A METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention relates to a
sem conductor device with a thin film transistor (hereinafter referred to
as TFT) formed of a sem conductor filmthat- has a crystal structure and is
formed on a substrate, and to a nethod of manufacturing the sem conductor
device. 2. Description of the Related Arts LO A display for displaying text
and inmages is indispensable nmeans for people to digest information with
vari ous sem conductor devices that have sem conductor elenents, such as

t el evi si on set & MEFHOMOFOMANTEACTURING Al SEMACONDUECTOICREVIGe | ong
been in the market to acquire the position of representative display. On

the other hand, liquid crystal displays and other flat displays (flat

panel displays) are |atelydg-kag j Qﬁ«"i‘ﬁﬁi yexponentially, for

el ectroni c devices are desi ze. One node of flat
panel di spliay Fitld ofitieilvecmidhri X driving in which a TFT is provided in each
pi xel or dot and data signals are sequentially witten to display an

i mage. A TFT is an IAdIreseh&usnéonrelpiento arsemscanductamtevige avifthva tigin #en Most

TFTs are f r amor phous .sil i hos FTs cannot erate at high

speed and '([:[) {?g%g‘?[(‘)pg@%lﬁg@eraﬁ,e erirdg %Waé@&?{’gﬁi Sr‘?B“‘é‘f“%Hﬁtﬁf gf?‘b‘r@@ti Mspin

respect | ve dita subbueeatdIfs fHrhed GANAbsHRECa R BPL LEhAIPBE ShahDABSNE RO NG
e

el ements, external ICs (driver ICs) nounted by TAB (tape autona
bondi ng) * osex@@Bndedivnrleyive. gl ass) are used in data. line side driving

circuits f tputting video signals to data lines 25 and in scanning |ine
side drivi % %?E%ﬁ’tfqé“%d?cgﬁllaffﬁt‘gﬁt%g scanning signals to scanning |ines.
Howevel g nounti ng Ler o j a. |4 m e

t he pi )ligl pitch is%rg{dsh%ggoggisff%%ﬁgiq%et%ﬁggﬂg t;@fé&léﬂﬁéﬁgg@g&%&ﬁﬁ ?%Lsf?sance,
at a pixel todbpsi tigfoarhatidtGAvithe valiods 1&08condh&OP deixed $hati vk henREBdaeher

nmet hod, at | east 6000 -1 connection termnals are necessary even by a crude
esti mat i on.CloapEnis shdnasctelerisiungsés personal computers, and cellular phones. CRTs have

long been in the market to acquire the position of representative display. On the other

hand, liquid crystal displays and other flat displays (flat i)anel displays) are lately

L5 ° increasing their shares exponentially, for electronic devices are desired to reduce weight
and size, |

One mode of flat panel displays is active matrix driving in which a TFT is
provided in each pixel or dot and data signals are sequentially written to display an
image. A TFT is an indispensable element in active matrix driving.

20 Most TFTs are formed from amorphous silicon. Those TFTs cannot
operate at high speed and therefore they are used only as switching el‘ements provided in
respective dots. - Since the TFTs cannot make other elements than switching elements,
external ICs (driver ICs) mounted by TAB (tape automated bonding) or COG (chip on
glass) are used in data line side driving circuits for outputting video signals to data lines

25  and in scanning line side driving circuits for outputting scanning signals to scanning
lines. | |

However, mounting a driver IC is considered as a limited method because
the pixel pitch is reduced as the pixel density is increased. For instance, at a pixel

density of UXGA level (1200 x 1600 pixels) in the RGB color method, at least 6000
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of connection termnals |leads to increased occurrence of contact failure.

It also leads to an increase in area of the border surrounding the pixel
portion (called a picture frane region), which hinders reduction in size
of a sem conductor device that enploys this display and spoils the
external design of the sem conductor device. Against this background,
apparently a display device in which driving circuits are integrated with a
pi xel portion is needed. By integrally formng a pixel portion and a
scanning line side and data line side driving circuits on the sane

subst r at ecormbetionuteheinale farcosassatyi @en by ararideadstimation.b eAmimdterdt yn nedbeged as
well as the area_of the picture . frame region. The integrated drivin

ci rcui ts %ﬂ@naéﬁmmanmla_SHaaﬂé_tﬂﬂ%ewqi PPATengRopk eRntRah dalyren B@#%Oelﬁ%%h| )
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portion. Agidnyhiwhichdap@ds éductiof kDbye F hUgkditddustiok devbe dsat @mpidyssthisuct ur e
capabl e of ~ reducing the OFF current value. In the LDD. structure, an LDD

regi on, whisplayiand prfhis| the exdpael disign af theapemicopdedtangexice.j sAgtingtedivet ween
a channel formation regi.on and a. source, regi.on or._drain regiqn heavily
doped i t WK PRI dnbntis AeBRy ey bieh e Gireli B PR EL MR ot ve
in pr even%ix@gp&ﬁeﬁ%iﬁée'd% Ofy (R GHIY Rininta] piReOMRtEPalPh scahBldy IffeSsides an
LDD structure in which an Ldﬁ regi on partially overlaps a gate el ectrode
(gat e- dr abmd dwer lippidd drDihe hecdisnaf ther saabb pubsiratee theasur@BtrDyL cohiEetion s

manuf actured by layering a sem conductor filmand an i nsul at |%r1;c9 filmor
conduct i vETmina G heanyEedly resigedasyelikas the arep of therpictirs frme FREPYi ven

shapes. If optimzat]j TET .str ur es._ t t e ﬂgpqﬂ for
t heppi xel por Ito i onmIggdin?%éﬁg%rlgr&lﬁ% %}i?éllé%l ?rg agagllé&aeld\t,\,@d\?vi lfl%;ebgl I rrpﬂ@[gg
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conplicated and the nunber of steps is increased inevitably. SUMVARY OF
THE | NVEN@hOD Thee hptr earrinn effens evhearens lnwsOBE enrraeiddor) ds sequpedt ivp e pixshbl ens,

a0 a0 lon i §05PeEBosh B Pl s DR oA B gp R 0
portion andudigthOOFH dufihi FalhkS| 18 tif BOBIstructHTRE LDV o, WHIESK Hightly
doped with an impurity element, is placed between a channel formation region and a
source region or drain region heavily doped with an impurity element. A structure that
is known to be effective in preventing degradation of ON current value due to hot
carriers is an LDD structure in which an LDD region partially overlaps a gate clectrode
(gate-drain overlapped LDD; hereingfter abbreviated as GOLD).

A TFT is manufactured by layering a semiconductor film and an insulating
film or conductive film while using photo masks to etch the films into given shapeéf If
optimization of TFT structures to suit what are demanded for the pixel portion and the
driving circuits is dealt with by simply increasing the number of photo masks, the
manufacture process becomes complicated and the number of steps is increased

inevitably.

SUMMARY OF THE INVENTION

The present invention has been made to solve those problems, and an object

of the present invention is therefore to provide a technique of obtaining TFT structures
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In order to attain the above object of the invention, the present invention
adopts a gate electrode of two-layer structure in which a first layer in
contact with a gate insulating filmis longer in channel Iength direction
than a second | ayer. The two-layer structure gate electrode is used in
form ng source and drain regions and an LDD region in a self-aligning
manner in an n-channel TFT of a driving circuit portion. Source and drain
regions and an LDD region of an n-channel TFT in a pixel portion are forned
not in a self-aligning manner but by using a photo mask. The LDD region of
the n- chanp’t%mhal ﬁﬁFﬁrﬁvhlgt tandationsi ofga pixet pottiquoartd driving qiwsits iusingch smalks t o
overlap the eI ectrode whereas the LDD region of the n-channel TFT in -
t he pi xel® etrlo RI9Ie MAskS ed outside of the gate electrode (so as not to -

overlap the gate gl &8&1{,\%?%%3‘11};&6 %}Q/?f ?ec?%‘fi ol Hﬁt'vxentlc{ e% eséﬂqn‘%}{aﬁkm

types of LDD regions ent” positiona tion

respect tfldphe gad SleattRRtdTe6Sayed bRudter ﬁﬁdzhidﬂraoﬂﬂ@hlaﬂan @@ﬁﬂa&gwﬁﬁ gatgent
steps. As_described above, a nethod of manufacturing a sem conductor device

in accormamié@ng«\ﬁhmmh@gqymgmel lgvgthdireetianghehasetone tiveed By twonpydrsi ng
the steps 0 fi.rst insulatin

f
o conuftshure e Pethalt et & Forp i estice i i hbRLand Hrop BB ddlohe’ |,

el ectr odem PseCH g\f’h@ﬁie&%@ﬁm nRGnrikl fﬂF*rrcH aedr%{g it ﬂo@t%cﬂ?CtSon%eYanﬁn t he
first sem conductor Im the second sem conductor film and the third

sem condudiadr regionsnamd tun LTS exggomdofi ansnitlaenneldl BT foma pixtEpgrtiee dredfotmekbnott h e

el ectrodes and the. filns, the el ectrodes havin first shaﬁ{e usi n
masks t hel¥d sebiraligningamanties put by ¢singa piate magk. ec'ﬂ}eoﬁa%‘ TEROR Of Hhe Tyefin

L1 et ment e LR doil cBANPROLALLCLIRUE b el BORR, Oh A0 SRR Vi

type int i r'st actor fi second shape

first throehgRad menmlelreg:ibﬁ ofes #-cRMnkIEFT iid Se pﬁi&ﬂ@ﬁrtﬁdﬂ’ istpladeh foatsgiie dthi r d
el ectrodes; form ng through second doping treatnent a second concentration

i mpurity theegtorlasirodhéscone neb il gterap the gaypelechioddie The snurcs emilchinguct or
o 2%, SARCGRLY 4,95 AL ikl 681308l B BRCABRRE YA 1
the secongscanesiepate blotBd) bld fbrh&BIhedhgh two doping treatment steps.
As described above, a method of manufacturing a semiconductor device in
accordance with the present invention is characterized by comprising the steps of:
forming on a first insulating film first through third semiconductor films that
are separated from one another; 7
forming a first electrode, a second electrode, and a third electrode
respectively on the first semiconductor fitm, the second semiconductor film, and the
third sqmidonductor film with a second insulating film interposed between the
electrodes and the films, the electrodes having a first shape;
using as masks the first shape first through third electrodes in first doping
treatment to form first concentration impurity regions of one conductivity type in the
first through third semiconductor films; |
. forming second shape first through third electrodes from the first shape first
through third electrodes;
forming through second doping treatment a second concentration impurity

region of the one conductivity type in the second semiconductor film, and third
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over | appi ng the second shape second el ectrode; and formng through third
doping treatnent a fourth concentration inpurity region and a fifth
concentration inpurity region in the third sem conductor film the regions
havi ng the other conductivity type that is opposite to the one conductivity
type. |In other words, the sem conductor device manufacturing nethod of the
present invention is characterized in that etching treatnment for formng a
gate electrode of a TFT is conbined with doping treatnent to form LDD
regions and a source or drain region in a self-aligning manner. Further,
accor di ngcerseamaidreimpirity cegions affthe loee pomdBietivity typerinitlon first lsemivonduntior i s

characteri.zed by conprising.the ste of: formng on a.first insulating
filma fiFEn b e SHADR ORISR MR HidSeCRR] CORCRIEAGR FPPHTYSFSIL ( hi r d
sem condugl,of p@iﬂ[g”[h&@&}o B5Eape SR atrdibdoqnene another; formng a first

y ctTode agove t he

shape first e irst sém conductoir filmwith a second
insulating filmi tdrefippskdupieahiedeloplgntiredtsiemnga tiberth fdohsdnt:atiap dmputist

el ectrode as a mask to forma first concentration inpurity region of one
conduct i viegion e aj ifth ceneanirgtions kppwEn degiowin the Hirdi waHeengugtor ey thehape

d ‘el ect. . ird J b he. ' fil
ond the t REORIEwRDRs i PRk BEs TR SR eSS BN A LB 11

i nt er posedh hah¥eefbrdd) ethee sdrhionttiueiop! ddvideMmadifictuein CineM@asof ehe Hréi@nt he
first shape second electrode and third electrode to forma second shape

second el éntentide innbaradtptizbdeinetbatr ddung fiormeny fohfoongle & getsndedmderny a

treat nent second concentration i npuri reqgion of the one condyctivity
type in tHe ‘sECHHPIC R oﬁiﬂi’ﬁ%ﬁ B?at’fnigﬁ O %%‘6‘ ﬁlﬁbrﬁg’é’ﬂi‘ﬁégﬁtar%ﬂ“?@no’i Wity .
regi ons ot f:he: ) [%Hr?% ek ividy type in the first sem conductor film and
t he secongeéslé&%@%%éﬁ%t r {lnlfrlnﬁ t he second concentration inpurity region

over | appi ng the s&uehet, sbapding éc audhet|seratiunds!, thapeesedtdnénign] the aghod hi rd
doping treatnment a fourth concentration inmpurity region and a_ fifth

concent r afi$ SRATRGHPIIFIC: By co@PEHng the sleps bf: fermsiagi @on dindtipsulatingding wefilsbgi ons
having the other .co clivi hat .S 1.4 . 1h .
conducti visgvlc’[())l}g%‘?t&\/ﬁ&#f %ﬁeém%%ﬁ‘%ﬁ@g%%uf g)r_r}f{e . %@‘?g@h‘f Fé@lcbﬁmgﬁgftﬂmowgh aps a
gate el eClykDggharfied %Jn@bﬂ@@nb{heé}_fﬁﬁhifngad e shGpd BN @l ectrod@Rbave RNARt  TFT

of a driving circuit. This LDD is obtained at the sane tine a source or
drai n r egisomidondfciemnEitn tvitl agiecandeinsetating) fipii rigterposed therebetween; using the
first shape first electrode as a mask to form a first concentration impurity region of one
. conductivity type in the first semiconductor film; forming a first shape second electrode
and third clectrode above the second semiconductor film and the third semiconductor
film with the second insulating film interposed between the semiconductor films and
electrodes; etching the first shape second electrode and third electrode to form a second
shape second electrode and third electrode; forming through second doping treatment &
second concentration impurity region of the one conductivity type in the second
semiconductor film, and third concentration impurity regions of the one conductivity
type in the first semiconductor film and the second semiconductor film, the second
concentration impurity region overlapping the second shape second electrode; and
forming through third doping treatment a fourth conéentration impurity region and a
fifth concentration impurity region in the third semiconductor film, the regions having

the other conductivity type that is opposite to the one conductivity type.

With the manufacture method as this, LDD that overlaps a gate electrode is
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step by utilizing the filmthickness difference (level difference) of the
gate electrode. On the other hand, a mask is used to form LDD that does
not overlap a gate electrode in an n-channel TFT of a pixel portion. The
term sem conductor device in the present invention refers to devices in
general that utilize sem conductor characteristics to function, and display
devices, representatively, liquid crystal display devices having TFTs, and
sem conductor integrated circuits (mcro processors, signal processing
circuits, high frequency circuits, and the like) are included therein.

BRI EF DESERIEH! i Soff-aHighinpRANINGS: ar A-chikeheRTPOTBTadivife diréui. Nosiis EDgs. 1A
and | B are sectional views illustrating a process of nmanufacturing a TFT
accor di ngis ebtained pt ths arne limgersonme;or Hirygs regiogn wfdrna@ threughebe sapmadopingws
illustrating .a process of nuf act yrj n TET.according to the present

| nvent i onStep s iiziog fhe G TRt tiotschee Jledekaferenes ol biggale Hedes of
manuf act Uiie ofhel R 3 GRUi8 s ki BPBSER! qdeBEIVeAp alghil eidkudofe B
sectional view illustrating a process of nmanufacturing 2 according to
t he pr esenh nrehaemd!iTHT, offa ixelporthora top view il lustrating the structure of a
pi xel portion of an active  matrix substrate for a reflective display
device: Fig. 6 is iRedsrayseanrendugor dayicnip theorescricigyention rgteryosdeyiceam act i ve
matri x su - Fi TA; Lonal cVi ' [ :
orocess: oft HR st iR e R W8dREE R, atisHAE b (LA BHeAy o
8A and 8BrafresenefiveigNalquid empstill litsplayaldbvides? hBviRgeTFTOf ai@ndthacdndutg a
TFT according to the present invention;, -5 Figs. 9A and 9B are sectional

vi ews i | | ustegratadrrcaitp(roices proo¢ssonsngigred processing ¢irchiRty, gl Mediangy circuitre
Pr;ﬁﬁfegzt L%ﬁg&%ﬁ%&ﬁ@igéluglgdt'h%re?n.sem' onal viewillustrating a process of

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
"Figs. 1A and 1B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Figs. 2A and 2B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Figs. 3A and 3B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Fig. 4 is a sectional view illustrating a process of manufacturing a TFT
according to the present invention; '
Fig. 5 is a top view illustrating the structure of a pixel portion of an active
matrix substrate for a reflective display device;
Fig. 6 is a diagram illustrating the circuit structure of an active matrix
substrate;
Figs. 7A and 7B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Figs. 8A and 8B are sectional views illustrating a process of manufacturing‘

a TFT according to the present invention;
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according to the present invention; Figs. 11A and 11B are sectional views
illustrating a nmethod of manufacturing a transm ssive display device; Fig.
12 is a sectional view showing the structure of a transm ssive |iquid
crystal display device; Fig. 13 is a sectional viewillustrating the
structure of a pixel portionina light emtting device; Fig. 14 is a
sectional view.show ng the structure of a light emtting device; Fig. 15
is a perspective viewillustrating the structure of an active nmatrix
substrate; Figs. 16A to 16E are diagrans illustrating a process of

manufacturing a i 2Andd OBore kediivntdbwh ARisBalipys pRiceStSUBIMT &GS . 17A
to 17C are diagrans illustrating a process of manufacturing a :

sem condultigil Fcpidngigithhpresent ByvpRtEeH; structure; ‘Fig. 18 is a sectional

view illustrating structure.of. an.actjve matrix _substrate of

present inventi on;F}%;iqgslTS al%/ﬁﬂgrha& 19 ysirating, grRIRgess ﬁéﬁﬂﬁ%ﬁqrﬂl& ﬁr—‘lépts]lg of
NMOS ci r cudédosding ko 8 preden iavichtid@B are di agrams showi ng the structure of a
shift register; Fig. 21 is a diagramshowi ng the structure of a gate line

driving circuit tKas. 1A canbobdd ot acctiondhameved iMEIratinigg.a 2Aethed aot i m ng
chart of a degoder input si%nal; Fidg., 23 is a diagram show ng the structure
of a dat aAPHECHINGAHHOSRSEYF displadevics conposed of an n-channel TFT; Fig. |

24 is a di agram skowi|pgt NGk : [ ne driving. cirguit.that
i s conposed of a p@(/:\llhanrslez{q&fIEﬁF?1 é%’%%B@L‘PE tggtsﬁ’lr#dﬁ% ¢ ‘[ért angrglsawaglcu er

i nput si gosstal dBpliyglevizé; i s. a di agram showi ng the structure of a data line
driving circuit that _is conposed of a p-channel TFT; Figs. 27A to 27F are

di agrans showi ng &garglies setienat gipwe dhdiretingr the structure of a pixel portion in a

light emitting device;

Fig. 14 is a sectional view showing the structure of a light emitting device;

Fig. 15 is a perspective view illustrating the structure of an active matrix
substrate;

Figs. 16A to 16E are diagrams illustrating a process of manufacturing a
semiconductor film that has a crystal stnicture;

Figs. 17A to 17C are diagrams illustrating a process of manufacturing a
semiconductor film that has a crystal structure;

Fig. 18 is a sectional view illustrating the structure of an active matrix
substrate of the present invention;

Figs. 19A and 19B are diagrams showing structures of NMOS circuits;

Figs. 20A and 20B are diagrams showing the structure of a shift register;

Fig. 21 is a diagram showing the structure of a gate line driving circuit that
is composed of an n-channel TFT}

Fig. 22 is a timing chart of a décoder input signal;

Fig. 23 is a diagram showing the structure of a data line driving circuit that
is composed of an n-channel TFT;

Fig. 24 is a diagram showing the structure of a gate line driving circuit that
is composed of a p-channel TFT; |

Fig. 25 is a timing chart of a decoder input signal;
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device; Figs. 28A to 28C are di agrans show ng exanples of a sem conduct or
device; Fig. 29 is a diagramillustrating a process of manufacturing a

sem conductor filmthat has a crystal structure; Fig. 30 is a graph

showi ng the profile of phosphorus doping through a gate insulating film
and a tantalumnitride film and Fig. 31 is a graph obtained by fitting

t hrough conversion of the tantalum nitride filmthickness into the gate
insulating filmthickness in which the forner is nultiplied by a constant.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nent Mbde 1 An
enbodi nent node g tA6ais pradagan showingtthe srwdthre ofa ddeskiid dednpicirkuit faf er ence -
to Figs. (1A to 6. Here, a detailed description is given on a nethod of

si mul tané%E@PW$6Pﬁ?ﬁd’hé?PeﬂﬁgTsam substrate a TFT for a pixel portion and.
TFTs (an n-chan C TFT for drj circuits that are
pl aced near the gﬁé %Epgé‘?zl@fngre H% ]égseﬁfﬁ’g‘?!'e Oggiosflqmsong“ Phss '
substr at qleviRequartz substrate, or a ceramc substrate. A si Ilcon '
substrate, netal substrate or stainless steel substrate, with an

insul ating film fdgsneddLono i28€ srer flagmmmayhdyeng ssdmplest &faal. semiginadstioc
substrate, may also be used if it has a heat resistance that can w thstand
t he procéjgg gerrperature of this enbodi rrent node. First insulating filns
102 and 103 are fm, ngrﬂi{gl?ﬁnﬁﬂﬁ%ﬁgﬁ SO-J[:%IIUHC wing! N Ad0&of 1 1 B
shown here have a vvo l aye tructur 8 t may o cEirse have Ca si ngl e
| ayer st rfilot thatehas Senysednduatue; films 104 to 107 are sem conductors having a
-7 crystal structuyre. The sem conductor films are obtained by .crystallizing
amor phous  seni cdh@ A} ise gr?ﬂ"hfshoﬁ?‘ﬁ’é% thgrsofilsrafwhosnhorusedopingsthrougb sl gate ng

filnms. Aflﬁé?{ fﬁ’ ﬁ{ rld %r.r&)erﬁ%m agdsem conductor filnms are

crystallize trea aser light ‘irradiation. The materlal of
t he anor phous SeszgIOﬂdisCi (gfapﬂ'll SUTEnES b Ftting Mrb@h &dtversion of the tantalum

nitride film thickness into the gate insulating film thickness in which the former is

multiplied by a constant.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment Mode 1

An embodiment mode of the present invention will be described with
reference to Figs. 1A to 6. Here, a detailed description is given on a method of
simultaneously forming on the same substrate a TFT for a pixel portion and TFTs (an
n-channel TFT and a p-channel TFT) for driving circuits that are placed near the pixel
portion. |

In Fig. 1A, a substrate 101 is a glass substrate, a quartz substrate, or a
ceramic substrate. A silicon substrate, metal substrate or stainless steel substrate, with
an insulating film formed on its surface may be used instead. A plastic substrate may
also be used if it has a heat resistance that can withstand the process temperature of this
embodiment mode.

