fuattiqusras ian anedechf tieEH elevient. CAlsobdnka 7€2 aghown.
However, according to the manufacturing process of this enbodi nent, |ogic
ci r cui t $ormpddh bath ends oftiel pisd phrcabdol & i Ac Bi tlayea 708 Ao 9oMB6dET14 @Nhe EL
operational anplifier, and a

element are formed on the pixel electrode 710.

'The cathode 714 also functions as a wiring common to all pixels, and is clectrically
connebted with the FPC 905 through the connection wiring 904. Further, all elements which
are included in the pixel portion 806 and the gate side driver circuit 807 are covered with the
cathode 714 and a passivation film 716,

Also, the cover member 901 is adhered to the resultant substrate 700 by the first
sealing member 902. Note that, in order to keep an interval between the cover member 901
and the EL element, a spacer made of a resin film may be provided. Then, the inside of the
first sealing member 902 is filled with a sealing member 907. Note that, it is preferred that
epoxy resin is used as the first sealing member 902 and the sealing member 907. Also, it is
desired that the first sealing member 902 is a material to which moisture and oxygen are not
penetrated as much as possible. Further, a material having a hygroscopic effect or a material

baving an oxidation inhibition effect may be contained in the sealing member 907.
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correction circuit can be further formed on the sane insul ator. Al redbby 2005
and a mcroprocessor can be also forned. An EL light emtting device of
this enbodiment after the sealing (filling) process for protecting the EL
el ement will be described using Fig. 19. Note that, if necessary, reference
synbols used in Fig. 18 are referred to. Fig. 19Ais a top view
representing the state after ‘the sealing of the EL elenent, and Fig. 19B
is a cross sectional viewalong a line A-A" of Fig. 19A. Reference nuneral

801 shown by ted | ine,denotes source side driver circuit, reference
numeral 806 dg}?\eo%gfslﬁ%%egﬁbﬁ ?(?Fp’aff)ﬂ 8ﬂ?° G ﬁ@ngT %ﬁ‘@%ﬂtﬁ’éﬁ?&fﬁ’&@m@é?s #notes a
gate si Jver agircuit. Al so, ref nc nuper al . 901 denotes .a cover
merber, APERE dShirig b obveS Braltir SOF I e rSb G Srbstgler i hiso, s

ref erenc rer al .denot es, g second ,seal.ing nenber. A sealing nmenber 907
is provi eogl %P\lﬁt ﬁép i%ﬂgffrglgssé{ﬁr%&fﬁégg‘sgﬁﬁit %anqlsgftm)g@wqq% Mulah Splygster, Not e
t hat, ref%rerlme nEmer?gI 904 denotes a wiring for transmtting signals :
i nput t edTEEY AT B HYCes & raucrRliof @ plastie substrats P18 sempeingthe €0¥qTare bty e
circuit 7. The wiring 904 receives a video signal and a cl ock signal
from an C (flexible printed circuit) 905 as an external input term nal.

In Fig. 19A t hqu 0 .the FPC is shown, a printed wring board (PWB)
may be attac Hglldo’tagte? H@ “\%%mgr‘ﬁfethEEo‘éﬁf sanaRer §a1 peiag (he sesling memberti0zatieon

i ncl udes notd onl.y the 61 31AUR0Q05 mai n body of the EL display device but
al so t heB™ oﬁe&ﬁwe@m 1§ Gragjiiediio cverpste syrfagas dexpoyw ustages) abhed. Next
the cross sectiopal. structure wll be described using Fig. 19B. The pi xel
porti on SC¥HE fﬁﬂag?fr%’ gap glessieﬁ%u epljlg mempey 343, Q@ﬁaﬁlﬁ@qt@g%ﬁt%VQﬁtha st
substrate .700. The pjxel portjon 806 is formed by a plurality of pixels
each havPHEEHPHANR CARBRESE): TFT 604 and a pixel el ectrode 710

el ectricall yﬁonn ct%dé/ﬂth the drain region thereof. '‘Also, the gate side
driver y seaiing the EL element with the sealing member 907 with the above structure, the

EL element can be completely shielded from the outside, and penetration of a substance (such
as moisture or oxygen) which prompts deterioration due to oxidation of the EL layer, from the

outside, can be prevented. Thus, the EL display device with high reliability is obtained. -

[Embodiment 6]

TFT formed by implementing above Embodiments 1 to 5 of the present invention can be
used in various electro-optical devices (such as an active matrix liquid crystal display device, an
ractive matrix EL display device and an active matrix EC displéy deviée). Namely, the present
invention can be implemented in all electronic appliance in which these electro-optical devices
are built into a display portion.

The foHowing can be given as such electronic appliance: a video camera, la digital camera,
a projector, a head-mounted display (goggle type display), a car navigation system, a car stereo,
a personal computer, and a portable information terminal (such as a mobile computer, a portable
telephone or an electronic book). Examples of these are shown in Figs. 20, 21 and 22.
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- circuit 807 is formed using the CMOS circuit in which an n- channel! MBeZ%T
601 and a p- channel type TFT 602 are conbined with each other (see Fig.
14). The pixel electrode 710 functions as an anode of the EL el ement. Al so,
banks 712 are formed in both ends of the pixel electrode 710. An EL | ayer

713 and a cathode 714 of the EL elenment are forned on the pixel electrode
710. The cathode 714 also functions as a wiring cormon to all pixels, and
is electrically connected with the FPC 905 t hrough the connection wring
904. Further,_.al #Q/gl.emsnt s which are included in the pixel portion 806 and
the gate sidetdr PURAS RiCERPR! eRmPusTe akd itcinelydes o maimbody 20Mode immge dmt a
passi vat i on f%d(ﬁ] 756. Al so, the cover nenber 901 is _adhered to the
resul t artOTYLE Y2a? S15PHY Novtionyel03; ard a kewboprchd e atse The @resemgeentioatcan ba
order to keep ap interval between the cover nenber 901 and the EL el enent,
a spacerapﬁ'ﬁ?fgtoc}geQ‘SP]é‘giPHrt?qu]I?rﬂoﬁay be provided. Then, the inside of the
first sealingg.%e_r 902 is filled with a sealing nenber 907. Note that, it
is preferred 18 18 BAFOcaBtcr. prd i dncdpdss a pieen Badyt Ot .cedismiay prstioe?21@)2n and
t he seali menber 907. Also, it is desired that the first sealing nmenber
902 is é“ﬁig’t Bppriportign g3 ronesation switchas 2604 pebatigne 24, ang emdimagt ecceagnguch
as possi bl e. rther. a material having a hygroscopic effect or a materi al
havi ng 2R H46; e Thaptssent Bventigreesn hempplied tedhe displed ppriion#d02eal i ng
menber 907. 62 3 1 AUG 2005 The seal i ng nenber 907 provided to cover the EL
el ement al so F&OG isAgokile spmpulgh asd if éndlusles atiair bady 2205 asewera pretde220201 t o
the resultant substrate 700. Also, in this enbodinent, FRP
(fi ber glPHdB9Be RFFIRERPTEPR FEL0BOperatipn swishes 2204 fndiadispldy, padidmP205. The
polyester, aor acrylic can be used as a material of a plastic substrate
901a coRPSERHgVIRencan be apilipgde theotisplaypertion 329%r t he adhering of the cover

menber 901 usi_ngz t he sealing nenber 907, the
Fig."20D is a goggle type display, and it includes a main body 2301, a display portion

2302, an arm portion 2303, etc. The present invention can be applied to the display portion
2302.

Fig. 20E is a player that uses a recording medium on which a program is recorded
(hereafter referred to as.a recording medium), and the player includes a main body 2401, a
display portion 2402, a speaker portion 2403, a recording medium 2404, and operation switches
2405, etc. Note that this player uses a recording medium such as a DVD (digital versatile disk)

" oraCD, and the appreciatidn of music, the appreciafion of film, game playing and the Internet
can be performed. The present invention can be applied to the display portion 2402.

Fig. 20F is a digital camera, and it includes a main bodyr 2501, a display portion 2502,
an eyepiece portion 2503, operation switches 2504, and an image receiving portion (not shown
in the figure), etc. The present invention can be applied to the display portion 2502.

Fig. 21A is a front projector, and it includes a projection system 2601, a screen 2602, etc.

The present invention can be applied to a liquid crystal display device 2808 which constitutes a
part of the projection system 2601, or other driver circuits.
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1n9N0R
second seal ing nmenber 903 is provided to cover side surfaces (ex%d%@&“ 2¥
surfaces) of the sealing nenber 907. In the second sealing nenber 903, the
same nmaterial as that of the first sealing nmenber 902 can be used. By
sealing the EL element with the sealing nmenber 907 with the above
structure, the EL elenment can be conpletely shielded fromthe outside, and
penetration of a substance (such as noisture or oxygen) which pronpts
deterioration due to oxidation of the EL |ayer, fromthe outside, can be
prevent ed. Th$%¥gﬁpe'EL di spl a d@ch? with high reliability is obtained.
[ Enbodi ment 6] ©Tf %Soarfﬁaefd’f?iﬁ“f)ﬁﬁp Henavaes 2dson BodydyOd amraiestian systekr 102 he
present | nvent,i can b sed_|n various electro-optical devices (such as
an acti vzielﬂ}r%ﬁr??gﬂlaisﬁﬁf’%s%(}# EtFaF‘“%iP@ﬁqnéiﬂVS@WE‘éP ba#ppligd t¢ ykquid cryistal Ekplay
di spl ay Vi nd.an active matrix EC display device). Nanely, the present
i nvent | odr%\e%%: ?%Bg WS'FFZH CREHLES 2Rt theapraioctiomssteapsT02qm ogher drivkr diteuithese

el ectro-optical Vi ges re byilt into a display portion. The follow ng
can be gi vencggtegﬁ?:thﬁlgi Pl agp| Shamieg am exqmple of dhe sauctaredifgirpirttion
caner a, rqLecto ad- mount ed di spl ay (goggl e type display), a car
navi gat isg‘%elg‘f/ 2{5%‘{&279210? gfgér%'dj,‘ and2 b  Elerpipieetimsustens 260idand 2762 cainpsse

i nformation. .t ar inal (such as _a mpbile conputer, a portable telephone or
an el ectPSREE B’%‘kﬁqm H5re8is mimars 2802 and B¥rioi2806; aydichdiy; mitor80322. 63
3 1 AUG_200 55%H.20 is a personal conputer, and it includes a main body
2001, arPf’isﬁ’ssf’& 19 crpsipldisplayslenize 2808 phase diffeprntinlingpl2@ @809 amth mojeejdnar.d
2004, et Ch he gsg&gt i nvention can be applied to the display portion
2003. FP§UCB iy i HPrersdemoptieaksystem 284 D gdmprises rmipptitad siystedd Bitjuding
di splay portion 2102, an audi o input portion 2103, operation sw tches
2104, aPRUPEHAR Lot d he prrgenirmbediaent skawyes athree phite iype bRLD6; noetimitedrethis
pr esent inventi on. can be applied to the display portion 2102.

structure, and it may be for instance a single plate type. Futther, the operator may appropriately

dispose an optical system such as an optical lens, a film having light polarizing function, a film
for adjusting phase difference and an IR film, in the optical path shown by an arrow in the Fig,
21C.

Fig. 21D is a diagram showing an example of the structure of the optical light source
system 2801 of Fig, 21C. In the present embodiment the optical light source system 2801
comprises a reflector 2811, a light source 2812, lens arrays 2813 and 2814, light polarizing
conversion element 2815 aﬁd a condenser lens 2816. Note that the optical light source system
shown in Fig. 21D is merely an example and is not specifically limited. For example, the
operator may appropriately dispose an optical system such as an optical lens, 2 film having light
polarizing function, a film for adjusting phase difference and an IR film, etc., in the optical light
source system,

Provided hqwever, the projectors shown in Fig. 21 show a case of using transmission type
electro-optical device and an application example of reflection type electro-optical device and

EL display device are not shown in the figures.
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Fig. 20Cis a nobile conputer, and it includes a mai'n body 2201, az%éh%p% 20
portion 2202, an inmage receiving portion 2203, operation swtches 2204,
and a display portion 2205. The present invention can be applied to the

di splay portion 2205. Fig. 20D is a goggle type display, and it includes a
mai n body 2301, a display portion 2302, an arm portion 2303, etc. The
present invention can be applied to the display portion 2302. Fig. 20E is

a player that uses a recording nmedi umon which a programis recorded

hereafter refer Lo as. recordi ng, medium, and the player includes a
ﬁrai n body 240‘%%‘ gzgloﬁS %"éi&?b%otfﬂﬁl”gwez&%iz}t 15°1§g)‘i§aﬁ<6haiﬂp‘éﬁd)ﬁ 1)2/moal,ldia output
recordi rtrf?ndi 2404.. and o(ﬁﬁ‘roaé% n swifches 2405, etc. Note that this
pl ayer USELOLA70% BF HAIQ MPULPFHPE 4. 2 displappertion 2904 Aperation switthes @08k undor  a
CD, and the. a jat i of nusic, the appreciation of fil anme playin
and the @nafléﬁnﬁg?%%a?&c‘ g’@lep%tlﬁ?‘?ﬂt %’Pé’&‘.ltti%n&%@@ﬁ]ﬁ‘%d forthedisplen P?ﬁiﬂgé’éi)ﬁgpl ?/edgt 0
t he displ ay rtian, 2402.  Fig. i‘%F is.a digital canmera, and it includes a
mai n body 258’%‘%- %ﬁgisém%‘bg&opk egmmic bookh, apg #pndedes ponain bpdypHW, display
operation smﬁgﬁﬁgs %3@@ and an inmage receiving portion énot shown in the
figure) POFHQS 3l S0E3+ 2 Tecouting Bedivan3¥04, appntieriswitchen 3005, spd ap aptEmna on
2502. Fi:,% 21A jE%Oa front projector, and it includes a projection system
2601, a YEPls Dhppreset inventipg cay hasapplicd inbadisphypentions 389pRhada0G% a | i qui d

crystal displ ice 2808 which constitutes a part of the projection
e

syst em 2601, & 2 gisplayy and ¥t draledss agnain bpdp310L,200@pPitgtand BB0Rsaral 4 ear

projector, . and it includes a main _body 2701, a projection system 2702, a
mrror S¥EHRYPrien 33, eteohe present Myeniioneesarbe appliashio terdisrday retiappl(3e@he o a
liquid %g%ftal ‘gi splay .device 2808 which constitutes a part of the

proj ect i Yyt {8FPEeAeDt Bvertigieis asivpntageos fena latge Mot ecrebmin Firticul2d] Gnilss a

di agram showi ng an exanple of the structure of projection systens 2601 and
2702 of aé‘f*’g’é%geélis@éﬁélsggas.eqﬂrmo B gicaier them 16 jnchemesRelilly agekl Ry krenaphiars e

30 inches) in the opposite angle.
The applicable range of the present invention is thus extremely wide, and it is possible
to apply the present invention to electronic appliance in all fields. Further, the electronic

appliance of Embodiment 6 can be realized by using a constitution of any combination of -

Embodiments 1 to 5.

[Embodiment 7]

This embodiment will be explained with reference to Figs. 23A to 23C and Figs. 24A
to 24D. |

First, a base insulating film 1011 is formed on a substrate 1010. A glass substrate, a -
quartz substrate, a silicon substrate, a metal substrate or a stainless substrate having an insulating
film fqrmed thereon may be used as the substrate 1010. Further, a plastic substrate with heat-

resistance, which can stand treatment temperature, may be used.
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an optical light source system 2801, mirrors 2802 and 2804 to 28063 TaAUG 2005
dichroic mrror 2803, a prism2807, a liquid crystal display device 2808,
phase differentiating plate 2809 and a projection optical system 2810. The
projection optical system 2810 conprises an optical systemincluding a
projection | ens. The present enbodi mrent showed a three plate type, but it

is not limted to this structure, and it may be for instance a single plate
type. Further, the operator nmay appropriately dispose an optical system

For ad; ust i ng TR s e pbuPLngan TR, aflavog Gsicpes SRliopuvRaREn by
di agram show ng an exanpl e of the

i+ he Fi @., 21C...Fiqg. .21D.is_.
o el S B P S S Sl oS P
st FORSHTRR ol 60055 B SRS T, e SRR 55

pol ari zi .conver.sion el enent 2815 and, a condenser | ens 2816. Note that
t he opt i@%?ll?a\?'ﬁﬂ %E%%?fctaof& @{ﬁésrﬁ%ﬂgﬁ}ﬂlj\%e fngulgipg fibnsnabeksed| Yolgshat,thebase and
is not specifically |imted. For exanple, the operator may appropriately
di spose 'ﬁﬂﬁﬁtﬂﬂg@ﬂx’%ﬂ’%‘?ﬁ gﬁ%‘ﬁg'as an optical lens, a filmhaving |ight
~polarizing function, a fi I({nfor adj ust | r]gtphase difference and an IR film
etc., in the optitcdl SPRIGARAuCEy Jare d0kd dinfomesl, oaetre nense viapulating: fdmoj edt or s
shown in Fi.%wdﬂ s?@l\év a, case of usi n% transm ssi on tygﬁ el ectro-opti cal
devi ce afOUSHICHRAT 13 VEh a8,amesphoust stristure dt fasimed \iyed Knewn mecaop (smuleridgyi ce
and EL displ ay. (gsisi ce are not shown in the figures. 65 3 1 AUG 2005 Fig.
22A i s dﬂﬁggi@bﬁ’ ceihrenRlasmm § Vi mether wadke likaras arysleline somicondnctautiin
out put dﬁorti on 3)02, an audi o input portion 2903, a displ aﬁ_ portion 2904,
oper at i JRRfRGRd Dy epnsluctingia knqwanerssialkizatomeprosess . (Iappreciystelization mesind, on

can be aﬁ{?I iagd to fhe di SP| ay_portion 2904. Fi % 22B is a portable book
(el ect r SRTEA BRI Lization method ctheraral crystallizatioaythed oging dicatelyasuch as nickel or

the like) is patterned into a desired shape using a first photo mask, and then the semiconductor

layer 1012. The thickness of the semiconductor layer 1012 is set from 25 to 80 nm (preferably
| bctweén 30 and 60 nm). Although there is no limitation on the crystalline semiconductor film

material, it is preferable to be formed of a silicon or a silicon germanium (SiGe) alloy.

Next, an insulating film 1013 is formed covering the semiconductor layer 1012.

As the insulating film 1013, a single layer or a laminate structure of an insulating film
containing silicon is formed with a thickness of 40 to 150 nm by a plasma CVD method or a
sputtering method. Note that, the insulating film 1013 corresponds to a-gate insulating film.

Next, a first conductive film 1014 with a thickness of 20 to 100.11111, and a second
conductive film 1015 with a thickness of 100 to 400 nm are laminated on the insulating film 1013
(Fig. 23A). Here, the first conductive film 1014 made of a TaN film and the second conductive
film 1015 made of a W film are formed in lamination by using the sputtering method. Note fhat,
although the first conductive film 1014 is made of TaN and the second coﬁductive film 1015 is
made of W, there is no limitation on the material. Both the first conductive film 1014 and the
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portions 3002 and 3003, a recording nedi um 3004, operation smﬁtcﬁ%§.A§@0§ﬁ5
and an antenna 3006, etc. The present invention can be applied to the
di splay portions 3002 and 3003. Fig. 22Cis a display, and it includes a
mai n body 3101, a support stand 3102, and a display portion 3103, etc. The
present invention can be applied to the display portion 3103. The display
of the present invention is advantageous for a |large size screen in
particular, and is advantageous for a display equal to or greater than 10
han 30 inches) in the opposite

i nches iakly. al or greater

angl e. %‘E‘Z’ngsﬁ‘%‘“ﬁalﬁggﬂ?l&ﬁ’gg By ?%@%F%gé%ﬂ clpmgrbseicsted tiom the grauprqossisting

w de, a Lt S ROSSi Dl e 0 ly the present invention to electronic

appl i an@g'[la’nwaﬁ’ a&?’ gnd I(—':{‘}r Pﬁgtf ?lqua@rlé&mcm onggf| tha Akeveslen®mitvoat ient 6

can be realize? bﬁ usipgﬂ$ constitution of any conbination of Enbodi ments

1 to 5. TEKEUEIRERE OF ! SRhcmicalisompeerd ofdhe pbeye clsmenss. niether. risemidoadesioe t o

Fi gs. ﬁgﬁ_ﬂto 2 anq Flgos 24A to 24D. First, a base insulating film 1011

i s for nEd o¥PLa Yo iktp 1nta whichan igmpwmeity derment suchpsghpsplonbistis diped, a
silicon subftrate, a nmetal substrate or a stainless substrate having an

i nsul at "KY 25Pi8°H¥Sr ned t hereon may be used as the substrate 1010. Furt her,

a plastic subgstrate with heat- resistance, which can stand treatnent

tenperature, nEy- BecHEdnaskel)ga is jagmed 25ipg amespribphota naskeartshas irst ebiag | ng

film 1011, an insulating filmsuch as a silicon oxide film a silicon

ni tri dePYOCPshidrongdugiediusing ani ICP; eehingdlayéce: i Theseeondsroddudtye dilmal0f b drigbheain

exanpl e. OL g two- |ayer structure (101la, 1011b) as the base insulating

fi | m 101t¢ §rsé plshing procssniglabtaimg second ponductivelayertiOha wish a pbrtionwf ataperdde

l'ayers qf t?e above jnsulating filnms nmaybe used. Note that, the base

i nsul at 183{?@0 tﬁpqﬁiggﬂmﬂ aq)t@epgg pedion, as shown in Fig. 23B. Note that, although the first

conductive film is slightly etched in the first etching, this is not shown in the figure.

The angle of the tapered portion (taper angle) is defined as the angle formed by a surface
of the substrate (horizontal surface) and a slanted portion of the tapered portion. The taper angle
of the second conductive layer 1017a may be set in the range of 5° to 45° by appropriately
selecting the etching conditions.

Next, a second etching process is performed using the resist mask 10716a as it is with the
ICP etching device. The first conductive film 1014 is etched in the second etching procéss to
form a first conductive layer 1018a as shown in Fig. 23C. The first conductive layer 1018a haé
a first width (W1). Note that, in the second etching process, the resist mask, the sccond
conductive layer and the insulating film are slightly etched, and a lresist mask 1016b, a second
conductive layer 1017b and an insulating film 1019a are formed, respectively.

Note that, two etching processes (the first etching process and the second etching
process) are performed in order to suppress the reductidn in the film thickness, but there is no

limitation provided that an electrode structure (a lamination of the second conductive layer 1017b
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Next, a sem conductor |ayer 1012 is forned on the base insul ating Jijl AUGAES
sem conductor filmw th an anorphous structure is forned by a known neans
(sputtering method, LPCVD nethod, plasma CVE nethod or the like), a
crystalline sem conductor film mnanufactured by conducting a known
crystallization process (laser crystallization nethod, thermnal
crystallization nethod, thermal crystallization nmethod using a catalyst
such as nickel or the like) is patterned into a desired shape using a
first phzg%ﬁ mask, d.then the sem conductor |ayer 1012. The thickness of
the seni h%-&f%?m}ad;ﬁ%\fe lpperd 018a)de formed as stmwingn §itg. RAC( Hinefetahintgl procasemagen
30 and glfof’ r}jg%) Al t hough there is no limtation on the crystalline
senm cond?fct4oPeri | m material, it is preferable to be fornmed of a silicon or
a silicon germanium (SiGe) alloy. Next, an insulating film 1013 is forned
covering the ﬁ?ﬁtc%ﬂ’dﬁﬁic‘tt@?mg aiasessiig perfomaed: Wish thesigiat inask 1616 usdE3he &CP
single layer or a lLam nate structure of an insulating film containing
si | i con §Uhingdswics. dibe ecand gprdustivslayer 1907k is ctobed inthdthird eprhémmo@yofetinod
or a sputterjng nmethod. Note that, the insulating film 1013 corresponds to
a gate iHS6PHtGoRguetivedayerdQl7c as shows in Bign2R(Gt Thesscbordmonaativeilaser 201 itakness
of 20 to 100 nm_and a second conductive film 1015 with a thickness of 100
to 400 riviesens width (Wide Naspithenh én tha shitdet¢hing friotass, 1 @sis(1Bask, 23t cotbregiye t he
first conductive film 1014 nmade of a TaN filmand the second conductive
i1 m 1018ysrapbthsinsylapngifilenaze dighty ptstied, and aresistmagnl Bypc,sslimgedntiectspldseer | ng
met hod. Note that, although the first conductive film 1014 is nade of TaN
and t he 19d8bard enigwiating Elm 1090 greSorneed, resprstivély\(Fist P&PE is no |imtation
on the material. Both the first conductive film 1014 and the 67 3 1 AUG-
2001 second cdmgtreftery aviiilel the 1045t mask BB1Goisnkapt @ itfs, @l Brserbpmel gotas if r om
the group consisting of Ta, W Ti, My, A, and Cu, of an alloy materi al
i ncl udi KgnéHéedofin thedirgtinpingprepasattbrough loping ivaierformersthidughnbe insulatdg Hlm
chem cal conpound of the above el ements. Further, a sem conductor film
typi cal IN18b pyng tielfirstnengudtive layer as amagkh aachhigheomdengratdreimgnirity regiona 4 020
phosphorous i s doped,

and 1021 are formed (Fig. 24A),

With such through doping, the doping amount into the semiconductor layer can be
confrolled at the desired value.

Next, while the resist mask 1016c¢ is kept as it is, a second doping process is conducted.
In the second doping process, through doping is performed through the tapered portion of the first
conductive layer 1018b and the insulating film 1019b, and low concentration impurity regions
1024 and 1025 are formed (Fig. 24B). Note that, in the second doping process, the high
concentration impurity regions 1020 and 1021 are also doped, and high concentration impurity
régions 1022 and 1023 are formed.
| Next, while the resist mask 1016¢ is kept as it is, a fourth etching process is conducted
using an RIE etching device or the ICP etching device. In the fourth etching process, a part of

the tapered portion of the first conductive layer 1018b is removed. Here, the first conductive
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anG
may al so be used. Next, a resist mask 1016a is formed using a seéo%oﬁ%%c?ﬁj‘é’
mask, and a first etching process is conducted using an |ICP etching
devi ce. The second conductive film 1015 is etched in the first etching
process to obtain a second conductive |ayer 1017a with a portion of a
tapered shape (tapered portion) at the end portion, as shown in Fig. 23B.
Note that, although the first conductive filmis slightly etched in the
first etching, this is not shown in the figure. The angle of the tapered

portion an LS, defi s the angle forned by a surface of the
ubst r ac @ PRGHRERHb Bhe i VLR ftamet a R ansplivcvestiofhevithp dstwidth
porti anﬂgjﬁ aag& angle of the second conductive |ayer 1017a may be set
inther & )'to 45 - by appropriately selecting the etching

condi tions. I\%&h am\%gﬁ.ond ehchi ng process is performed using the resist
mask 1016a as TEUF §MRPERRGRdbe fspedugiviylagen0dec anthemspeand copdiptize layer fi | m
1014 isd%gghgd in&%e sgcond etching process to forma first conductive
| ayer 1 C JymE Py begaine 3 gete elggods. r Notecthpel i theieuntlpishingptoegshdke a
first wi,dth (V). Nﬁiﬂﬁht hat, in the second etchi n% rocess, the resist '
mask, t HESWaY m GHAR s 3l5@ eichgdb ang @ ipsidatingsfiload Py i formed: e Althpught sy
et ched, and resist mask 1016pb, a _second conductive |ayer 1017b and an
i nsul at ieﬁ@fﬂf’ﬁ R Yod Btk of Hienwenlatingsfiloe i seaoyed f@expash she highsortentratien
processes &t,he first etching process and the second etching process) are
per f or e PPRYIFERRS; {Séh%‘éibb?réstgﬂf? Haodisitation ard tha higheonqenratiori inipnetygesibos
there is n limtation provided that an el ectrode structure (a | am nation
of the SRBOMECXEHRANEEh 3 din ypalatingfia. 68 and the first conductive |ayer
1018a) is forped ag shown in Fig. 24C. One etching process nmay be adopted.
Next, a third IOFERHy theristisismasks1Gae fioremayedviand acheationgifshe ity eleisnusi ng
the ICP __etching device, The second conductive |ayer 1017b is etched in the
third e@éﬁ?%tq}gsé%@@{l@wmﬂlmersﬁ rselomer. cHsauaftarge intejasier eulzdngfilng hORh i n
Fig. 23C. _The second conductive |ayer 1017c has

18 formed, a contact hole is formed using a third mask. A conductive film is formed, and then

electrodes 1028 and 1029 are formed using a fourth mask.

As described above, a TFT with the structure shown in Fig. 24D can be formed using
four photo masks.

Further, the characteristic of the TFT formed in accordance with this embodiment is that
the low concentration impurity region 1025, which is provided between the channel forming
region 1026 and the drain region 1023, has almost no concentration difference and has a gentle
concentration gradient therein, and that the low concentration impurity region 1025 includes a
region 1025a overlapping the gate electrode (1018c) (GOLD region) and a region 1025b not
overlapping the gate electrode (LDD region). Further, a peripheral portion of the insulating film
1019c, that is the upper portions of the region 1025b not overlapping the gate electrode and the

high concentration impurity regions 1020 and 1021, have a tapered shape.

[Embodiment 8]
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a second width (W2). Note that, in the third etching process, thé }é§“EQMb
mask, the first conductive layer and the insulating filmare slightly
etched, and a resist nask 1016c¢c, a first conductive |layer 1018b and an
insulating film 1019b are forned, respectively (Fig. 23D). Thereafter,
while the resist nmask 1016c is kept as it is, a first doping process is
conducted. In the first doping process, through doping is performed through
the insulating film 1019b using the first conductive |ayer as a nask, and
hi gh concentr e gl 4A)
Wth such thr g&%ﬁ?’éﬂggﬁﬁ%‘?‘wﬂ b g%%ﬂﬁle&g%gm@ ﬂprege%lfch% B %ncﬁ?:jong ﬁ s

can be ogankhgh,ed at the desired value. Next, while the resist mask 1016c
is kept as it Is, a second doplng process is conducted. In the second

o 19, B oo iUl 8RRy B S AR P Bl ABBE R RO D
Chat i A Phan TRt kel R Aol e ol Tup e R RbP Bty tgr%ﬁ?ﬁy and” ©

regi ons g doped, and high concentration inmpurity
regi ons %g%g %Bg f?ésgiglagﬁged Next, while the resist nask 1016¢c is kept

SEVi ce of thﬁ#%!p&gt%c%ff evFee” #‘Zéfiﬁ‘gg‘i%ﬁ{ﬂ%{% #ﬁﬁrr%gﬁﬁv ShdsTh r%%'g%&ﬁ of
He
the 111 ol BlSent b Rl ERPE G ]\J/FEZ%%X\F ﬁrﬂ e ¥ DBR S (va)
b f 240) .
'n this Smbéﬁtﬁ%ﬁt Bl EPpLRAT Rl 1oy B e il bRt brase-chetfrtied

iC (r)l n? E gt Hﬁ}(&z é}% %r??égsg t ' %[1 %8&11& ?scp()erllrt%rmeg ﬁn‘ou g%l tﬁec %1rrs?cczioenducl>t|:%eef1ﬁnh at,

=

1014 and the 1nsulat1ng film 1013 using the second conductive layer 1017a as a mask, and high
concentration impurity regions 1030 and 1031 are formed (Fig. 25C).

With such through doping, the doping amount into the semiconductor. layer can be
controlled at the desired value.

Next, the second etching process is performed using the resist mask 101.63 as it is with
the ICP etching device. The first conductive film 1014 is etched in the second etching process
to form a first conductive layer 1034a as shown in Fig. 25D. The first conductive layer 10342
has a second width (X2). Note that, in the second etching process, the resist mask, the second
conductive layer and the insulating film are slightly etched, and a resist mask 1032a, a second
conductive layer 1033a with a third width (X3) and an insulating film 1035a are formed,
respectively.

Next, a third etching process is performed using the resist mask 1032a with the ICP
etching device. The second conductive film 1033a is etched in the third etching process to form
a second conductive layer 1033b as shown in Fig. 26A. The second conductive layer 1033b has
a fourth width (X4). Note that, in the third etching process, the resist mask, the first conductive
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insulating film1019b i s al so etched, and an insulating film 101d A§G 2005
formed. Although an exanple, in which a part of the insulating filmis
renoved to expose the high concentration inpurity regions, is shown here,
there is no limtation and the high concentration inpurity regions my be
covered with a thin insulating film Thereafter, the resist mask 1016c is
renoved, and activation of the inpurity elenment added into the

sem conductor |ayer is performed. Then, after an interlayer insulating film

1027 i Slaf ; : ; T N |
1027, | Sufoamhe asaanietn folil LTS RAGRARE 1A TR o uiRa i Vo
fourth nEEab aA8 afl G8GIARE F1AOR4E, 4R f@{{e ﬁérS?F. e“?’%lyt gegughéﬁe shown in Fig. 24D

can be forned using four photo nmas _ ) ‘acteristic of the
TFT Lored | eRokdaba il o EROA T 1t L s A0t gt i
form 1g echagien, 1998 88t Bl Bl RLoW Bt 020, B3 LIRS M0 CACENL LAt o
the gat & ore BGETRHEd BRI AR e B o and oRenconiracn ™ "
of 1 ne” PRBATLFEa Fo R Y08 ireriuged % AR e 364 1B aESoon BoRbE perm
10250, "k BUETBON RN Nl 0 50 08 S B PR R Rbirm 3 1
25A 1o BB AAd g Oind 07 slEroREEE hat, i s enboi ment i< same ac
e b PO BT e e

using an RIE etching device or thg ICP etching device. Through the fourth etching process, a part

of the .tapered portion of the first conductive layer 1034b is removed. Here, the first conductive

léyer 1034b having the first width (X2) becomes a first conductive layer 1034c with a fifth width

(X5) (Fig. 26C).

In this embodiment, the first conductive layer 1034c and the second conductive layer
1033b formed thereon become é gate electrode. Note that, in the fourth etching process, the
insulating film 1035b is also etched, and an insulating film 1035c¢ is formed. Although an
example, in which a part of the insulating film is removed to cxpose the high concentration
impurity regions, is shown here, there is no limitation. The high concentraﬁon impurity regibns
may be covered with a thin insulating film.