First insulating films 102 and 103 are formed on the substrate 101. The
first insulating films shown here have a two-layer structure but they may of course have

a single layer structure. Semiconductor films 104 to 107 are semiconductors having a
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silicon or a silicon germanium (Si.Ger - x; 0 <x <1, typically x = 0.001
to 0.05) alloy is preferably used. Wen the anorphous sem conductor fil ns
are crystallized by laser light irradiation, a pulse oscillation type or
continuous-wave gas |laser or solid laser is enployed. Exanples of gas

| asers used include a KrF exciner |aser, an ArF excinmer |aser, and a XeCl
excinmer laser. In a laser emtter enployed, crystals of YAG YVO4, YLF,
YA1®B or the like are doped with Cr, Nd, Er, Ho, Ce, Co, Ti, or Tm

Al t hough varying between materials used for doping, the fundanental wave

of | aser dryghit starhire.edThe semictsducts efilmg rdrt tobtaidtdsbyn ciyudiAng bimoffhods M to 2
m In order to crystallize the anorphous sem conductor filns, |aser |ight

has to bescgusuaEucopfiimahabindormeyd anrbe figs insolatig Elws. f AftesdepThitionftbee, |t
is prefer h | aser., | ight hayi a vel engt h between vi sible
ray and uﬁ% 3%”% g Iglr%glgduacﬁod flgnsug'ée §§¥5Xﬂﬁgelqapﬁ\3€ﬁ35 tfeég'f‘?iﬁr ?%%ﬁérliﬁﬁ‘ﬁi c of
the fundagRBfaeibn Wy mbydiat ¥ the ahldSpHRAART ' j iflide B’ ©
crystallized us?'ng seé:nond ahar m)?liac (532 ﬁ%ﬁwgédlgﬁﬁdﬁ%ﬁchgigyl%ﬁu?er

(f undamertili¢on ara/sticonQ@amamipm (Oie; - Harx kHatypighs x1-06601 e 0BeslloyUch as an

argon laser eag]il.)trter and a krypton laser emtter can be used. Before
cryst al | i FEEF8Y Y99 anor phous semi conductor films may be doped with

ni ckel ~or other g?th@ﬁ tﬁr‘é Bl Q%l et ﬁl%sallr%térg;st %%F tbxolg%arr]tlgﬁht.

crystallization sem conductors. For 1Tnstance, a’so 1 0 ni ng

ni ckel i sirfaéiatioh,0atfifses usdiidtidnofyp@ror EFBNBARUSa &I basCBRed bl Rbli@neket e film
i s dehydrated (at 500C for an hour) and subsequently subjected to thermal

crystal | i 2BRIPBe. ( Hxapwirs afgies fasers usediingjude PHIGHE exdimer kapdrnan ArF exeiticat ed

with sec har i f. i nuops-wave l.aser |.ight select r YAG
| aser, a% da@éseklre ,61 %‘ﬁ%& grnf?fel‘f‘ Iir’j\]sae%(gl‘f’roe“i11 rr%@%b?‘?f‘; C{;{S&;”iﬁ %Iie?‘f\h S&@Next, a
second i MELFAVAND, & thelike&rd Sogea Wil Ct, NG RtEHo! 08, OENTICONTHE Hlthokbh M5 104
to 107. The second insulating film 108 is an insulating filmcontarning -8
si licon avalyighetirepymaitasmse@\Dr dopispuhe Bmidargentdlheavenfdksee Sight daittedf | s
set to 40.to second ulating filmfornmed to cover the

e conduSPBEF ISR CHINET DS & ST CleaBsd. Ue Yule itnSia? fystalish B the

TFTs manufaghHb&d sihichR G Red MRRE 1igkP 98s to be selectively absorbed by the
semiconductor films. Therefore, it is preferable to choose laser light having a
wavelength between visible ray and ultraviolet ray and to use second harmonic to fourth
harmonic of the fundamental wave. Typically, the amorphous semiconductor films are
crystallized using second harmonic (532 nm) by a Nd:YV Oy, laser emitter (fundamental
wave: 1064 nm). Other than that, gas laser emitter such as an argon laser emitter and a
krypton laser emitter can be used. -

Before crystallization, the amorphous semiconductor films may be doped
with nickel or other metal elements that have a catalytic effect on crystallization of
semiconductors. For instance, a solution containing nickel is held to the surface of an
amorphous silicon film, and the film is dehydrated (at 500°C for an hour) and
subsequently subjected to thermal cryStallization (at 550°C for four hours). Then, the
film is irradiated with second harmonic of continuous-wave laser light selected from a
YAG laser, a YVOq laser, and a YLF laser to improve the crystallinity.

cht,' a second insulating film 108 is formed to cover the semiconductor

films 104 to 107. The second insulating film 108 is an insulating film containing
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A conductive filmfor formng a gate electrode and a wiring line is forned
on the second insulating film2108. A gate electrode in the present
invention is fornmed froma lamnate of two or nore |layers of conductive
films. Afirst conductive film109 is formed on the second insulating film
108 froma nitride of a high nelting point nmetal such as nol ybdenum or
tungsten. A second conductive film 110 is fornmed on the first conductive
filmfroma high nelting point metal, or froma |low resistive netal such as
al um num and copper, or frompolysilicon. Specifically, a nitride of one or
nmor e ki ndsilicof aadl éerered dygehsnt WIS orasputtéringgr dtp thickisdss thieRgf f sei\o 4bto Ta,
and Ti is ed f the first. _conductive film whereas the second conductive
£11m uses 1M B ofheotecaRh msplafias Al fapmed tof casbeHermemicnarlacion ilrns b4 fhe

group congipst;i . . Tl ar. n type .polycrystalline
silicon. ,Sbl\? "751%31\%%@{3%\%%%@ “i%?aﬁrn -ésflﬂs Ofrrggkngl:fs‘ljﬁflaf"éfaitfﬁéaa]rnethf%F%@ﬂmﬂ?&% to
perform fmddet etching treatnent on the first conductive filmand the

second conductive film Formed through this etching treatnment are first
shape el ectrodes *aeondyctivesfilgfor formingtaagie eldcardsiand 4 eriredljesisaocnéd r st

shape wiring,lines.114 and_.115 __The el ectrodes are tapered at. an angle of
25 o 75, SRy SROR NG ShBI0S ndyFuf Pl Roda i Bt RGP EOh B oTag e g
with the frignsh 1ahaRe k06 bf AeS1atd® of onkilBid @inihe A & iy i |ines
114 and 115 are etched and thi r?%edobyo 20 tlo 56ﬁsnmA%lfS?§?r§i§gtgfen%M¥ !rldé%t ment
enpl oys i ahiarmetl @antted scwnnd drsuliating fibpilHg fiom avhitdde of Dhigh atadtingpeiat @etahi t hout

mass separat.i on. Jfg t he do in%, the first shape electrodes 116 to 118 are
used as matKL%BOPBATHUN PEINEEHR e SetInE condhstive fiim ldgiviesmed on the iz of

one cond [RVAR ' : ] i) B 4 107, first
concentr a;d‘iB %%d/din? f%%ﬁﬁ?rh? oﬁlgﬁgﬁ %gaiggl%t}%ﬁ&% fﬁlj@ma %Og’vsf f%:Sg)rr‘géw Qwett%rc:su?h Fenovi ng
the resi stalumisks dutilopperldiron @obRiliceh.c hER@ifidaBatamiideioF oné 0ndieed BAIAS
shown in Fig. 2A. In this etching treatnment, the second conductive film-9

i s subj ecttéglempniiniclsstaddpie tha ERpgonsisting ofVé ddonkh, erdpbisatset far derelirst27 t o

129 d L L 13 d.131. Reqi f th ond
sl at i ngOPHaRE RER St SeBi etV n B SBGHEY O Spe OEFelt Fddes 127
to 129 andflefigns@CntiinRig W Eiodg cohdifif 3N, MRATA3HE Al SnatEh A Bife
thinned by 20 to 50 nm ‘

polycrystalline silicon.

As shown in Fig. 1B, resist masks 111 to 114 are formed next to perform
first etching treatment on the first conductive film and the second conductive film.
Formed through this etching treatment are first shape electrodes 116 to 118 that are
tapered around the edges and first shape wiring lines 114 and 115. The electrodes are
tapered at an angle of 45 to 75°. Regions of the second insulating film 122 that are not
~covered with the first shape elgctrocles 116 to 118 and the first shape wiring lines 114
and 115 are etched and thinned by 20 to 50 nm.
First doping treatment employs ion implantation, or ion doping in which
ions are injected without mass separation. In the doping, the first shape electrodes 116
to 118 are used as masks to form first concentration impurity regions 123 to 126 of one
conductivity type in the semiconductor films 104 to 107. The first concentration is
- equal to 1x 10" to 1 x 10" atoms/cm®.
Without removing the resist masks 111 to 114, second etching treatment is

conducted as shown in Fig. 2A, In this etching treatment, the second conductive film
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Thereafter, a mask 133 for covering the entirety of the sem conductor film
104, a mask 134 for covering the second shape el ectrode 129 that is pl aced
on the sem conductor film 106, and a mask 134 for covering the

sem conductor film 107 are formed to conduct second doping treatnent.
Through the second doping treatnent, a second concentration inpurity
regi on of the one conductivity type is fornmed in the sem conductor film
105 and third concentration inpurity regions of the one conductivity type
are formed in the sem _conductor filnms 105 and 106. A second concentratlon

i mpuri ty BeyPisrtetais Frisotipgicorehiag e et veegnd shege jelectrpdesnbel o, 18 and
self-ali g{é ?19{% é%ﬂ?%ﬂﬁ%hﬁe z}n'dol%lov rk%gg)l %%E%ﬁi{ld Bsu(fzg[“%[ &t Ljel m 128a

t hat cons he "second 'shape el eC y gi'ven by ion

dopi ng tH@AEAed with Qié%cdd&ieshfa ¢ Sleceourd qgquzﬁlahmtﬂéﬁs@oﬁ@fsmlﬁ Wwitig
sem conductor filmis erefore, the nunber of ions reachlng t he

sem condulresr13pianglds ar@e&ﬂ@l@édnd thinegdebyt20eto SOamment ration in t he regi on 135

| th the_third t
ey oncent s Thetiter MRS ki by ate B CoffRG b Yhe el iR sto! M) cris.
TN 10 CONGENL kM3 TBHLbiHick ol WEork38::80 i EB4190 dRRE et @i tyPe

|rrpur|ty In a concentration of 1 x 1021 atons/cnB. Next, a
resi st mastmit@glucwr ffdmnHw, asd ahoask 134 fbi govedibgtthe sandunductdri filch 1@bmcng
treatment. Formed through the third doping treatnent in_the sem conductor
film 104 frecd o sapdust &Q?ﬁ&@ﬁ‘f’?laglt@ﬁtm%ur rpughs thegiscansodeping HeatgieRbe
conducti vt V, t ohpo ctiyvity
Ll B G R e PR SRRy BB IR oL b

type) and a Concentr Impurity r

conduct i vsémﬁcbﬂ/cﬁ@torﬂm@ 108 Wh hifDamesitfatibh Mphil Wedibys ofMtRYbRNcaldutibatyot her
conductivity type is formed in a region that overl aps the second shape

el ect r odetypeare ed & tho pedicandustarfdms APdend 0%l enent in a concentration of

1 x 1018 to 1 x 1019 ons/ ¢ urity_cancentrati.on.allows.the
region to functioft ¢ ﬁﬂceﬂlt%gmf’l“f“?ﬁ“ %@Htﬁégtoi? PRSI RGYBR 140 i s

doped Wi t iy, hRa ih méfflatl%mn%%ﬁ{n@m bdtidh GRRGEHNLE %tﬂl@tncd?lfdugh% 929280 3 X

1021 atons/cnB. Throug e above s eps, regions doped with inpurities are
f or med i niftaheonstitstpe thd weosd shapeneledtade A8l NThe dmpttiy givepdyeioofdoping
controlling val ence el ectrons. The _second shape el ectrodes 127 to 129

serve as §aranis Bequehdestistronduedsfilm fafisdelre ithpgsemiconductor film is doped.

Therefore, the number of ions reaching the semiconductor film is reduced to make the
-concentration in the region 135 lower than in the third concentration n type impurity
regions. The impurity concentration in the region 135is 1 x 10' to 1 x 10'7 atoms/cm”.
Third concentration impurity regions 136 and 137 are doped with an n type impurity in
a concentration of 1 x 10% to 1 x 10*' atoms/cm’.
| Next, a resist mask 138 is formed as shown in Fig. 3A to conduct. third
doping treatment. Formed through the third doping treatment in the semiconductor
film 104 are a fourth concentration impurity region 139 of the other conductivity type (a
conductivity type opposite to the one conductivity type) and a fifth concentration
impurity region 140 of the other conductivity type. The fourth concentration impurity
region of the other conductivity type is formed in a region that overlaps the second
shape electrode 127, and is doped with the impurity element in a concentration of 1 x
10" to 1 x 10" atoms/em’. This impurity concentration allows the region to function

as LDD. The fifth concentration impurity region 140 is doped with the impurity
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line 130 serves as one of electrodes that constitute a storage capacitor in
the pixel portion. The second shape wiring line 131 forns a data line in
the pixel portion. Athird insulating film 143 is formed next by plasma CVD
or sputtering. The third insulating film 143 is a silicon oxynitride film
a silicon oxide film or the like. Thereafter, the inpurity el ements doped
“into the sem conductor filnms are activated as shown in Fig. 3B. This
activation step is carried out using a furnace annealing or a rapid

t hermal annealing (RTA). The heat treatnent is conducted in a nitrogen
at mspherﬁembnt&nheﬁﬂﬁfnﬁﬁﬁéreomx‘lw tb 9 x7PGrothyBinal 1 y, 450 to 500C.

| nstead, | aser annealing using second harnonic (532 nn) of YAG | aser may be
enpl oyed.. The seRieugithe $ove isieps, ragions dopadi wite dmpintitiest 4re fomuwhit thar noni ¢

(322,07 et bR o b Bt B o R o s "

li ght soufeeandiapbelcRifhlayed taqzbgé&cfapg ate E?rﬁ&@du‘ﬂlé)gcéohh Tha {f%;ﬁﬂgl ecting
one or both sideS of the substrate to t source tion

shown i n ¥ag13@ sewvef @ardnk mﬁwdacttaidemgha‘ndomtﬂtdté arratmmgaf caphtitaroin thetpixele is
then forned by plasma CVD to have a thickness of 50 to 100 nm Heat

treat mntp‘ﬁflon416@ $ecoRGHINE FaEg Hmalﬂl foums Q)G"éﬁ lipg immihg piegb RetiEnt he .

sem conduct or fi I P%tlgsﬂim%a% @4 %q.ﬁlgg %éﬁl‘gg’t |(I:v50& uhe#lﬁle film

A fifth insulating an organlc I hg ™ rla S
formed neKé thom 1I1é’tﬂatfr£glﬂlirhl4?n§ﬂ'sﬂiobﬂng’zﬂﬂriﬂb T, 2 SO 8Ak Gl rk&uh@hkeng
material is used in order to level the outernmost surface of the fifth

i nsul ati ng f| | m 'ﬂmnafte@oﬁhpaamunm elempiterdoped inte Hh@taqmqohéuqt(bﬂ filtlhs arefi ft h

insul atin ar.e for hi ng.tr.eatmeni. his .etchin

treat ms*ntg o, 8 Effss%’?’m[ ¥ PFYRUPR SRR ‘Piﬁ”‘?‘; PHE “P & !Q'Fgacﬁl aced
in an ext&fHghe bfla%pzhem%mlan&éaﬁlhgqnmye T&ﬂ%\é@ﬁeatﬁmm faidimba hﬁnaand an
alumnumfilm 7are layered to formWwring lines 146 to 149, a pi xel

el ect r odenitfgen atmogpheiengt lai renpbhitureaot 400 toc’mmepttypmauy et3r adas0080, and a
wiring lipe 133 that i S_connected to t he ext rnaI input termnal. If the

one condubSfepfit yASET, 3ENGAING ¥S)R% Sserd: EmeRice k> oA coli WAG lasgpemay dsposi t e
to the 0“91115&99&!9%13(& SebnibdREol Fids 5%9&3&%&%9@1&' 9 se(%:'oﬂc(f Hh&ncﬁn@é(ﬁﬁ%&n)has a

 of YAG laser to activate the impurity elements. The ac-tivatio.n method is not limited to
laser light irradiation and RTA using a lamp light source may be employed to heat the
semiconductor films by subjecting one or both sides of the substrate to lamp light source
radiation,

As shown in Fig. 4, a fourth insulating film 144 made of silicon nitride is
then formed by plasma CVD to have a thickness of 50 to 100 nm. Heat treatment at

- 410°C is conducted in a clean oven to hydrogenate the semiconductor films with |
hydrogen released from the silicon nitride film.

A fifth insulating film 145 made of an organic insulating material is formed
next on the fourth insulating film 144. An organic insulating material is used in order
to Jevel the outermost surface of the fifth insulating film. Then, contact holes i)iercing
through the third to fifth insulating films are formed by etching treatment. In this
etching treatment, regions of the third to fifth insulating films that are placed in an
external input terminal portion are removed. A titanium film and an aluminum film

are Jayered to form wiring lines 146 to 149, a pixel electrode 151, a scanning line 152, a
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p- channel TFT 200 and a first n-channel TFT 201 and a pi xel portion 206
that has a second n-channel TFT 203 and a capacitor portion 204 are forned
on the same substrate through the above steps. The capacitor portion 204

i s conposed of the sem conductor film 107, a part of the second insul ating
film2122, and the first shape capacitance wring |ine 130. The p-channel
TFT 200 of the driving circuit 205 has a channel formation region 154, the
fifth concentration p type inpurity region 140 placed outside of the

second el ectrode 127 that serves as a gate el ectrode lSthe regi on 140

funct i onsCeEegtio glgeteqde, 1l apd awitng ling 453 st éhyonngetad ton hef exiemal input
concentr atj r%ﬁ}naﬁ) type inpurity region (LDD) that overlaps the second

el ectrode 127 "The first n-channel TFT 201 has a channel formation regi on
155, the second woneestd abhdutivied YRR | | ' ; | appi ng
t he second shape el ectrode 128 t}tha}f%sgﬁgbgéﬁnge%g?gh%fg%@%w\éﬁ% t he
third confenposita i tha ony wenduptinity ttype)eigi phypel A5dtiviag direnitt 205nthaataa asour ce

regi on or _a,drai ion. The length of the LDD in the .channel |ength

di ?ect i_onpicgaﬁ?egwgé(ga‘?ﬂ ag’rr%tfré'fﬂgaé‘wl AFE 201 pnd-ppixel pystign @Qétthﬁtélaﬁg'i f or
reventin qtl;fr% i : ri ff ..Ih

Ir[:- channel gf‘;lg-lé'llﬂng%gﬁﬁe p- Cﬁg‘%ﬁ%@‘f@%gﬁ“gé Zggé{%ct?%m‘%cgénm&lg ngﬁ%’ f lt‘bsrtrglt I ster

circuit, thrbudH the abbvcsteps, ThelcapritospurfibeL0£ iy @iposedof @k GbmfdohGititdr, €t C.
The structure of the first n-channel TFT 201 is suitable especially for a

buf f er ci Fi&dil07¢ hpart psthaiseeend Ansgtating fidmigRt 2ngethp Sicsf shapet dapaditancewining can
prevent d tion by hot carrier effect. The second n-channel TFT 203 of
t he pi xel "porti‘on 206 has a channel formation region 156, the first

concent rat i on n t YR pidiRHdI IET 28) 6F'ind 2Riviry ARAICHISHAS ciPhndifBriAGANd
shape el ectrode 129 that serves as a gate el ectrode, and the third

concent r at§men hd34,ythe fifftpoenceytratgi pryk3Bnivniay régioe t1H0ndacad autsdaiot ¢her egi on
or a drain region. P pe inmpurity regions 141 and 142 are formed in the
sen condué?CSPg%lﬁ‘%O%%tﬁl‘gaft HRRYCSt A 2R B oGt o e 40 GUReLions o e
capaci t or abd kW28 a d b ref,d 0 xels +151
and t he C(S)nnect(i%g% eﬁeggiﬁorg%%%gﬂgh%% ?@ﬁngg{a@{a&%ﬁ&g%@gll}llﬁéﬁ%ie%the
thi rd con¢lebD) #tait overtaps Yipesetompii¢dipde 12i on 136 of the sem conductor film

106. The pixel portign also has the gate wirin
e first n-channel TFT 201%135 a channel (tgormation:region 155, the second
concentration n type impurity region 124 (LDD) overlapping the second shape electrode
128 that serves as a gate electrode, and the third concentration n type impurity region
135 that functions as a source region or a drain region. The length of the LDD in the
channel length direction is 0.5 to 2.5 pm, p'referably 1.5 pm. This LDD structure is for
preventing TFT degradation caused mainly by hot carrier effect. The n-channel TFT
and the p-channel TFT can be used to form a shift register circuit, a buffer circuit, a
level shifter circuit, a latch circuit, etc.  The structuré of the first n~channel TFT 201 is
suitable especially for a buffer circuit that is high in driving voltage because the

structure can prevent degradation by hot carrier effect.

The second n-channel TFT 203 of the pixel portion 206 has a channel
formation region 156, the first concentration n type impurity region 125 formed outside
of the second shape electrode 129 that serves as a gate electrode, and the third
concentration n type impurity region 136 that functions as a source region or a drain

region. P type impurity regions 141 and 142 are formed in the semiconductor film 107
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i ne 152, which, though not shown in the drawing, is connected to the
second shape el ectrode 129 that functions as a gate el ectrode. As descri bed
above, the present invention nmakes it possible to formon the sane
substrate a first n-channel TFT, which has a one conductivity type inmpurity
region with LDD that overlaps a gate el ectrode, and a second n-channel TFT
in which LDD does not overlap a gate electrode. The two types of TFTs are
separately arranged in circuits of different operation conditions, for
exanple, one TFT in a driving circuit portion and the other TFT in a pixel
portion. that fuhaions ehamnef clddibded diDhovapatitpportiongide el ectrode. The
substrate fornmed in this enbodi nent. node, which has the driving circuit
portion 205 and tH¥ PPekPopMm: 20h hapdhe jpixel eflegtiode 13 ard ke icomnastion i x
substr at [ ! i Lhy tiye. ,matrix substrate can be used
o manat aiiede I0HERBERR 08 Rt LR, G e Rnlonto B B S Py
matrix subglona3e dfiihd bimsicenteelr TR 10800 hb dxel boridheBlo 10kQRd kadSvifing med
froma light reflective material, and therefore can nake a reflective

i quid crijns B2, aviseh. dhoesdy neteshown inghé dravripst ialcodispidate theviecandashapel | as a

light emttin i,ce.in.which an qrganic light emtting device is used for
a gi xel pe ?%tfogﬁqagg}??gﬁlcﬂﬁ?ﬁﬁsﬁafﬁfgﬁgp%m t hg active ma'?rl X substrate.
Embodirent Mbde “2afaakhgid ATRRCTHseY oftfon kP IESRUbIL BVERRL ALY | | be

described with reference to Figs. 1 et al escription
i s gi ven samezubgtdtoad fiodt n-ciannd] (TR ohiivhyhat @fofe Bendustivinetypaimpetidystgiahe a TFT
for a pixe]l paortion and TFTs n-channel TFT and a p-channel TET) for

FT

driving cVite iR tha avedaps %)E%Eézeglﬁcrrﬁd% #ad peserprbpywhamrel T igi weich 36 on.
The descrjpti . he.insulating.films, t i conduct

T £ ot PPl ghl MESBRE, BRI EL PR oo iy AFRRRGS O

subst r at eci@@is ofidiffereni Opdthiain BehditidnIb f30&kaaipik, 393, TSE Th GORGWRE Yirchit| ms 304
to 307, a second insulating film 308, a first conductive film309, and a -
second cdifdtien aye the othesTHI iim amiyel pprionvadi sheap-thanmg! BFZ, BPP $wrlpdai n Fi g.

7B. The rraa%(dgg.[l govers the driving circuit portion whereas the mask 312

covers t & pi xer” portion. Wth the masks
The substrate formed in this embodiment mode, which has the driving

circuit portion 205 and the pixel portion 206, is referred to as active matrix substrate for
conveniences’ sake. This active matrix substrate can be used to manufacture a display
device of active matrix driving. The active matrix substrate in this embodiment mode
has its pixel electrode formed from a light reflective material, and therefore can make a
reflective liquid crystal display device. A liquid crystal display device as well as a
light emitting device in which an organic light emitting device is used for a pixel portion

~ can be manufactured from the active matrix substrate.

Embodiment Mode 2

- Another embodiment mode of the present invention will be described with
reference to Figs. 7A to 10. Here, a detailed description is given on a method of
simultaneously forming on the same substrate a TFT for a pixel portion and TFTs (an
n-channel TFT and a p-channel TFT) for driving circuits that are placed in the periphery
of the pixel portion.

The description on the substrate, the insulating films, the semiconductor
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covering the pixel and driving circuit portions, the first conductive film
and the second conductive filmare etched in first etching treatnent to
forma first shape electrode 313 and first shape wiring lines 314 and 315
(the electrode is conposed of a first conductive film313a and a second
conductive film313b, the wiring line 314 of a first conductive film 314a
and a second conductive film314b, the wiring line 315 of a first
conductive film315a and a second conductive film 315b). Next, the

sem condugtor films 306 and_, 307 are doped with an inpurity el errent of one
conduct i vﬁﬂP}ﬁs a9 the; Gondlpgiive f&@ﬁﬂ%@m@lﬁiﬁmﬁﬁéﬁ@d?« 1 aprilisp te fisvlstrateoidefitstat i on

inmpurity x of the.o LVLt The ks 311
and 512" SRRSO 1R SmisSRaSRs RSR0RGalh < wethy insdatente

el ectrode3®l3 fi@é’td:ohcﬂ\.ﬂ:tl% Kifth 30028@ dNcEddiohifGSe 3 3%3 %#5 s formed as
shown in Fig. 8A Further, nmasks 318 to 320 are forne edr|V|ng
circuit portion M@SHSOBHJ hind $t2 shhragernedde ot Fixd €28.32TThe masi2 311 reoble tlei vi ng

circuit p(?rt| on, thr&g_g cond et chi n%‘;ﬁr eatnent. The first etching
t r eat ment SAEE FREULRUBAY ¥ G sk lrehvers the patlporeen. eW&thng{’SﬂFé first

conduct i vgytiil Haen[{,] Lhga f'ﬂ{éd e p i ons
around t he ec}gée’pt Xanh‘ﬁlaitg ?1 ? % th?hé@s‘%gg%(g{vg}tfclﬁl a%rdetﬂr ea%%%nt is -
fol | oned dndtétivectilet mlmeﬂmatmml@sueasrhawrto ifeenth erst&BapeTélectidﬂb Bd3et chi ng
treatment is for selectively etchi ng the second conductive filmto form

second sh#pfinst %@P? vararg bnes 314 agd §15 tthe elsecedtuis shapesedaif adirptagadudiinge

projectio t con uct 4 e
Bl ot oackimy 3oL P s dShEL BRI e BuBE AR ST RIFRVaBHERE.
utilizi ngfitdne14d lnm h Be@kBepdbE ?ﬂrﬁ@lﬂbbﬁ&%ﬁﬁ‘ 11;9@3&5 bgh fﬁ&%ﬂﬁ&dt%@ films
324a and 325a and the second conductive fil %4b and 325b. As a result,
- 14 i mpurfily 3t Fgimshasaspnd penduniévecBimodLio)v i Nyxtt glmesemc&mﬂmtmeﬁzﬂmsrﬁ%rmd

i r filnms, 30 and 3Q5. Second_concentration inmpurj regi ons 330

sem condu&ﬁé) r%rté

and 331 ofU% BE¥ dReed Sidhuat HWPS}W elspent, pE %ssfioy%%&ysapasmt Sby@PPEp t he

second shgpameheed rfeﬁﬁsﬁwa%ﬁe&utaﬁbﬁdmrp%ﬁ@ﬁ n%Qﬁ'“t 198 LIPWeL! Yr [1RY AJ%S 327
pe a or e the

and 328 of the one conductivity ty regi ons outsi
second shapeuetivdcttypeles. A third concentration inpurity region 329

The masks 311 and 312 are removed and then a mask 317 that covers the
first shape electrode 313 and the first shape wiring lines 314 and 315 is formed as
shown in Fig. 8BA. Further, masks 318 to 320 are formed on the driving circuit portion
to form first shape electrodes 321 to 323 in the driving circuit portion through second
etching treatment.