Thereafter, the resist mask 1032b is removed, and activation of the impurity clement
added into the semiconductor layer is performed. Then, after an interlayer insulating film 1041
is formed, a contact hole is formed using a third mask. A conductive film is formed, and theﬁ

electrodes 1042 and 1043 are formed using a fourth mask.
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Fig. 25B corresponds to Fig. 23B. First, the state of Fig. 23B fs] ¢iiai?biéd
i n accordance with Enbodinent 7. Through this first etching process, the
second conductive layer 1017a with.a first width (X1) is forned. Next,
while the resist mask 1016a is kept as it is, the first doping process is
performed. Through the first doping process, through doping is perforned
through the first conductive film 1014 and the insulating film 1013 using
t he second conductive layer 1017a as a nask, and high concentration

impurity regi oRsy ; 0 re.formed (Fig. 25(:%},. yth such through
dopi ng, the dd%?négéﬁ%ﬁﬁ#W%H%%F?héﬂ§§%f%%%ﬁﬁéﬁgwnPﬁ E%g%éﬁm%geﬁgﬁﬁgﬁﬁﬁ ed
at the i . Next, the second etching process i's performed using
t he res?@tﬁférg%ﬁﬁ%gg%a as it is wwth the ICP etching device. The first

ot v P AT B PSR LB B
I 1 d w dth , hat,, i h hi
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filmar i aht hed, a resist mask 1032a, a,second conductive

| ayer ngS@a %31[ Lh%a‘%% s ’ (h%)aira% néi’n"‘?‘ﬁ%ﬂﬁéﬁnn%}%?iepﬁ? Fos5as grgentle
formed, _r ectively. xt., a thir t ching process i s perfornmed using the
resi st n%)gg%?ﬁ@?% %ﬁd%(??t Ilﬁ%éclpdgdt i‘té&‘? E?@V ‘EFE\?? LORHRPERYIREIOB AR ExCiudss fi | m
1033a is etcggg in tpe third etchin% grocess to form a second conductive

| ayer 10588849 EYIaPRIE; té‘? g3 Klectrpde B4R RBUsEopbandy ssiorod®ifbmn  a
fourth width ((X4). Note that,  in the third etching process, the resist -
mask, tHE eFPBéPg @’8#8&?@?%%&7@%3 ey Deyiery w@ph%rﬁﬁ)qm@n pibeinseiaring filth m

are sli tched, and a.resist mask 1032b, a first conductive |ayer
1034b aglg’%%t ﬂéﬂﬁ’ﬁﬁpﬂ‘a ROrioRs R Ayregir 193t ovedanming the aptp eterirgde g)éw}w

Next , i.l.e the resist mask 1032b is kept as it is, the second dopin
proc es\éwhl%h concentration impurity regions 1037 and 1%36 have a tapered shape. ping

[Embodiment 9]

This embodiment will be explained with reference to Fig. 25C and Figs. 27A to 27D.

Note that, this embodiment is same as Embodiment 8 up to the first doping process (Fig.
25C) and the figures are omitted. Further, fhe same reference symbols in Figs. 25A to 25C are
used here. |

First, the state of Fig. 25C is obtained in accordance with Embodiment 7.

Next, the second etching process is performed using the resist mask 1016a with the ICP
etching device. The second conductive layer 1017a is etched in the second etching process tol
form a second conductive layer 1051 as shown in Fig. 27A. The second conductive layer 1051
has a second width (Y2). Note that, in the second etching process, the resist mask and the first
conductive film are slightly etched, and a resist mask 1050 and a first conductive film 1052a are
formed, respectively (Fig. 27A). Note that, a part of the first conductive film has already been
slightly etched in the first etching process, and therefore the part of the first conductive film
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conducted. In the second doping process, through doping is perforﬁ%a AUG 2005
through the tapered portion of the first conductive |ayer 1034b and the
insulating film21035b, and | ow concentration inpurity regions 1038 and

1039 are fornmed (Fig. 26B). Note that, in the second doping process, the

hi gh concentration inpurity regions 1030 and 1031 are al so doped, and high
concentration inpurity regions 1036 and 1037 are forned. Next, while the
resi st mask 1032b is kept as it is, the fourth et ching process i s conducted

t he f th
et ching Nata st Tl ety 1ot i BER GO0 ondy & Hlon e

|l ayer 1034b4 rst. .conducti er 1034b havi ng the
first wdt ﬂ f(‘f?éé ﬁgge)gé%g%% Fgﬂ |P§{]?aé’8h6ﬁ‘d?‘? 8%9 1‘%{>P§F %&i%ﬁ ISvade antp; ¥ aperggl dt h
(X5) (Figmpl6C . In this enbodiment, the first conductive |ayer 1034c and
t he seconapconductlve | ayer 1033b forned t hereon becone a gate el ectrode.

Note that, in r het t.he |nsulat|ngfllm1035b|s
al so et ched, lNIIﬁl(}(?avfrllﬁllﬂan ulr%ﬂ n?fl%{f ]fg(?gfcas TSI fasteRyl doRIng RS msonducierh e,

h | I he hi gh
LB%@%E%@?&%%&‘%%B%@%@%% Bt o ns O rorEiea rweiias Rerigparion EOF 5t The
hi gh cony ati uri.t 1.ons be covered with a thin insulating
firm  TRerasef ef‘ﬂnﬂhgyaraé‘&ﬂiﬁ‘t %twgfés’g@\{?sanflé%mentmna@wr\ytamgmﬂsdﬂﬁ he
impurity ductor | ayer is performed. Then,
after an™ ? %ﬁgrf?rﬁﬁqn %ﬁglﬁ g%ﬁ)né@qt? fse‘FOél dflgping grocessca hightconeingration
formed uysing, a thi ? %F (@ conductlve filmis fornmed, and then
el ect rod@guﬁﬁ'ﬁg@ﬁﬁ Yhand:} (5 14a¢ Aksel dorgdn gnckhish Gpreeniratige imprrity EEROS10805 As
descri bed ?8%%8?&a TET with the structure shown in Fig. 26D can be forned

usi ng s. Further, the characteristic of the TFT forned in

accordance Wi w t hi % iment is that
ith such through doping, the doping amount into the semiconductor layer can be

controlled at the desired value.

Next, while the resist mask 1050 is kept as it is, a third etching process is perfcrmed
using the RIE etching device or the ICP etching device. The thinned portion through the first
etching process and a part of the tapered portion of the exposed first conductive film 1052a is
removed throqgh the third etching process. Here, a first conductive layer 1052b with a tapered
portion and a third width (Y3) is formed with appropriately édjusting the etching conditions
while taking the thickness of the first conductive film, the thickness of the insulating film and
the like into consideration (Fig. 27C).

In this embodiment, the first conductive layer 1052b and the second conductive layer
1051 formed thereon become a gate electrode. Note that, in the third etching process, the
insulating film 1013 is also etched, and an insulating film 1057 is formed.

Thereatter, the resist mask 1050 is removed, and activation of the impurity element

added into the semiconductor layer is performed. Then, after an interlayer insulating film 1059
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h o . - o . %%UBZQGS
e low concentration inpurity region 1039, which is provided between a
channel formng region 1040 and the drain region 1037, has al nost no
concentration difference and has a gentle concentration gradi ent therein,
and that the | ow concentration inpurity region 1039 includes a region
1039a overl apping the gate el ectrode (1034c) (GOLD region) and a region
1039b not overl apping the gate el ectrode (LDD region). Further, a
peri-pheral portion of the insulating film 1035c, that is the upper

O cavisdbrhbte o aed ndB R QAL LIBR Mhsk DAHR LE SN IS ANAOE

hi gh concentration inpurity reglons ave a tape

[ Embodi ngRtrSikes ThéEafiiRdi ﬂﬁm g s Lped wth reference to Fig. 25C
and Figs. 27A to 27?:). Notag@t a}él{ih%lﬁ?gfgﬁr%@o%?%nt is sane as Enbodi nent 8

to the fir i: i n he. fi. are.om tted.
lIigrt her, thle :%?reg&?% er%ﬁgg’%m@"gﬂ% tgg?—tlggcsuﬁ' Cglggﬁv 18 Pligg7§)rsc 1 gé‘?fml‘?él“@l.ng

First, therstabsnfks Fi9- 25C is obtained in accordance with Enbodi ment 7.
~'Next, the ggcongnet%hi ng process is perforned using the resist mask 1016a

PRSI T 2T s e R A e
Shoon | e Al PUGORASDAEN L5, RS A0 P REERRS A
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conductla/v%ﬂlaf’i ir(:aléthe\'\gmeceqecr%r%%e?%DbrggﬂnftChed’ is made into a tapered shape.

[Embodiment 10}

| In this embodiment, a method of simultaneously manufacturing a pixel portion and TFT$
(n-channel TFT a;ld p-channel TFT) of a driver circuit provided in the periphery of the pixel
portion is explained in detail with reference to Figs. 28A to 30.

First, in this embodiment, a substrate 1100 is used, which is made from glass, sucH as
barium borosilicate glass or aluminum borosilicafe glass, rcpfesented by Corning #7059 glass and
#1737 glass. Note that, there is no limitation on the substrate 1100, provided that the substrate
has transmissivity, and a quartz substrate may also be used. A plastic substrate having heat
resistance to a process temperature in this embodiment may also be used.

Then, a base film 1101 comprised of an insulating film such as a silicon oxide film, a
silicon nitride film or a silicon nitride oxide film is formed. In this embodiment, a two-layer
structure is used for the base film 1101. However, a singlé layer film or a lamination film of two
or more layers of the insulating film may be used. As a first layer of the base film 1101, a silicon
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Next, while the resist mask 1050 is kept as it is, a second dopiné b#%%%§%05
is conducted. In the second doping process, through doping is perforned
through the tapered portion of the first conductive film 1052a and the
insulating film21013, and | ow concentration inpurity regions 1053 and 1054
~are formed (Fig. 27B). Note that, in the second doping process, the high
concentration inpurity regions 1030 and 1031 are al so doped, and high
concentration inpurity regions 1055 and 1056 are fornmed. Wth such through

dopi ng, diftide d@RicTUMANMUATSs forhed Wil 2SBTFKERRIEED &5 200A%E 6p&?é?ath§50 L) Rﬂnz ed
at the desired value. Next, while the resi st mask 1050 is kept as It

third etghiTIHRNIEE AR NSO BEFdHBshse alBCRFmehGh! fin %ﬁib%ﬁm%nt 'he P
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renoved t hrough the third et rocess. Here, I r$t conduc
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appropri at efy usting |ng co i ons he t |ckness

of the liifceh nfifl Bkl ﬁﬁn?pﬂ;lg %ehg} gg&pﬁéfarﬂﬁgwsn h%%uétﬁy'epgup' feRlds the

|i ke into consi eratlon

d d 1051 f h
becone. St gats 8y ﬁéﬁﬂfﬂﬂo@ B S ?c‘ﬁ?‘ﬁ&’“&%“’éé’&he St d
I f h d d |.at film 1057 .
Ther eat (arD B b Sl lmfaé eesgh@&%vid% o103 GostPostop s Sty
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above, a TET havi th homn n Fi C, e.formed usin
semiconduc \forrigyers ?1& {o”ﬁtog age Totmed of 2 sempconguc?or 1im avuflg an a:gxo ?‘1

structure by a known method (such as a sputtering method, an LPCVD method ora plasma CVD

-\

méthod), and is su_bjected to a known crystallization process (such as a laser crystallization
method, a thermal crystallization method, or a thermal crystallization method using a catalyst
such as nickel). The crystalline semiconductor film thus obtained is patterned into desired shapes
to obtain the semiconductor layers. The semiconductor layers 1102 to 1105_are formed into a
thickness of 25 to 80 nm (preferably 30 to 60 nm). The material of the cryétalline semiconductor.
film is not particularly limited, but it is preferable to form the film using silicon, a silicon
germanium (5i,Ge,, (0<X<{1, typically X=0.0001 to 0.05)) alloy, or the like. In case of
forming silicon germanium, it may be formed by a plasma CVD method using a gas mixture of
silane and germanium, it may be formed by an ion injection method injecting germanium into
a silicon film, or it may be formed by a sputtering method using a target formed of silicon
germanium, In this embodiment, the plasma CVD method is used, and after a 55 nm thick
amorphous silicon film is formed, a solution containing nickel is held onto the amorphous silicon
film. Dehjrdrogenation of the amorphous silicon film is performed (500°C for one hour), and
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four photo masks. Further, the characteristic of the TFT formed dnl AUG 2005
accordance with the present invention is that the |ow concentration
impurity region 1054; which is provided between a channel form ng region
1058 and the drain region 1056, has al nost no concentration difference and
has a gentle concentration gradient therein, and that the | ow
concentration inpurity region 1056 includes a region 1054a overlapplng the
gate el ectrode (1052b) (GOLD region) and a regi on 1054b not overl apping

the gat dharbaisn dtempl ftaltigation)prodoheT paiomvd (390 for bk BofSRACLER Putnd,

nmet hod of simultaneously manufacturing a pixel portion and TFTs (n-c

TFTs ando fmptosa tiel crystal)inivf, adasdt hviRalifs pdbds 1%I ; er%ﬁgg ééngbé-ﬁa{'hgcrgﬁggﬂg %iﬁor? f

the pixel portion is explained in detail
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substrate havi ng heat resistance to a process tenperature
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insulating filmsuch as a S|I|con 0X
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structure is used for the base wever, a 5|ngle | ayer filmor a

llam nation filB@iats, tin¥Be cRE vmé%eqrnl-: @r%%?m@fgeré{l ndd&?&.ﬁ@ﬁ anu ac %Sr%?égbﬁsu sed.

As a first layer of the base |con

1101a i grys@nratoNidehod, %ﬁﬂl%@&lﬁu&ﬁ tﬁﬁgmta m%gguorl]l@neﬂgi erIeofn ’ abl Sq%)@%gr %’%%} hi s

using SiH4, NH3, and as reaction‘gases asa GVl

nbod , 01 t t Si
329 b”g‘gérvﬁ}éwozﬁfﬁf}?an i 97 54823‘91.6%6 AR LR R,

formed. 4 H&?fﬂ)d iRSWIRCIPREQ M AYBEedY o yCRCES Sscﬂiator 0 &% s into a linear beam by

an optlcal system, and is irradiated to a semiconductor film. Although the conditions of the
crystallization should be properly selected by an operator, in the case where the excimer laser is
used, a pulse oscillation frequency is set to 30 Hz, and a laser energy density is set from 100 to
400 mJ/cm?® (typically 200 to 300 ml/cm?). In thé case where the YAG laser is used, it is
appropriate that the second harmonic is used to set a pulse oscillation frequency from 1 to 10
kHz, and a laser energy density is set from 300 to 600 mJ/cm? (typically, 350 to 500 mJ/cm?).
Then, laser h'gh.t condensed into a linear shape with a width of 100 to 1000 m, for example, 400

~ pm is irradiated to the whole surface of the substrate, and an ovcrlappiﬁg ratio (overlap ratio) of
the linear laser light at this time may be set from 80 to 98%.

Next, a gate insulating film 1106 is formed for covering the semiconductor layers 1102
to 1105. It is desirable to clean the surface of the semiconductor layer before the formation of
the gate insulating film. The removal of contaminated impurities (typically, C, Na or the like)
on the film surface may be conducted such that after the surface is cleaned with pure water
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silicon nitride oxide film1101b is formed so as to be |am nated dri &W& 2005
first layer with a thickness of 50 to 200 nm (preferably 100 to 150 nm
using SiH4 and N20 as reaction gases by the plasma CVD nethod. In this

- enbodi nent, the silicon nitride oxide film 1101b (conposition ratio Si =
32% 0 =59% N = 7%and H= 2% having a filmthickness of 100 nmis
formed. Subsequently, sem conductor layers 1102 to 1105 are formed on the
base film The sem conductor layers 1102 to 1105 are formed of a

seni condwstasning oronchthei filgn aunfaserisrshightiis ctchdd wibigireachy sutisioAtiRh R eofissich
as a sputtering nethod, an LPCVD nethod or a plasma CVD nethod), and is
subj ectefis & oethadrip wrhicr ths tfidin| suefadd ie Blightycadfed( 8 Wl elchivd MEM0A, in which the
crystallization nmethod, a thermal crystallization nethod, or a t her mal
crystall aczdamlmrrmlntmning flungnaheldtonlthstilm Stt€dde 3Ssdit&KE by Spﬂ;ﬂﬁx gGhy lRlrhkne
sem conductor filmthus obtained is patterned into desired shapes to obtaln

t he seniweiingswtning deyies.sAs theacidesiution duehiing MRS, fi{ib@l%abﬂ l#lci}éﬂ%r?c Jcﬂ:f
into a thickness of 25 to 80 nm (preferably 30 to 60 nm materi a

the crysioahbaiom fesiids tbfetddr fludid RiIAREd BALLbE BF Hubdic!dc I's
preferable to formthe film uslllng SI1| |S(con a 5|1I [ conu ggr n?n%ﬁ?na?%&g&-x

(0<X<1, fluapideR mixedslu@EDAr fgrfd L8 :)mﬁiﬂd?dgen%‘ioxtﬁ@ ok tESike! rﬂafgesﬁsoegf After

form ng silicon germanium it nay be fornmed a plasma CVI using a
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met hod injecting germaniuminto a silicon film or
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~enbodi nent, the plasna CVD nethod IS used, and a
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t he anorphous silicon I m Dehydrogénation o ous Silrcon

i's perf qfithR okl $miwith E’HECIQE% %rléggﬂt%ﬁg%gﬁgﬁgg\ﬁ? nﬁtﬁoﬁﬂ:&?{hcsm?n ratio Si

crystallization process is pe ours

Furt her .= 3499 () anyo0y &y Lhe, %Hfﬁ-ah%P nb%Xour?%._k%ﬁEqﬁ g g@gﬁfﬂ? the

perforrred to forma crystalline sflicon

st |1 0on fiichfnkifia8 WRIRHMIE ah ofheP Shfa;alﬂg ey g@g%fngsﬁ%gl Ray Bh?tr%lle'dt ey aphy

met hod, to obtain the sem conduc ers
single layer or a lamination structure.

Besides, when the silicon oxide film is used, it can be formed by the plasma CVD
method such that TEOS (tetraethyl orthosilicate) and O, are mixed with a reaction pressure of
40 Pa and at a substrate temperature of from 300 to 400°C, and discharged at a high frequency
(13.56 MHZ) power density of 0.5 to 0.8 W/cmz. The silicon oxide film thus ménufactured can
have good characteristics as the gate insulating film by subsequent thermal annealing at 400 to
500°C. |

Then, as shown in Fig. 28A, on the gate insulating film 1106, a first conductive film
1107 and a second condﬁctive {ilm 1108 are laminated to have a film thickness of 20 to 100 nm
and 100 to 400 nm, respectively. Itis preferablé that the gate insulating film, the first conductive
film and the second conductive film are formed in succession without exposure to _the atmosphere
in order to prevent contamination. Further, in case the where those films are not formed in
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Further, after the formation of the sSemiconductor |ayers 1102 to 3110446 2005
doping (also referred to as channel doping) of a mnute anount of inpurity
el enent (boron or phosphorus) may be perfornmed in order to control a

t hreshol d val ue of the TFT. Besides, in the case where the crystalline

sem conductor filmis manufactured by a laser <crystallization nethod, a
pul se oscillation type or a continuous eni ssion type exciner |aser, YAG

| aser, or YVO4 |aser may be used. In the case where those | asers are used,
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scatter ﬁ%v@éer? H)' tHe E:%g v&;h%?e Iﬁgrtl)ys itmrp%tn‘i?y elements such as oxygen are contained within the W

film, crystallization is inhibitgd and the resistance becomes higher. Therefore, in this

embodiment, by forming the W film by sputtering using a target having a high purity (purity of

99.9999% or 99.99%}, and in addition, by taking sufficient consideration to prevent impurities

within the gas phase from mixing therein during the film formation, a resistivity of from 9 to 20

pSkem can be realized.

Note that, in this embodiment, although the first conductive film 1107 is made of TaN,

and the second conductive film 1108 is made of W, the material is not particularly limited

thereto, and both the films may .be formed of an element selected from the group consisting of

Ta, W, Ti, Mo, Al, Cu, Cr and Nd or an alloy material or a compound maferial containing the -

above elements as its main constituent. Besides, a semiconductor film typified by a

polycfysta'lline silicon film doped with an impurity element such as phosphorus may be used.

An AgPdCu alloy may be used. Further, a combination of the first conductive film formed of a
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with a spinning device. As the acid solution containing quorin§,1fAQRwam?
acid, hydrofluoric acid, ammoniumfluoride, buffered fluoric acid (m xed
solution of fluoric acid and amoni um fluoride), m xed solution of fluoric
acid and hydrogen proxide, or the |ike my be used. After the cleaning,
the gate insulating film 1107 is forned of an insulating filmcontaining
silicon by the plasnma CVD nethod or the sputtering nethod with a film

t hi ckness of from40 to 150 nm preferably 50 to 100 M. In this

enbodi mefdtaluahelay Bl ang thelsecdndgofiductivd DT formell of AACHIRE, a@oSiblda66Mof b Etd: de
oxide filmw th a thickness of 110 nm by the plasma CVD nmet hod (conposition
ratio Sicondygtive flmsoomediota figmivannitidey TR filnAndaBelEeeBnd EORIGM Stk Bndl | NY
filmis not limted to the silicon nitride oxide film and other

i nsul at i9f@ Wifilms acombiriation @f el firstaondryive €ilh g RRsd df'lttﬁ’ntﬁlumsﬁi&ﬂiee(T%ﬁ}’ﬁfm or a
| am nation structure. Besides, when the silicon oxide filmis used,” 1t can

be f or meandiihe senendrasiveti@Mm ferinbo of stishfilhahd 2E6RbidaBbY 8EHDY i
orthosilicate) and 02 are m xed with a reaction pressure f;t;h lg%c?’%dugﬁgeat a

subst r atfémformet eftatamaluin hitdde (309 ity AAhEsecaRdcdHaasiar Ighg;
frequency (13.56 MHZ) power dens?ty of 0.5 to % 8 W-cnﬂ.ﬁlctcl)' eeﬁcffpi(%%fﬁh%xi de

fil m thusaynseadoatetiur ed can have good characteristics as the gate
insulating filmby subsequent thermal annealing at 400 to 5000C. Then, as

shown i n Fi g. Neft, mostkst 1W090aS el onslalibRgickisl Belibfiea st ShuSORBNERINE,

film 1107 and a second conductive film 1108 ar m nat ave~a

thi cknesseiinid, 36 b ir i proGeks LM LANBAT oESBRGHR YREYodd unk SRLE! G301 e

that the gate insulating film the first conductive m an

conduct ifiest §ichire 35t6cdsOTiSMrfofn SRS HeOBWah N WL BRRHE by L he apmpspher e

in order to prevent contam nation. Further, I n case s

A ol e A S RO el
washer  issuséd elgasTRfkteleQFTEIICTBLAS! 8¥edOR aBeertéhcfﬁéTgads, Ehnaegass R 83, K2t to
25/25/10 scem, and a plasma is generated by applying a 500 W RF power (13.56 MHZ) to a coil
shape electrode at 1 Pa. A dry etching device with ICP (Model E645-0ICP) manufactured by
Matsushita Electric Industrial Co., Ltd. is used here. A 150 W RF power‘ (13.56 MHZ) is also
applied to the substrate side (test piece stage), effectively applying a negative self-bias voltage.
The W film is etched with the first etching conditions, and the end portion of the second
conductive layer is formed into a tapered shape. In the first etching conditions, the etching rate
.for W is 200.39 nm/min, the etching rate for TaN is 80.32 nm/min, and the selectivity of W to
TaN is about 2.5, Further, the taper angle of W is about 26° in accordance vﬁth the first etching
conditions. Note that, etching with the first ctching conditions corresponds to the first etching
process (Fig. 23B) described in Embodiment 7.
Thereafter, the first etching conditions are changed to the second etching coﬁditions
without removing the masks 1109 to 1112 made of resist, a gas mixture of CF, and Cl, is used

as an etching gas, the gas flow rate is set to 30/30 sccm, and a plasma js generated by applying
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performed before the formation of the gate insulating film In tﬁi“s’:s‘u'G 2005
enbodi ment, the first conductive film 1107 nade of a TaN filmwith a film
t hi ckness of 30 nm and the second conductive film 1108 nade of a Wfilm

wth a filmthickness of 370 nmare forned in succession. The TaN filmis
formed by sputtering with a Ta target in a nitrogen containing atnosphere.
Besides, the Wfilmis forned by the sputtering nethod with a Wtarget. The
W filmnmay be formed by a thermal CVD net hod using tungsten hexafl uoride
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inpurities wthin the gas”phase from m X ereinduring
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el erren't'?r;@i%%(wdeq&ii%dloﬁlﬁ%tInfe]%gtgoBesi des, a sem conductor filmtypified by

a poly I né sil1con ped with an inmpurity el ement such as
e.used, Further, onbi nati on

hosph . An_AgPdCu al.l oy.
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by adopting a suitable shape of the masks formed from resist (Fig. 28B). The angle of the tapered

portions may be set to 15 to 45°. Thus, first shape conductive layers. 1113 to 1116 (first
conductive la‘yersl 1113a to 1116a and second conductive Tayers 1113b to 1116b) constituted of
the first conductive layers and the second conductive layers are formed by the first etching
process. The width of the first conductive layers in a channel length direction corresponds to W1
shown in Embodiment 7. Reference numeral 1117 indicates a gate insulating film, and regions

-of the gate insulating film not covered by the first shape conductive layers 1113 to 1116 are made
thinner by etching approximately 20 to 50 nm.

Thereafter, a second etching process is pcrformed without removing the masks made of
resist. A gas mixture of CF,, Cl, and O, is used as an etching gas, the gas flow rate is set to
25/25/10 scem, and a plasma is generated by applying a 500 W RF power (13.56 MHZ) to a coil
Shf'ipe electrode at 1 Pa, thereby performing etching. A 20 W RF power (13.56 MHZ) is also
applied to the substrate side (test piece stage), effectively applying a negative self-bias voltage.
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. '\nﬁ'.
conductive filmformed of a titaniumnitride (TiN) filmand the debbRd?™
conductive filmfornmed of a Wfilm a conbination of the first conductive
filmformed of a tantalumnitride (TaN) film and the second conductive
filmformed of an Al film and a conbination of the first conductive film
formed of a tantalumnitride (TaN) filmand the second conductive film
formed of ‘a Cu film may be adopted. Next, masks 1109 to 1112 nade from
resist are formed using a photolithography nethod, and a first etching

process Inshexecdal steidng Prdééﬁ,efhe R TR EhER 1§ 96882 ﬁﬂlglmg\i, FHeehina i eSor ?Al{T st

etching process is perforned with the first and second’etchi ng’ condi t1ons.
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condition of the ion doping method is that a doéaée is 1 x 10" to 5 x 10" atoms/cm?, and an

acceleration voltage is 60 to 100 keV. In this embodiment, the dosage is 1.5 x 10" atoms/cm?

and the acceleration voltage is 80 keV. As the impurity element for imparting the n-type

conductivity, an element belonging to group 15 of the periodic table, typically phosphorus (P)

or arsenic (As) is used, but phosphorus (P) is used here. In this case, the conductive layers 1113

to 1116 become masks to the impurity element to impart the n-type cbnductivity, and high

concentration impurity regions. 1118 to 1121 are formed in a self-aligning manner. The impurity

element to impart the n-type conductivity in the concentration range of 1 x 10° to 1 x 10%

atoms/cm’® is added to the high concentration impurity regions 1118 to 1121. Note that, the first

doping process here corresponds to the first doping process (Fig. 24A) described in Embodiment

7.

Next, a second doping proc_:essr is performed and the state of Fig. 28D is obtained.

Second conductive layers 1122b to 1125b are used as masks to an impurity element, and doping
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T Onas
a 500 WRF power (13.56 MHZ) to a coil shape electrode at 1 Pa, tfhéré% s
perform ng etching for about 30 seconds. A 20 W RF power (13.56 MHZ) is
al so applied to the substrate side (test piece stage), effectively
appl ying a negative self-bias voltage. The Wfilmand the TaN filmare
both etched on the sanme order with the second etching conditions in which
CF4 and 2 are mxed. In the second etching conditions, the etching rate
for Wis 58.97nnmimin, and the etching rate for TaNis 66.43 m/mn. Note

et e eSS VY R A°0 SRR PRI L IRIEbhuc0id ST,
econd er HRSro AL REIARE. T A A R R SRR e o0
e 1 onnaaG om0, Bl e B0l 87 % i Sraveve e
ormea. 1o BIRSIAEE o slevrYufo B Sl Sarion JParul 1oBant 1 biunibgOne
conduct T aee WilRan’ oS coRuin IR e oL v igte nEDIG Tl
condutt (SRTpESt Mosplite P gaed 8 e Fat Shoemiangn b dssions eI
Shown | 1 ERGOGHrbh 107 B Epbrted LRURTRF CONCEATIRR S 88 Ao GREEnPRSTNA g
(L, et SRAGRS oB i R o ey b i, o 151
oD O e Ryt e SRS e oo Smhd Br2EesS 1 gt
G2 and 02 is used .,as an etchin as, the gas flowrate is set to 25/25/10
sccm  afBiEIs? IF@“BE’ng?%@%dﬂﬂ%Yafﬁm {rpmgheemprigRpL sesiepcred sosiondez) t o
pover (15 5H eQReeive LpsqOw isord isBenrorione T e paEa st ekt pEdmopd boame
stage), Ie%]:af. &r;h\él?, la¥1 il%ggrli yi erllgmt%lt ?sea%?:lfacii }/oethg (Ialggfh-ctc)nhé?e%tr\ét?(l)rz iangpeu'ritg %egions 1118 to

1121 to form high concentration impurity regions 1130 to 1133. Note that, the second doping

process here corresponds. to the second doping process (Fig. 24B) described in

Note that, in Enibodiment 7, although the high concentration impurity regions are

formed in the first doping process and the low concentration impurity regions are formed in the

second doping process, there is no limitation. The low concentration impurity regions may be

formed in the first doping process and the high concentration impurity regions may be formed

in the second doping process. Further, the high concentration impurity regions and the low

concentration impurity regions may be formed in one doping process by appropriately adjusting

the ihicknesses of the insulating film and the first conductive layer, the doping c.onditions of the

like.

Thereafter, a third etching process is performed without removing the masks made of

resist. The tapered portions of the first conductive layers are partially etched to thereby reduce
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3 1 AUG 2005 In the second etching process, the etching rate for3WHA¥G 2005
124.62 nmmn, the etching rate for TaN is 20.67 nmnin, and the -
selectivity of Wto TaN is 6.05. Accordingly, the Wfilmis selectively
etched. The taper angle of Wis 70 by the second etching process. Second
conductive layers 1122b to 1125b are forned by the second etching process.
On the other hand, the first conductive layers 1113a to 1116a are hardly
etched, and first conductive layers 1122a to 1125a are fornmed. Note that,

t he seco L6 Hd nds to.the third etchin r S
descri bon o g SUeRE6 S IRE S BRI RRRRMIRL I tot i Booethe el
conduct | LS A length,directio re ds tqg W shown
T Embod ree &5 on-ptchibe Bas, BHEA o 9 HseC oSBT RS R o werd: o e
Cinpurityel efpn My 4 ing an . n- e capductivity to the sem conductor
| ayer wi %[ﬁig)ut r Iétr’ngl@it%%@%éﬁﬁgg%cfsmaﬁ&%%eﬁé@ﬂ’s‘ge (’Iﬂ“ﬁb.f% pesyre ol HPAdheBY be
carried i in t hod an i i njecting nethod. The
condi 1 opche o A0 B GBI BT B ol it JBup g eondivh latorsd 186 11015
X I [ | [ 100 keV. | hi
S ol ko 208 NG hefBed Ak nene g eonisb b o
vol tage is 80 keV. the i rity, elepent for inparting the n-type
conduct i RFPESSS d?f%ﬁ- %‘@Sﬁ’&ﬁ?fb&él{lrlgﬁ&bﬁéﬁwt ¢r Bumhergheywidth ef the fird gprduckig layers
typi cal ly phospharus (P) or arsenic (As) is used, but phosphorus (P) is
‘used her’ .‘B?%%&eﬁéégfeftwwmﬁ&éﬁw@w in Ephodiment 716 become masks
to the inpurity element to inpart the n-type conductivity, and high
concentration I¥ %Yehi‘r%ft? Bivsestqthy insylating film 1417 isratehgd iahthg semb timel i gaitng
manner . %ﬁ\ jnpurity elepent to inpart the n-type conductivity in the
concentr tﬁ%h‘%&ﬂﬁ@ngﬁu‘iﬂ mpysy regans 134 okl 3348 Svpesedyend mselddrgifites 11482 hi gh
concentrat i i rity regions 1118 to 1121. Note that, the first doping
process ‘A hg]dc%{‘gﬁgéf) ivdermgsl. d¥pse that & thisspibedimmmsdbeeiciing gondiinn) thaespesched
-in Enbodjnent 7. Next, a second doping process is performed and the state

of Fig. '58PrLt f Pisiagherncentsiionimpesitoisetony d13Qiper1d3 i @el, bu itis phisitde thansed

as masks to an inpuri t}/ el enment, and dopi ng ‘
a thin layer of the insulat

ing film is left in the high concentration impurity regions if the thickness
of the insulating film or the etching condition is changed. |

Through the third etching process, impurity regions (LDD regions) 1134a to 1137a are
formed, which do not overlap with the first conductive layers 1138 to 1141. Note that, impurity
regions (GOLD regions) 1134b to 1137b remain overtapped with the first conductive layers 1138
to 1141.