The first etching treatment and the second etching treatment are both for
etching the first conductive film and the second conductive film to form tapered
portions around the edges at an angle of 45 to 75°.

Tﬁe second etching treatment is followéd by third etching treatment as
shown in Fig. 8B. The third etching treatment is for selectivély etching the second

i conductive film to form second shape electrodes 324 to 326. The seconci shape
electrodes have projections of first conductive films 324a to 326a.

The second shape electrodes 324 and 325 are used as masks in second
doping treatment, utilizing the film thickness difference between the first conductive

films 324a and 325a and the second conductive films 324b and 325b. As a result,
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of the one conductivity type is formed in the sem conductor film 306.
Thereafter, masks 332 and 333 are fornmed as shown in Fig. 9A to dope the
sem conductor film304 with an inpurity of the other conductivity type
through third - doping treatnment. The resultant inpurity regions are a
fourth concentration inpurity region 335 of the other conductivity type
and a fifth concentration inpurity region 334 of the other conductivity
type. Afifth concentration inmpurity region 336 of the other conductivity
type is formed in the sem conductor film 307. Subsequently, a third

i nsul at i nguputitnregeny ¢f the paeebndnetivitydypeqre fortriedsn theedmitomddapefitnne304

sem conduct(?? %nl |3§3% are actjvated simlar taq Enbaéi ment. Mode 1. A.fourth

i nsul at i ng™¢ PP opd CoRREALratifnIPULLY WaiaRs PR apf 31 0f thmeng condygiyibct ed t o
heat trea n : y ] d i Aqfifth
i nsul ati ngyﬁi Itarr$:1a 8§é%df g?ﬁiédg{\g’gigﬁ%ﬁlﬁ%ggﬁogﬁﬁlﬁ?’?n%ig‘ftgb{dlﬁ%g‘b@?ar% g@’g from

an or gani condenguti@t ingringkeion|327And G2 afite dntsedndhétigtygpebiedorhed ysed in
order to level the outermpst surface of the fifth insulating film Then,
cont act h&PEINSAETES thy seannd shaperciretrodes r i thirdiconedminatieninapuriiy regiond2%r e
formed by ' Wring.liknes 340, t 3,.n2 pi xel el ectrode
345, a gat0 glﬁ%wﬁgggﬁ%&%gﬂg%ﬂ‘%&n F‘?hnetgle%%ﬂlcgﬂ%}ngzf%ﬁgrg’e%f ormed. If the one

conductivity type Therchftéry pRsIEI2ARE BBReS frRREAUS khowld Yo P%p% toQRpesid e to
the one conductivity type) is p type, a driving circuit 405 that has a

p- channel sapFoadgtemio 304 math an mhpmite bf TETothe canddctivipi tyek tirongh drirdi06

t hat has second n-channel TFT.403.and a capacitor, portion, 404 are forned
ont he: aRerREEpngE | AR fnknl dmRia0 o aes o 5kl ARcrRBHOBGMIRE 40 | o

composed olgibl 835 Bt oliuctivir BpiGiha @féﬂﬁf:%%ﬁg%&e@ﬁgﬁ%{ falpbdng Tiim

361, and the first shape capacitance wrin TFT
. 400 of thefdtd sthagecandoctinity #ph hadifth @hasmetioh dmpadiiyabgiod 336editbnodds8, the
fourth concentration inmpurity region 332 of the other conductivity type
which is ﬁ@%‘ihtqtlﬁ%&’@dgggmﬁ%Hb‘\héﬁﬁa%froﬂql‘r@“ﬁéd@rﬁmel ectrode 324 that serves

2s 2 gate ol eotradgeidh o {d (RBOUREHY:AY PAcn o hSghon 338 O

t he other conducti Vi aced’ outsi eco
el ect r ode t@23dpc thB€erhichfidudiorgal AR aclivdted SiniRa o BmebdRat Mot mat i on regi on

349, the second -

A fourth insulating film 338 is then formed as shown in Fig. 10 and is
subjected to heat treatment at 410C° to hydrogenate the semiconductor films. A fifth
insulating film 339 is formed next on the fourth insulating film 338 from an organic
insulating material. An organic insulating material is used in order to level the
outermost surface of the fifth insulating film. Then, contact holes piercing through the
third to fifth insulating films are formed by etching treatment. Wiring lines 340 to 343,
a pixel electrode 345, a gate line 346, and wiring lines 344 and 347 are formed.

If the one conductivity type is n type and the other conductivity type
(opposite to the one conductivity type) is p type, a driving circuit 405 that has a
p-channel TFT 400 and a first ﬁ—channel TFT 401 and a pixel portion 406 that has a
second n-channel TFT 403 and a capacitor portion 404 are formed on the same substrate
through the above steps. The capacitor portion 404 is composed of the semiconductor
film 307, a part of a second insulating film 361, and the first shape capacitance wiring

linte 314,

The p-channel TFT 400 of the driving circuit 405 has a channel formation
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concentration inpurity region (LDD region) 331 of the one conductivity type
whi ch overlaps the second shape el ectrode 325 serving as a gate el ectrode,
and the third concentration inpurity region 328 of the one conductivity
type that functions as a source region or a drain region. The |ength of
the LDD in the channel length direction is 0.5to 2.5 m preferably 1.5 m
This LDD structure is for preventing TFT degradation caused nmainly by hot
carrier effect. The n-channel TFT and the p-channel TFT can be used to
forma shift register circuit, a buffer circuit, a level shifter circuit, a
| at ch ci rregiot, 348} the fatmth s¢moauitaiiva iofputiheregionsI32rofahacthet caiddlicdkdty type
suitable especially fo a buffer circuit that is high in driving voltage
because tHRICRF potitipacd st 2htewuprap thegyesend elsatrede Pr%f?tlt?érswe'ﬁ apfaf g6 . The

second n- |, -FF gl rti hannel.. formation
" egi on 350 RS anliile A8 cBhodiBu MR beel g Ut sHE Sl AR B ™
conduct i wirhigh iglecedvugdidd of thosdread eldésoddes2af the first shape electrode 313
serving as a gate el ectrode, and the third concentration inpurity region
329 of the one cobEs vichannek YIBE 40hhas 4 chroneldngnationaegion 348, thegicondor a
drain region. A fifth concentratiqQn i.npurity..region 336.0f the ofher
conduct i \%%ethgnilgijB&n’gélqnnm rg%lﬁﬁ):g%{dﬁglﬂiﬁ' 5 FHCSE7VPhAtPe ‘f’fﬁ'ﬁ’&t i ons
as one Ofo&hgﬁai iRAS0RE shR® cRBRSI 85 RON IO ﬁo%hte ﬁﬁcﬁ!@@& rdn@ﬁﬁe%ﬁﬁ& e, the

gate el ectrode of the driving circuit portion and the gate electrode of

t he pi xelcopoerttiadion ampusity negier 828 diff the ramet dondfictbmtyegpb tbdthiamctionst i &
enbodi nent node to obtain TETs having different LDD structures. The LDD
that ovelRESIeHOP LT 8 BB L Pe Disricnath phihedPP An theshppnel lsngH HgecH@Rner at

i gh accukagy «ovb SMOML k™ RNLD WS L BROdLIRNS for JRvERiETRAL! MENt

of the present inve W escri eferenc 0 Figs.

1A to Fi gdegfadatien eausad defidy bedotesdérd dftdcON The r0th4aRelONF RPartethb @cchafinel
simul taneously form ng on the sane substrate a TFT for a pixel portion and

TFTs (an THI ¢hahneseditptomng shiffreghsten scuitAutfeo cirgrit, wilengl shifleutireit hat are
D 2ced, nleyRel RO Yo Sk eoPh S LS e Bt ALY o
a buffer circuit that is high in driving voltage because the structure can prevent
degradation by hot carrier effect. .

The second n-channel TFT 403 of the pixel portion 406 has a channel
formation regioﬁ 350, the first concentration impurity region 316 of the one
conductivity type which is formed outside of the first shape electrode 313 serving as a
gate electrode, and the third concentration impurity region 329 of the one conductivity
type that functions as a source region or a drain region. A fifth concentration impurity
region 336 of the other conductivity type is formed in the semiconductor film 307 that
functions as one of electrodes of the capacitor portion 404.

As described above, the gate electrode of the driving circuit portion and the
gate electrode of the pixel portion are structured differently from each other in this
embodiment mode to obtain TFTs having different LDD structures. The LDD that
overlaps a gate electrode can be formed in a self-aligning manner at high accuracy

without using a photo mask.

Embodiment 1
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insulating filmis formed on the substrate 101. The first insulating film
inthis enbodinent is a lamnate of a first silicon oxynitride film 102
with a thickness of 50 nm and a second silicon oxynitride film2103 with a
t hi ckness of 100 nm The film 102 is forned using as reaction gas Si H4,
NH3, and N20. The film 103 is fornmed using as reaction gas SiH4 and N20.
Sem conductor filnms 104 to 107 are sem conductors having a crystal
structure. The sem conductor filns are obtained by form ng an anor phous
sem conductor filmon the first insulating filmand crystallizing the film
through a known éPy%‘F%‘qumﬁlatt pofhevprased. inventioni wilk b odtisendretd, belnwawithphous

| f t.hi ¢k f 50 d
crystall i FEeSh o PRI RUFRER™ B Rdiled dBscPiniin TR BRPR Omemo & | i near
beam by agintfah€sislySioshBig onl the shﬁ%%ﬁbs!tfa@ﬁ 'I'FT foP §lpitd PR 4hd gglf‘gsr(gqens' ty

of 300 mJ/cn2 and is shaped into a 500 zm Iinear beamto irr t he

entire suﬂfcéé@eéﬁﬁmdarm¢mhoﬂ§f§]')Ifmcdrmﬁg tiroudth tlewn a@\ViRdded in (it gedipBéry90 t o
98% AIter |vei a _continuous wave YVO4 | aser may be used. The laser is
converted (5’”%‘3 \é%’& Tharnoni ¢ by a wavel ength conversion el enent, and an

energy beam of 1f, i Ar HﬁFﬂi{&BOIkP%CLHc § |za’[e %Hbsjf’ia 0%% ec to

crystallize the ano p ous uctor -

films areimdolpddg Wiltrh ib dooredasn abe sABSLRS QUlt YWRe ifiBUidshatiRY #1@D ifaRrisng in
order to control the threshold voltage of the TFTs. The doping

concent r afBpdigrent e lpmgimatq afyn fé:fétrﬁﬂl#@nmnmdet@m 10%withn thiplereat of 30 Mhe t hus
bt ai ned | ded | ands...b t chi

P reat moat LY LR BRSSO i RS o 86 ni AR W 11 1 e

~17 111 m fehisadshie 8 RedRn QM il RSl Rpsl NAR i 18Y & Rchibh Glsiigss, Of 110

nmis formed as a second insulating film108.0on t ucto lms. A
t ant al um rAaciomgasfiHpARdNEQ@r mred as a first conductive film 109 on the

second i nsul ati ngSfl | méHS bé :ﬁutterl n to have a thickness of 30 nm
Then, a tungsten>fPHPRIGG Hig lgﬁn@sé bf A8 oW IHedpgtorso hAEES a8 @ysdcond

gonduct | Verddehi) 119pe TEb%lEJJ'HcﬁKt%?SﬁhQJ dDeobEntA g fgrﬁlriﬁgdearf ia{mnarjpﬁous

eterm ned by taking into _
semiconductor film on the first insulating film and crystallizing the film through a
known crystallization method. In this embodiment, an amorphous silicon film is
formed by deposition to have a thickness of 50 nm and crystallized by irradiation of
excimer laser light collected into a linear beam by ‘an optical system. The laser light is
set to have a power density of 300 mJ/em? and is shaped into a 500 pm linear beam to
irradiate the entire surface of the amorphous silicon film at an overlap ratio of 90 to
98%.

Alternatlvely, a continuous wave YVOy Iaser may be used. The laser is
converted into Second harmonic by a wavelength conversion element, and an energy
beam of 10 W is run over the film at a rate of 1 to 100 cm/sec to crystallize the
amorphous film.

After crystallization, the semiconductor films are doped with boron as an
acceptor type impurity by ion doping in order to control the threshold voltage of the
TFTs. The doping concentration of the impurity can be set Suithably by an operator.

The thus obtained polycrystalline silicon film is divided into islands by

etching treatment to form the semiconductor films 104 to 107. A silicon oxynitride
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consideration the doping efficiency of phosphorus that is used as an n type
inpurity in ion doping (or the ability of the tantalumnitride filmto

bl ock phosphorus). Fig. 30 shows the phosphorus concentration distribution
when the gate insulating filmthickness is constant and the tantal um
nitride filmthickness is changed from15 nmto 45 nm The .accel eration
voltage in the doping is set to 90 keV. The concentration of phosphorus
injected to the sem conductor filns varies depending on the thickness and
materials_of filns (the gate insulating filmand the tantalumnitride film
covering file fogasd EbM@lﬂoQVﬂ n$eg Sllﬁganfiaﬂzghi@v@wﬁ rethitkosssholr UH) nm is
concentra&; EOféledWﬂe %l[l ]E’l ss af the tﬁ talumnitride filmis
converted 1n R élksﬁl m, 108 o3 Seni“ﬁ%‘lﬁliu‘étf’f B“Sf*i Im According to
Fig. 31, a 2. 4 t 0A2t28614 t I

phosphor us bl ocki ng abi I¢{l§§ﬁ%%ﬁgﬁ g%tﬁltggudr%nf\?%%dggg‘i}éqvler%lflﬁqgtgh@r {H\%/or ds,

t ant al um sdcond desmmgbﬁtm Higgherspptexightr bisvebh abicknggs adfi 30 tnyn.eVEenf ough it

is at snmaller Im hl%,lﬁqng The thickness of the tantalumnitride film
is deter n{%ﬁe{b? TR W Ryt s Qféﬁ@.nabﬁé@m&#aﬁﬁéewéucgn%ée St 1ie dopi ng

bl ocki ng abi 11ty Th fiBkhd® FARE!MASHLT . S A ARLE, Lhak: ShE

opti mal thickness range tor the tan mn| mls be¥ Pigl_nLtgrunto'
300 nm Neotisidermiblshd Eﬂdtpihg eﬂiec}e@ye)ffphbgmﬂr&srtﬁma BI04 QBEN S pel i4PuFiSinSt
material as shown in Fig. 1B. First etching treatnment is then perfornmed on
the fi rstlcwﬂmw@g (arethe fapilify 06 Sheataataiiie wadorﬁﬂndomphmpmorum 1Tz 3ﬂhe

et ching tpeat cLivel srra i.n

i m tatg:J i o%hol“és puf hgs?ﬁgg%ggwe&gaé?ng H'ﬁ?“ é’& H’glﬁawél at@gzﬁ ﬁ’d‘:k(.r)‘gs Sar e
used t0 efsCébrdtaMY frid Eﬂeaﬁﬁtaﬁuﬁ %Ekhaé lfmnmhiakheis@ 1§ bham T B938 nrh |t9W5rrﬁﬁe
thereof is set to 25 : 0, and l%Hz power of 500 WIS

given - 18Th0 @Cd@!altlenl ‘GJIEgcrmdéleatlomn@rle%u rtre %Jf k&VPaThercmhmtmlnohl ofg.

this case, h substraé si de np. age al so recei ves an RF (13. 56
MHz) poweP ?ﬂP BE IPELS é%f}reyseﬂgé%@ﬁla Warﬂf’é JEPPRANG ep o acknges indge.

Under the i nto a
gi ven shaggtgri‘la'l#zéfeaf t e‘tﬂfg?%gqgéu%ﬂlﬁsfﬂng?c?y é Igjcr;}ﬁe\c?{ ﬁdcgg@ &39%% tl{eThe gas

f 1 ow r at eserhicendiefori flnset Fig ﬁOshovﬁﬂtheqﬂidsmnBchnl;&tEa@oMlﬁ’r))fﬂéOWﬁén @fe 500 W
IS |ven tg a coiled
J thickness of the tantalum nitride film is converted into the thickness of the gate

insulating film. According to Fig. 31, a 2.4 to 2.66 times thicker gate insulating film
equals in phosphorus blocking ability with a tantalum nitride film. In other words,
tantalum nitride exhibits higher phosphorus blocking ability even though it is at smaller
film thickness.

The thickness of the tantalum nitride film is determined by taking imto
consideration the resistaﬁce_ and the doping blocking ability. It can be concluded from
Figs. 30 and 31 that the optimalrthickness range for the tantalum nitride film is between
15 nm to 300 nm. |

Next, masks 111 to 114 are formed from a photosensitive resist material as
shown in Fig. 1B. First etching treatment is then performed on the first conductive
film 109 and the second conductive film 110. The etching treatment employs ICP
(inductively coupled plasma) etching. No limitation is put on selection of etching gas

_but CF4, Clz, and O, are used to etch a W film and a tantalum nitride film. The gas
flow rate thereof is set to 25 : 25 : 10, and an RF (13.56 MHz) power of 500 W is given
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el ectrode at a pressure of 1 Pa to generate plasma for 30 second etching.
The substrate side (sanple stage) also receives an RF (13.56 MHz) power of
20 Wto apply substantially negative self-bias voltage. The m xture gas of
CF4 and Cl2 etches the tantalumnitride filmand the Wfilm at about the
sane rate. Thus forned are first shape electrodes 116 to 118 that are
tapered around the edges and first shape wiring lines 114 and 115. The

el ectrodes are tapered at an angle of 45 to 75. In order to etch the filns
wi t hout | eaving any residue on the second insulating film it is preferable
that the Bxalp Pkﬁtéodesatprmesﬁugﬂadf byPaifor the @dung.Relyi thisscasé, thheubstmtnd

i nsul atin

film t hat, are not co the firs el ec rodes
116 to 11898 a‘PB‘S ?zt?geétﬂ%%é%”%% ﬁ% f]i%ngs 2 BAHCT ok @B P e o Yand
thinned b %, K t i whi ch
ions are ?%tj’%gdggleaﬁ e 0 Sle{ffcrha%sg%suea gr a??‘gér{qﬁ% @Epggxﬁﬁ &ﬂdﬁ%ﬂé’%alh shape
el ect r odetheIWdiltois bidBed imo B gd@n sAgpetasks and phosphi ne (PH3) gas diluted

wi t h hydrogen or %hosphl ne gas diluted with noble gas is enployed to form
first concentrati dReIRaftsipthcicighing g¢s isedprges 0X3F4 3nd18B. | The whe flow rate

seni condu f oncent n .t r

regi ons ﬁ%e?&rﬁgdé Léﬁ? #Ia c?gpl nﬁng{acﬁ3r#§v@&_¥f98ﬂ‘8’§rp %m bgn%lg%{)foa? Fgljﬁ dof 1 x
10" to 1 ¥leddde AtaGiEdsGihf 1Wd dQithehRPINROOE Be sé%‘ﬁﬂ%tclﬁﬁlg tqh@%ﬂbstﬁeecond
etching treatnment is conducted next as shown in Fig. CF4, Cl12, and 02

are used sigeefsemplegsigas, alsthe'egaEeS fith d%OF (A% éthlvﬂéi'zéqiowes efetZOt W 20 appBO 20,
d RF VHz f 5 t

gpesgﬂr NS ? “35“35 6‘%@&&5‘3 febq?ﬁ LA i oih‘?:‘i‘é%g’f% ﬁf**h@f %%IH gs@% ees ?dea

(sanpl e SEa%geﬁﬁmatluﬁRierﬁﬁr? & $he@ R i zilt?%‘l')%@tf G[fhug(%&%éaoal%pf%]sy a

self-bias voltage Iower than that int |rst et I'ng treatnment

t hese et chkhapg eléc@rodemdim tonsy thadrerd\dpeteth dicad s ddges aec dind shapdudtinge film
is etched,, The Wfilmis_ thus subjected to anisotropic etching to form

second shlipes Lband éh%s 1@761%r0ﬂ2f98@rfaper§<ééb%a§gia@é%tpﬂrﬁg | {mexlengp and
181, Redl o 1l slhCwBAGANMiflS WAL M. bh kD &08l grsaﬁtmpéhm?% kel L he

second shape and he Secon ines 130

and 131 aset ﬂim&dn@ﬂﬂletlh bil&tkedYy20 16 00%0 rmgloﬁs oBHe sbechdf iBulg@eiinng t he
entire sem conductor film 104, a nmask 134 fo
" 122 that are not covered with the first shape electrodes 116 to 118 and the first shape
wiring lines 114 and 115 are etched and thinned by 20 to 50 nm.

First doping treatment employs ion doping in which ions are injected
without mass separation. In the doping, the first shape electrodes 116 to 118 are used
és masks and phosphine (PHs) gas diluted with hydrogen or phosphine gas diluted with
noble gas is employed to form first concentration n type impurity regions 123 to 126 in
the semiconductor films 104 to 107. The first concentration n type impurity regions
formed in this doping each ha\.re a phosphorus concentration of 1 x 10" to 1 x 10"
atoms/cm’.