The electrode formed by the first conductive layer 1138 and the second conductive layer |
1122b becomes a gate electrode of an n-channe! TFT of a driver circuit to be formed in the later
process. The electrode formed by the first conductive layer 1139 and the second conductive layer
1123b becomes a gate electrode of a p-channel TFT of the driver circuit to be formed in the later
process. Similarly, the electrode formed by the first conductive layer 1140 and the second
conductive layer 1124b becomes a gate electrode of an n-channel TFT of a pixel portion to be

formed in the later process, and the electrode formed by the first conductive layer 1141 and the
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82 3 1 AUG 2005 is perfornmed such that the inpurity el enment issablaﬁe%B t?QUS
the sem conductor |ayer below the tapered portions of the first conductive
| ayers. In this enbodi nent, phosphorus (P) is used as the inpurity

el enent, and plasma doping is perforned with the dosage of 3.5 x 1012
atons/cn2 and the acceleration voltage of 90 keV. Thus, |ow concentration
inpurity regions 1126 to 1129, which overlap with the first conductive

| ayers, are fornmed in a self-aligning manner. The concentration of

phosphorsgsordyonddetad 1agr 1Sy Mvoreds b8 el ¥ 2 56U 2 1129
is 1l x 1017 to 1 X 101)€8ératorr5/c?n, aﬁﬂéfﬁgésgggSggﬁﬁéstgﬁﬁ(@%@%ﬁ?a&cﬁ\mg?g Fent

i N accoragqGRriéd 6 Heermdd ithd Rkt sc. of the tapered portions of the first
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layer that becomes an active layer of the p-channel TFT (Fig. 29B). The first conductive Iayeré

1139 and 1141 are used as masks to the impurity element, and the impurity element that imparts
the p-type conductivity isr added, to thereby form impurity regions in a self-aligning manner. In
this embodiment, the impurity regions 1147 to 1152 are formed by an ion doping method using
diborane (B,H;). Note that, in the third doping process, the semiconductor layer forming the n-
channel TFT is covered with the masks 1145 and 1146 formed from resist. Althou gh phosphorus
is added to the impurity regioﬁs‘ 1145 and 1146 at different concentrations in accordance with the
first and second doping processes, the doping process is performed such that the concentration
of the impurity element imparting p-ltype conductivity is in the range of 2 x 10% to 2 x 10
atoms/cm’ in any of the impurity regions. Thus, the impurity regions function as the source
region and the drain regionrof the p-channel TFT so that no problem occurs. In this embodiment,
a part of the semiconductor layer that becomes an active layer of the p-channel TFT is exposed
by the third etching process, and thus there is an advantage that an impurity element (boron) is
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resist. The tapered portions of the first conductive |ayers areJ3phrAlialZgs
etched to thereby reduce 83 the regions that overlap with the

sem conductor |layer in the third etching process. Here, CHF3 is used as an
etching gas, and a reactive ion etching nmethod (RIE nmethod) is used. In
this enbodinment, the third etching process is perfornmed with the chanber
pressure of 6.7 Pa, the RF power of 800 W the CHF3 gas flow rate of 35
sccm Thus, first conductive layers 1138 to 1141 are fornmed (Fig. 29A).
Not e t hadasily &ddetthi rd et ching process here corresponds to the fourth etching
process (Fig. 24C) described in Enbodi nent 7. Further, the wi dth of the

first conductildectadsic with b ﬁ,&l&&; ' onpds to \\B
shown in Enbodi ment 7. Ivrvl t he thi P?%et%i(]:jﬁ%i ?Sggeglg% réd’]?}ég gnognsfqrf’m

1117 i s fetsdheeh tﬁérf;sg&tﬁ@@@mfdoﬁﬁucté’}l ay of the hi gh concentratl on inpurity
regions 1130 to 1133 is exposed, an |nsulat|ng films 1143a to 1143d and

1144 are formg t ene tC|n C i.tion that
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left in the high cohcentration Inpurity re

I d Th h
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that, | msiid SHEE SRR g, Thms cGPBaSHl, S B Bl v wibaba
th th 1138 t 1. | ectrqd d by th
First consiosd ‘v’iﬂf‘% iy %%@%Phé%gsea%&ﬁfeﬁﬁaa&ﬁ Ve PRyBITE S Waghmos

a gate t chan FTof iver er |t to, be formed in :
the |at 2%5‘96{“%%? tg %ﬂh&’e IS‘%‘P 8 Bglef fRsulaf IP% 1R SARfatins Alcon ey 1139

o channgt TR FREHE, (et & efaaw%l%?i%trﬁ%%?%‘?ﬁeﬁ "n the Tater  process.
Simlarly, th gﬁg%e gectforrre he first conductive |ayer 1140 and the
second condu Fvé g)? FEYPRR HEEY clergenty addeddn thsdespeeiivgromicondpgier TFT
of a pi ﬁ'g)erspg A 81[1]11e[d0 (Fbg 29C). -This activation process is carried out by a thermal annealing
method using an annealing furnace. The thermal annealing method may be performed in a
nitrogen atmosphere having an oxygen concentration of 1 ppm or Iess, preferably 0.1 ppm or less
and at 400 to 700°C, typically 500 to 550°C. In this embodiment, an activation process with a
heat treatment at 550°C for 4 hours is carried out. Note that, other than the thermal annealing
method, a laser annealing method, or a rapid thermal annealing method (RTA method) can be
applied thereto.
Note that, in this embodiment, at the same time-as the activation process, nickel used
as the catalyst for crystallirzation is gettered to the impurity regions (1130, 1132, 1147 and 1150)
containing phosphorous at a high concentration. As a result, mainly nickel concentration of the
semiconductor layer that becomes a channel forming region is lowered. The TET having a
channel forming region thus formed is decreased in off current value, and has high electric field

effect mobility because of good crystallinity, thereby attaining satisfactory characteristics.
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formed in the later process, and the el ectrode forned by the fi¥ $tAUG 2405
conductive layer 1141 and the 84 31AURXR005 second conductive |ayer 1125b
becones one of the gate el ectrodes of a storage capacitor of the pixel
portion to be fornmed in the later process. By doing so, in this enbodi nent,
the difference between the inpurity concentration in the inpurity regions
(GOLD regions) 1134b to 1137b that overlap with the first conductive |ayers
1138 to 1141 and the inpurity concentration in the inmpurity regions (LDD
regi ons) 1134&utther, 4d Jétvitivat prdcesd Ghayobe peaPmdd befbleetht i fbGhatoansiuGE i /et

| ayers 1138 to 1141 can be made snall, tﬁereby i nprovi ng the TUFT
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insulating film (b) 1153b is not limited to the silicon nitride film, and other insulating films

containing silicon may be formed into a single layer or a lamination structure.

Next, heat treatment is performed for 1 to 12 hours at 300 to 550° C in an inert
atmosphere to perform hydrogenation of the semiconductor layer. The hydrogenation is
preferably performed at a lower temperature than the heat treatment temperature in the activation
process (400 to 500° C) (Fig. 29D). In this embodiment, a thermal prof:essing is performed for |
one hour at 410 ° C in a nitrogen atmosphere; This process is a step for terminating dangling
bonds in the semiconductor layer by hydrogen contained in the interlayer insulatiﬁg film.
Hydrogenation by thermal processing for 1 to 12 hours at 300 to 550 *C in an atmosphere
containing 3 to 100 % of hydrogen or plasma hydrogenation (using hydrogen excited by plasma)
may be performed as other means of hydrogenation.

Further, thermal activation (typically in a nitrogen atmosphere at 500 to 550 ° C) is
performed after the resist masks 1145 and 1146 made of resist are removed, and then
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a part of the seniconductor |ayer that becomes an active |ayer off thaG 2005
p-channel TFT is exposed by the third etching process, and thus there is
an advantage that an inpurity element (boron) is 85 3 1-AUG 2005 easily

. added. In accordance with the above-described processes, the desired

inmpurity regions are forned in the respective sem conductor |ayers. Next,
the masks 1145 and 1146 made of resist are renoved, and a first interlayer
i nsul ati ng film(a) 1153a is fornmed. The first interlayer insulating film
(a) 1153¥dragepiondtn wuitrogen dtmosplerd at0Ditd AOE 0F) mbybegerfircd afenotring the

t hi ckness of 50 to 100 nm by the plasma CVD nethod or the sputtering

met hod. first inteilayes insolating film (typelly nisilichn nitridd filncwiith Bilickindss o100 100 4 | S
formed by the plasma CVD nethod. OF course, the first interlayer insulating
film (amade®Ean insylatiog filinrdohihingsifiben.si | i con nitride oxide film and ot her
insulating filmcontaining silicon may be formed into a single |ayer or a

| ami nation st Nest, wrsecorifhieterlagerdhayativ et i atha@ drh okgHa nbola®lLHBRYS!
added in the respective sem conductor layers is performed (Fig.” 29C). This

act i vat ioferpedor i first interiayadngildtiog)file Ghe13m. 1ARISahbAEmAELRALyHS it an
anneal i ng furnace. The thermal annealing nethod may be perfornmed’in a

ni t rogelﬁilmtwﬁﬂsmtlﬂa:lmemmms/pm ioRygrRA. concentration of 1 ppmor |ess,
preferably 0.1 ppmor |es and at 400 to 700C, typically 500 to 550C. In

this enbodi meMext, anraasgarstdcbiucAVORRS Svithi 4 ticknes 8280 td B IRN foRhe®8RGhd OF 4
hours is carried out. Note that, other than the thermal annealing nethod,
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can be applied thereto. te that, in this enbodi nment, at ‘the sare tine as

the act iheatdrﬂﬁbr@fﬁt%ﬁﬁlﬁstiveifﬂ&?ﬁ WMERDf iAGui i | - Y Sk jonis
gettered to the inpurity regi onns' 11§0,ullSé(?Eaélﬂ?f%lﬁ:taor%&rlqﬁ’&;;%n?gn g?ﬁ\rlicng

Egﬁi P 2 Obgids (g%ﬁ(())?aﬂte iﬁgﬂaatﬁ@ﬂﬁ%farsfiaﬂc%nhésziﬂc 5688 hdded W11l $88) (0O : Ga)

may be preferably used to increase the transmittivity or conductivity of visible light.

Note that, here, an example of using a transparent conductive film as a pixel electrode
is shown, but if a conductive material having reflectivity iS used to form a pixel electrode, a
reflection type display device may be formed.

Then, patterning is performed for forming the contact holes reaching the respective
impurity regions 1130, 1132, 1147, and 1150.

In a driver circuit 1205, electrodes 1155 to 1158 to which the impurity regions 1130 and
1147, are respectively electrically connected, are formed. Note that, the electrodesr are formed |
by patterning the lamination film of a Ti film with a thickness of 50 nm and an alloy film with
a thickness of 500 nm (an alloy film of Al and Ti). |

In a pixel portion 1206, a connection electrode 1160 contacting the impurity region 1132
or a source electrode 1159 is formed, and a connection electrode 1161 contacting the impurity
region 1150 is formed. Note that, the connection electrode 1160 forms an electrical connection

to a drain region of a pixel TFT by being formed contacting and overlapping the pixel electrode
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.. sem conductor |ayer.

sem conductor |ayer that becones a channel forming region is | owerle dUETRHIS
TFT having a channel forming region thus fornmed is decreased in off
current value, and has high electric field effect nobility because of good
crystallinity, thereby attaining satisfactory characteristics. 86 3 1 AUG
2005 Further, an activation process may be perforned before the formation
of the first interlayer insulating film However, in the case where the
“used wiring material is weak against heat, it is preferable that the

act i vat 1362 pfuthes shd conpentibneltedo®S 1160 istledtidal badtREtel RSHE 8hdfnddctdhidAaD
insulating filmcontaining silicon as its main constituent, for exanple,

si | i con (impuritgeegiod 1)50) svhidtofutborisths @8 OF (HeQ 18 BHE Torh}E: (b bloPe Q% 1 ke
as in this enbodi mrent~ Moreover, a |laser annealing matfhhgd mayF%g p%atrcitgg med
as the &FEigi 3@)ti on process, and |aser light of an excimer |aser, a YAG

| aser or the like may be irradiated. Next, a first interlayer insulating

film(b) 1153 ite thamepss debhsbdd dbdle, ithd &Hé&ﬁlﬁuﬂ 504 iﬁ%:lhﬁglgta&: d-ﬁﬂa(nl% TEr 3P

is formed of an insulating filmcontaining silicon w ckness ‘of 50

to 200 1001 M4 dhehahasrer B0, ﬁﬁ%})mﬁp&fioﬁ T&ﬁﬁgﬁ%ﬁ%ﬂ%ﬁfggﬁg@s %r[giez}sgér%%em

enbodi nent, a I00 nmthick silicon nitri
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not limted to the silicon nitride and o insurating

cont ai NicAlkdSdnl dcGPOMABYx R sfrRE 5ol single layer or a | am nation
Sstructure. Next, heat treggnent f@g%g? Simed for 1 to 12 hours at 300 to
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1130 functioning as a source region or a drain region. Also, the p-channel TFT 1202 includes
a channel forming region 1164, an impurity region 1149 overlapping with the first conductive
layer 1139 partially forming the gate electrode, the impurity region 1148 formed outside the gate
electrode, and the impurity region 1147 functioning as a source region or a drain region.

The pixel TFT 203 of the pixel portion 1206 inciudcs a channel forming region 1165,
alow concentration impurity region 1136b (GOLD region) overlapping with the first conductive
layer 1140 forming the gafc electrode, an impurity region 1136a (LDD region) formed outside
the gate electrode, and the high concentration impurity region 1132 functioning as a source region
or a drain region. Besides, impurity elements imparting p-type conductivity are added to the
respective semiconductor layers 1150 to 1152 functioning as one of the electrodes of the storagé
capacitor 1204, The storage capacitor 1204 is formed by the electrodes 1125, 1142 and the
semiconductor layers 1150 to 1152, and 1166, using the insulating film 1144 as a dielectric

material,
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containing 3 to 100 % of hydrogen or plasma hydrogenation (using hydkldgeiiis
excited by plasma) nmay be perforned as ot her means of hydrogenati on.
Further, thermal activation (typically in a nitrogen atnosphere-at MOto
550" C) is perforned after the resist masks 1145 and 1146 nmade of resi st
are renoved, and then 87 3 1 AU G 2005 hydrogenation (in a nitrogen

at nosphere at 300 to 500 C) may be performed after formng the first
interlayer insulating film(typically, a silicon nitride filmwith a

thickness of 10@hes g WcotdhnceRHE (RS pRRZed ik Als feln?aﬂ?lﬁi%%,%@'n@%b%l' lcon.

Next, a second interlayer insulating film 1154 made of an organi
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1153b. I'n this enbodi nent, an acrylic resin
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80 to 120 nmis formed on t second 1 nte I nsulating and
a pixel ; rtﬁ@?ieﬂdmz is formed by patterning. For the transparent

conduct i vg il m-“an alloy of indium oxide and zinc oxide (In208-2Zn0O and
zinc oxide (ZnO are suitable materials, and further zinc oxide added with
gallium (G) (ZnO: Ga) nmay be preferably used to increase the

transm th’ \{)io%&rt 1(I‘fnducti vity of visible light. Note that, here, an

exanpl e '0T using a transparent conductive filmas a pixel electrode is

hown, but if ;a,,conductive terial .having reflectivity.i dto forma
o ver ol e oSS PR Bl DRy Bl Sh i it el e
atterni i rforned fqr. form ng the, contact,. holes reaching the ey
Pes pect |f€(:gn tﬁeﬁgﬁﬁet Vg&‘é‘g?"g)ﬁgatf 1‘%?’}1,“galf’l‘§§‘? “1% odipent 11k qsﬁrﬂ?;{:%d]?‘?q%‘grw“h
circuit 1205, ?OIrE]%té@des 1155 to 1158 to which the inpurity regions 1130

and 114748 pettively electrically connected, are formed. Note that,
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as shown in Fig. 30, an orientation film 1167 is formed on the active matrix substrate in Fig. 30
and a rubbing process is performed. Note that, in this embodiment, before forming the
orientation film 1167, a columnar spacer is formed in a desired position for maintaiﬁing a gép
between the substrates by patterning an organic resin film of an acrylic resin film or tﬁe like.
Further, in place of the columnar spacer, a spherical spacer may be scattered over the entire
substrate.

Subsequently, an opposing substrate 1168 is prepared. In the opposing substrate, a color
filter with a colored layer 1174, a light shielding layer 1175 arranged correspondiﬁg to each pixel
is provided. Further, a light shielding layer 1177 is provided in the driver circuit portion. A
leveling film 1176 for cove;ing the color filter and the light shielding portion 1177 is formed.
Next, an opposing electrode 1169 made of a transparent conductive film is formed in the pixel
portion on the leveling film 1176, and an orientation film 1170 is formed on the entire surface
of the opposing substrate to perform the rubbing process.

Then, the active matrix substrate on which the pixel portion and the driver circuit are
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a thickness of 500 am (an alloy filmof Al and Ti). In a pixall APt 2R
1206, a connection el ectrode 1160 contacting the inpurity region 1132 or a
source el ectrode 1159 is fornmed, and a connection el ectrode 1161 contacting
the inmpurity region 1150 is fornmed. Note that, the connection el ectrode
1160 forms an el ectrical connection to a drain region of a pixel TFT by
being formed contacting and overl apping the pixel electrode 88 3 1 AUG 2005
1162. Further, the connection electrode 1160 is electrically connected to

the seni fon@uckarhe ayising subouht bye S8 Rigerhir By a‘é@élﬁngoniléiﬂ?ér' 073, 38 aARL;Of
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Formed opt 8608k various electronic equipments.

[Embodiment 12]

In this embodiment, a manufacturing method of an active matrix substrate having a_
structure different to that in Embodiment 10 is described using Fig. 32. In Embodiment 10, a
transmission type display device is formed, but this embodifnent, is featured in that a reflection
type display device is formed to reduce the numﬁer of masks as compared to Embodiment 10.

Note that, the process through the formation of the second interlayer insulating film
1154 is the same as Embodiment 10, and therefore the description thereof will be omitted.

In accordance with Embodiment 10, after the second interlayer insulating film 1154 is
fonped, patterning is performed to form th_e contact holes reaching respe.ctive impurity regions.

Then, in the driver circuit, as in Embodiment 10, a part of the semiconductor layer (a
high concentratioﬂ impurity region) and electrodes respectively electricélly connected thereto are
formed. Note that, these electrodes are formed by patterning the lamination film of a Ti film with
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the gate el ectrode, and the high concentration inpurity reg@b%i¥¥%§mﬁ -
functioning as a source region or a drain region. Besides, inpurity

el enents. inmparting p-type conductivity are added to the respective

sem conductor |ayers 1150 to 1152 functioning as one of the el ectrodes of
the storage capacitor 1204. The storage capacitor 1204 is fornmed by the
~el'ectrodes 1125, 1142 and the sem conductor |ayers 1150 to 1152, and 1166,
using the insulating film 1144 as a dielectric material. 89 3 1 AUG 2005

Furt her ,a thickaessasfdaneeand dalldiefilel WER23hBKARS 0PF00 b FaEAPOEH TR0y fH1RT.
nunber of photomasks necessary for manufacturing the active matrix

substrate may Ih@ piiRtsoreen,Sipixel A8 cifode 1802 tdntidiRg AUBARHnRhuREQFRDRESy reB¥n e
reduced, to thereby reduce the nmanufacturing cost and inprove the yield.

[ Enbodi g, drhkolite EREGo R0 coRBéLingld o éRE & H1i8F: irh STy RGIAH 1308 §d fhmsmL i X
liquid crystal display device fromthe active matriX substrate
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31. In accordance w th Embodinent 7, after obtaining the active matrix
subst ' alighpiufi s 00 &S 2 SHRUNTIT, - fudfler AR APURIAQD donhtibh® bS
formed on'the ac an

ive matrix substrate in Fig. a rubbing process is

per for m’s‘émi&ﬁﬁﬁf%p %g'er fu'ﬁcﬁ&hﬁg ggpﬂéjb Fe’lecli.)r%g%; Iﬁ)rnfélgt{%?gg gtc}r%% ?agééi%?t(ﬁi%hon

film1167, a colummar spacer ormed in a Sitl

waintaiQbﬂan@mggggngggyﬁagP#Eg%g%?ﬁégﬁies by patterning an organic resin

filmof an acryli "ke. Further, in place of the
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substrate. Subsequently, an opposi _ rat I'S prepare _
Opposi P%oﬁ}'ﬂ%ﬁ&ﬁt?&?a] gﬁt&'&ll Qith dztﬂ L&l rE@ec@iv‘ft lsQ(';he%hllaﬁﬂfartiloﬁ s & dhd %R/e
shi el ding l"ayer” 11 arranged correspondi ng to each piXxe
components is preferably used. |
Further, according to the processes shown in this embodiment, the number of
photomasks necessary for manufacturing the active matrix substrate may be five. As aresult, the
number of processes may be reduced, to thereby reduce the manufacturing cost and improve the
© yield.
Further, after the pixel electrodes are formed, it is preferable that the process of a known
method such as sandblasting or etching is supplemented to make the surface uneven to prevent
the reflection on the mirror surface, and the reflected light is scattered in order to increase the

whiteness. Further, unevenness may be formed on the insulating film before forming the pixel

electrodes, and the pixel electrodes may be formed thereon.

[Embodiment 13]

In this embodiment, the process of forming a reflection type liquid crystal display device
from the active matrix substrate formed in Embodiment 12 is described below with reference to
Fig. 33.
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is provided. Further, a light shielding |ayer 1177 is provi ae1d Aibrg’ t‘fhe
driver circuit portion. A leveling film21176 for covering the color filter
and the light shielding portion 1177 is forned. Next, an opposing ‘
el ectrode 1169 made of a transparent conductive filmis fornmed in the pixel
portion on the leveling film 1176, and an orientation film 1170 is formed
on the entire surface of the opposing substrate to performthe rubbing
process. Therl,. Lhe active %Etri_x substrate on which the pixel portion and
the driver citBhidcyrdeds Enhodimenbbhsftenebiaining the aetiveopatoizisubsteanb it that e
are stu%ag toget her by a sealing nenber 1171. Afiller is mxed into the
seal i ng & AHIOVAR Fig 3d, awriadivnimds fermedonibsedtivgetatvex substrateios Fid, Bher
and a columar, spacer whil e keeping a uniformgap. Thereafter, a liquid
cryst al®fn#t least ghe pixpBelegtrodeyjand tieribbisgwrecesb it thus iperfombat r HogSthagnid this
conpl etely encapsul ated by an encapsul ant (not shown). A known liquid
cryst alemodEne befray forming the csientatien filmuamongryie tain filmi sudhas ablkéAdiclBsibhi s
manner, the active matrix liquid crystal display device shown in Fig. 31 is
conpl etfdla is prtterned txsfamya coltwnacspiave (nett shiowns Blrahaiataining tHc@pHRPASIHEe
substrate may be parted into a desired shape. Further, a poFari zing plate
or t he Shbstetdsgn shapdesired poyitios AgrtherkinqilacetofchnioiuienarAPaderG spherigdRpaRd
using a known technique. The liquid crystal display panel manufactured in
t hi s wagayheschitered oul thesendiralssficayf theaubitare. of vari ous el ectronic
equi pnents. [ Enbodi nent 12] In this enbodi nent, a nmanufacturing nethod of
an active naiNexk asopposiag subl@ate Ng04is pBépatal lﬂ:ﬁhéb%ﬁcﬁh@khb&t@até R&rovilled 2
Enbodi nent 10 is described using Fig. 32. In Enbodinent 10, a ‘“transm ssion
type dicelok &itenieith e eolosedlayerand a light shivlding yecina A @mﬁ&ﬁﬁﬂg@%&%&at ‘a
reflection type display device is forned to reduce the nunber of sks as
conpar &&xt, @ |evdhindifitans fdthedNoveriidat colohgiter ocess through the formation of
the second interlayer insulating film '

Next, an opposing electrode formed of a transparent conductive film on the leveling film

is formed at least in the pixel portion, an orientation film is formed on the entire surface of the
opposing substrate and a rubbing proceés is performed.
Then, an active matrix substrate 1403 formed with a pixel portion 1401 and a driver
circﬁif 1402, and an ppposing substrate 1404 are stuck together with a sealing member 1406. The
- sealing material 1406 is mixed with a filler, and the two substrates are stuck together while
keeping a uniform gap by the effect of this filler and the columnar spacer. Thereafter, a liquid
crystal material 1405 is injected between both the substrafes to encapsulate the substrates
completely by an encapsulant. A known liquid crystal material may be used for the liquid crystai
material 1405. Note that, this embodiment is a reflection type liquid crystal display device, so
that the gap betweén both the substrates is about half that shown in Embodiment 11.
Accordingly, the reflection type liquid crystal display device is completed. If necessary, the
active matrix substrate or the opposing substrate is parted into a desired shape. Further, a
polarizing plate 1407 is adhered to just the opposing substrate. Then, an FPC is attached using
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1154 is the sanme as Enbodi nent 10, and therefore the descrip@i%&“fhé?%bf
will be omitted. In accordance with Enbodi nent 10, after the second
interlayer insulating film21154 is formed, patterning is perforned to form
t he contact hol es reaching respective inpurity regions. Then, in the
driver circuit, as in Enbodinment 10, a part of the sem conductor |ayer (a
hi gh concentration inpurity region) and el ectrodes respectively
electrically connected thereto are forned. Note that, these electrodes are
forned Ryknedinttedhmiqi@. t he lam nation filmof a Ti filmwth 91 3 1 AUG 2005
a thickness of 50 nmand an alloy filmw th a thickness of 500 nm (an Al
and Ti alloy fp ; i L i ectr.ode 1302 cqntacting
a high concen??g??gﬁukﬁé Fﬁkéﬁ%%8§%Hh%gﬁ%&ﬂg¥égﬁ%%%?%gl%ﬂgﬁy?%ﬂgy%§d§eé

cont act iaE‘Qd%pﬂy%brﬁ&?%%t?&?%6&%1&%#&%%&8 ison 1301 is.formed. Note that,

t he pi xel el éctrode 1 orns an e cal “connection to the high
concentrati on g IRuE hon: £ i xel . TET, and fuyrther forms_ an
el ectri cal corll:giétct [ o%th %Egﬁ@e}%]%gsg%@&pgarﬁa e?“eﬁe&ﬁﬁ?fﬁaﬁf%ée%ﬂ %‘ﬁ’%ﬂw 4 he
el ectro e t.0 capacitor (high oncentration inpurity
region %%(%84%‘9%% glq s g%% ﬁll@oéaggﬁ i %g e]%r?h%ltsgﬁft&fec]?aé’rmgt% gHisQuce.dt IsEeriBte
1302, a,fhlmi . Of as, t he. nai conppnent, or a material with an
excel | erz#tla%w&:dtﬁfjﬁqn%%aﬁ%ﬁsgéowr_éfﬁrﬁﬁﬁ%ﬂﬁff TP the above conponents is
Crbodi ment . 1 A8 ik 06 Rt BBk L R O i de SR wed
active : strate. e five. a result, the nunber of processes
mmy be iRl sOURE SO i Sis abtud SRk ey Gost D gondHsHBuBlatche
yield. E her, .af.ter e pixel electrodes are fornmed, it is preferable

t hat th%HJpérggédgg“B%h%r S\R/Elr’éﬁﬁ‘?&&ﬁ‘g%‘ﬁwf% sandbl asting or etching is
suppl enent ed matge .tﬁlgte S rfgge uBe\(en to prevent the reflection on the
mrror surfac& *Ange gk iradiped from the Hght spycaeificientlventers theriide fromithrsidease

t he : : |
: surface of the light conducting plate by the reflector, the light is reflected by a special prism

processed surface provided on the surface to enter the liquid crystal display panel.
In this way, by combining the liquid crystal display panel, the light source and the light

conducting plate, the light usage efficiency may be improved.

[Embodiment 14]

In this embodiment, an example of a manufacturing method different from that of
Embodiment 10 is shown. Note l:hat,. this embodiment only differs from Embodiment 10 in the
process until the formation of the semiconductor layers 1102 to 1105, and the processes thereafter
are the same as in. Embodiment 10, and therefore the descriétion is omitted.

FirSt, a substrate is prepared as in Embodiment 10. In a case a transmission type display
device is manufactured, a glass substrate, a quartz substrate, or the like may be used as the
substrate. Further, a plastic substrate having a heat resistivity that may resist the treatment
temperature may be used. Further in the case that a reflection type liquid crystal display device
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whi t eness. Further, unevenness may be forned on the insulatin%7f$pﬁ18@$ore
formng the pixel electrodes, and the pixel electrodes nay be forned

t hereon. [Enbodi ment 13] In this enbodi nent, the process of formng a
reflection type liquid crystal display device fromthe active matrix
substrate forned in Enbodiment 12 is described below with reference to
Fig. 33. 92 3 1 AUG First, according to Enbodi nent 12, after obtaining the
active matri x substrate in the state as shown in Fig. 32, an orientation

filmis i aramsthctmed, lie additionpa waianiix ssbshgtel atsficoh shbdrat32 mefA1 &ibsheR@Shy L he
pi xel el ectrode, and a rubbing process is thus perforned. Note that, In

this erstaielesseubstid odth shdnsulaghgtilen @f i@ RBiFhdeGhayf bd WBedan organic resin film
such as an acrylic resin filmis patterned to forma columar spacer (not

shown) for maiNexgiabongilnhagadt sRetsneens il sudtilaLNRLES B alNS ARShifflde
position. Further, in place of the columar spacer, a spherical spacer- my

be scat tfiimest acsilidonenigileiox@desilid RFBroMd drfle SMRSLIAUS thilNexbodi i
substrate 1404 is prepared. On the opposing substrate1 'S %rlgi\}flggg&g%%él or

filter wirhbtu isabal d theyRs A0 ol uAblursRiE |a@.ir{§ﬁ fﬁ?@l@ﬂeﬁﬁ%ﬁon of two

corresponding to each pixel. Next, a leveling covering the

col or fidr ks laiNa bf tha fi‘ns‘ﬁmg’fgfﬂﬂl rﬁé)lﬁt%t Jsigg.ej'fnftﬂfrs of imeht tarfﬁ'gﬁpfe}r;l gﬁ% asecpnd

conductive filmon the |l eveling fi ornmed at Tedst in

por ti on lay@fofhé BaedthOfte férhﬁﬁ!ﬁin%%%ﬂza%%etﬁ gorcggﬁﬁ%lgﬁ%% thtegfllpé in
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opposi ng substrate and a rubbing process 1s perforne ana
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circuit 1402, and an opposing substrate _ ( oge _ |
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(composition ratio Si=32%, 0=27%, N=24%, ‘H=17%) with a thickness of 50 nm is formed.
Then, as the second layer of the base film, a silicon nitride oxide film formed by a plasmé CVD
method with SiH, and N,O as reaction gases is laminated with a thickness of 50 to 200 nm
(preferably 100 to 150 nm). In this embodiment, a silicon nitride oxide film (composition ratio
Si=32%, O=59%,lN=7%, H=2%) with a thickness of 100 nm is formed.
Next, an amorphous semiconductor film is formed on the base film in the second film
forming chamber. An amorphous semiconductor film is formed with a thickness of 30 to 60 nm..
there is no limitation on a material of an amorphous semiconductor film, but preferably it is
formed of silicon or a silicon germanium alloy. In this embodiment, an amorphous silicon film
is formed using SiH, gas by a plasma CVD method.
Further, since the base film and the amorphous semiconductor film may be formed with
the same film forming method, the base film and the amorphous semiconductor film may be
formed continuously.

Next, Ni is added to the amorphous silicon film in the third film forming chamber. An
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crystal material 1405 is injected between both the substrates td1 AUG 2w
encapsul ate the substrates conpletely by an encapsulant. A known liquid
crystal material may be used for the liquid crystal material 1405. Note
that, this enbodinent is a reflection type liquid crystal display device,
so that the gap between both the substrates is about half that shown in
Enbodi nent 11. Accordingly, the reflection type liquid crystal display

device is conpleted. If necessary, the active matrix substrate or the.

opposi ngekubsde adwaintng) B tagdh indtediaP isIRich&d b§ RAPBsmE YT PEhethad b & kY
pl ate 1407 is adhered to just the opposing sgbsﬁgg?e. Then? aﬁzg%%?#g§H§

at t achedintusfuegl i@ tBe il B2 RBind HARYE: thSERM@YR1smENSd &f i%%&&éd? g)ftc}SBFSe
h wa e use as a

liquid crystal display panel manufacturedin this y may

di spl ay peedyithin flin 6418i ¥aY b UsrnRbaR st Ce‘%gbrtgﬁﬁ&[‘ﬁ]%%ﬁoﬁ Wh @Eﬁtterlwgitn{l](?t%(g(f} .

the liquid crystal display panel, there occ a probl'em i n”visi

a case where iNektSa Pﬁﬁéi:tliv@ fi"l’m‘i'@fbi‘mip% ﬁﬁﬁ% %’ﬁgggﬁﬁgﬁ%flg £ LGt ﬁé &erﬁ?%tie%ﬂ&?

light source, a reflector and a |1 € as ‘shown

331 oL DrRASl afibéh ofie B! OCSPHARS: ofla il & AL 1R BLUTRILY Rl pebdiORiy

col d- cat hode t ubes may be use nt source she _
R s o e R R S S T
(he 1| Smbaguseehinch sy o 5ot O e OB S BSrLA0E 2,
i o cRyeol RFERPERed Bk 4 PN GEGTot A0 AER: 1Bf Pafruineny s o
5 RS e e SO R ™
exanpl e fm;no@pl{g?@% &)Ctth% %&rrﬁgatﬁto?ﬁ% s?liic];o%%rx? etfiI];I[ z?s t gg%tec%fng film.

Further, any known forming methods such as a plasma CVD method, a thermal CVD
method, a decompression CVD. method, an evaporation method and a sputtering method may be
used as to the film formed in each film formation chamber.

‘Next, dehydrogenation of an amorphous silicon film (500 ° C, one hour) is performed,
and thermal crystallization is performed (550 ° C, four hours). Note that, the method is not
limited to adding a catalyst element such as Ni as shown in this .embodiment, and thermal -
crystallization may be performed by known methods.

Then, in order to control the threshold (Vth) of the n-channe!l TFT, an impurity element
imparting a p-type conductivity is added. Elements of group 13 of the periodic table such as
boron (B), aluminum (Al) and gallium (Ga) are known as impurity elements imparting a p-type
conductivity to the semiconductor. In this embodiment, boron (B) is added.

After adding boron, a silicon oxide film which is a protecting film is removed with an
etching solution such as fluoric acid. Next, a continuous processing of washing and laser

annealing is performed. By performing laser annealing processing after adding boron (B) which
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G 2au
Enbodi nent 10 is shown. Note that, this enbodi nent only differsE}fﬂo’if\‘HU 2005
Enbodi nent 10 in the process until the formation of the sem conductor
| ayers 1102 to 1105, and the processes thereafter are the sane as in
Enbodi ment 10, and therefore the description is omtted. First, a substrate
is prepared as in Enbodinment 10. In a case a transm ssion type display
device is manufactured, a glass substrate, a quartz substrate, or the |ike
may be used as the substrate. Further, a plastic substrate having a heat
resi st i v &y impurity eleynane snpartinp e pt-ﬁypab@iﬁimbtwit)emﬁé atnbfholiByenBontS b fﬂﬁlﬂr t her
in the case that a reflection type liquid crystal display device 94 3 1 AUG
2005 i s boromifeacmnes ephrt oferdditnicure ofla €95tallin6 senibSiduioR fild wiieh £§9@1lization
substrate, a netal substrate, or a stainless substrate with an insulating
fi |l m on oches,sulidretyedanege e theseyktal Meudturedyiias Scdukd \mtlﬁrﬁﬁ%oﬁ'fren%'anﬁlrl% dend
- filmsuch as a silicon oxide film a silicon nitride Imor a silicon
ni tri demmviteepréventad. s fornmed on the substrate. In thls enbodl ment , a t wo
| ayer structure is used for the base film but a structure with a single

| ayer . fil m or Heggybfasing Bulficd Water &ntdTRIS okSVShs my
be used. ‘In this e?rbodlg?rent a fefrs?t |§§§r and gﬂégggngklafgifgﬁr%fgf[J%e@base

film ar ehef wirpein WkidiOfiBn Bd 8 TBrtedd | d f in
the first flﬁ ?orm né cha#%er Asn?iﬁ% ?%rér?h%g{/ﬁel%@ %?ﬁén%&@&h%e ‘lﬂldﬂ;

o1 |1 conotivhiednny ihef ohe ERRTEHAIALY B £BIoOICRS HandBchPafIAT, |

(preferably 50 to by a. plasma CVD rrethogg

tio
(compos L an ratie C‘s’,?*a?zl R
is for nﬁﬂmeltﬂg%hon@%ﬂ Bﬁe&?pﬁfmtﬂe%ffxeﬁfwdatt tﬁﬁ?@gﬁ_ﬁ[ﬁ | EB c 110'11(:0%%5@%1% E)s'nde

oxide filmformed by a plasm as re
re! f 00 to
ﬁﬁfiesl o *}&Emgﬁ%%ﬂ?*#%ﬂ%a&% f“%ﬁﬁﬁh@% bl aPn& F@%ﬁ%%@? Pl Pty o
~32% d878Hiay B A8hrobiiadly iluldhPorlilGEAERRIAE A0 AMLLS: kIR g HlEXe BN

armr phous sém mis orrr
Asa laser annealing method, a method of linearly condensing laser light radiated from

alaser qscillator with an optical system and irradiating the linear laser light to the semiconductor
film may be used. The cdnditions of crystallization by laser annealing may be appropriately
selected by the operator.