Without removing the masks 111 to 114, second etching treatment is
conducted next as ShOWIl‘iI‘l Fig. 2A. CF4, Clp, and O; are used as etching gas, the gas
flow rate thereof is set to 20 : 20 : 20, and an RF (13.56 MHz) power of 500 W is given
to a coiled electrode at a pressure of 1 Pa to generate plasma for the etching. The

substrate side (sample stage) also receives an RF (13.56 MHz) power of 20 W to apply a

self-bias voltage lower than that in the first etching treatment. Under these etching
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covering the second shape electrode 129 that is placed on the seni conductor
film2106, and a nask 134 for covering the sem conductor film 107 are then
formed for second doping treatnment. Through the second doping treatnent, a
second concentration n type inpurity regionis forned in the sem conductor
film 105 whereas third concentration n type inpurity regions are formed in
the sem conductor filnms 105 and 106. In this ion doping, phosphine is used
and the dose is set to 1.5 x 1014 atons/cnB, the acceleration voltage to
100 keV. A second concentration n type inpurity region 135 is fornmed in a
sel f - al i grindigioms.nthe rWdfilmaugpdsist the seamad rcoagyting fAmf is resthed.on@he W ¥@mfis| m 128a
t hat cont?lti t#‘it.es 4he second shﬁpe el ectrode 128. The inpurity %i ven by ion
dopi ng tPHHEMIFLCT I BRUEHIAPNG eichingto dompy seqond shang eleatplss 47 ¢p 429 gad

sem conduckois LbBvindanacso JRGS! OREebALCPRE Wb AINSELAN OB e ™"

| ower than Inmpurfty concentration in &N Ri Y'd "Eoncent ratton ’?ype

i npurity f@gioeasd wiltethiersusrid $hap® BleERédea 1RO NMo 109 bHE (Kedicond sHep® wising X 1016
to 1 x 1017 atonms/cnB. Third concentration inpurity regions 136 and 137
are dopedlingstlA0pnd 4 pharepiched and thinneddiyi20vte 58 newncent ration of 1 x 1020 to 1
x 1021 atons/cnB, Next mask .138 is .formed as sh i.n Fig. 0
conduct third dopi Rt PadehaREnng e sy o Blm A0%, Eawe P8R | ut e
Wi t h hydr @3efin@thelicRendnipd dfectraliid WEthastfladl@RInehe’8micdniiaest filh ig,m a
fourth concentration p type inmpurity region 139 and a fifth concentration
p type i ngulamaskdgidnr tdring thheersiemdene fitroi 07T htenthédformeBhier Senomtlh

concentratiqQn type inpurity region s positioned so_as to overlap the
second s hfi%?éﬂ%&%%%ﬁ%e%%ﬁhe %%0%6%11%%11156% BACGORd LORGAERIAT BEPEN of 1
x 1018 to; : t . £ c j lggg j .egi.on 140
IS doped%#@ﬁu%égéﬁl?#ﬂgﬁ-ﬁgp%ggggﬁ%?gcﬁgﬁﬁo ﬁg$§ﬁ%%%%ﬂ%o 595%3B%95-

at ons/ cnBtypAitpihitily reginae bie fotrhaninihé ¥@LicoA@ieldrifimsr1@giapa 142 anthigiohourth
concentration p type inpurity region 141 are forped in part of the

seni conduderng. fbopphin7istysad apd thesdage dsoset &7 mdax $0 ortnges/empdhs awelerationhe

pi xel por‘;&%neu;l'%{%g? t he above steps, either a region doped with
phosphor us o & regron doped with boron is given to each of the

sem conductor fil gBsechie s@eemchtdRapeype! ﬁ?drwe&gi%y 189 A2R8RAVA @S gate
el ectrodes. The second shape wiring line 130
self-aligning manner at a position overlapping a first conductive film 128a that
constitutes the second shape electrode 128. The impurity given by ion doping
transmits through the first conductive film 128a before the semiconductor film is doped.
Therefore the second concentration is much lower than impurity concentration in the
third concentration n type impurity regions. The impurity concentration in the region
135 is 1 x 10" to 1 x 10" atoms/cm®.  Third concentration impurity regions 136 and
137 are doped with phosphorus.so as to achicvc a concentration of 1 x 107 tolx 104
atoms/cm’. | |
Next, a mask 138 is formed as shown in Fig. 3A to conduct third doping
treatment. In the doping, diborane (B2Hg) gas diluted with hydrogen or diborane gas
+ diluted with noble gas is used to form a fourth concentration p type impurity region 139
and a fifth concentration p type impurity region 140 in the semiconductor film 104.
The fourth concentration p type impurity region is positioned so as to overlap the

second shape electrode 127 and is doped with boron in a concentration of 1 x 10" to 1 x

10°® atoms/cm®.  The fifth concentration impurity region 140 is doped with boron in a
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forms one of electrodes that constitute the storage capacitor in the pixel
portion. The second shape wiring |line 131 serves as a data line in the

pi xel portion. Next, a silicon oxynitride filmis fornmed as a third
insulating film 143 by plasma CVD to a thickness of 50 nm Then the
inmpurity elenments used to dope the sem conductor filns are activated by
irradiating the sem conductor filnms with laser light of second harnonic
(532 nm of YAG |aser as shown in Fig. 3B. As shown in Fig. 4, a fourth
insulating film144 is then forned formsilicon nitride by plasma CVDto a
t hi cknesscarfced@atiom oftdead 07 e st atatsidC Asfiftioasitesedionipitype Ghpaityoven t o
hydrogenat e.t he senmi conductor filns with hydrogen rel eased fromthe

sil'icon nfetgil‘?nd§42f ndi foprth corasniraion mtype fmpyTitsragion 141 we feaserdriaxtpagoft he
fourth i nglatik i 114 | 1 ¢....Then canta hol es are forned.
mthis opbrepiRRaito ubitor BOSLER B L Sl SRt Fllke PReCRfPRg 1 1

that are placed i Thbglkexicabdat step eithdrel rdhidaldoped @viitﬁrbh@ﬁ;ﬁlorlfse(ff%YI%gionA
titaniumfilmand an alumnumfilmare layered to formwring lines 146 to
149, a pi depedewiththagere is BIven o seagh mif e [semizotdRtorafinmmnddiei woomd sitapeode
150, and a,_ W[ lin 53 that is connected to an-external input

t er m nal .elfﬁtﬁ%c{ef gﬁﬁe{? i%?l?‘?ﬂée St ﬁlﬁgf?dgﬁ'e ngi‘ee SeEopfl i ShiRfg WaiRE ing 1385 t hat
has a p- ehafinee offelecdB8safs @nbiithR! e fof i Ixelportion
206 that has a second n-channgl TFT 283Egﬁﬁﬁggggg§§?%&?9%&?¥@%ﬁ . The
capaci t or sqpond siape 20dng tine tdhposmds afdatallmede theqane pottion. fi | m 107, a part of
the second insulating film 122, and_ the first shape capacitance wring

line 130. The p- ch&kinalsitigor oxypittide filkp iyforpicAgs @ thirdi insugmentiln 443 hannel

formation i@i?‘D b i fet nc rati.on t yRe i npuri regi,on 140
pl aced ong% g 0 %ﬁéiq%qﬁgéégﬁg)%@éc?ﬁ%ﬁgwfﬁﬁmgﬁhgbggP@ége%iggoﬁahg

el ect r odesdrhitenduegiraimd 4 detivgtd B Srraatig tROWnGEoN®BIoP AilAS withdiRt Nekiegi on),
and the fourth concentration p type inpurity region that overlaps the

second el etsqcpadharpipnict(3d2 i of YAGclsonae shopETindGg. s a channel fornation
regi on 155, the seco

overl apping the s 3H%N%ﬁg %fg}%ﬁ%#@gggk%%gﬁyﬁgﬁﬂgéh&@é%%éggﬁééﬁ%ﬁégF»

el ect r odenitaadond BRshRICWD 6ORARALHE! 6109 Ain! YACat tFRMAd: Yt ARBICAR conducted
in & clean oven to hydrogenate the semiconductor films with hydrogen released from the
silicon nitride film.

A fifth insulating film 145 is formed next on the fourth insulating film 144
from an acrylic. Then contact holes are fofmed. In this etching treatment, regions of
the third to fifth insulating films that are placed in an external input terminal portion are
removed. A titanium film and an aluminum film are layered to form wiring lines 146
to 149, a pixel electrode 151, a scanning li_ne 152, a connection electrode 150, and a
wiring line 153 that is connected to.an external input terminal.

| Thus formed on the same substrate are a driving circuit 205 that has a
p-channel TFT 200 and a first n-channel TFT 201 and a pixel portion 206 that has a
second n-channel TFT 203 and a capacitor portion 204. The capacitor portion 204 is
composed of the semiconductor film 107, a part of the second insulating film 122, and
the first shape capacitance wiring line 130. -

The p-channel TFT 200 of the driving circuit 205 has a channel formation

region 154, the fifth concentration p type impurity region 140 placed outside of the
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135 that functions as a source region or a drain region. The length of the
LDD in the <channel length directionis 0.5to 2.5 pm preferably 1.5 pin.
This LDD structure is for preventing TFT degradati on caused mainly by hot
carrier effect. The n-channel TFT and the p-channel TFT can be used to
forma shift register circuit, a buffer circuit, a |level shifter circuit,
a latch circuit, etc. The structure of the first n-channel TFT 201 is
suitabl e especially for a buffer circuit that is high in driving voltage

because the (itructure can prevent degradation by hot carrier effect. The
second n- $FaRkEteckede 183 that sopies sk igalsorleqtivde A0 regional4hfmetions apamat i on

regi on 15 Ir af i type i npur.ity reagion.125 forped
outside © ur%{%g{sdgc%tﬁéﬁ %Hg;%%&@f %%f@g & nf%griaglg%m%qﬁ?ugg‘yg@g’é’né@ct r ode,
and the tbidithps eReestid aédi@de 127.ype i npurity region 136 that functions as a
source region or a drain region. P type inpurity regions 141 and 142 are
fornmed in the senftbofithyotdantel [T 207 has habarhehfobmetien @gioaris5pthe ab@nidr odes

of the capacitor.portion 204. The pixel_ portion 206 has the pixel electrode
151 and t Qrcenffaisn tyhe mPwdy reien 12b( OvesARRIE therFeodaPabs Flegrost to

the thitdigoRGeaLial hOR dtol ool th éhiggg&feemﬁa%{%nq{ b SmpEal AR Ct oF

film 106. The pixel portion al so has e Wring h,

t hough not33 Hmvurictiobhas ds@uscaggidnSorcodia@ciegidn! OThé enghCeMtle SIDAPEn the
el ectrode 129 that functions as a gate electrode. A top view of the pixel
portion 20%rnnel lenghlirestiqy ig 0.550 2fhim; pysfaratdy1isnumi gThisd. A swrctawhsfant i al |y

Caken ol off PAEE TRE BEl R Hied Galfly PE bl efeetg T S ehSRLTE ol
struct ur eagd tifd §chinneR TOXL RN Wel dsB t ithven andirdrGai& élhlcﬁﬁ,t & (queﬁﬁﬁc%ﬁ?ramd on

different layers so that the gate wiring |line overlaps a sem conductor
filmand bivehshieragircuza bt dijcoitadtc.f Rt stowtuas obithe ifgéttn-shaine¢ldiFy201 ism  The

[ine i oPOEPT Ry GoF e SHE BEtO B o fifh b sB iR P EGHAE Meght
TS o Uk ae R R B Sr a L SP 8 010, L1 (0 ack,
As descri bed abov@&he tsheondr eskaninel TFEN2ZOD OL MaK Pixel tpoptms 204 @zt @ Enpzion t he
same subs-%orne}ltatemg?e r%ctf 6nrg§4 firTIt:T havti argg LDtD t hat ptver I_apfzsafo%nateg.ouglid%ct rode
and an gion 156, st concentration n type impurity region
' of the second shape electrode 129 that serves as a gate electrode, and the third
concentration n type impurity region 136 that functions as a source region or a drain
region. P type impurity regions 141 and 142 are formed in the semiconductor film 107
that functions as one of electrodes of the capacitor portion 204.
The pixel portion 206 has the pixel electrode 151 and the comnection
electrode 150 that connects the data line 131 to the third concentration n type impurity
region 136 of the semiconductof film 106. The pixel portion also has the gate wiring
line 152, which, though not shown in the drawing, is connected to the second shape
electrode 129 that functions as a gate electrode. '
A A top view of the pixel portion 206 is shown in Fig. 5. The top view in Fig.
S shows substantially one dot, and uses symbols common to those in Fig. 4. A
sectional structure taken along the line A-A’ in Fig. 5 corresponds to Fig. 4. In the

pixel structure of Fig. 5, a gate wiring line and a gate electrode are formed on different

layers so that the gate wiring line overlaps a semiconductor film and obtains an
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n- channel TFT having LDD that does not overlap a gate el ectrode. The two
types of TFTs are separately arranged corresponding to circuits of
different operation conditions, for exanple, one TFT in a driving circuit
portion and the other TFT in a pixel portion. This is premsed on the

p- channel TFT having a single drain structure. Fig. 6 is a circuit block

di agram showi ng an exanple of the circuit structure of the active matrix
substrate. The substrate shown in Fig. 6 has a pixel portion 601, a data
signal line driving circuit 602, and a scanning signal line driving circuit
606 t hat adsditgonebrfpodtize of aTHEbt-shitidingafitnsi Jhal edgenef dr ipiehgelaitrodai is 602 i s.
conposed of .a shift register 603, |atches 604 and, 605, a buffer c¢ircuit,
and ot herPRSIHQNGH 58 2 £ BYaElap AFRUICE ViFBS ding it ompyRathicld HeetapistivedPI¥d t he
shift regi - D@t al t i-anal s. i | S1: I ted to
t he Iatc%%g&ﬁ#ﬁggg%gﬁhl g s?%%g ﬁ#%%agﬁF@Egéhibg%hﬁ%ﬂ%@6§#§£§$g%8@gnposed

of a shi ffilm (adkshetix).a Ak fenlt,ahe eptirture AMd iOIRARHGed aRdd@lprid@hdtl on 601
can have an arbitrary nunber of pixels. If a display device ainms at the
XGA | evel , the pi#edessoibed appvsathctmesenhinyent@rumakepas ppisitet &0 formi en tet i ve
matri x substrate can be used nuf a di spl ay devi ce qf ctive
matrix drrngoorre dopehiih PSS LD Bef ool Y Bt T ”
pi xel el Rehi e TR IRthe LOD tBatl d@8thot §¥drBptd Y& EREREAA! ;Th@&%&?ﬁése&for e can
make a reflective liquid crystal display device. Aliquid crystal display
devi ce asThd$ ireaspaatelygintanged tdriesponditgyioasrchits whdiffhreanomargiém cnlitipns,

emtting device js used for a pixel portion can be mnmanufactured fromthe
active nmatdisxeuplesPraEET ing driving Glegut nogtien gd, e piler i T i pixsgt Rortippy g

reflecti V?hgii B)!eﬁ'Mseq%\ﬁi tﬁg%—:cﬁ?ﬂ%} @Fﬁ‘%‘&vm‘%%i@@%‘}lnﬁ@hu&.A”Ot her enbodi ment

of the present”inventio e descri efererice to Figs. 7A to

10. Thi s enbodi menip. 8lise clytuieSloek dRgI fHowaRe & ctanifit BO theQircuBistruétigneousl y
form ng on the sane substrate a TFT for a pixel portion and TFTs (an

n- channel off i aghive mapixcrilsinge. THE) subgratel ghowmin Ker @ bas spixpbrortier 6pl.dced in

e PG T O
Embodi menpreleopipiokd B8 TRsa substrate -
The data signal line driving circuit 602 is composed of a shift register 603,
latches 604 and 605, a buffer circuit, and other circuits. Clock signals and start signals
are inputted to the shift register 603. Digital data signals and latch signals are inputted
to the latches. The scanning signal line driving circuit 606 is also corﬁposed of a shift
register, a buffer circuit, and others. The pixel portion 601 can have an arbitrary
number of pixels. If a display device aims at the XGA level, the pixel portion has to
‘have 1024 x 768 pixels. |
This active matrix substrate can be used to manufacture é display device of
active Iﬁatrix driving. The active matrix substrate in this embodiment has its pixel
electrode formed from a light reflective material, and therefore can make a reflective
liquid crystal display device. A liquid crystal display device as well as a light emitting
device in which an organic light emitting device is used for a pixel portion can be
manufactured from the active matrix substrate. In this way, an active matrix substrate

for a reflective display device is obtained.
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301, first insulating filnms 302 and 303, sem conductor films 304 to 307, a
second insulating film308, a first conductive film 309, and a second
conductive film310 in Fig. 7A. Masks 311 and 312 are fornmed in Fig. 7B.
The mask 311 covers the driving circuit portion whereas the mask 312
covers the pixel portion. Wth the masks covering the pixel and driving
circuit portions, first etching treatnent is conducted to forma first
shape el ectrode 313 and first shape wiring lines 314 and 315 (the el ectrode
is conposed of a first conductive film 313a and a second conductive film
313b, the Embediment?ne 314 of a first conductive film 314a and a second
conductive -film 314b, the MArlng | ine 315 of  a first conductive film 315a
)

and a second condutBPthEr Pﬁbﬁﬁlw of th?hﬁreé‘f%hliﬂﬁ‘éflt@én&iﬂtll‘%Fnsjeéﬁ*@eﬂd%{ﬁhl cal

wi th thos f nt. 1. Next

sem condugﬁeg‘{rc‘#(%%ﬁ?rsﬁl%?&%g ar e é’op %ﬂ aﬁf) lgw%g%odseﬁ r&tlt?él Us? ?ﬁtqogﬁgr ity
in first dgpiuligndousigtioBhing bmm@@aﬂ@@umm% reT s b iphlel poRMHEMI AETO@nN type
|rrpur|ty regl ons 316 and 360 The first concentration n type inpurity

regi ons eaki WbTET @h@g preheneel d&e éortdrivingeircoits thakart@latet an thexpetiptiay

at ons/ cnB. re renoved ndthe a mask 317 that

covers thet ?li‘r fxc I‘Pé’}.r)téorbl 2@? %lﬁ%r]@ﬁgné}‘i’dﬂ{%éﬂ? spraigy g%éﬁg‘?%qgl ﬁé"?fu%&s 314
and 315 i SsnAtSRRcRS fiHNoMA the cﬁuﬁm’c@é‘ﬁhﬁé’fr{ BRbodifRaKS a éﬁesiﬁ o ahsREE
formed on the driving circuit portion to formfirst shape el ectrodes 321
to 323 in 3ble fasi wsnlptiog rfdmstSQQOmd 303, sendogiduster dilnks 3Hkct AQ7,t 4 eatdmﬂnt
The second, et chi ng trﬁg r% is set o the sane conditjons as the irst
et ching t r B5tlaERg Tim AHS.3 ﬁ%c%ﬂ“?twesfll@n%df“hde%‘fecon‘?@fonﬁ%ﬂ‘éf‘e@%al(é%nclﬁgng
treatment 48 followed by third etching treatment as shown in Fig. 8B. The
third etching treatnment is for selectively etching the Wfilmthat 1is

formed as the secomdsleoBtiuahd Ba2firk MorrAsl & FRSUIR., 'Biec ek Shap&velsetier odes
324 to 326 t hat _have prol ections of first conductive- filns 324a to 326a
are for meddriving leélﬂléﬁ@fﬁgﬂ tHag ﬂmmaskralﬂrc@vmtlnmplmlmrn@ t r¥gh teamaskse t he

sarm oMoy RS RN R e PReBEFE SHEPADR BT T 08l 1

second form a first shape electrode 313 and first shape wiring lines 314 and 315 (the electrode
is composed of a first conductive film 313a and a second conductive film 313b, the
wiring line 314 of a first conductive film 314a and a second conductive film 314b, the
wiring line 315 of a first conductive film 315a and a second conductive film 315b).
The etching conditions are identical with those of the first etching treatment in
Embodiment 1. Next, the semiconductor films 306 and 307 are doped with
pht_)sphorus as an impurity in first doping treatment by ion doping to form first
concentration n type impurity regions 316 and 360. The first concentration n type
impurity regions each have a phosphorus concentration of 1 x 10" to 1 x 10"
atoms/cm’.

The masks 311 and 312 are removed and then a mask 317 that covers the
first shape electrode 313 and the first shape wiring lines 314 and 315 is formed as
shown in Fig. 8A. Further, masks 318 to 320 are formed on the driving circuit portion
to form first shape electrodes 321 to 323 in the driving circuit portion through second
etching treatment. The second etching treatment is set to the same conditions as the

first etching treatment conditions of this embodiment.
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doping treatnent, utilizing the filmthickness difference between the first
conductive filnms 324a and 325a and the second conductive filnms 324b and
325b. As a result, the sem conductor filnms 304 and 305 are doped with
phosphorus to formn type inpurity regions. The second dopi ng treatnent
uses 5% PH3 diluted with hydrogen and sets the dose to 1.6 x 1014
atons/cnB, the acceleration voltage to 100 keV. This makes it possible to
form second concentration n type inpurity regions 330 and 331 and third
concentration n type inpurity regions 327 and 328 in one doping. The second
concentration n tY¥be seoqmdr étching egiaoment I8XoHomle BBY thiré qrddng itmametns asas to

of 1 X 10UPHTTIR St FUeAPEKBIRG (RS 5 e Hrub NGRS PV Fipdtat
conduct i Ve fhbi oT iR LOMAERNGRIAM T Ok D e HPEIPYLBEVILEOIANDAIRT and

328 are formed 1 n regions O & sdcond shape Ctro have a
phosphor us2& ehaelittve girbjettics df Krsl Q2AdicBivd. fimb 0N a ab 03h CAFS - foAned. hiTHd
concentration n type inpurity region 329 is fornmed in the sem conductor

fil m 306. cifhimgegndidions inadik $hibetching t338nent eref e sede as thetadeling pomRligonsgA t o
dope the . sem con or fi boron through third doping treatnent.
The resul tH Se‘foﬁgﬁf ‘iﬁ?%‘&?}ﬁﬁ&?@‘)amﬁ%ﬁth concentration p type inpurity
region 335 and a frh¢ tsBeon@OsHapd lcRirb@} §24 YRE 3HRAE hkdd E@Qﬁa{%ﬁs 3%ecdhdl 1 fTh
concentration p type inpurity region 336 1s forned in the sem conductor
film 307 damlug dtpamnt,sutelpmn@tm filde mmmlss Wffehmchd)emr@psthc firEnbodicert 1. A

third | atjng 337 js for ngd t r|t| used to oethe
sem condu ifrgs 5?42} ?ﬂd %’ﬂ;’lpaé‘ngcf'l‘? VEPRUC “FBYFrP Iaéfil ab'f | ﬁ]asrg%‘ % hen
forned as S to.t 0
hydr ogenat %Hgﬁgdl!sdébrﬁggﬁ uct%Hral d|5I ar%% R&f%@ %’hhg@b?%stg {0 11211%%@%9

formed nexdgions. t Mhe kesont Moping Weatndng uéds! 59 BBS afiieawam k@rdgagancand lsastﬁeatl ng
material. Then, contact holes are formed by etching treatnment. Wring

li nes 340dp%s 8336 & W keloms/an’s o eclmation’ yeltage |t 03, Srhds wiakendt | i nes
344 and

cireurt 288 TG RaSEcopd Hiscali i en Wt MR L g R I R 01 ang
a pixel pephdeaRad@P ot hgle hAsurRy r@@i@ﬁmm &hendelin Tent 493nandTae CRBGE t Or
portion 404. The capacitor portion 404
‘ concentration n type impurity regions 330 and 331 are positioned so as to overlap the
second shape electrodes, and have a phosphorué éoncentration of 1 x 10" to 1 x 10"
atoms/cm3 due to the presence of the first conductive film. The third concentration n
type impurity regions 327 and 328 are formed in regions outside the second shape
electrodes, and have a phosﬁhorus concentration of 1 x 10% to 1 x 10°! atoms/cm®. A
third concentration n type impurity region 329 is formed in the semiconductor film 306.
Thereafter, masks 332 and 333 are formed as shown in Fig. 9A to dope the
semiconductor film 304 with boron through third doping treatment. The resultant
impurity regions are a fourth concentration p type impurity region 335 and a fifth
concentration p type fmpurity region 334. A fifth concentration p type impurity region
336 is formed in the semiconductor film 307. _ 7
Subséquent steps are identical with the steps in Embodiment 1. A third
insulating film 337 is formed and the impurities used to dope the semiconductor films

are activated. A fourth insulating film 338 is then formed as shown in Fig. 10 and is

subjectéd to heat treatment at 410C° to hydrogenate the semiconductor films. A fifth
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conposed of the sem conductor film 307, a part of a second insulating film
361, and the first shape capacitance wiring line 314. The p-channel TFT
400 of the driving circuit 405 has a channel formation region 348, the
fourth concentration inpurity region 332 of the other conductivity type
which is positioned so as to overlap the second el ectrode 324 that serves
as a gate electrode, and the fifth concentration inpurity region 333 of
the other conductivity type which is placed outside of the second

el ectrode 324. The first n-channel .TFT 401 has a channel formation region

349, the seadatthg fimG8Atis dbred nekP s ithey foveti @BulftiddDiine 338 Mo 34 @barfibe one
conductivity type which overlaps the second shape el ectrode 325 serving as
a gate el dBtYldHg mafrgial-helheni eentaq dindesnateaformed ibypeiehing treafnent. 398ring t he

dugh ey whi ¢h, funet T edL. ¢
egi o e g YBE M I 14308 ¢S s P96 nd e e Pl st
2.5 m prebapedly 1.5 m This LDD structure is for preventing TFT

degradati on caused mainly by hot carrier effect. The n-channel TFT and the
p-channel TFT canllye fesmed 0o thorsama wmbitidte megh striving icircuit 405 ahiulidsea

[ it, I I I f [ it, | atch ci jt, etc. The st f
Che 11 1ot TreeaRnEr TS0 s 5t aisboast o s ek il hipired poromiiy Bt B8y i 1
that is hi 1 e [ RYA b tina ;
dogr adati ouy, ot Rl TFEIORARE A CHRIET i e e PR R i

pi xel por teompot@bohths semitbahed: filin@0Tah e of & gécond 3xAlatihp €ilhi36s] and the
concentratjon inpurity region 316 of the one conductivity type which is
formed outféstehaps canseitance stirismkpe3 M ect rode 313 serving as a gate

el ectrode, and th hir thatl Lhpurity region 329 of . the ane
conductivity -26 ?{/%eeﬁ'\%ﬁ?ngﬁp?ﬁéplaé’rflgﬂ%gﬁ%n%@#%%%%&a%ﬁ cBpnmgl E‘Fg}a Pegi on.
A fifth corgRAtI4al tHefonitiRstidehivatloRGhPRriBAR et 332 rahdBhe £ BRMEHTIW lliyqset ype

vi
is formed in the semi conductor film 307 that functions as one of "el'ectrodes
of the capebichos positionesh sd @4 to Avedas thei Bedndiberodd A24 (et scelceasroggeof t he

driving circuit portion_and the .gate e|ectrode of_ the pixel pqQrtion are
St ruct ur ocP eRHISy Bt 15 RGP CREREGE HeRurth RG> EHOBPHBR Ty BB R TFTs
havi ng di f&,ﬁ{cﬁ%plgggsaeﬁg}g(f&ﬂ;l@%m;[@ge&%etjﬁg overlaps a gate el ectrode

can be fornmed in I gni ng manner at high accuracy w thout using a
L The first n-channel TFT 401 has a channel formation region 349, the second

concentration impurity_ region (LDD region) 331 of the one conductivity type which
overlaps the second shape electrode 325 serving as a gate electrode, and the third
concentration impurity region 328 of the one conductivity type which functions as a
source region or a drain region. The length of the LDD in the channel length direction
is 0.5 to 2.5 pm, preférably 15 pm. This LDD structure is for preventing TFT
degradation caused mainly by hot carrier effect. . The n-channel TFT and the p-channel
TFT can be used to form a shift register circuit, a buffer circuit, a level shifter circuit, a
latch circuit, etc.  The structure of the first n-channel TFT 401 is suitable especially for
a buffer circuit that is high in driving voltage because the structure can prevent
degradation by hot carrier effect.