The crystalline semiconductor film thus obtained is patterned into a desired shape to
form island-like semiconductor films 102 to 105.

As to the subsequent processes, the ﬁquid crystal display panel shown in Fig. 31 canbe
formed in accordance with Embodiment 10.

Note that this embodiment may be implenﬁcnted in combination with any one of
Embodiments 10 to 13.

“According to the present invention, a width of the low concentration impurity region
(GOLD region) which is overlapped with the gate electrode and a width of the low concentration
impurity region (LDD region) which is not overlapped with the gate electrode can be freely
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form ng chanber. An anor phous seniconductor filmis formed with é3ﬂhﬁUﬁnéEé
of 30 to 60 nm there is no limtation on a material of an anorphous

sem conductor film but preferably it is fornmed of silicon or a silicon
germaniumal loy. In this enbodi ment, an anorphous silicon film is forned
using SiH4 gas by' a plasma CVD nethod. Further, since the base film and

t he anor phous sem conductor filmmy be formed with the sane filmformng
nmet hod, the base filmand the anorphous sem conductor film may be forned
cont i nu&gsirglledNeddso, i chrceattddoh diffetanee hetvepithie GOLDiregion hind thei DD hezibhi r d
filmform ng chanber. An 95 electrode containing Ni as. a material is

at t achedn the EFpifersres i@\ViCcordbivedyittathgqnesgasiniventionris hadiceddidddo THus, inhhe d
filmform ng chanber to generate plasma, and Ni is added. O course, a
very t hiGOEDIregiof okrlappyd vdthfthe gael eloytrod, B gel@thtion ap OlcfricaitldBineest Monas
sputtering nmethod. Next, a protective filmis fornmed in the fourth film

f or m ng achiavdsmd then 4 e cpiriet Bgdctiog carf bd preveatesll |A160 i ©X 188 feigloMwitcBislnoe on
nitride oxide film or the like may be used. In perform ng dehydrogenation
at a | ateerlapadevithethe gap aldctrbay ah isdiedte a5t oH-birf@fvalué EAdise sipprisgtdnot be
used since hydrogen does not |leave easily. In this enbodi nent, TECS
(tetrathyl orthosilicate) and 02 are nmixed, to forma silicon oxide film
with a thickness of 100 to 150 nm This enbodinent is featured in that a
continuous processing nmay be perfornmed w thout exposure to the clean room
atnosphere up to the formation of the silicon oxide filmas the protecting
film Further, any known form ng nethods such as a plasma CVD nethod, a
thermal CVD nethod, a deconpression CVD nethod, an evaporation method and
a sputtering nmethod maybe wused as to the filmformed in each film
formati on chanber. Next, dehydrogenation of an anorphous silicon film (500
" C, one hour) is perfornmed, and thermal crystallization is perforned (550
* C, four hours). Note that, the method is not |imted to adding a

catal yst el enent such as Ni as shown in this enbodi nent, and therm
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crystallization may be perforned by known nethods. Then, i@ bridr 20ih
control the threshold (Vth) of the n-channel TFT, an inpurity el enent
inparting a p-type conductivity is added. Elenents of group 13 of the
periodic table such as boron (B), alumnum (A) and gallium (Ga) are known
as inpurity elenents inparting a p-type conductivity to the sem conductor.
In this enbodi nent, boron (B) is added. After adding boron, a silicon oxide
filn1mh%§h i.s a protecting filmis renoved with an etching solution such
as fluoM Ral&tslameddst | a continuous processing of washing and | aser
annealing is perfornmed. By performng | aser annealing processing after
addi ng boron (B) which 96 31 AUG 2005 is an inpurity elenent inparting a
p-type condugtivit : r S j ugk oref i . r s a
part of crys?él s#gd%?ﬂ%@8g$&2d59§§f§ |ﬁggggnﬁ%gAH%%%%%mgpfﬁﬁaﬁgﬁﬁgng
crystal ké@gbh@ittordasd formeMSh R YnRARESutfBed, ROHET MShiating Hlnd FoMQ WhikH
occurs with the conventional techniqué, nmay be prevented. Here, by using
puri f i edemibaductariliyr,indQ @EoAectRdd famedGintaiidhstilatg fitmg! udi ng fl uori ne,
the very thin oxide filmto be formed in washing with purified water
cont ai ni ng ozone, védwckin cond agatmeleettbderhas r layinstianckructird imewlich mfissir f ace may
be renoved., As a manufacturing nethod of purified water containing ozone,

t her e i sordusvedayenvity adirstovigdth & dioper faysreandnmsesond condupsive daver gfitel t i ng
ozone gas di into_the water. Further, the concentration of

rectl . ifi,
ozone i §e°°ﬁf'1é‘fléﬁ_&‘d%ﬁ7w§'ét_(ha_ﬁtgalg%étll"l”gg’ 1%?81.’9%&3’@3@!’&, t he nunber of
rotations and ti e, condl i 0088l SHLD: LASVASE AT be SRR GREARL el v found

according to a substrate aféa, a mnmateria

l'aser aRpedlped Wwigl BAH. scBo B EORR cRle hzﬁ@gﬁz{ hé(ir &F ﬁjiupgoﬁc%ﬁgﬁtidﬂ gﬂl?u

. it
radiated from a laser oscillator wt ptical systemand irra é%yng
the |ineggiodsasgiict iighivetl@pede wsBNbH@NHKE t @hdudtiveMagBy PSHattSeH.seddi low

conditions of crystallization by |aser annealing nmay be appropriately
sel ect edolmentrigoropepaitp regions which is formed in an outside of the first conductive layer,
and a source region and a drain region which include high concentration of impurity, and

wherein said source and drain regions and said gate electrode are in contact

with a second insulating film.

2 A semiconductor device according to claim 1, wherein said first and second
pair of low concentration impurity regions are located between said channel forming region

and said source region and between said channel forming region and said drain region.

3. A semiconductor device according to claim I, wherein an end portion of said

first conductive layer has a taper shape.

4. A semiconductor device according to claim 1, wherein an end portion of said
first conductive layer is located between said channel forming region and said source region
or between said channel forming region and said drain region, through said first insulating

film.
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The crystalline sem conductor filmthus obtained is patter%édApﬁtgmé
desired shape to formisland-1ike sem conductor filns 102 to 105. As to

t he subsequent processes, the liquid crystal display panel shown in Fig. 31
can be forned in accordance wi th Enbodi nent 10. Note that this enbodi nent
may be inplenented in conbination with any one of Enbodinents 10 to 13.
Accordi ng to%t he Pr&sEeandpeiore deviem accardipad tch clofm tlhevhersin e oflee Hickaessoof a
inpurity region (GOLD region) which is overlapped with the gate el ectrode
and a wiresidn off saichierst manlstingciélm whichan ovérkappadi with saédypainof filSDloveefinoentratitni ch i s
not overlapped with the gate el ectrode can be freely 97 controlled. Al so,

t he condmpirratdgems Hedofres triwer et distercetiiven BEcRnnelgegion amatgérhe LDD region in
the TFT formed in accordance with the present invention is hardly produced.
Thus, in the GOLD region overlapped with the gate el ectrode, a relaxation
of electric field concentration is achieved and then a hot carrier
injection cap. be prewehecorAlesie abddrdife oM’ PgheBinMidcRmicend\Rtor device

overl apped with the gate el ectrode, an i1ncrease of the off-current val ue
can be YWRHARS&EHal BPla3 dbvid)G 2005 What is clained is: 1. A sem conductor
device conprising a thin filmtransistor conprising a sem conductor |ayer
formed on an insulating surface, a first insulating filmfornmed on said

sem conductor |ayer, and a gate electrode forned on said insulating film
wher ei n sai dsgate q i i ruct N whjch first
conductive Igyer aﬁ%ﬁ%%ﬁ@gﬁg?@af%?%&ﬁgﬁgBF%@%§RW§§%¥&§ﬁé ﬁmggggﬁ%WK£1§
conduct i W . cond width narrower than said first wdth is an
upper I3%g%%ﬁ%ﬁ%u§%%¥g%%q§§rﬁwgghiconductor | ayer has a channel form ng
region which is

8. A semiconductor device according to claim 1 wherein said semiconductor device
is one selected from the group consisting of a video camera, a digital camera, a projector, a
goggle type display a car navigation system, a personal computer, a portable information

terminal, a digital video disk player, and an electronic game device.

9. A method of manufacturing a semiconductor device comprising steps of:

forming a semiconductor layer on an insulating surface;

forming an insulating film on said semiconductor layer;

forming a first electrode comprising a laminate stracture of a first conductive
layer with a first width and a second conductive layer on said insulating film;

adding an impurity element to said semiconductor layer using said first electrode
as a mask to form a high concentration impurity region

etching said second conductive layer to form a second electrode comprising a

laminate structure of the first conductive layer with said first width and said second conductive
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over | apped with said second conductive |layer, a pair of firstTIAdp
concentration inpurity regions which is overlapped with said first
conductive layer, a pair of second |low concentration inmpurity regions
which is formed in an outside of the first conductive |layer, and a source
region and a drain region which include high concentration of inpurity, and
wherein said source and drain regions and said gate electrode are in
contact wth a second insulating film 2. A sem conductor device according

to clai Bykr WG RLshS@igth,f i rst and second pair of |ow concentration
impurity ‘regions are | ocdted between said channel forming region and said

egi ons ar . said channel form ng region
oai on. 5. A som corchii e ML BRRR: HIR PR i PR i e
ti ' i st [ | t h L4 A
Cam conae VG Lk &L R Kot BRGn iR aldP <8807 1 on of said
Sai d source 1 egr on SoPECPUEERY SRR TR % dpf Aot gl Goun AR o o
ion, : id fi - | at i fil 99, 3.1 AUG 2005 5, A .
o con AR YhuSkor sldhnl H3 e o wioh T o S WP e o

region of sakd first insulating filmwhich is overlapped with said pair of
first | ga °t Hgéﬁ&dﬁg‘ﬁ“&‘n‘w iﬂ}‘rpuri ty regions becones thinner as a distance

fromthe channel region is larger. 6. A semniconductor device according to
claiml wherein said sem conductor device is a liquid crystal display

device. 7. A m,conduct or. devi ce according o claiml, wherein the, == .
seni conduct or iﬁeéi pan L%gc{&ﬁ“%ln&flﬂ%a‘?% l’ﬁ%é‘béi?é"é Yiehrep @il peqend gidih is

sem conduct or evicg,accqrﬂing to claiml wherein said sem conductor device
narrower than said first width. ,

11. A manufacturing method according to claim 9, wherein said third width is narrower

than said first width and wider than said second width.

12. A manufacturing method according to claim 9, wherein said impurity element is an
impurity element for imparting one of a n-type conductivity and a p-type conductivity to said

semiconductor layer.

13. A manufacturing method according to claim 9, wherein a taper angle in an end
portion of said first conductive layer is larger than that in an end portion of said second

conductive layer in said first electrode.

14. A manufacturing method according to claim 9, wherein a taper angle in an end
portion of said first conductive layer is smaller than that in an end portion of said second
conductive layer in said second electrode.
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is one selected fromthe group consisting of a video canerag faAdibgi?tisl
canera, a projector, a goggle type display a car navigation system a
personal conputer, a portable information termnal, a digital video disk
pl ayer, and an el ectronic gane device. 9. A nethod of manufacturing a
sem conductor device conprising steps of. formng a sem conductor |ayer on .
an insulating surface; formng an insulating filmon said sem conductor
| ayer; formng a first electrode conprising a lam nate structure of a first

conductive | aem iehifactufing Sietiiddicbordifh @ HE LAY ThY gntél%%qiggigtai d

insulating film adding an Tnpurity elefent to sald sem condutt or

usi ng saaoﬁidﬁcttfv%tla;ﬁdrﬁﬁtsﬁi@%ird%fec?roﬁ_@%ecftﬁl fPmm éﬁgﬂig@ir&%ﬁ ?f@ﬁ!g%? in gBHr Ity
region etching said second conductive lTayer to forma second el ectrode
conpri Sigagom clé@fgdeat e structure of the first conductive |layer with said
first wwdth and said second conductive 100 3 1 AUG | ayer with a second

wi dth; adding the inpurity elenment to said sem conductor |ayer using said
second - conductive layer as a mask to forma | ow concentration inpurity
regi on; and etjghian ' 4 i< rote forma third el ectrode
conprising a ;Salr% glgtﬁ?agttu %B%t%%ertgﬁ; ggﬂ%fﬁ ?%?n cgbgo uctTve ﬁ%éﬁt \ﬁjef:ﬁo‘ie’
third wdg}ﬁbrﬁﬁgsge%isgf:second conductive |ayer with said second width. 10. A
manuf act uri'ng et hod according to claim9, wherein said second width is

Craimo, whorein saidERiny Sl RonadtlT MR ) oo B Bl s

wi der thadsfbgiigecond wdth. 12. A manufacturing method according to claim
9, wherein saird IApurity elenent is an

a first etching process which is performed for said second conductive film;

and

a second etching process which is performed for said first conductive film to

form said first electrode.

17. A manufacturing method according to claim 9, wherein said insulating film is-'

removed to expose a portion of said high concentration impurity region simultaneously in

forming said third electrode.

18. A method of manufacturing a semiconductor device comprising steps of:
forming a semiconductor layer on an insulating surface; |
forming an insulating film on said semiconductor layer;
forming a first electrode comprising a laminate stru-cture of a first conductive
layer with a first width and a second conductive layer on said insulating film;
etching said second conductive layer to form a second electrode comprising
alaminate structure of said first conductive layer with said first width and said second conductive
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inpurity element for inparting one of a n-type conductivity ang b A3 Yo
conductivity to said sem conductor layer. 13. A manufacturing nethod
according to claim9, wherein a taper angle in an end portion of said
first conductive layer is larger than that in an end portion of said second
conductive layer in said first electrode. 14. A manufacturing nethod
according to claim9, wherein a taper angle in an end portion of said
first conductive layer is smaller than that in an end portion of said
second lagprduith p vecondyedth; n sai d second el ectrode. 101 3 1 AUG 2005 15. A
manuf acturi ng nmet hod according to claim9, wherein a taper angle of said

first conductive | aading m fmputity blentkne ke edid admidondeabR]ayt Cudibiatai@ ke Gl d
first conductive layer in said second electrode. 16. A nanufacturing

met hod aeledraierag atnoaskltaforndy highrcoh@nhtieh Bghitf tdgsdn; €l ectrode, conpri sing
steps of: lamnating a first conductive filmand a second conductive film

on sai d i nsul ating fidling said inpikicp b1hicnO1PEAE SificHERLr 18yoR BrbOETER bk
sai d second conductive film and a second etching process which’is: '

per f or meebnitoctivealagerf usiigg theosRoe! totRlublivdMalr asf £miksR b Forlnl Eiﬁt)weéo%ﬁél{tﬁ% n L7
A manufacturing nmethod according to claim9, wherein said insulating TIilm

is renowepirityoregionosed a portion of said high concentration inpurity region
simultaneously in formng said third electrode. 18. A nethod of

manufacturing a semiegaheti 64i@ firsteMinBetBRMRY SIS mit £BrdPliectrode comprising a
laminate structure of said first conductive layer with a third width and said second conductive

layer with said second wid_th.
| 19. A method of manufacturing a semiconductor device comprising steps of:

forming a semiconductor layer on an insulating surface;

férming an insulating film on said semiéonductor layer;

forming a first electrode comprising a laminate structure Vof a first conductive
layer with a first width and a second conductive layer on said insulating film;

etching said second conductive layer to form a second electrode -comprising
alaminate structure of said first conductive layer with said first Width and said second conductive
layer with a second width;

adding an impurity eiement to said semiconductor layer using said second
conductive layer as a mask to form a low concentration impurity region and a high concentration
impurity region; and

etching said first conductive layer to form a third electrode comprising a
laminate structure of said first conductive layer with a third width and sai& second conductive

layer with said second width,
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form ng a sem conductor |ayer on an insulating surface; fornin@'b%UG 2005
insulating filmon said seni conductor layer; forming a first el ectrode
conprising a lam nate structure of a first conductive layer with a first
w dth and a second conductive |ayer on said insulating film etching said
second conductive layer to forma second el ectrode conprising a |am nate
structure of said first conductive layer with said first wwdth and said
second conductive 102 3 1 AUG 2005 layer with a second w dth; adding an

i npurity el eme?(. Amanitstuseiy meMddCicosrdinpyRr cluisi 18, ﬁﬁéﬁlrﬁﬁw@&onelxﬁmﬁ pde
as a mask to forma high concentration inpurity region; adding said —

i npur it ynarevenhad @idfisdwsd®i) conductor | ayer through said first.

conductive layer using the second conductive |ayer as a nask to forma | ow
concentration inpurity region; and etching said first conductive |ayer to
forma third el ectrode conprising a l|lamnate structure of said first

conductive | ayEr. Avchdhugactdiid, t%m\et%hm&&%%afodcﬁﬁ?@@dwﬁ%iw & WGeonh YA W th

said second width. 19. A nethod of manufacturing a sem conductor device

conpri si Agr&we Manaid fifsPhidtRg @ sem conductor |ayer on an insulating
surface; formng an insulating filmon said sem conductor |ayer; formng a

first electrode conprising a lamnate structure of a first conductive
layer with a first wwdth and a second conductive |ayer on said insulating

film etching @A%éﬁﬁ%ﬂn%qﬂgﬁﬁé éc}(:&dﬁ%ﬁ% f:laSIﬁ 18 %ﬁ@ ? ﬁﬂlnfjda\%gfhclg rrlzt(ijrﬁoev%egl

conprising a lamnate structure o I st COI’] IVE,‘

Tirst w A saRdS 3 SRAWMH.AARIURS WBna VAXET W a second w dt

23. Amanufacturing method according to claim 19, wherein said third width is narrower

than said first width and wider than said second width.