The second n-channel TFT 403 of the pixel portion 406 has a channel
formation region 350, the first concentration impurity region 316 of the one
conductivity type which is formed outside of the first shape electrode 313 serving as a

gate electrode, and the third concentration impurity region 329 of the one conductivity
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photo mask. An active matrix substrate for a reflective display device is

t hus obt ai ned. Enbodi nent 3 This enbodi nent describes the structure of an
active matri x substrate for a transm ssive display device with reference
to Figs. 11A and 11B. Figs. 11A and 11B show the structure of the pixel
portion 406 in the active matrix substrate formed in Enbodi nent 2. The
second n-channel TFT 403 and the capacitor portion 404 are obtained in
accordance with Enbodi nent 2. Fig. 11A shows contact holes formed after the
fourth insulating film338 and the fifth insulating film 339 are forned
and a tratyppawhich fwhetiansotiea 3P0rcehzgionsopatdreinnegioni nto fifthgeuenntshimpe on
the fifth.insulati.n % | m 339, The transparent conductive film 370 is 100
nmin thi CRPHELE Feﬂl?fg? %Pg]ﬁé}e&éf}eft@ﬂd%ﬁwaé tyRsris Formeddntepesenyeongdugionibond of

t hese oxi r .copductive film A
transpare%??ﬂ%%ﬁlEg?#%ﬁq?%pﬁ?g?§&%58¥%?ﬁ%%ﬂgépﬂﬁg&?égﬁinaI portion

El ectrodes 373 andsJédrivbatberes ieaneeetatbde @f thedrhviad sRaiepi:tieh 86d fede 370
.are formed next as shown in Fig. 11B, as well as a gate line 375 and a
connect i o&ate @lectiofp i thy pixet portiareater Haiebualy diffegsly faom @7k odird inhibisl i ne
375 are for fr Jamnate c i Sti of titani ilmwith a

thi cknessBPoaBsE i IR SR ARG QT HOTREH e by Hiera2s B S4B The
active nMapite%leetbdd Eat 8 fopmsd ENEE&f—&l@gﬁ%ﬁEﬂYa@ al RighBk&irady WIRAR Wsdglav €

di spl ay device. The structure of this enbodi nent gan be applied to"the

acti ve naphotr mzaskst Aatastivd mBtrixoubstent fot a refittibebingiapdaticdis Thisoteaheati nent
descri bes a process of manufacturing a liquid crystal display device of
active matrix driving fromthe active matri x substrate obtained in :
Enbodi rrengn%odi-m%tgescri ption is given with reference to Fig. 12. After the.
active mairix substrate in the state of Fig. 11B is obtained, an oriented
film 383 is fornmeThBrenbodieiti degeritat thostaihisd bake aand mabixeabahtd @rraubbi ng

treatnent. Though not shown in the draw 3% prior to the oriented film 383,
col ummar trapweisyise displagalevise vath epfereresi te digpddAtandnd Boy Figs: fléArandgl 18n

organic resin fil ch an acryli esin film The spacers. are, for
keepi ng d?@ W rgl(l:% sgr{'(la(?#\%e%fa %ﬁbpslf(?l al;foéé(.m %06 G5 'tk hltive matrix Su%gtrate ormed 1n

Embodiment 2. The second n-channel TFT 403 and the capacitor portion 404 are

obtained in accordance with Embodiment 2.

Fig. 11A shows contact holes formed after the fourth ihsulating film 338 and
the fifth insulating film 339 arc formed and a transparent electrode 370 that is patterned
into a given shape on the fifth insulating film 339. The transparent conductive film
370 is 100 nm in thickness. Indium oxide, tin oxide, or zinc oxide, or a compound of
these oxides can be used to form the transparent conductive film. A transparent
conductive film 371 is formed on the terminal portion.

Electrodes 373 and 374 thaf are connected to the transparent electrode 370
-are formed next as shown in Fig. 11B, as well as a gate line 375 and a connection
electrode 372. The electrodes 373, 374, and 372 and the line 375 are formed from a

" laminate consisting of a titanium film with a thickness of 100 nm and an aluminum film
with a thickness of 300 nm. The active matrix substrate is structured as above to make
a transmissive display device. The structure of this embodiment can be applied to the

active matrix substrate of Embodiment 1.
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I nstead of col umar spacers, spherical spacers may be sprayed onto the
entire surface of the substrate. Next, an opposite electrode 381 is forned
on an opposite substrate 380, and an oriented film 382 is fornmed on the

el ectrode and subjected to rubbing treatnment. The opposite el ectrode 381
is formed of I TO Then, the opposite substrate is bonded to the active
matri x substrate on which the pixel portion and the driving circuits are
formed, using a sealing agent (not shown). The sealing agent has a filler

m xed therein and the filler, together with the spacers, keeps the

di stance Bispbgsémentde two substrates while they are bonded. Then a liquid

Coent s used to dbmeRpaRYRalSRseRet a Borrs: o MaRtiauRe 1 N 8%?@? e
materi al  GaRIReIMgED oﬁﬁcﬁ%errﬂﬁ'}xeﬁh%n%?fgﬁﬁe Hd ldétl r:ﬁl ﬁgjs'trﬁte 1(%3 L?%& Lye

matrix driving ltquid crystal displa ice

t ransni ssiBmbaiimEme. nﬂt}reldesﬁi;in@hﬁsagleeﬂmﬂhfrﬁeﬂeﬁt@ﬂ Fig. mEnbodl ment 3 is used
in the exanple shown here, but the reflective active matrix substrate
manuf actured in Erf’%?dlthéﬁﬁtl‘ie Brtrx subsgateain thalstate OIleng bﬂﬂ;ﬂwgbfalﬂedi spl ay

d E t |
por t1 on 1 Nl 3g3iif rorb GO0 R AR E SRRy So et oG shURHES Tetrndo
whi ch the tfbraﬁﬁtﬁiﬂt Tﬁt)d%'ﬁtﬂdﬂ Rhdven in’fhe APRYihL Pprictio MreCiRnnl filhf I3 @31uahit: a

p- channel” TFT 200 of a pixel portion 450 are manufactured in accordance
with the ﬁp@@efsslaﬁﬂ)eénm wtedesirad pasitéons Uyt patternadg an bighnie resis dilatsualy aéi | m

501 is nmade den ﬁéﬁsnag%reatnent usi ng ni.trogen or_inert S.

Typi cal | y,*afgénc ég N e IPFERECTS AHPPhFEEPIRR fHstARCeq BREeR (,Sggﬁfﬁeﬁ' s

achi eved i ai ns
car bon. Tﬁéﬁeiffé%%%"i‘%?% ShREES SPIPFE Balt el Bt Sorod DO SREELKEEERET "
al um num theshitsstratel | ke are used for the wiring lines. In the pixel portion

450, a data line 502 is connected to the source side of the n- channel TFT
203 and a wiring NG 2ppepite tlectends 381 45 tnampd op 3R RERERI stbsteig3gk and

%80} gode A ofid¥eed EfR A 15l 88 the Qﬁcﬁ‘&w fifd §db?gct9({ to rr‘\.ﬁ)b@n H‘gﬁgl%llt TFT

The opposite electrode 381 is formed of ITO. Then, the opposite substrate is bonded
to the active matrix substrate on which the pixel portion and the driving circuits are
formed, using a sealing agent (not shown). The sealing agent has a filler mixed therein
and the filler, together with the spacers, keeps the distance between the two substrates
while they are bonded. Then, a liquid crystal material 385 is injected between the
substrates and an end-sealing agent is used to completely seal the substrates. A known
liquid crystal material can be used as the material 385.

Thus completed is the active matrix drivihg liquid crystal display device
shown in Fig. 12. The transmissive active matrix substratc manufactured in
Embodiment 3 is used in the example shown here, but the reflective active matrix
substrate manufactured in Embodiment 1 or 2 also can make a liquid crystél display

device.

Embodiment 5
Fig. 13 shows an example of the structure of a pixel portion in a light

emitting device of active matrix driving method to which the present invention is
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connected to a power supply wiring line 505 whereas an el ectrode 504 on the
drain side is connected to an anode of a light emtting el enent 451. The
light emtting device in this enbodi ment has organic light emtting _
devices arranged to forma matrix. An organic light emtting device 451 is
conposed of an anode, a cathode, and an organic conmpound | ayer that is
formed between the anode and the cathode. An anode 506 is fornmed fromITO
after the wiring lines are formed. The organi c conpound | ayer contains a
conmbi nation of a hole transporti n material of higher hole mobility, an

el ect r onappligds péﬂltlil plepomak £D3@I1 i prbleannel] BET 266 of mohkelipoytjorad§Q gret
emtting _mater and qt hers., These b for diptq. layers
or may bglafﬂlglg r‘?drfl“cf’cﬁ?f anc?ﬁ}élﬂb;‘ﬁé’ﬁ?cﬁsﬂt?ﬁ#p‘as?fg%{]er GSUTICE BF %{E‘f thake a
thin filpafaiapeh 300 idtdide d%ﬁ&:%?'ﬁmh\é tréalﬁfielﬁuﬁsfu%ﬁﬁ ek R 1;13_ Igitaél m for

form ng the anode has to be | evel ed " we e is

| evel ed, Tapicuiby, sirgon plasian teatsat ds shpldyedidanduthe dmslﬂczidm i:saédﬂibded bfyor med on
t he organlc .conpound | ayer. The short circuit may be avoi ded by anot her
neasur e, ‘H&H%g 1 tb§/ SPBRG mgerdnthphémlébatngamby@ntzs@@cm;b@m alham, cRufeels of 1

to 5 nm i | aye 0] formed from po

pol yi m dlé?al%s 5 ﬂ’% @gomf' ,%}41 rgylfqeg 'f%almlflﬂ’eﬂ}“in@m’&ngiff%geeargllﬁeﬁl gorf ornmed .
from an ﬁ{e&aﬁin@qinggt al such as MJAg or LiF, or froman alkaline earth
nmetal. Details about the structure of the organic conmpound -29 | ayer 509
may be set freelin thﬁh@'X@ir}gm&ﬁm‘Lﬁbmptathn& é@iéis Gnocciedito the soutchaille &10

t t h I t hi
e ot G b BaRL AT 208t whate B ol b R re pegipoaut T8 Ml req
froma phptosgnst tdeVs chafieD THH 813, alT QnoLie g gfgufe bRaMIR] ¢ e (?1d 1Y 5011

skirting the anode 506. The edge of e ano I's covere

partiti ocomeictedltayeowsd fuppBpedify lmel 5Q5 wikerem gatelacaode S04 bn ks dpipl sudfd and
baked to,give the partition wall |ayer 507 a thickness of 1 to 2 m
Al t er nat AS/Ranpectegio Q}S’a%nﬂd? P’Bﬁh&ﬁlqﬂnttm&f’&mfﬁ“& 4¥brrmed froma phot osensitive

cCryl L o, Bt OSgEn Yoy Ao ATRRRLIRLE R AALTOLRRpERAT (1)
cat hode Y&Qicedirefmpedltd Yorm Hratl-e CtADOPGaiS 1ight eRbiifig 88ice 451 is composed
of an aﬁbde, a cathode, and an organic compound layer that is formed between the
anode and the cathode. An anode 506 is formed from ITO after the wiring lines are
formed. The organic compound layer contains a combination of a hole transporting
material of higher hole mobility, an electron transporting material of higher electron
mobility, a light emitting material, and others. These materials may be formed iﬁto
layers or may be mixed into one.
The organic compound materials in total make a thin film of about 100 nm.
Accordingly, the surface of the ITO film for forming the anode has to be leveled well.
If the surface is poorly leveled, at wdrst, it ¢can cause a short circuit with the cathode
formed on the organic compound layer. The short circuit may be avoided by another
measure, namely, by forming an insulating layer 508 with a thickness of 1 to 5 nm.
The insulatiﬁg layer 508 is formed from polyimide, polyimideamide, polyamide, acrylic,
or the like.
A cathode 510 is formed from an alkaline metal such as MgAg or LiF, or

from an alkaline earth metal. Details about the structure of the organic compound
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MyAg (a material obtained by mxing My and Ag at a ratio of My : Ag = 10 :
1). Exanples of other electrodes usable as the cathode 510 include a
MyAgAl el ectrode, a LiAl electrode, and a Li FAl electrode. On the cathode,
an insulating filmb511 that is a silicon nitride filmor a DLC filmis
formed to have a thickness of 2 to 30 nm preferably 5 to 10 nm A DLC
filmcan be fornmed by plasnma CVD and can cover the edge of the partition
wal | | ayer 507 well even when it is fornmed at 100C or |ower. The internal
stress of a DLC fil mcan be eased by m xing a mnute anount of argon

t herei n, lakdrd@Ongayt heeset frketyt 0 serve as a protective film A DLCfilmis an
excel l ent gas barrier against oxygen as well as CO CO2, and H2O, and is
t her ef or e . sui t abl Ehef ¢figarig compasrd bven§0d phdrile1dathddstS0scanpetdreasiva Wear ri er

film In FiLg, he nzchannel TFT 203 used for swtching h a | ti-gate
structur etr%ﬁ%gF%taﬁCE‘W Vﬁ@}}:f%ﬁﬂgﬁlsﬁ B SO HE O E?V%aﬁ?e%érntaﬁlﬁmfgu‘aﬁs LDD
over | appi fartifiofl Hafl [%SD{/&(STOWQQEer-EHQrd%E Q?ﬁ&bsén@iﬁ%@t&s@ﬁ‘rﬂﬁerﬁi"%‘%@o fnikOr m ng
TFTs of different L structures by the same process. The exanple shown in
Fig. 13 iimsulatmgefien 604 skapind theanodm506f (The epgesitht ahadeciitti ionotepedawlth ght
emtting device, V\/naglre TFT% h Viq?ﬁg different LDD structures are forned in
the pi xel DEERTHIOR Wl 18y51:507 he PPei g, RV ESIShisaPPlishand hakad Hh&ve TET 203
with the = ' ' d . el _.TET 200
St rong agoymef iR ESEE Nl ST S 0C ARG REl ardlwaR g ¢
a hi ghl ylayel is éahedlfioght pBototdnkitge daviic or stapeiehstiod pslyeekit.ent i mage

di splaying (in other -30 words, a high-performnce fi ght emtting device)
can be obtai ned. 4imaterial coptaining magnasivahOMER dithine ik gecalelamofCa) Bmalli ght

emtting deyi t . has, th i.xel tign.4 scri bed ahove d a
driving cﬁr%ﬁri%tef u%%;ﬁ}ni B }11@%16%); ﬁﬁgcaﬁhoéle %?@fs u? rg{eir%)gy,?tﬁ? e%?‘i(gcf IBE%H:di "Phe

pi xel porkigty ¢bfatedidl BhERRH by RS hé A ACLeatidof Mg : Aghe 1wpage

bet ween thég%i[gn(shal gti ng film ar%,(rj alggubs raat Q%l512. Theodev% ce é|qs thusjaseal ed.

The ai rt i Gramplss ohathebeedtrodehesabémisathe eathbide Pribinchlidag Mgaeal elrgtrodenber
around the,, . edges.. A flexihle printed circuit (FPC) is, atiached to a
t er i nal ﬁlﬁltq?%%ﬁm&wndrao@ﬂi 615@?@%%?%[\/@6 gitbods, an pngylatipg film Jd dhatiiy a

descty be RS U Do P e ugel b biIaGL de o, (11
enbodi menprefrasblers ta 19l rass AUDBC fiinecad B farmpidisl pipand OMD ePcanacover the
edge of the partition wall layer 507 well even when it is formed at 100°C or lower.
The internal stress of a DLC film can be eased by mixing a minute amount of argon
therein, allowing the film to serve as a protective film. A DLC film is an excellent gas
barrier against oxygen as well as CO, CO,, and H,0, and is therefore suitable for the
insulating film 511 that is used as a barrier film.
In Fig. 13, the n-channel TFT 203 used for switching has a multi-gate
structure whereas the p-channel TFT 200 used for current control has LDD overlapping
a gate electrode. = The present invention is capable of fom_iing TFTS. of different LDD
structures by the same process. The example shown in Fig. 13 is a preferred
application of the present invention to a light emiiting device, where TFTs having
different LDD structures are formed in the pixel portion to suit their different functions
(the n-channe! TFT 203 with the OFF current lowered for switching and the p-channel

TFT 200 strong against hot carrier injection for current controlling). As a result, a

highly reliable light emitting device capable of excellent image displaying (in other
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signal line driving circuit 603, and a data line driving circuit 604. A
swtching TFT 605 in the pixel portion is an n-channel TFT, and is placed
at the intersection of a gate wring |ine 606 and a source wiring |ine
607. The gate wiring line is connected to the gate side driving circuit
603 and the source wiring line is connected to the source side driving
circuit 604. A drain region of the swtching TFT 605 is connected to a gate
of a current controlling TFT 608. The data line side of the current
controlling TFT 608 is connected to a power supply line 609. In the

st ruct ur e wprdsha bighriisoldirmrende, light enitthgdeide) can podteaihédl  (earth el ectric
potential) is givep, t%‘_t.he power supply line 609. A drain region of the
current controlli ng]g"l' 15881385 shvwae dke storcare of feenlight lemytingaleivict ithg

devi ce 610p,Ahe Hive V. Jdn.this enbodinent) is applied to
a cat hode of the of é)}\q?(%:& aﬁ?g%%gg%ﬁp?lgo%ﬁgmgeavfl%‘ém%fg.cmg\ﬁoﬁ’fgé 1 Qé’r&‘ieng as
an ext er nainsulating fiontSpL forkdrth K pikel poFiA 458aMbreBnic P ORERMEL1 W EiiNG
lines (conpection wiring lines) 612 and 613 for Sending signdls to the
driving ci fedPess betwaem e ingletingutilouandai sibatratei 118. 6 The clenivedd s tsealéde

power sup I 9. escri bed above, the TFTs and the organic |ight
enmtting gtlg%? 8Jér-h rggsgc%a Algﬁgﬁétﬂ% e@ﬁ?&cf’i??’ﬁt@o‘(“ﬂ@gp‘} RAling gpembsy aspunchide| j ght
emtting dewese. A{tBk%i Akl eRtu; f - t he,sem conduct or
T b Loy dettege, AMRKITIPAMTRRLITRT) RATBHE Gla ATMNRAdRSET cond gs.
16A to 16E. The neNhwdaipetspsdtivatviely iim Fid. d$.is uddiot desdie ihe\sahvias gefhkeri ng
that is co%r}:g_lucte .aftgli the entire surface of a sem conductor film having
an anor photfSVE AL sl yraingpydayics of khis expbpdiment. e Tdwactirepatity drivdeg hglyt i ¢
function fgy; ' 2 ; ig. 16 bstr 701.is forped from
ot 11 't e el e LR lbodifhel s b2t SNREE PE & PRl i) OO «

bor osi | i catigna|lagsdriving gireuit 603, Anflid Gdia 1iRS uhain'Frtgrcﬁitlemu. I 8 §whdBsh epTt he
surface of the substrate 701. The first insulating filmconsists of a
first sili®&ningkymixel paeioniis gn nochanesd FET, byd sl daned aCUD interdeatien af & lghekness

Formed by BIABHEte Bt e W iie ieriols "R o e amsameednd oo The
first insugasig dividd éiscuit 603 and the source wiring line is connected to the source side
driving circuit 604. A draiﬁ region of the switching TFT 605 is connected to a gate of
a current controlling TFT 608. | |
The data line side of the current controlling TFT 608 is connected to a
power supply line 609. In the structure of this embodiment, ground electric potential
(earth electric potential) is given to the poWer supply line 609. A drain region of the
current controlling TFT 608 is connected to an organic light emitting device 610. A
given voltage (10 to 12V, in this embodiment) is applied to a cathode of the organic
light emitting device 610, | | |
An FPC 611 serving as an external input/output terminal is provided with
input/output wiring lines (connection wiring lines) 612 and 613 for sending signals to
the driving circuits, and an input/output wiring line 614 connected to the power supply
line 609. As described above, the TFTs and the organic light emitting device are

combined to constitute the pixel portion of the light emitting device.
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provided to prevent an al kaline netal contained in the glass substrate from
diffusing in a semconductor filmto be forned thereon. If quartz is used
to formthe substrate, the first insulating filmmy be omtted. A

sem conductor material mainly containing silicon is used for a

sem conductor film 704 that has an anorphous structure and is forned on the
first insulating film Typically, the sem conductor film704 is an

anor phous silicon filmor anorphous silicon germaniumfilmforned by

pl asma CVD, reduced pressure CVD, or sputtering to have a thickness of 10
to 100 nmEMPodimeato { o obtain satisfactory quality crystals, the

concentration of i .1 h oxvaen.and nitrogen nt.ain in,the
sem conductor fil n@%@é@?’%%@ﬁ%ﬁ%ﬁﬁ l?gd%(it?ttﬁlf'h}lse@ éﬁ@gﬁlq%odgr@e%gld%n%d to 5
x 1018 atwiliShLaddchbed WtE FefertheS® FIFRUIIA (EB6HE NARY mEthys tdlskh®atih ¢.0f an

anor phous semi conductor and, after crystallization, increase the .density
of trap cdftertoahdE inzelypbigstieiing thgnisecondiveadehfier thd tentise defacealfeat o use

an ultra vacuum.CvVD atus equipped with a myrror finish (field
pol i shi ng EPAEPEPS BRI, o lbBRowstiruetpee 7 [doppaaviliaa mteb elrarrat
system as,\Whlola @salli Mﬁ&i‘ﬁ‘ﬁ%ﬁﬁa%zgﬁ%\,m high purity. Thereafter, the

surface of the semtconductor fi i ng an anor phous structure is

doped with a met allndiignBin, havbshgtea?atsajoyhed fiehf, ant Hnliakdlabeepefaaites - 32
crystallization Exanples of the netal elenent having a catalytic effect
that accdlaspgy barogate glass, almisn berosgicaerglassneiuaase. 1A firsi nedladre filnpn

(Fe), nickel 1 bal , R Ut hend.um .. .r.hodi um £ Rh | | adi um
(Pd). os i r%)%d% on fift Girtace }ﬁﬁe S“bgﬁ‘%? m ?@Jgﬁ?“ efs%ﬁaéwgé%m %‘5‘5#%35 obid

(Au) . One fakt §MEsh Ekyokside el fofhed B iphasnmet ¢t Bthalt @MhickEesaP%e MHAN be
used. Typically, nickel is chosen and a nickel acetate solution containing

1 to 100 dipemdfiHni ¥RelandyWakiaght sceorsippli¢andodypitads film @B foonddobyplasma

cat al yst - c( i ning | r 705.. To ke et olutign is lied well,
surface t(?'g@t Vgiast%ig’g'}:‘?sﬁr"gelggd}?‘n?w&‘ ﬁ#ﬁ %Qﬁﬁit ofhef ITSHI’FB];BE%\’;&IHQS an

anor phous shiiled W frevent 38 aldlihdmBial EGALTER MR thggiagsdﬁl%stfrﬁé @oﬂ‘gdﬁ’fuglﬁzg% phin
oxide filmfrom an ozone-contal ning aqueous sGlution, etching t oxi de
filmw th sanicoaducter fifm ftd berfoenaicthedreand H duyely @gesed tp o itlcbesibgraoudhe
solution to forma clean surface, and again formng a very thin oxide film

fromthe dFShEsEaMSIR AGY PsPMiEh. Since a surface of a sem conductor film
such

A semiconductor material mainly containing silicon is used for a
semiconductor film 704 that has an amorphous structure and is formed on the first
insulating film. Typically, the semiconductor film 704 is an amorphous silicon film or
amorphous silicon germanium film formed by plasma CVD, reduced pressure CVD, or
sputtering to have a thickness of 10 to 100 nm. In order to obtain satisfactory quality
~crystals, the concentration of impurities such as oxygen and nitrogen contained in the
semiconductor film 704 having an amorphous structure should be reduced to 5 x 10'*
atoms/cr® or lower. These imi)urities hinder crystallization of an amorphous
semiconductor and, after cryétailization, increase the density of trap center and
recombination center.  Therefore, it is desirable to use an ultra vacuum CVD apparatus
equipped with a mirror finish (field polishing treatment) reaction chamber and an
oil-free vacuum exhaust system, as well as to use a material gas of high purity.

Thereafter, the surface of the semiconductor film 704 having an amorphous

structure is doped with a metal element having a catalytic effect that accelerates
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as a silicon filmis inherently hydrophobic, the nickel acetate solution
can be applied evenly by formng an oxide filmin this way. The net hod of
form ng the catal yst-containing |layer 705 is not limted thereto, of
course, and sputtering, evaporation, plasma treatnment, or the |ike nmay be
used instead. The catal yst-containing |ayer 705 may be forned prior to the
sem conductor film 704 having an anorphous structure, in other words, may
be formed on the first insulating film While keeping the sem conductor
film 704 having an anorphous structure in contact with the

cat al yst - CoFalFRY. | Fxmpress of nibgt tht%aﬁhﬁ!ﬁtlt fhevingr yscaiblytizaeffen ihet

d I t f d th I
anneal 1 ng LrAaHES SEFLEPARG) oFF stRica g ek 0 REobieRen A contie; ar
lhallde Iar(a)arwslﬁaﬁmma(m) lﬂ@dmxma(mr%gﬁa&ﬁxﬁ PRIy, osrﬁl?lebJSErﬁ Mﬁe(IaOd' um
anp, a high pressure mercury |anp, etc. Is ehployed for tfie

treat rrent plmmnm R, ¢tg>ptméC1p)|; addggold/i(Ay). R os mope éfirefsr efd metdl dﬁiﬁén@
chosen, a rce f heating, is |it for 1 to 60 seconds,

pref er abI %g‘p eg ér Og‘b H8§an§h0§q4 i éfyp@ﬁ]é‘atwehmt@om pdp gicksl agetatabl y 2
to 6 ti rre%olutlgﬂ%ohtgfn tt(y 1@6 g]!n’n%gtn[(ﬁ(ra Bé%}% %E? pﬁlgd #)?rrp plxﬁrghtéo qurzt? g Can_'

be set arbitrarily a

reach 600 chml}ilsﬁe&ﬁamﬁfgefa@éﬁbby 656 thake? RRE, thé RoRibion | BSApplitd WHENsurfaBe
tenperature thereof reaches this high, the sem conductor film alone is
i nst ant andtsagnspt feperEImgd ot the semisondunter flon794havieg de koonpibus Fhacture.

sem condu fil m havi.n nor.phous s [uct. thus crystalli.zed to
obtain a g%l(r%ls%f ULESPeR %Udef%%rrw §iAnG At B’r%#%ﬁh%?ﬁﬂab%w CORIHAE s hown

in Fig. 16Bucddkshabh gtaﬁlhgﬂw%ﬁyﬁhn wHlleR KRGk SSERAHY &Y@Qnd)alhscodwg@ﬂ the
cat al yst-contai ni ng Iayer I's provided. If furnace annealing i1s

i nst ead, hemxida gpeowntolettons0F@m 8 cirandurdbed and agaim forhing a tvery thireaside
hydrogen G 1‘3' neg in the semn conductor film 704 having an_ anorphous
structure ﬂ@i MR pHECHER I RE HR  SRCcearSpefagt of 2 eamispndupips il yeh
substrate ,.re n Iy r [ n en
at mospher 6ot Bed FisR B0 R Ry oo R R fH ferb Ry Gnbeighlied
crystal | i zeetlydySomiagnadogidetiliiihmhis #Mag. sem conductor film 706 having a

crystal structure _and shown in Fig. 16B is thus_ forned. ) o
The method of forming the catalyst-containing layer 705 is not limited

fhereto, of course, and sputtering, cvaporation, plasma treatment, or the like may be
used instead. The catalyst-containing layer 705 may be formed prior to the
semiconductor film 704 having an amorphous structure, in other words, may be formed
on the first insulating film.
While keeping the semiconductor film 704 having an amorphous structure
~in contact with the cgtalysbco.ntaining later 705, heat treatment for crystallization is
carried out. Furnace annealing using an electric furnace, or rapid thermal annealing
(hereinafter rcfened to as RTA) using a halogen lamp, a metal halide lamp, a xenon arc
lamp, a carbon arc lamp, a high pressure sodium lamp, .a high pressure mercury lamp,
. etc, is employed for the heat treatment. Considering the productivity, RTA is
preferred.
If RTA is chosen, a lamp light source for heating is lit for 1 to 60 seconds,
preferably 30 to 60 seconds, which is repeated 1 to 10 times, preferably 2 to 6 times.