24. A manufacturing method according to claim 18, wherein said impurity element is
an impurity element for imparting one of a n-type conductivity and a p-type conductivity to said

semiconductor layer.

25. A manufacturing method according to claim 19, wherein said impurity element is
an impurity element for imparting one of a n-type conductivity and a p-type conductivity to said

semiconductor layer.

26. A manufacturing method according to claim 18, for forming said first electrode,
comprising steps of:
laminating a first condﬁctive film and a second Conductivé film on said
insulating film;
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adding an inpurity element to said sem conductor |ayer using sai i At e
conductive layer as a nmask to forma | ow concentration inpurity region and
a high concentration inpurity region; and etching said first conductive

| ayer to forma third electrode conprising a l|amnate structure of said
first conductive layer with a third width and said second conductive |ayer
with said second width. 103 3 1 AUG 2005 20. A manufacturing nethod
according to claim 18, wherein said second width is narrower than said
~first width. 21. A nafirst ahisgipieecs®ivhah i GeFoMhdiiok QaidlsebdRdl@nduhiReatlp; sai d
second width is narrower than said first width. 22. A manufacturing nethod
accordi ngpdt o claim 18, wherein said third wwdth is narrower than said
first wwdth and wi der than said second wi dth. 23. A nmanufacturing nethod
according to clai m L%ecottpétehifg paicesstwihith isfetfofnb® (R A4H NG cond R e $Rindo
first wdth and wi der than said second wi dth. 24. A manufacturing nethod
accor di g Qaidl fRktBlddrodwherein said inpurity elenent is an inpurity

el enent for inparting one of a n-type conductivity and a p-type
conductivity to said sem conductor |ayer. 25. A manufacturing nethod
according to claim19, wherein said inpurity elenment is. an inpurity

el ement for irpant ﬁ‘lﬁtﬁ’uﬁ&ﬁﬁﬁ% utﬂb’dtéépgrggg\g%&ihvi§ Bfoﬂ@gnéﬁn&psfaml st eﬁgt&ode,

conductivity to said sem co ctor A ran ring met

accor di gt kP h@, for formng said first electrode, conprising steps
of | am nat |p215 ﬁf{ﬁrsst' conductive filmand a second conductive filmon said

laminating a first conductive film and a second conductive film on said
insulating film;

a first etching process which is performed for s'aid second conductive film;
and

a second etching process which is performed for said first conductive filrg to

form said first electrode.

28. A method of manufacturing a semiconductor device comprising steps of:

forming a semiconductor layer on an insﬁlating surface;

forming an insulating film on said semiconductor layer;

laminating a first conductive film and a second conductive film on said
.insulating film;

forming a second conductive layer with a first width;

adding an impurity element to said semiconductor layer using said second
conductive layer with said first width as a mask to form a high concentration impurity region;

etching said first conductive film to form a first electrode comprising a lamiﬁate
structure of said first cqnductive layer with a second width and said second conductive layer with
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insulating film 104 a first etching process which is perfor med 1 A& AP
second conductive film and a second etching process which is perforned for
said first conductive filmto formsaid first electrode. 27. A

manuf act uri ng nmet hod according to claim19, for formng said first

el ectrode,. conprising steps of: lamnating a first conductive filmand a
second @dhEL¥dRe filmon said insul ati ng film a first etching process
which is perforned for said second conductive film and a second etching
process which is gehmgragsidsebed emiddctivierlayer dofiefuct is¢aond ielentreds dompnisingiad
first electrode. 28. A method of manufacturing a sem conductor device
conpr i silagingt egpictufe of fseidnfiny candsetives dayductithr sdidiyserondnwidth imnd whidt sengnd
surface; formng an insulating filmon said sem conductor |ayer; |am nating
a first comudiretlayee withlarfoartdwaittsecond conductive filmon said insulating
film formng a second conductive layer wwth a first wdth; adding an

impurity el enent todisgisdidS@ipueioneidictr td s semfbRticihaildyes aRRigh sden@uct i ve
| ayer with said first wwdth as a nask to forma high concentration inpurity

regi on; coRluetivegyd dsilg fshifl Skcon@REMELEVE abdr Wi Qid Ruih Fidtha8h R e fpde
conprising a lamnate structure of said first conductive layer with a

second WwitdhcamhtisRifpRERBAnCARdUCt i ve [ayer with 105

etching said first conductive layer to form a third electrode comprising a laminate
structure of said first conductive layer with a fifth width and said second conductive layer with

said fourth width.

29. A manufacturing method according to claim 9, after the formation of said third

electrode, further comprising steps of:

forming a first interlayer insulating film for covering said third clectrode;

performing a first heat treatment for activating said impurity element in said
semiconductor layer;

forming a second interlayer insulating film for covering said first interlayer
insulating film; and

performing a second heat treatment with a lower temperature than that in said

first heat treatment after said second interlayer insulating film is formed.

30. A manufacturing method according to claim 18, after the formation of said third
electrode, further comprising steps of:
forming a first interlayer insulating film for covering said third electrode;

performing a first heat treatment for activating said impurity element in said

semiconductor layer;
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3 1 AUG 2005 a third width; etching said second conductive Iaf%ﬂ Pgsfgﬁﬁ1a
second el ectrode conprising a |amnate structure of said first conductive
| ayer with said second width and said second conductive |ayer with a
fourth width adding said inpurity elenent to said sem conductor |ayer

t hrough said first, conductive |ayer using said second conductive |ayer
with said fourth VPEHRE dsscsondnineriayers wswping il feb pevering deidofirst ietayes
region; and etching said first conductive layer to forma third el ectrode
conpri siitylaiing flviede structure of said first conductive layer with a
fifth width and said second conductive |layer with said fourth width. 29. A
manuf act uri ng met wedoraden p drenyd theatctreatmer® withf 4 drwetr hemgepatwatthanthef insaidl
third electrode, further conprising steps of formng a first interlayer

i nsul at ifingf hatltreptent afey eaid sgosdintripidr ibulkiee filmvidermeder f orming a first heat
treatnment for activating said inpurity elenent in said sem conductor

| ayer; formng a second interlayer insulating filmfor covering said first
interlayer insulating film and perform ng a second heat treatnment with a

| ower tenperagure A hanmufhdtading Metsdd SecofdidgSto dat] of sRANERImAIL e sdidrSecond
interlayer insulating filmis formed. 30. A nanufacturlng met hod accordi ng

to cl ai MetBodeafilr@Er rﬁ@@@ﬁﬁgﬁp of said third electrode, further
conprising steps of: formng a first interlayer insulating filmfor

covering sai d Nl ighnfih 6 kit BEerlay RAHELRLAL it orloblcthne Qs&aﬁhi{d;%%f}rg&@ for

activating said inpurity elenent in sal sem co ctor

performing a first heat treatment for activating said impurity element in said

semiconductor layer;

forming a second interlayer insulating film for covering said first interlayer

insulating film; and

performing a second heat treatment with a lower temperature than that in said

first heat treatment after said second interlayer insulating film is formed.

32. A manufacturing method according to claim 28, after the formation of said third

clectrode, further comprising steps of:
forming a first interlayer insulating film for covering said third electrode;

performing a first heat treatment for activating said impurity element in said

semiconductor layer;

forming a second interlayer insulating film for covering said first interlayer

insulating film; and
performing a second heat treatment with a lower temperature than that in said

first heat treatment after said second interlayer insulating film is formed.

33. A method of manufacturing a semiconductor device comprising steps of:
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106 31 AUG 2007 form ng a second interlayer insulating film for3 306Q9i3ﬂ§5
said first interlayer insulating filnm and performng a second heat
treatment with a |ower tenperature than that in said first heat treatnent
after said second interlayer insulating filmis fornmed. 31. A manufacturing
met hod according to ¢claim 19, after the formation of said third electrode,
further conprisi ndOSHRHESHHCOTAEGtR Jaypr gn gp msplating R¥feefyer i nsul ating film for
covering said third el ectrode; erforming a first heat treatnent for
activating said i dpygHng 3o ispasgilmensaidgemicepdustoninyet or | ayer; forming a
second interlayer insulating filmfor covering said first interlayer
insulating film aAwengaefaoling wgdectise Ebmdnhestacond watumtine o phsad inoweting
tenperature than that in said first heat treatnment after said second
interlay®m insulating filmis formed. 32. A manufacturing nethod according
to claim?28, after the formation of said third electrode, further

conpri sing steps d¢hrmifipa sdcogl @nfliatist layateith afist widdgul ating film for
covering said third electrode; performng a first heat treatnent for

activating said i mpdingtan BhRimey teldntns 8 GaidS QMiCRACHET Qfyel a¥BE ;saldOsFbRY a
second interlayer insulating filmfor covering said first interlayer

i nsul at icogukiite My RAthREIATRERTI0G 28 a $REP koA 8 highlBAdcRRMon\Wnpitd rdRUET
tenperature than that in said first heat treatnment after said second

interlayer insul atidifhgfshiaedondlcBhdiRve Ber 16\ dTRIDRGQnd WAL AL W) dr RHe
sem conduct or device conprising steps of:

second width;

adding an impurity element to said semiconductor layer through said first
conductive film using said second conductive layer with said second width as a mask to form a
low concentration impurity region; and

etching said first conductive film to form an electrode comprising a laminate

structure -of said first conductive layer with a third width and said second conductive layer with

said second width.

34. A manufacturing method according to claim 33, after the formation of said third
electrode, further comprising steps of:
forming a first interlayer insulating film for covering said third electrode;
performing a first heat treatment for activating said impurity element in said
semiconductor layer;
forming a second interlayer insulating film for covering said first interlayer
insulating film; and

performing a second heat treatment with a lower temperature than that in said

first heat treatment,
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107 3 1 AUG 2005 form ng a sem conductor |ayer on an insul ating %&rﬁ%ez;ﬁus
formng an insulating filmon said sem conductor |ayer; lamnating a first
conductive filmand a second conductive filmon said insulating film
form ng a second conductive layer with a first width; adding an inpurity

el ement to sai_d sem conductor |ayer using said second conductive |ayer
with said first widtheméciiripgsmeted b ansamicppiiciop rfiesise raserding  Rpdein v,
region;, etching said second conductive |ayer to formsaid second

conduct i%?rfrnaﬁfég seicpndacior does inoae belecirddiomy thererpunmanpistinzaif anidee cemesai d
sem conductor |ayer through said first conductive filmusing said second
conduct ia digitaly eamegp.t i malkedos ex gngilovititeh diaplap maek mrvigdtpmnsyatem|, gmpersonal
concentration inpurity region; and etching said first conductive filmto

f or m an celguter, adeorablepnfosiatgpnatetnainaln atdégitab videe tisk elaytr, aad dn klecisdnic gateict i ve
| ayer with a third width and said second conductive |layer with said second
wi dt h. 3WvicA manuf acturi ng met hod according to claim 33, after the
formation of said third electrode, further conprising steps of formng a
first interlayer insulating filmfor covering said third el ectrode;
performng a first heat treatnent for activating said inpurity elenent in

said seniconduct o thayRkiurh ARG df SCERNEhnINS LAN&S adcBRitlatd Bink i1lgM f or
covering said first interlayer insulating film and performng a second

heat tr ealchBA baidvsdrhlichduOWE He i &R Shatdilchod HAR teBbuy BnSigdd of a video camera,
a digital camera, a projector, a goggle type display, a car navigation system, a personal
computer, a portable information terminal, a digital video disk player, and an electronic game

device.

37. A manufacturing method of a semiconductor device according to claim 19,
wherein said semiconductor is one selected from the group consisting of a video camera, a
digital camera, a projector, a goggle type display, a car navigation system, a personal computer,

a portable information terminal, a digital video disk player, and an electronic game device.

38. A manufacturing method of a semiconductor device according to claim 28,
wherein said semiconductor device is one selected from the group consisting of a video camera,
a digital camera, a projector, a goggle type display, a car navigation system, a personal
computer, a portable information terminal, a digital video disk player, and an electronic game

device.

39. A manufacturing method of a semiconductor device according to claim 33,
wherein said semiconductor device is one selected from the group consisting of a video camera,

a digital camera, a projector, a goggle type display, a car navigation system, a personal
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first heat treatnment. 108 3 1 AUG 2005 35. A manufacturing netﬁdhAMBEﬂms
sem conduct or device according to claim9, wherein said sem conductor
device is one selected fromthe group consisting of a video canera, a
digital canera, a projector, a goggle type display, a car navigation
system a gersonal coqputer, a portable information termnal, a digital

vi deo di*ERPYHfL gdortablp dnfgpmation derpmal.ca gigial video slisle plagg, aml #rapledtenicugamsy

nmet hod of a sem conductor device according to claim 18, wherein said

seni cond@@f%r device is one selected fromthe group consisting of a video
canera, a digital canera, a projector, a goggle type display, a car

navi gation system a personal conputer, a portable information termnal, a
digital video disk player, and an electronic gane device. 37. A

manuf act ur i ng0.net Hostrmdondugerndesma duotding thetiimel , ahe@irdianthinofiled @ingisthd js
wherein said sem conductor is one selected fromthe group consisting of a
vi deo cderered in apixdiojictial camera, a projector, a goggle type display, a car
navi gati on system a personal conputer, a portable information termnal, a
digital video disk player, and an el ectronic gane device. 38. A

manuf acturing nethod of a sem conductor device according to claim28,

wher ei n sai d4sem QORHICInAhictSIEIEyRE atdrdieioSRiRCL ShefiPMid Mf MIPHASERPR STiNng
of a video canera, a digital canera, a projector, a goggle type display, a

car navifgalel ®Na S¥wk 8@ Personal ‘conputer, a portable information
termnal, a digital video disk player, and an el ectronic gane device. 39.
A manufacturing nmethod of a sem conductor device according to claim 33,
wherein said senm conductor device is one selected fromthe group consisting
of a video canera, a digital canera, a projector, a goggle type display, a
car navigation system a persona

110




109 3 1 AUG 2095 conputer, a portable information termnal, a di Ji 84F 2006eo
di sk player, and an el ectronic gane device. 40. A sem conductor device
according to claim1l, wherein said thin filmtransistor is fornmed in a
pi xel circuit. 41. A sem conductor device according to claim1, wherein
said thin filmtransistor is formed in a driver circuit. 110 SEM CONDUCTOR
DEVI CE AND MANUFACTURI NG METHOD THEREOF ABSTRACT OF THE DI SCLOSURE There
has been a rocess is | i cated and the
namber of - SPaReaSRUeoR iR ARG AN RO RN AR iR toR o o TeT
with a GO_D structure is fornmed. In a nmethod of manufacturing a
sem conduct or device, after |ow concentration inpurity regions (24, 25)
are formed in a second doping process, a w dth of the | ow concentration
inpurity region which is oSSR IO AT | Y el ectrode (18c) and a
width of the low concentration inpurity regl on which is not overl apped
with the third electrode can be freely controlled by a fourth etching
process. Thus, in a region overlapped with the third electrode, a
r el axat {Tbpredns edea etprabent thet e cencleciurieg process & canpii@vwddnarie e & hot
carrier injection can be prevented. And, in the region which is not
over | appedessed ik irtchmsddhwired a@TPﬁC\'ﬁ/i‘tl‘DﬁiﬁLDDh;&'uﬂﬁlfe'cﬁ WIMFERtith ¥@DUD staftuREs
suppressed. (Fig. 10)

formed. In a method of manufacturing a semiconductor device, after low concentration mpurity

regions (24, 25) are formed in a second doping process, a width of the low concentration
impurity region which is overlapped with the third electrode (18c) and a width of the low
concentration impurity region which is not overlapped with the third electrode can be freely
controlled by a fourth etching process. Thus, in a region overlapped with the third electrode, a
relaxation of electric field concentration is achieved and then a hot carrier injection can be

prevented. And, in the region which is not overlapped with the third electrode, the off-current

value can be suppressed.

(Fig. 10)
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