The intensity of light emitted from the lamp light source can be set arbitrarily, as long as
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It is effective to irradiate the sem conductor film 706 having a crystal
structure with laser light in order to raise the crystallization ratio (the
ratio of crystal conponents to the entire volunme of the filn) and repair
defects -remaining in crystal grains. Exanples of the laser |ight usable

i nclude excimer |aser light having an wavel ength of 400 nmor |ess and
second or third harnonic of YAG |laser. In any case, pulse laser |ight
having a repetition frequency of 10 to 1000 Hz is used and collected by an
optical systeminto a beamof 100 to 400 mi/cn2 to irradiate the

seni condudhosenficonducdo Gilthay heatedatoaeackttlD te 1000, pefatblan50ve 7SO0, imad 0 of

90 to 95%. The thus abtai ned sem conductor fi]lm 706 having a crystal
structur eoiﬂ%@%a %ﬂﬁﬁ%feﬁﬁ’e@é?rﬁ%rf’ IE‘IW&‘ﬁ%H‘ES %"g}"c & semigpeyCtor By Ang he
catal ytic ;el ' ' 1St i fd .

Concent 1ot Gn FiancbSy Bbael dhi MThps JBWHBEAPRhE, e Rentidihcucipe

seni condudilor hafviidgramambrphbes stadcadry tid thue kegReiiized @ RbRedHa stiRbalitSaflint or m a
TFT and ot her sem conductor elenents but it is preferred to renove the

renai ni ng 7Oftkaving & cersthstuctsye whichds ishgwi rin g otaRin derysiatiizatione by shtlowi ng
met hod. Firs .t hin n the,surface of the

b | | 707 is,f d
sen condud eglbﬁ?nﬁlllﬁﬁc%%( e‘?rgr yﬁv%heg%ﬁféa&lg?t-céﬁpgﬁ%gﬁgergg PEY: in Fig. 16C The
thickness of the hagjrhfk anhedRE it él%d?,eﬁ izﬁ?craH,iAflféd{ @Edtdheh 01508 ifrchliiBLEE VaY

to obtain the barrier layer isto forma -34 chem cal oxide by treating the
sur f ace wifoh anZeme tovatlease hydodpeni aatairedi idethe smemb@ndégonEitin d104chamdireenan - ‘
treating with an agqueous sol ution in which_ hydrogen peroxjde water, is

m xed wi t HERPROHS CUGRIPriftyiq b heb et 1T CoYSIAMANDE. abheh: U P18 abl o
methods inchude ol ASFRCA i L iAol

oxi di zati on tlr eat nent f/ lg%%}gédn%r%tag?%%?tg%gh%&ﬁ%pﬁmg%?gtgggonwcén

at nospher epreferdbdy nit "EB0OKyY den .fourAhbes Nt cielalizeathehkdmioxhdletdri fim.f omived by
heating in a_clean oven_until it reaches 200 to 350C may be used as the
barrier | SpBrconguctgsfiie 796 hanings poygtabsirystue gad ghemn indfigy ko8 is #yis fppmed.
evaporation to hawe . i.ckness of .1 nm I as

barrier layer. Onvlfﬁg f%éa%‘lr:t(rf\lg(eer?0 ?%%/Jelarlt? tggsselrlﬁl%)gn ut?: (gfrﬁgf ?&mﬁgﬁgg!as CH(%%rlred to
have a thigkoess widflagh 1ight 200rdeito e SRNarfNdEaiodr rafib I(iRe 1880 iof chyspiical |y

an anorphous silicon film containing 0.01 to 20 atom c % of argon which is
formed by epruronentsig the pntdrearofone of the film) and repair defects remaining in crystal
grains. Examples of the laser light usable include excimer laser light having an
wavelength of 400 nm or less and second or third harmonic of YAG laser. In any case,
pulse laser light having a repetition frequency of 10 to 1000 Hz is used and collected by
an optical system into a beam of 100 to 400 mJ/cm? to irradiate the semiconductor film
706 having a crystal structure at an overlap ratio of 90 to 95%.
The thus obtained semiconductor film 706 having a crystal structure has a
rémaining catalytic element (nickel, here). Though the catalytic element is not
unifdrmly distributed in the film, the concentration thereof higher than 1 x 10"
atoms/cm” in average. The semiconductor film with the catalytic element remained
therein can form a TFT and other semiconductor element§ but it is preferred to remove
the remaining catalytic element by gettering in accordance with the following method.
First, a thin barrier layer 707 is formed on the surface of the semiconducior

film 706 having a crystal structure as shown in Fig. 16C. The thickness of the barrier

layer is not particularly limited. A simple way to obtain the barrier layer is to form a
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The sem conductor film 708, which is to be renoved later, is preferably a

| ow density filmin order to increase the selective ratio to the

sem conductor film 706 having a crystal structure in etching. Wen an

anor phous silicon filmis doped with a noble gas elenent to take the noble
gas element in, a gettering site is obtained. One or nore kinds of elenents
sel ected fromthe group consisting of helium (He), neon (Ne), argon (Ar),
krypton (Kr), and xenon (Xe) are used as the noble gas elenent. The
present inyention js characterized in that the noble gas el enents are used
as ion sotPeBiat gxide by, Gealivgtthe spHacsi with saeng water.t ha Q%lei@l gasleetasnnt s are

i njected L.conduct film by ian.doping. or i.on inplanfation.
There ar etf?rv\l%éa(raael%oggvﬁ%&?r Sgﬁhgn‘?%%? Pgﬂu%%(’s |S_01H§°1?) n\fvﬂlé:gr?é’fh"@e@ggm&f%r?ﬁ?ﬁ%. One
i's to form aangl Wit SORMAS d0i, hparoch!Btie Ghid)Rr $Arik efa. t kRngeheRnduabey film
is distorted. The other is to give distorfion by injecting the ions in

| attice cdn¢lede Besha dfeatnhant puap osedization dtulofpHetes dnd yoxidizatiohi trgtmensbyof
i,s achi eved markedly well when an

inert gas. In parti Ialrl, th t.ter.

el ement t PGP0 sgenFIéf%erf HOHg%fU AEAIAOD, B AR AMOsRPers (RORTARNG r GBYESAT ) |

Kr VDt ot ; . i
rypton ( ﬁl}emﬁfveﬁfi?g?rﬁﬂ ¥Rk fllﬁlsforﬂf%(f"g%r he:lz-ﬁ)ingggg CI%%I‘IE SY%%hlglt% & r%?ghleg'_%%b Eoea ¢

conduct ed t horoug eat treatne S ne oin

treat ment 358°@ahayewecisby 2 uhoaeaianagal i A8 SidRdn fokmédyaglasma8CaDpeal i ng
is chosen, heat treatnent is conducted in a nitrogen atnosphere at 450 to

600C for GPBIgrHE] o1 KHIRosations tophpxe | asthickpsssnol b to 4ripn Imaghelse barused Rthheat i ng
is lit for 1. 4t 60 seconds, preferably 30 to 60 seconds, which is repeated
1 to 10 tines, preferably 2 to 6 tines. The intensity of light emtted

fromthe lanp |ighin $0bagtr ta@r, Reei@dondddty filhRT0d ¥ fordsed BMAvAS thiBtess
sem conductor filmis heated to reach 600 to 1000C, preferably 700 to

750C, in & 2orietZ@ftnm DuFhenspngeenducion dilmt 198 is &yadallyiap ahapkots silicom film
to-be-gettered.regign ( site). is released by thermal  ener, and is
moved to tHBYERE grfﬁnt@ 4 ?‘5@%%8& ATegP Y RISk aﬁqgc’fmﬁé 3 BPREIRE ugg%( €8%¥ng i s
dependent : r; Egﬁtlrg;‘e nh0g i ..shorter
period of rl??n%ﬁg%dﬁggﬁtiggﬁﬁgpgﬁgg{cgtlﬁgﬁagfn [ glét%gll:soﬁl?%éﬁ}g? 2’? 8?1’1c&e}mt te

cat al yti c fédireirentdenw éscrease i thg sglestiver iatig tb Shakeuicohdeicafiten 96 tHaeirigha ckness

of the sem caonductor film and therefore gettering in the present

i nventi on qrgst@@%ptg{eex& efGhing. When an amorphous silicon film is doped with a noble gas
element to take the noble gas element in, a gettering site is obtained.

One or-more kinds of elements selected from the group consisting of helium

(He), neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe) are used as the noble gas
clement. The present invention is characterized in that the noble gas elements are used
as ion sources to form a gettering site and that the noble gas elements are injected to the
semiconductor film by ion doping or ion implantation. There are two reasons for
injection of ions of tixe noble gas elements. One is to fofm dangling bonds by the
injection so that the semiconductor film is distorted. The other is to give distortion by
injecting the ions in lattice cells. Both of the purposes are fulfilled by injecting ions of
inert gas. In particular, the latter i_s' achievled markedly well when an element that is
larger in atom radius than silicon, such as argon (Ar), krypton (K1), or xenon (Xe), is
used.

To make sure the gettering is conducted thoroughly, heat treatment is needed

at this point, The heat treatment is achieved by furnace annealing or RTA. If furnace
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relatively short period of tine. This heat treatnment does not crystallize
the sem conductor film 708 that contains a noble gas elenent in a
concentration of 1 x 1020 atons/cnB or higher. This is supposedly because
the noble gas elenent is not re-discharged in the above process
tenperature range and the remaining el enents hinder crystallization of the
sem conductor film After the gettering step is ended, the anorphous

sem conductor film 708 is renoved by selective etching. The etching nethod
enpl oyed may he dry etching by CF3 wthout using plasma, or wet etching
usi ng_ hydAzRseHBE & choschl keal itivatmensk ds comlustedhin @ sitaigenatrosphersodt 400w t hat

contai ns \ nium raoxi de (chem cal fornula: (CH3)4NOH). The
barrier I§§6e é%ﬁbéftﬂgl?m%ﬂfﬁss &Eﬁgﬁ 13 CRasemgt lempight saircq for be%mgn@ %lt for 1

Ther eaf t eta 60 0BRSS, picBirabldBer M GaaCl ln,this
way, a sem conduct o? fil m9??éoﬁgéfdr%d%%§gga%s% ucljtoa(r6 tlrlﬁ%‘o” ?Pgﬁbl?’ Re
concent ratq 6ntimes.t HBhec atasity iaf Ktenamitted Sfrdi}ﬁdﬂ@&ﬂn%: Qight %o&&ﬂcaﬁt BdTBLCNB or

| ower %bt ai.ned is shovvg in Fig. 16E. The thus forned sem conductor film
710 haV| ngrosrarly,y as longsas f ¢ SPGB uCtpR EmoR bewod todedchk60Q ity SKOADYC, or
thin flatk/a@&gbl %Dltdlr‘fb"@}'r?ﬁlﬂllﬁ ue to the effect of the catalytic

el enent . cros opl ca eac ‘he crystals grows with -36 a speci fi C
orientation. The E)eﬂhg:gﬂtdiiﬁigpEheféaltdlyﬁclélexfn%tniﬁch éo[beagéﬂ@féaar@ f%n"&r n]?

enbodi mrent to have a crystal structure can be applied to t e sem co duct or
filmof Briféissely thergral znelmrbmh isemovad fntichgettemiag heitd thfought diffusiog. t he
catal yti CA%&?I g Er&rl ni. nﬁ Q em conductor film 706 of Enbodi nent 8
whi ch” has 4 cryetaP st Figdt F%en&ﬂ 100y, ePH’é‘fEﬁ?rt?rBB?iaWGcWdr&f’lttéﬁ%é@gf%‘sﬁ gs.
17A to 1765 aAnhstthi 6&bO T h a e m.c nduct or
film 706 having a gr yst al ste]; Etlc?]uﬂrléhe{rgé %gﬁetﬁﬁaﬁgeégﬁokh% %185 alAfter a
resi st nmaeXalytio clamdnrmexks dutingsgdticcing ioxbder fhicl simieSaeitehgibkindssobt @en a
mask insulating film 711, Then, a noble %as el enent al one, a nobl e gas

el ement p?‘?ﬁ‘%‘c%fﬁlﬁ ﬁ] and therefntessaitsring 1a Hamnprepant iiHjeatiow é eqmplpied in a

seni Co_r‘duf%lé?t{vefjéh%}ﬂp%ﬁoﬁ'ﬁk’hﬂlg, a crystal structure by ion doping to forma
gettering site713.

This heat treatment does not crystallize the semiconductor film 708 that
contains a noble gas element in a concentration of 1 x 10%° atoms/cm’ or higher. This
is supposedly because the noble gas element is not re-discharged in the above process
temperature  range and the remaining elements hinder crystallization of the
semiconductor film.

After the gettering step is ended, the amorphous semiconductor film 708 is
removed by selective etching. The etching method employed may be dry etching by
CIF; without using plasma, or wet etching using hydrazine or an alkaline solution such
as an aqueous solution that contains tetraethyl ammonium hydroxide (chemical formula:
(CH3)sNOH). The barrier layer 707 functions as an etching stopper at this point.
Thereafter, the barrier layer 707 is removed using fluoric acid.

) In this way, a semiconductor film 710 having a crystal‘ structure in which the
concentration of the catalytic element is reduced to 1 x 10" atoms/cm® or lower is
obtained as shown in Fig. 16E. The thus formed semiconductor film 710 having a
crystal structure is a mass of thin rod-like crystals, or thin flattened rod-like crystals due

to the effect of the catalytic element. Macroscopically, each of the crystals grows with
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Thereafter, heat treatnent is conducted in a nitrogen atnosphere at 450 to
600C for 0.5 to 12 hours by furnace annealing as shown in Fig. 17B. Through
this heat treatnment, the catalytic elenent remaining in the sem conductor
film706 having a crystal structure is noved to the gettering site 713 and
is gathered in there. The mask insulating film 711 and the gettering site
are then renoved by etching to obtain the sem conductor film 710 having a
crystal structure. The sem conductor film 710 formed in accordance with
this enbodi ment to have a crystal. structure can be applied to the

seni conduk SBACifi¢ Pﬁﬁ@ﬂtl%bdaien@mlcolldéﬁt@ filEnbiddioreed i8 aAC@ﬂanasomthlthm de
filmwth t n of 11t as, the fir t|ng
filmfornéd © mf’ﬁt §tar ﬁ{yé%liégu&ﬂreé‘%‘o% ﬁ@ﬁ‘cegéo t#ﬁéeﬂqoﬁ‘a‘ilgo f Hed to
as first Eﬁgg&ﬁ{elnpgoigl m 720. In Fig. 29, the first insulating film720 is
used and a semiconductor film 706 having a crystal structure, a barrier

| ayer 707, a sem conductor film 708, and a sem conductor film 709 doped
with a noglg gas el ement, which are formed in accordance w th Enmbodi nent

6, are | eceive heat treatnment for -37 getterlng A catal ytic

el ement such as nj (g(tﬁél' et Qﬁt gétf a%eg,a LA ]1%% i relipﬁmgr%ersté ginity

of oxygen. Accor usi ng &n i trrde fl

i nsul at | n@nilmmucn‘oacmﬁn traest. rmvddaﬁnaft 8 hehicRURk Y4 i@y sedlegmmur&r@m thae
sem conductor_ film 706 having a crystal structure to t he sem conduct or

film 708 éascribed wish sderenesriddagsol 7Aitd ﬂﬁ@ogAd;dped oxwletfﬂmals fiaripied agasnaskenent .
Enbodi nent tel evision sets be ul ar t he
screen si %%eﬁgpéﬁgu%%%gﬁ havins @ cpgie Etf'f?fﬂr%ﬁ? ‘I‘V%‘ ‘ﬁ‘é‘cﬁsi ‘?fg{}gé}“&y in
data |1 neafisnd edlembd128 KARARLOGe SUABAIRS AR [10BORE] tcf%taﬁ%grmé& t he
pi xel structure shown in Enbodiment 1 I's on one and capabl provi di ng

a hi gher Jaupdatmg éllmaﬁlb BThen, anndtie gat f’ﬂﬂimd&lﬂl‘lﬂonﬂj&e(ﬁsb]teOgaieaﬂemem tplust he

probl em of  w g del a% when the screen size is increased since the
Same  at Bigsghom 9SPapTE alons, leimiacied He thensemicopsiuetop fdm: @y Bavipgeén a -

di splay devbershRfnanpiditlontfisicit Obetihd fY9hy (hore are 480 gate wiring

l'i nes and source es and e Case of XGA |evel, 768 gate
W ring Thereafter, heat treatment is conducted in a nitrogen atmosphere at 450 to

600°C for 0.5 to 12 hours by furnace annealing as shown in Fig. 17B. Through this
heat treatment, the catalytic element remaining in the semiconductor film 706 having a
crystal structure is moved to the gettering site 713 and is gathered in there. _
The mask insulating film 711 and the gettering site are then removed by
etching to obtain the semiconductor film 710 having a crystal structure. The
semiconductor film 710 formed in accordance with this embodiment to have a crystal

structure can be applied to the semiconductor film of Embodiment 1 or 2.

Embodiment 8

A silicon nitride film with a thickness of 1 to 10 nm may be used as the first
v insulating film formed on the substrate 701 in Embodiment 6. The film is referred td
as first insulating film 720. In Fig. 29, the first insulating film 720 is used and a
semiconductor film 706 having a crystal structure, a barrier layer 707, a semiconductor
film 708, and a semiconductor film 709 doped with a noble gas clement, which are

- formed in accordance with Embodiment 6, are layered to receive heat treatment for
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| ines and 1024 source wiring lines. As to the screen size of the display
region, a 13 inch display neasures 340 mmin diagonal |length whereas it is
460 mmfor a 18 inch display. This enbodi nent presents a method of sol ving
the del ay problemand reducing the area required for wiring to the m ni num
in those display devices. A gate electrode of a TFT in this enbodinent is
formed froma |lamnate of at |least two types of conductive filnms as in
Enbodi nent Mbode 1 or Errbodi ment 1. Al and Cu are preferable as | ow

resistive material g ie&lhave hi gh conductivity. However, A and Cu
are weak &GUFHeE Qﬁta Hg elesmenb Sichnas Hipked is PranauiedTapeed bk o8 BERR OrgartRhow.

Speci fi cal S t |tr| eri al
such as tdéér,li?lt$ BPO e an?ﬂlﬂgﬁt lés!rlll:? %nyglg? rf“kﬂ:cHé fﬁfnn% ﬁl gtn 'ﬁ’?t Ot nt
mat eri al Soctitaas rh/bwﬁgld)f WY chiaiytie efdrﬂe%t f@mwdfecstem\r&nahétm ht}etms%am cpnt act
with a gate insulating film and enploying a material that can serve as a

barrier fdﬁywlmﬁmg’« T@l thtf» semionndyictosl filauieD8ur. to Aeseeatioshdoctod Gitrh 708 doptdn i s

f ormed fromtAI ‘5?)‘?1‘ th| rd conductive filmis formed -38 thereon

using Ti oty nqble gas ¢le 8?' | owering the contact resistance with a wiring
line to be formed on the conductive film and for protecting Al or Cu
which is oxidized relatively easily. Fig. 18 shows an exanple in which a W
filmis udgobaBmeited first conductive film a Al filmis used for the
second conductive film, and a Ti filmis used for the third conductive
filmto forma gat$ M%@:FW@%"EI%YW}@E 8etp PpromeapRputar @ad Al tarroesize thercof\

d | 206 d
ot oo Dotk 1R (OBt 38R LB RS hER PSR G S hr ip”
et chi ng appedrad by lo‘ﬁg&ﬁp IFeY &ehmpRClR plgr:él?s’trucﬁfhdshg%neﬁ EntbR@dnas 185 6AbRY 9as,

the flowrate thereof is set to 65 : 5, and the pressure 1S set to
1.2 Pa. Ahw@ﬁam&bém%w@yldymemgmr a;]zqylwr@mtmd)mt hen the logher abed, giedds ®woddahat i t

is substatt Ia/ﬁl Eft v er these conditions, the Al filmis
et ched and”lt}hg’r‘? P Sme? C‘Wir g 6‘5&1% eé]n EJCTERP TEa S ingreased ipcg he 3Re £ | ow
rate i s Sehatb8al3Pused4® formlddath Anhsda gﬁt@%le%(f)d In second etching

treatment, BCl13, and Cl2 are used as 8tching gas, the flow
' - When a display device has a pixel density of VGA level, there are 480 gate

wiring lines and 640 source wiring lines and, in the case of XGA level, 768 gate wiring
lines and 1024 source wiring lines. As 1o the screen size of the display region, a 13
inch display measures 340 mm in diagonal length whereas it is 460 mm for a 18 inch
display. This embodiment presents a method of Solving the delay problem and
reducing the area required for wiring tb the minimum in those display devices.

A gate electrode of a TFT in this embodiment is formed from a laminate of
at least two types of conductive films as in Embodiment Mode 1 or Embodiment 1. Al
and Cu are preferable aé low resistive materials and also have high conductivity.
However, Al and Cu are weak against heat and corrosion, which have to be overcome
somehow. |

Specifically, the countermeasures include using a metal nitride material such
as tantalum nitride and titanium nitride, or a high melting point material such as Mo and
W, for a first conductive film that is in contact with a gate insulating film, and
employing a material that can serve as a barrier for blocking diffusion of Al and Cu. A

second conductive film is formed from Al or Cu and a third conductive film is formed
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rate thereof is set to 20 : 60, and a high frequency power is applied to
the substrate side so that it is substantially biased negative. As a
result, the Al filmand the Ti filmare selectively etched to form second
shape el ectrodes 127 to 129 and second shape wiring lines 130 to 132 shown
in Fig. 18 (the electrodes and wring lines are fornmed from conbinations
of first conductive filns 127e to 132e, second conductive filnms 127f to
132f, and third conductive films 127g to 132g). In Fig. 18, the wiring line

resistance is suffLﬁ %omereg% fornln a data line 131 and a gate
line fronfl&reOnASHS Thig ds o pY§THeShe sop %r%@b%ﬂqcéél"lfhoa Hlméﬁ%l}ﬂtﬁy
device w I i re Si t her
nand, i P8 SThEEBp dbe 5?5%%%“’%1’?% G PO HERE o P & DGt e
current desdsively edsila wiring |ine such as the pomer supply line of the
l'ight emtting device shown in Enbodinent 5. A Cu wiring line is
characterized by FigvilBghowgreexample in whish aaWalilnsis ustdes ﬁmrﬁrglrtamdm:mtehan an
AIerlnglllne e wn in

The f
Erbodt maapith S a1 53 iR TR el EBRate e bt S Dt Gasretuanisdoe TET
by oD NGchBCARTIEAERY hi L8, o BRTHESAS, ApSHRRBE |l T B9 1 001 On

with an el enent belonglngto Goup 15 in the er| |cta bly
phosphor usyciot pertidn 206 enp &l Piedl epativn (F06ehgy abhg/cuh:dr im)accoﬁdﬁlm RrAtthannel
TFTs are %{ﬂ%ned to constitute an NMOS circuit, a conbination of two
enhancene iTs nakes an EEMOS ci rcuit V\/ner eas a conbi nation of an

enhancerent {yoe [FEkuaddhd: ASREERSIAR 1LURE RV IRAAR PO FIRYER et A

exanple of the E circ I'S shown I'n 2 the

EDMOS ci r etd O afe whowhlctchinkiggs, tifow kdte Eiegaofis%t to5 a0t 3anb@H é@aﬂl e
enhancenent type n-channel TFTs (hereinafter referred to as E NTFT). In

Fig. 19B, is $8tddroPes A hiziNfrequeagy pewedisrapplied to thesubysito pide ppdhai-it ifannel

T onr coont sty SEREL hefabe Dpderifitstondilts, 3¢ o MiniR st e and e
whi ah ;Vﬁé%??‘t‘e‘g st ﬁziﬂg??%ﬁﬁ?.%%"“i?éé‘?‘? A T A B 2"
negative p‘mﬁé’rfﬂgfuppl y line may be a power supply line of ground electric
potential - In second etching treatment, BCly, and Cl, are used as etching gas, the flow
rate thereof is set to 20 : 60, and a high frequency power is applied to the substrate side
so that it is substantially biased negative. As a result, the Al film and the Ti film are
selectively ciched to form second shape electrodes 127 to 129 and second shape wiring
lines 130 to 132 shown in Fig. 18 (the electrodes and wiring lines are formed from
combinations of first conductive films 127¢ to 132e, second conductive films 127f to
132f, and third conductive films 127g to 132g).

In Fig. 18, the wiring line resistance is sufficiently lowered by forming a
data line 131 and a gate line from Al. Accordingly, the substrate can be applied to a
display device with 4 inch or larger pixel portion- (screen size). On the other hand, Cu

is suitable for the wiring lines if it is desired to raise the current density of a wiring line

such as the power supply line of the light emitting device shown in Embodiment 5. A
Cu wiring line is characterized by having higher resistance against electromigration than

an Al wiring line.
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(ground power supply line). Figs. 20A and 20B show an exanpl e shift

regi ster manufactured fromthe EEMOS circuit shown in Fig. 19A or the
EDMOS circuit shown in Fig. 19B. In Figs. 20A and 20B, 40 and 41 denote
flip-flop circuits. 42 and 43 denote E NTFTs. A gate of the E NTFT 42
receives a clock signal (CL) whereas a gate of the E NTFT 43 receives a
clock signal with inverted polarity (Cj Denoted by 44 is an inverter
circuit and, as shown in-Fig. 20B, uses the EEMOS circuit shown in Fig. 19A
or the EDMOS circuit shown in Fig. 19B. Accordingly, it is possible to use
an n- channEmbodi#knt 8¢ every TFT in driving circuits of a liquid crystal

di spl ay device. Enmpodinent 11 Thi s _enbodi ment gives an exanple of the
circuit structure 18y fite nachepnely TFgeshaven gp Embodimant el mut 2i gamirtieviang.

Descri bed | ' i i rticul s the -40 case where. the source
si de dri vi %‘%haé?ér@ﬁ?t%%ﬂfﬁ fila géhr%%an&ip%mibx&%ew%ﬁ? fengpendypior %ﬁﬁ%s ed of
the E typesdWidsTas @fchiimeddomeimibn kgiod REtHI8S Gldniiat 9@10%1'11% tBEGBLY &% W {hl
reference to Figs. 21 to 23. This enbodi nent uses, inhstead of the shift

regi ster, Beriqgee tapler (prefamablysphosphmri® ent with afirgum13 ebenreat (PEEfEsablFboronp4
shows an e | e of t ate side driving,circuit. In Fi.g. 25,  reference
symbol 100@%%?‘&?‘1 ?fér“'oI lﬁeﬂég\é‘lélflglt%':e&éulg%% Fﬂ@cl’:%ﬁg ACeRbinatign 1501
Jenot . . v = .

enotes a R tsﬁﬁanu%emqugé 193 fkes 'agfg%gpg Afuftl Fhttds o IB@PQ}%&? br 4

it
refers to a part ere’a plurality ers er anp ers) are
i nt egr at edenbanberfifme typesTET and cddpieskioattypedTFV aakey AnfRIDMOS é@nsibter ri ng t he
i nfluence of the downstreamto the upstream First, the gate side decoder
1000 wi || be descrBé&fempiiithEEY Ay oircuit is showp in Fig dPaian japexample of

| nes. 10021 PEREORIR BrerROsChl AR 1950 3h B 0YR, WePIT g TR 95t o

of Al), A2enhaAdéndidtaypanchgiel TOW dicnddafey rbRwed té RYFLREFPR! anitiy. p9BA2),
..., An, A 7n (for a signal obtained by inverting-the polarity of An) are
shown her e33 [dgnetapatE ISHFE ahe 3¢i damotes rredepreasmnatypamgddnnel HEF T (indyeinafodr

celect O D NG I Bl 1 DA WS 0 ¢ e Ay
Slm_e\r/: c g ihgswﬁidﬁ' X Bbsif H6103e GRRHHeR (RsitHF DRt Supfll SREind VESL UpRREAQF Oate
power supply line to which a negative voltage is applied (negative power supply line).
The negative power supply line may be a power supply line of ground electric potential
{ground power supply line).
Figs. 20A. and 20B show an example shift register manufactured from the
EEMOS circuit shown in Fig. 19A or the EDMOS circuit shown in Fig. 19B. In Figs.
20A and 20B, 40 and 41 denote flip-flop circuits. 42 and 43 denote E NTFTs. A gate
- of the E NTFT 42 receives a clock signal (CL) whereas a gate of the E NTFT 43
receives a clock signal with inverted polarity (Cl_jf Denoted by 44 is an inverter
.c'ircuit and, as shown in Fig. 20B, uses the EEMOS circuit shown in Fig. 19A or the
EDMOS circuit shown in Fig. 19B. Accordingly, it is possible to use an n-chz_innel

TFT for every TFT in driving circuits of a liquid crystal display device.

Embodiment 11

This embodiment gives an example of the circuit structure for the display

device of the active matrix driving. Described in this embodiment in particular is the
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480 and hence selection lines corresponding to 9 bits (n = 9), nanely, 18
selection lines in total are required. The selection |lines 1002 send
signals shown in a timng chart of Fig. 22. As shown in Fig. 22, when the
frequency of Al is given as 1, the frequency of A2 is 2-1 tines thereof,
the frequency of A3 is 2.2 times thereof, and the frequency of An is
2"(n-1) tinmes thereof. Reference synbol 1003a denotes a first stage NAND
circuit (also called a NAND cell), 1003b denotes a second stage NAND
circuit, and 1003c denotes an.n-th stage NAND circuit. The nunber of

requi red NAND whareuhd sowoe rsekpaiiviag trchil andnthebiete olde IBiBnMciLMgS @28 N
NAND circuits are needed here. In short, the decoder 1000 of the present

i nventi on $AMRASEYPf dhed pe ATF Ly o4 EmbpdishentiARD Ehe desttigtionEaidhbogivemeithAND

circuits o, 1 c c inati on of n-channel . TFTs. 1004 to 1009.
Actual |y, 1%2é%stoa$%§'u%£ggi2§' em %‘T%?‘ﬁ@eNARﬁﬁS’CWF'@E‘? ©f tﬁ?)égl.ft registefh @

n- channel ddcbaerk@f4s tom 9 o2ashy Mawkhnd BAke that is connected to one of
the selection lines 1002 (A, A71, A2, A72, ... An, A--n). In the NAND

circuit 1003a, thelig- eheshnwb aiFPendO4ftthe bAR6Gsidadhvimaveingin lgdate 25,
connected t? one of the Ibn s Al, A2, ... An (these lines will be referred
to as posiEiTRCsHIRAL i 190V denaies aafecodem pl theetplt SldsnerivRs Nt jand pli0d| | el |
and connec§g®idso By td . Ly bi ( : t onon
source and to an ouftfégﬁgﬂl ?%@e%ﬁgﬂigﬁﬁ% Cl‘:ﬂg{rﬁnffon r%?%?%tg%ﬁqrgﬁoa% g‘ﬂo TFTs

1007 to 10@8ereagiiuhity oihudfcgaibeffconnslifies) aré michge@f ARl RASCiIALK thAT2,
A 7n (these lines will be referred to as negative selection lines) are

connect ed fvesathonbirprsferring geripBucnce Al thelownstetantoghe TPse2009  posi ti oned

at an end of the cireuit has_.it§_sour (0] cted 1o, a positive wer
supply |ine (VDH) Fli%’lglte\ﬁ%%r Uds a?(f?ge%f aWﬂEEe n&?ﬁ)? Ig%’?lt‘i‘# %éﬁ&a?mt he
ot her end wibut figndilieyi(herbingtiéd Sfelfedith £QBREGHEIndS of e QULRML 10done k011
As described above, each NAND circuit of the preseht invention includes n
n- channel thetines K2, sines Abnhet (feda signalamhitaseddndinmerting Hanpudiritf 6T A 1) a2, are
connected iBA Faral.l el ver, the conbinagtion (2)f t he n-channel TFTs and

“the sel ect off i fedieral b&?‘?‘i‘ r Shinvetisg, tBh BORPHCRA £2 o -t A8 6t Relforct pigntlt out
o o PRI AR 0 ol IR RO PHA
are arranged. The number of selection lines is determined by the number of rows of
gate wirings outputted from the gate side driving circuit. For instance, if the display
device has a pixel portion capable of VGA level display, the number of gate wiring is
480 and hence selection lines corresponding to 9 bits (n = 9), namely, 18 selection lines
in total are required. The selection lines 1002 send signals shown in a timing chart of
Fig. 22. As shown in Fig. 22, when the frequency of Al is given as 1, the frequency of
A2is 21 times thereof, the frequency of A3 is _2'2 times thereof, and the frequency of An
is 27~V times thereof.

. Reference symbol 1003a denotes a first stage NAND circuit (also called a
NAND cell), 1003b denotes a second stage NAND circuit, and 1003¢ denotes an n-th
stage NAND circuit. The number of required NAND circuits corresponds to the
number of gate wirings and n NAND circuits are needed here. In short, the decoder
1000 of the present invention is comprised of a plurality of NAND circuits. |

Each of the NAND circuits 1003a to 1003c has a combination of n-channel
TFTs 1004 to 1009. Actually, 2n TFTs are used in each of the NAND circuits 1003.
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1002 receive signals that select the output |lines 1011 one by one starting
froman end. The buffer unit 1001 is conposed of a plurality of buffers
1013a to 1013c in accordance with the NAND circuits 1003a to 1003c,
respectively. The buffers 1013a to 1013c nmay all be structured in the sane
way. Each of the buffers 1013a to 1013c.is conposed of n-channel TFTs 1014
to 1016. The output line 1011 fromthe decoder is inputted as a gate of
the n-channel TFT 1014 (a first n-channel TFT). The n-channel TFT 1014
uses a positive power supply line (VDH) 1017 as its source and uses as its
drain a gdhe mihanng THIS100to 1660 sadhohavehe gatie R4t isaohhemed Thendof ignnel

TFT 1015 d n- |_TFT th iti ly 1i
(Vo 101 58 B0 AL & Bovenebnphy |1 ne (VDL) 1000 a5 1 (s
, and th its drain.
POt her wor do. o fhedd AN 068R ndn biRc! BERCFGENo 308K POt et §on
-42 has tlgetef éonatcted ehangel thF-lindst Ae, A2change|thdkTinkdIdill ekt h& gegond

n-channel TFET (the n-channel TFT 1015) that 1Is connected in series to the
first n-cREFHES Sqlpstionnlness ek coppepted toane anptbedimparaldl, ahd chimestedrtochannel

TFT. The n- TET 6 i -channel TFT) uses a reset signa

line (Reglg %ggs@(s#”f’ rsfud)ggygl}net(ﬁgn,ﬁ]g%lgﬁs&ge owaprn §?Pﬁﬁ% ?;nqslpﬁ’é‘ O(“{i[‘i\ﬁmiéqgl as its
source, aagtHeh@niRdedra, ' ITHE nl&E8 FisS 087 & Thook ' i ne
(VDL) 1019 may be a grr ound power “?3%%30?7%[‘%0&%@}‘ B%gégﬁg%%\lpﬁéﬁtéﬁth of
the n-chatmene TETthe 0ik8s (ML), An2 t.he\ ahéthese! lindsdiil befrefetred ne ol avpetivel FT
1014 (W) sat | sf t51e rel atiog WL < W2. The channel width refers to the

| ength of § C‘E:tﬁﬁ'nﬁ%‘?s 5T AERNCEWC e NG rRIPHICE Ak Serigseand de pehpenediTdW 4902 0 the

channel | %BQHBnedTQeanb%f%Lﬁ tgé’%irglﬁ{ ﬁ?seirt@%oq& & nfngét%_cgﬁ? p{é;%iéﬁ% pgﬁrg{.'%ug%ly?.lz_r

negative voltage Is e outpu I'ne

1014 is i hinar(VERF181htdefeas Sieah@hhmhel WFTCIO0F Sdaamnell at Shd8theeshabkitghed) .
On the other hand, the n-channel TFT 1015 is always in an ON state (a

state in ®HPEhDa inthaReonnestasio g ouipetdinedAdll.nence the vol tage of the
neget ve pover SRRl AGES ke SRR B0 BE L B s e @
n-channel TFT5s that are connected in series and n n-channel TFTs that are connected in
parallel. However, the combination of the n-channel TFTs and the selection lines is
different from one circuit to the other circuit out of the n NAND circuits 1003a to 1003c.
In other words, only one output line 1011 is selected at a time and tile selection lines
1002 reccive signals that select the output lines 1011 one by one starting from an end.

The buffer unit 1001 is composed of a plurality of buffers 1013a to 1013c in
accordance with the NAND circuits 1003a to 1003c, respectively. The buffers 1013a
to 1013¢ méy all be structured in the same way.

‘ Each of the buffers 1013a to 1013c is composed of n-channel TFTs 1014 to
1016. The output line 1011 from the decoder is inputted as a gate of the n-channel
TFT 1014 (a first n-channel TFT). The n-channel TFT 1014 uses a positive power
supply line (Vpy) 1017 as its source and uses as its drain a gate wiring 1018 that leads to
the pixel portion. The n-channel TFT 1015 (a second n-channel TFT) uses the positive
power supply line (Vpg) 1017 as its gate, a negative power supply line (Vpr) 1019 as its
source, and the gate wiring 1018 kept always turned ON state as its drain.

In other words, each of the buffers 1013a to 1013c of the present invention
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TFT 1014 is turned ON state. At this point, the electric potential of the
gate wiring 1018 is influenced by the output on the n-channel TFT 1014

si de because the channel w dth of the n-channel TFT 1014 is greater than
the channel width of the n-channel TFT 1015. As a result, the voltage of
the positive power supply line 1017 is applied to the gate wiring 1018.
The gate wiring 1018.- thus outputs a positive voltage (a voltage that turns
the n-channel TFT used as a switching el enent of a pixel- ON) when a
positive voltage is applied to the output line 1011. On the other hand,

when a negas iteefissontahgenel ITFTAAM neBab]l tIFT oMUPUhd thd&cdRd b.chhhie] aate
wiring 1018 always outputs a negative voltage (a voltage that turns the
n- channel (#m-elsaéaelé&ﬁl%l/ﬁ) flesth inepnateerbintsetits to thé Kedt n-ORf)el TFeand-ustannel

TFT 1016 i.s- s.a.r t .sWteh f orcedly lowering the positive
vol t age aﬁ%lltlg%ggtt@e Rin @ﬁ%ﬁw\f“picg&nrfgigh o the negative voltage.
Specifically, -43ThBe, sdhammer (HF 3k b! L gnal;whep & he
selection period for the gate wri ég%@lgﬁﬂgﬁ@?ﬁi@éﬁ %e{%g?h \A%eg% ive
vol t age i Regp) dsdth gate, threnegatie: powdrngpplf life (VHQWOVREs itt houree, ah@tralatd FT
1016 may be om éagg ) Tge,gat e side drivi ng, circuit operating as above
sel ects t METg&d } IthgRaihn el hegipgatives pawest dine { Keu)sko flanayr e round pewer ce

side drivi i Rigrys shown in Fig. 26. The source side driving circuit
shown in EP&19§@8?§§PJdes a decoder 1021, a latch 1022 and a buffer unit

1023. The struct urkhe@hatulte wigbadehe ARRIMRNIFTNO1D YW 18 ant Mhd cHEA2 waeh t he
sane as the decoder and the buffer unit of the gate side driving circuit,

and expl a®dtthd Aschannah 10k EWhrpatiséd theercktion W1 e Weas éTlof clizheel seidtice  si de

driving cireujt of Fig 23, the latch 1022 is  conmposed of a.first stage

| at ch 102&6%%%‘0&9%&%%50’5?ga%ﬂﬁeg%%ﬁla%wgl%@ th duECtiqnaprzpendigul 19dbu and
the secong¢nsi@enbat ch 1025 each have a plurality of basic units 1027 each
of which is conposed of mn-channel TFTs 1026a to 1026c. An output |ine
1028 from the deddddnift02013scpanped befbilowsgalrist, diribhe megaiehanagt iFFTs

1026a to 1026¢C th%% constitute ﬁach of the basic units 1027. The synbol m
r epr esent SPRACG Fhi0E ORRPL Wf:eléé}’.t ¢ f-charned 13 Hilddevn ag QEF stalsdBlstatain VGA

el Lo o S L8, G OISl MO 1
always in an ON state (a state in which a channel is established) and hence the voltage
of the negative power supply line 1019 is applied to the gate wiring 1018.

When a positive Vbltage is applied to the output line 1011, the n-channel
TFT 1014 is turned ON state. At this point, the electric potential of the gate wiring
1018 is influenced by the output on the n-channel TFT 1014 side because the channel
width of the n-channel TFT 1014 is greater than thc channel width of the n-channel TFT
1015. As a result, the voltage of the posi.tive power supply line 1017 is applied to the
gate wiring 1018. The gate wiring 1018 thus outputs a positive voltage (a voltage that
turns the n-channel TFT used as a switching element of a pixel ON) when a positive
voltage is applied to the output line 1011. On the other hand, when a negative voltage
'is applied to the output line 1011, the gaté wiring 1018 always outputs a negative
voltage (a voltage that turns the n-channel TFT used as a switching element of a pixel
OFF).

The n-channel TFT 1016 is used as a reset switch for forcedly lowering the

positive voltage applied to the gate wiring 1018 to the negative voltage. Specifically,
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and 20 selection lines (corresponding to 10 bits) are needed. Wen m = 8§,
required NAND circuits are 80 and 14 selection lines (corresponding to 7
bits) are needed. In short, the nunber of required NAND circuits is Mm
gi ven the nunber of source wrings is M Sources of the n-channel TFTs
1026a to 1026c are respectively connected to video signal lines (V1, V2,
... VK) 1029. Therefore, when a positive voltage is applied to the output
i ne 1028, the n-channel TFTs 1026a to 1026c are turned ON at once and

vi deo signals associated with the respective TFTs are inputted. The video

si gnal s t hibs n-chgpuek THT 2086 Hepuws ianresapigial o/hen 1080dctipnlfdde fohake ahe
connected to.t hgoﬁ-aphannel TFTs 1026a to 1026c, respectively. The second
st age | at cHU i s endpg 50 dhatithe segaiyeiveltags issappbiod by theagite wiiring AB1Hasi ¢

units 1027fi OfPQS f ~Ghannel TEIs 1031a to 1031c. Gates of the
-44 n-channg}‘é‘f%’ljsﬁgﬁo@%mgcltlo? If&@ﬁ r%aygnreeon%ffth'connect ed to a latch signal
line 1032, so thatThdigate Bide RERHR! cirthil Spd@dd@ad Sob03decdt dﬂé%g@% t once
when a negative voltage is apg‘% ed topthe Eéltch sign%?lféi%e 1 . Rg a
resul t, signens test thasieudseeof Hel uios sideelrivapadicuiiissi®a0a Fig 20030heare 5

now hel d by capacitor.s 1033a to 1033c that are connected to the n-channel
TFTs 103 1a§l°uf%"psi%%‘§fé‘{m% SUGEEThoyy Iy%lgxtzﬁ%@“%féﬁéiqw%,m?hea lafchndR2 apfdat have

been hel d pw¥edihsie fgpac ThOs8udIR0F ho dl]-:(?j,eﬁgf: g%lgﬁrgﬁfh[@l#eutf%g ]u&l? ﬂOE? apeu{h]:aer

unit 1023. Then the signals are out put ers'10 a source
Wi ring 103sknzsas the dedodat &l the bidter untlof tHdigate S EQIng @udl drvli R PlaGhticHdi t -
operating as ahove selects the source wirings one by one. 10 As descri bed
above, a pigEO! gisAmigEd B¢ a driving circuit can all be conposed of

n- channel TFTs by [ te side.dri,vi.ng circuit.a spur.c i de
driving circuit soﬁzi:ﬁb r}%?eg?ngﬁ{ecﬁggﬁcﬁeﬁl e‘l’ﬁtf"él.ng ‘FH&“lng E&%‘ Lr}%e?]bef Pa?cfh EOZSZ 15
embodi ment ceagoseé of apfist edgd Mt SOTH b BYedonbiGdgle 18ich aM28CT THE HRTHALE

substrate in Enbodinents | or 2. 15 Enbodinment: 2 I n this enbodi nent,, the
speci fi c eltapl@4oindcibe saeandsstagechatohel (86 witls hhaya gbuhlity ofdfasanumct 1028

et O Gy GRREE S, nbod et L5, e Bk el -l
driving cifi6mhithe decoder 1021 is inputted to gates of the m n-channel TFTs 1026a to 1026¢ that -
constitute each of the basic units 1027. The symbol m repfesents an arbitrary integer.

If the display device is capable of VGA level display, for instance, there are
640 source wirings. When m = 1, the number of required NAND circuits is also 640
and 20 sclection lines (corresponding to 10 bits) are needed. When m = 8, ‘required
NAND circuits are 80 and 14 selection lines (corresponding to 7 bits) are needed. In
short, the number of required NAND circuits is M/m given the number of source
wirings is M.

Sources of the n-channel TFTs 1026a to 1026¢ are respectively connected to
video signal lines (V1, V2, ... Vk) 1029.  Therefore, when a positive voltage is applied
to the output line 1028, the n-channe! TFTs 1026a to 1026c are turned ON at once and
video signals associated with the respective TFTs are inputted. The video signals thus
inputted are held in capacitors 1030a to 1030c that are connected to the n-channel TFTs
1026a to 1026c, respectively. ' |

The second stage latch 1025 has a plurality of basic units 1027b. Each of
the basic units 1027b is composed of m n-channel TFTs 1031a to 1031c.  Gates of the
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and the gate side driving circuit. A decoder enploying p-channel TFTs
substituted for 20 general shift register. Fig. 24 illustrates an exanple
of a gate-side driving circuit. In Fig. 24, reference nuneral 1200 denotes
a decoder in the gate side driving circuit, and 1201 denotes a buffer
section of the gate side driving circuit. Here, the buffer section refers
to a section in which a plurality of buffers (buffer anplifiers) are

i nt egr at ed.n-Biahh&lermmRr®3 14 k18Ut iaed all 8liBesicd ® R 14t¢H S linaRedl, o #at the
exhibiting the driving 25 capability w thout providing any adverse effects
of a subsequerinngt FHE 03 1a tor Hddloume tainad QN Hieongatveheni daecghtivod@itag@ @0 wi | |
be now described. Reference nu | 1202 denotes input signal |ines

( her ei nafté‘Ppﬁ%(fté’rt %Iff@él%lﬁﬁg?@- ection lines) of the decoder 1200, and
nore specifically indi : ']glgﬁqﬁ- i i Larity
with 30 45 respect %%ﬁgﬂtﬁ%@alsﬁ%tﬁagég%na hﬂa]tt\?/l:ér?glgd :;‘f?\lcgrlsnl\@"grgztli Eozﬁ)pjglggfeir ty
Wi t h respeatowt heldBy capacitorsA33a &nt3Bcthat(afe Sorgdeted fathietgclannd! MRTE1168l1a

polarity with respect to An). In other word, it can be considered that the
2n sel ecti df 193desrespectivelyandédhe paae fimbetheotignabe thas | hawe itgan ek én jthe

determ ned hased o h er of jrings to 0 ut, fromthe gate
St de. drivi rigPenEul p0ase RS rsmitlcd i dh bR w22 bRene SbR o Tor
VGA di spl ayouysutiell QitodEH thé BRFER4E AMdurdOwirfeS1 6RAM 1IRSrardd it h*_iét. 1. VRS
requires a total of 18 selection lines to be provided for 9 bits

( cor r espondionge saletdneingoaseit whemnmadgbovd beteethe cburoa whiinpgeont BY2ne.r ansmi t
signals shown in the timng chart in Fig shown in Fi

assum n§ that a fretudpicpibed %&P"%sarﬁ?‘%l’{nﬁég'@Qslﬂedli,'ngacmlugg%ﬁgv b A2
can be exPIERRUASt Fohuyl THINS UM oo Bl BRI i siel, 2

frequency o n can be exprésse erence nuner al enot es
a first stagridg ARG sotely tfrdn@hShanedl arFRd TR st@studrd6f MNBInG6dilnent ¥ b&
1203b and 1203c denote a second stage. and an n-th stage NAND circuits,

r espect i velappligthie the duvingdirenihbian astive atrigAgubstcate ouEmbodimeatyiadr 2.0  t he
nunber of the gate wirings, and specifically, n NAND circuits are required
here. In other word, the decoder 1200 in accordance wth the present
inventi@n igncsdpesed of a plurality of the NAND circuits.

In this embodimént, the specific example of circuit structure of display device
of an active matrix driving. Especially this embodiment is such a case that p-channel
TFT which is described in Embodiments 1 or 2 is used in the source side driving circuit
and the gate side driving circuit. A decoder employing p-channel TFTs substituted for

20  general shift register. Fig. 24 illustrates an example of a gate-side driving circuit.

In Fig. 24, reference numeral 1200 denotes a decoder in the gate side driving
circuit, and 1201 denotes a buffer section of the gate side driving circuit. Here, the
buffer section refers to a section in which a plurality of buffers (buffer amplifiers) are
integrated. Furthermore, the buffer refers to a circuit capable of exhibiting the driving

25  capability without providing any adverse effects of a subsequent stage on a previous
stage.

The gate side decoder 1200 will be now described. Reference numeral 1202
denotes input signal lines (hereinafter referred to as the selection lines) of the decoder
1200, and more specifically indicates A1, A1 (a signal having an inverted polarity with

30
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In each of the NAND circuits 1203a to 1203c, p-channel TFTs 1204 to 1209
are conbined to forma NAND circuit. Actually, 2n TFTs are enployed in each
of the NAND circuits 1203. Furthernore, a gate of each of the p-channel
TFTs 1204 to 1209 is connected to either one of the selection |ines.1202

(A, A71, A2, A72, ..., An, A 7n). In this case, in the NAND circuit 1203a;
the p-channel TFTs 1204 to 1206 that respectively have the gates connected
to any of Al, A2, ..., An (which are referred to as. the positive selection

|l i nes) are connected to each other in parallel, and further connected to a

posi tive pepwet tesAL), 62, W Ri(agighMDibyink2hGnasted poRERPWith QP& to 22)We] Anas to
an output line 1211 as a common drain. On the other han(IjJ, t he femai ni ng

p- channel 2ndTATE (2 signal Bavinmen inverted polsity iwitb| tpsivatvi® Ahk datodieercumdeitt ed to
any of A7 c o i A 7 .ch..are referred to as the negative

sel ecti on hiBrA?\é:s?%mg?rgdahc?ﬁﬁg eséﬁ?ho%]é’&?’?%"tﬂé?ngiegr series, and a source of

the p-channel Tfik A@A8rREShd EQBQHAL - I GYimdesr o8
connected to a negati ver power soﬁ’?@eﬂe\%ﬁffiﬁg 1@/%{;)%%%1 t\?\llﬁinlhreﬂbgr 8?%1% of the
p- channel Wirlng¥ tq b@ puipokiromdhe gataside kieivitghdicuitn dF@f exttiles il Gigichsd whe@nnect ed
to the out BUt line ]121&5%@5'0'?50'” bed.in the above, the NAND circuit in
‘accor danch Pt Aeing I ¢lispfay, s rpgAed. ii80 makes wirknes rprq petitgd, whish in
conduct i v - i i s nected i eries
and the orhLroalRe 4108, ot IRNRN0RN Bickho R iliSed A1 SlndCRRShrifins b G

this casedascomaech<d). i Thpaelatticdl linek 1260 @uhshnibeighalt @HowR &t tHetithih@ dRaMNAND
circuits 1203a_to 1203c, all of conbinations anong the p-channel” TFTs and

the sel eBthigrey i msshapa iniFig 8¢ erssumingthasadreqoetnyrof Ahisaohmpalizsdtabe Lhe

out put i r confiqured so,ihat only ope_of themis sel ecied, and
si gnal s a?gr%ﬁ%%%% O? 6®t %aélotéee CEronas i’r?et’e‘l"fﬁéy gﬂgﬁ ERPE PRESHFH B - i nes
1211 are ﬁg}tﬂjﬁﬂiﬂ&h}gfﬁﬁbg@b@g{ﬁ&@m pneewi de  thereof. Then, the buffer
1201 is conposed of a plurality of buffers 1213a to 1213c so as to

respectively coReferspomtumerat h203aNDoEs rdist $agk2WAND o0irdiZ0@so tefergdaul d be
not ed thatthte fe1 S 3{121131 go 1 may have the sanme structure.
Fur t her mote’ Bﬁ‘éﬁﬁjﬁ br g i?l%& R 8“%%%@%0 47n0'e 3rspeandvitegy prmAriBIstagETs 1214
(0, 121 ARATT il 00, SaNIUE vt kB O s PULPUS S R RLL gy 1
first TFTthefutdber ofitke gate wirings, and specifically, n NAND circuits are required here. In
other word, the decoder 1200 in accordance with the present invention is composed of a
plurality of the NAND circuits. |
In each of the NAND circuits 1203a to 1203c, p-channel TFTs 1204 to 1209
are combined to form a NAND circuit.  Actually, 2n TFTs are employed in each of the
NAND circuits 1203. Furthermore, a gate of each of the p-channel TFTs 1204 to 1209
is connectéd to either one of the selection lines 1202 (A1, A" 1, A2, A" 2, ..., An, A" n).
In this case, in the NAND circuit 1203a, the p-channel TFTs 1204 to 1206 that
respectively have the gates connected to any of Al, A2, ..., An (which are referred to as
the positive selection lines) are connected to each other in parallel, and further
connected to a positive power source wiring (Vpy) 1210 as a common source, as well as
to an output line 1211 as a common drain. On the other hand, the remaining p-channel
TFTs 1207 to 1209 that respectively have the gates connected to any of A" 1, A™ 2, ...,

A".'n (which are referred to as the negative selection lines) are connected to each other in

series, and a source of the p-channel TFT 1209 positioned at one end of the circuit is
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conductivity type). The p-channel TFT 1214 utilizes a ground power source
wiring (G\ND) 1217 as its source, and a gate wiring 1218 as its drain.

Mor eover, the p-channel TFT 1215 (a second TFT of the one conductivity
type) utilizes the ground power source line 1217 as its gate, a positive
power source line (VoH) 1219 as its source, and the gate wiring 1218 kept
always ON state as its drain. In other words, each of the buffers 1213a to
1213c in accordance with the present invention includes the first TFT of
the one conductjvity type (the p-channel TFT 1214), and further includes
t he secorf@UFEfedhP 3 Mrgabyepewsrdoutcewiting (Ype 121 hevhilechdrainedt thd fLha@ikh) t hat

i's conne the.first. TFT of the one ¢onductivity type in series and
utili zescjffﬁlg%d;lt%os 1‘0“{3‘?1? th P-@[‘Fr “T‘F{I"hfdbe tiE@IGR consRigd & theiqupyt Jige 1381-t he
drain. Further noy gssclibg RBr AP Oy DL FT _of. the one
conductivity type)scérrpl oy@ggﬂggééetggg gnal" ?Irtlén eogé- nee ygith lrﬂ?-%rﬁfeél,t t he
posi ti ve ipowtion Swiiudes thd mEFT2dConeddnasetivity tHRUTRS-clRdel NETGRLBis Widch Ng 1218
“as its drain. It should be noted that the ground power source line’1l

may be r &FPEES W 19Ch 2R fan pihier poViEls efdbe oae Ichmruc{ivity ¢ype Ghap-ghemet sour ce
line for Vi di: 5 t hat cayse -channel TFT, to be used as a
swi t chi ng ei eir?e{%{ﬂsgg%eg%%%u%%&fi ]tnopﬁgﬁér.ih fth%‘o%q E‘? 2o I;[‘Iah 17 (thes ncNHAND 5
channel widtits (12084 cat ©B3asaf &imbinQid: Céh%}% TET. nnel

wi dth (indicated as W) of ?he p- crﬁalnnlel -STFT Iihf acthl%él#é ?ﬁgs rag?gtp?onshi p

of WL < selectiqmbneshvrn delferontdram eadteother o Im othengtod,ahe autphatingl 141arayat i on
region the.direction perpendicular to a channel |ength. The

neasured | ! C .
buf f er 15&?&@%6@#83‘&‘ ARy PRF Phitem oct5da 20d MEgnYe AroEPUA tovHiectslegtipasi ti ve
vol t age ifebeain I &d | ] : - nnel TET 1214 is
in the CFIE stg?eﬁ(eli?.ﬂéfﬂ, th%?%uttc a%\ééloﬁll% Anrgtes e&%er%gr}%%)g E&&%cﬁ[@)%%& Slﬁl%md,
si nce t hdhgegthannel TFT 1215 is always in the ON state (i.e., its channel

is formed), a v%ltatge of the positive power source line 1219 is applied to
the gate wiri ngPep.18e beffer hellgs wemppseddt & plurahity elisuffanhd? Baatonjat sve

ol tage i | t i 1211 e pschannel. TET. 1214 cones
;/nt 0 '? hela%{ﬁgétg g%cgﬂfebrgco%%?%o%gggg%e I\sdis’ﬁg):mfcﬁlés 8?\%8{12&?% &?61?0“5‘1{83 BQtE‘IiuanneI
TFT 1214 that thé bieffers D20BattbaR 13y mbPRave-tEO SR rulfile 1215, the el ectri cal

potential of the gate wiring 1218 is pulled by an output on the side of the
- Furthermore, the buffers 1213a to 1213c are formed with p-channel TFTs 1214

to 1216 as TFTs of one conductivity type. The output line 1211 from the decoder is
input as a gate of the cormresponding p-channel TFT 1214 (a first TFT of the one
conductivity type). The p-channel TFT 1214 utilizes a ground power source wiring
(GND) 1217 as its source, and a gate wiring 1218 as its drain. Mofeover, the
p-channel TFT 1215 (a second TFT of the one conductivity type) u_tilizes the grouhd
power source line 1217 as its gate, a positive power source line (Vpn) 1219 as its source,
and the gate wiring 1218 kept always ON state as its drain. | |

In other words, each of the buffers 1213a to 1213c in accordance with the
present invention includes the first TFT of the one conductivity type (the p-channel TFT
1214), and further includes the second TFT of thé one conductivity type (the p-channel
TFT 1215} that is connected to the first TFT of the one conductivity type in series and
utilizes the gate of the first TFT of the one conductivity type as the drain.

Furthermore, the p-channel TFT 1216 (a third TFT of the one conductivity

type) employs a reset signal line (Reset) as its gate, the positive power source Jine 1219
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p- channel TFT 1214, thereby resulting in the electrical potential of the
ground power source line 1217 being applied to the gate wiring 1218.
Accordingly, the gate wiring 1218 outputs a negative voltage (that causes
the p-channel TFT, to be used as the switching el enent of the pixel, to be
in the ON state) when a negative voltage is being applied onto the output
line 1211, while always outputting a positive voltage (that causes the
p-channel TFT, to be used as the switching elenent of the pixel, to be in
the OFF state) when a positive voltage is being applied onto the output
line 1211as Theoycetradnbd b Witied 621%avsedrans d steskltbeswdtéd thaf oie droied ng t he

gate wiri ng 1218, #o ﬁﬂ ch the negative voltage is being applied, to be
pul | ed upPPECLSPE ¥7& &2 ARy B &erlageAwrith a aegagive gowen saur¢edinepvtiiduisa t he
gate wiri LS I . i | is.in t hat ositive
vol tage i g gg%%ig(?]é%léltng&ﬁﬁ %ﬁ?lgg\%fl ‘?"?‘E‘gé &hﬁg&g?ﬁaghcgﬁ?‘ge&jtrﬁ? E[33&?1l.lﬁegofgtahat t he
p- channel swHEhihg tRnreayofrepiasl td @din ¥ ON didte). gate side driving circuit that
operates in the_above-described nanner, the gate wirings are sequentially
sel ected. Then, In Hds ease e ehanseloridth Gudicated ai W) df theichanoe ' BRI 121%5ashown i n

Fig. 26. QuIr i rj Vi circuit as in Fig. 26 includes a
degoder 1:‘5%%?“2“’?@? i’r{‘%‘i@%‘f,asaﬂg) %g%ﬁf’f. fiL %g%%ilﬁé%mﬁfhg‘edé@%’éﬁmplgﬁ)li and
the buf fenvi0dyhayvent ReahslenbiagR kel (ChUERTn Wil h hBARE Blmddies A, ST de
driving circuit, respectively, descriptions Therefore are omtted™ere. In
t he case ofeasured othe diredtiahepetpandiontyr ¢o 4 cluinbeldgwm in Fig. 25, the latch

1302 is conpos f first stage latch 1304 and a second stage |atch
1305. Each of t&ge?‘?‘ﬁf@f 12%3%@’@613%%% fodlprsanPurs & dimmeesedide Whickn 1305

i ncl ud - BV i caunjt 7. d -ch | TFT
15060 to TSDELE et PbeRBRbRuA oy Be bilpl jRES L RTRERR L TRTARASTE, T
gates of theeOFEspec (o dtsohaned)annel folhid®. 18RGAe bded BARC stnbathe f-ehdfnkhe

basic unit _1307. It should be noted that the nunber mis any integer. For
exanpl e, TRt Hd5daaleways in the OP&aiali pl dychanhe inforived), ofvotthge afobe pesitiwer | ngs

5 510, | B RRRSenS e UE GRS 9h flE D el 2l f s reautred o
t)lhtesl)qu?ﬂr) gr r g?U![ %Ctgée gtehseggzrir)l}'[; oY indQdse $hert Q%e@étﬂ%@oﬂ@i@is aBBl\i@:Vt%rthe \4}%& me8, .
line 1211, the p-channel TFT 1214 comes into the ON state. In this case, since the
channel width of the p-channel TFT 1214 is wider than that of the p-channel TET 1215,
the electrical potential of the gate wiring 1218 is pulled by an output on the side of the
p-channel TFT 1214, thereby resulting in the electrical potential of the ground power
source line 1217 being applied to the gate wiring 1218.
Accordingly, the gate wiring 1218 outpuis a negative voltage (that causes the
p-channel TFT, to be used as the switching element of the pixel, to be in the ON state)
when a negative voltage is being applied onto the output line 1211, while always
outputting a positive voltage (that causes the p-channel TFT, to be used as the switching
element of the pixel, to be in the OFF state) when a positive voltage is being applied
onto thé output line 1211, '
The p-channel TFT 1216 is used as a reset switch for forcing the gate wiring
1218, to which the negative voltage is being applied, to be pulled up to a positive
voltage. Namely, after a selection period of the gate wiring 1218 is completed, a reset

signal is input so that a positive voltage is applied to the gate wiring 1218. It should be
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NAND circuits is 80 and the nunber of the necessary selection lines is 14
(corresponding to 7 bits). Nanely, assum ng that the nunber of the source
wirings is M the nunber of necessary NAND circuits can be expressed as
M m Sources of the p-channel TFTs 1306a to 1306c are connected to video
signal lines (V1, V2, ..., VK) 1309, respectively. Nanely, when a negative
voltage is applied to an output line 1308, all of the p-channel TFTS 1306a
to 1306c are sinultaneously put into the ON state, so that video signals
are taken into the correspondi ng p-channel TFTs 1306a to 1306c,

respect i veltsd thihibe picheond MFAal24 6 mayetorkiaed.i n are retained in capacitors
1310a to 1310c,_respectively, connected thereto. Furthernore, the second
stage | atch 130‘¥Ita|t§%gatﬁé1dﬁdié§1r@ @rgitahatiopestes i dhecahoni tdescrib8d Mnnae h

conposed - I Ts. llc | of tes of .the. .p-channel
TRTe 13110t pBHEANAR sedlchiialy M8 TR ?‘r&?’}%ﬁe o side ‘gfb"ll fat when
a - 49 negatduiteisvelotvagl Fsy. g iTeE dobrdeN@idd AtiGHhgSEHERR ad kGl 34 Figaby of the
p-channel TFTs 131l1a to 1311c are simultaneously turned on. As resul t,

t he si gnansludes aflepeder Blhe laelpddi% onda bBFGa1303. 1Sih0e thar decoden1 30t endi ned
respectively ih capacitors,1313a to 1313¢_connected to the p-channel TFTs
1311a to *E%X’Etf?f Bt i }Hl?%ﬁ’z FE{“%W@WW@O&CH& tBei et side b ingrfigHil: as
descri be@e%&ﬁvel&ﬂfe@&fﬂ?ﬁ)‘ﬁs g@gﬁ?lggggm%?ﬁgﬁhm ghals are output to the

source wirings 1314 via the . e source side driving circuit

that operates iln thdieasalbodie-sdesersideattivim it shb@n SOBLC 85 Whé 128613024
sequentially selected. As described in . the above, b nposi ng the gate

{ y CO
si de dri VioRyposed efin dirgdritpeeatch 43t ard ajserond stage dafcle il tEashiof the fitshe

p- channel JTET | %€ i and.the . drivi Ci rcui can be

entirely sft%%:cr%tghgk b% %féd %’r‘l’ %ﬁgdr?ﬁé}aé E‘%‘éh ?%@_(:’8&8?‘??9? g}frqﬁlﬂbﬂ%%wné&é%n of an
active nedachXolnppseddbfSpl pyhAavi TETs B306aks 11864d. oy b@bek BRd1sod heaugbput  of
the TFT steps can be significantly inproved, thereby resulting in a reduced

fabri cat i #s0dast301 Thinpst rugater @f thé rashecsive mbpethamrel TEAR 1B@6aappl 306d thad t he
driving circuit. of a tive trix substrate in Enbodinents 1 or 2.
Enbodi nenftonfghfi}éars?colﬂfgpgg' i cXtrF&g‘Elf%’Pn& it %éﬁec‘&ﬂnt%?énhﬁﬁﬁf’ &¥eged by using

the present For example, in the case of the VGA display, the number of the source wirings

is 640. In the case where m=1, the number of the NAND circuits required to be
provided is also 640, while 20 selcétion lines (corresponding to 10 bits) are required to
be provided. On the other hand, however, when m=8, the number of the necessary
NAND circuits is 80 and the number of the necessary selection lines is 14
(corresponding to 7 bits). Namely, assuming that the number of the source wirings is
M, the number of necessary NAND circuits can be expressed as M/m.

. Sources of the p-channel TFTs 1306a to 1306¢ are connected to video signal
lines (V1, V2, ..., Vk) 1309, respectively. Namely, when a negative vbltage is applied
to an output line 1308, all of the p-channel TFTs 1306a to 1306¢ are simuitaneously put
into the ON state, so that video signals are taken into the corresponding p-channel TFT5s
1306a to 1306c¢, respectively. The video signals thus taken in are retained in capacitors
1310a to 1310c, respectively, connected thereto.

Furthermore, the second stage latch 1305 also includes a plurality of basic units
1307b each composed of m p-channel TFTs 1311a to 131lc. All of gates of the
p-channel TFTs 1311a to 1311c are connected to a latch signal line 1312, so that when a
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invention. The follow ng can be given as exanpl es of such el ectronic
apparatuses: a video canera; a digital canera; a goggle type display (head
nmount ed di splay); a car navigation system an audi o reproduci ng device
(such as a car audio system an audio conpo system; a |aptop personal
conputer; a gane equipnent; a portable information termnal (such as a
nobi | e conputer, a nobile tel ephone, -a nobil e gane equi pnent or an

el ectroni c book); and an i mage pl ayback device provided with a recording
medi um  Exanpl es of these sem conductor devices are shown in Figs. 27 and
28. Fig. DRYEAVE Vokageds epplied torthwilatoh sighaldimekt 2.ogil gliahs proabned TPW ¢311and so

forth, whj C@lli ncl udes a frane 3(&())1, a support table 3302, a display
portion 3%b311GAGEulanequsly firned nl ay portion 3303 can be applied to the
liquid crystal gisplaydgyg G ] trix drhvin own i,n Fig. 8
or the light emtting ld’eflhl\écs'ggnsa(fgsl;\r/\élli}gi|m?1(fIt]illl \g{Ee g%a 1rtl%rtS h]grlbi’1 fi? g&iﬁ? 8tf I“?@

circuit cesaihel feparively imppayiiaty 18182 303 LHMCREESISMhe DGR OFFTsThe
nonitor of _a desktop personal conputer can be conpleted by using the

present i hyERtP dAllo-ped simplangouplytoutitug o thebutfenl ¥8ne Themins discribed withs a

mai n body IS rtjion 3312 n audi o i.nput_portiagn 3313,
operat i onrcg%%%%@sﬁgﬁﬁiy%e%%n? r3° 34Pat tozaatrti‘e SPhHEGE 1?‘5%*91@%‘@3 B’_t?r}{q%%’ﬁ. 3316,
or the Ii keih fHeesodtenidy dRoik] GRuR A GRAACINARP bEFE b LiB& mlahﬁéf,' ecrystal
di spl ay device of an active matrix driving shown in Fig. 8 or the [ight

enm tting dHuwecwirgigawe sequdEitiglly Scledtedt her integrated circuit can be forned

by applying the TFT 4 fdt hggeprese t invention. The videq canmera can be
conpl eted by usfh§eiFRed it feahove.Riesrmpnsingshy sateaids drvisg caedsand Hsr t i on
(the rightsh& LapPugsad &f ga&_ r STt Lch i ncl.ud mai n
body 3321, si gr%al cables c%%é)g a tﬁgggéhgrg?ﬁt ban Igégggjlxaeigg(:rtllégﬁgn%tohreti on

3324, an dpting adircsits tcemtid3&firely fbimpd ay 1BSFochadhiclt TETY. | cortingl @i GRhay
portion 26 can be applied to the liquid crystal display device of an
active matdrkatn f MpctiNeWwrtox WoEidisplay deviacha fabiighioreyieldtandg teangbputs hown

in Fig. 9 t Lntegrated.ci-r.cuit can be. formed by .applying,th TFT of
t he prese%% e:ﬁ%\)ven iSI(t)élél’TS %?egﬁe% -lﬁ%%nr%]:ye oL athe §§ ﬁé‘ﬁuegnlﬂl 5t%ﬂu°§§ usi ng
the presefibricatinddsQn. THel druc@fddf thisusiioatSsht 3 bERYRicH 8P RIS LArQAPAr at us

whi ch includes a recording medium (nore specifically, a DVD reproduction
appar at usyf angftivh matdx siehsgatg imEimbodmahnts 1 or 2. :

Embodiment 13
Various semiconductor devices can be manufactured by using the present
| invention. The following can be given as cxamples of such electronic apparatuses: a
video camera; a digital camera; a goggle type display (head mounted display); a car
- navigation system; an audio reproducing device (such as a car audio system, an audio
compo system); a laptop pefsonal computer; a game equipment; a portable information
terminal (such as a mobile computer, a mobile telephone, a mobile game equi‘pment Or an
electronic book); and an image playback device provided with a recording medjurm.

» Examples of these semiconductor devices are shown in Figs. 27 and 28.

- Fig. 27A illustrates.a monitor of a desktop personal computer and so forth, which
includes a frame 3301, a support table 3302, a display portion 3303, or the like. The
display portion 3303 can be applied to the liquid crystal display device of an active matrix

driving shown in Fig. 8 or the light emitting device shown in Fig. 9. Another integrated
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3331, a recording nmedium (a DVD or the |ike) 3332, operation swtches 3333,
a display portion (a) 3334, another display portion (b) 3335, or the Ilike.
The display portion (a) 3334 is used mainly for displaying i mge
information, while the display portion (b) 3335 is wused mainly for

di spl ayi ng character information. The display portions 3334 and 3335 can
be applied to the liquid crystal display device of an active matrix driving
shown in Fig. 8 or the light emtting device shown in Fig. 9. Another
integrated circuit can be formed by applying the TFT of the present

i nvent i orcircyiecan gdermaeshby dpplying iheafParadttbes present eventomp| Biadodiyr ugang t he

toi tion., Fig. 27E illustrat le t di spl head- ted
G oo ay) AR prAor dupdtd canbr Coppied Bu BsinG TSRy ohon. 3342, an arm.
portion 3343. THe s RludYatBOl Ve catad 3vid] iR aaPR Haﬁldbcgcgr Zgiﬁ | Id]%u%d
T shown -- 1 P_ Y 8 or

crystal display device of an active matrix driving

the |i ghtpeetion 8318y ademiliveinplitopuitiom 353y opSatidnehitdes BBI LU BlRe, 31CWht can
be forned by applying the TFT of the present invention. The goggle type
di spl ay CHEHECCHHENBHEILI I, Asiha dikeh eller dispdan partenedti2ean bEagplie@ Trthe

illustrates, r sonal er ich.includes.a. main bady. 3351, a
frams. 53004 Rl PRGBS AANT oCATBINE il il BT i PR Lo Pigicifne.

di spl ay quoittiigodev@35Bo@arin e, applArthet htbdifed CHIIHAT IS fdined _b? rab@ymgew ce
of an active matrix driving shown in Fig. 8 or the light emtting device
shown i n e glFIgof Appopiseant inventign.atBy Wilec camnere avan e ¢opmpletad iy ey sheng t he
TFT of the present.invention. The | aptop personal conputer can be

conpl et ecprgé}nggliv?{amphe present invention. Fig. 28A illustrates a portable

el ephone i cignel iSSP, SRy oOPSLAL LM RORETO2,

connecting portion 2703. The I's” conpose

crystal dwbichdyclleyiagegin dody 332 1ayigda\dables 3704 athygd fricask thyd 382ELa dirspl ay
device, a sound output, portion 2705 and-an antenna 2709. The operation
panel 270%rfien ég%d’éléﬂ’“‘:@fsyétﬁm%a@i%?quye%ﬁ@?%t,hedﬂ@om@he disblex tportipg2 and a
sound in I The.. . di Ltlon,.2704.can be |ied to the
liquid c%gszt% 3:"%@? Igeéqgg\l/el 1c 1%?1' Ygt%i (gi%:(ql%?}g%ewcr?a AP Wlaﬁé Ggﬁg%ns AP Fi g. 8
or the |iighFigesrot therlgghd enitcife 88@¥NsHo/mFnFig . ARkRL intedritb @ Bfr@fin el CUI t

can be forned by applying the TFT of the present invention. The portable
t el ephonefosaed b ap@ipk dhe §F B! ths presenhinvprtmaenthd headrnproned display can be
completed by using the present invention.
Fig. 27D illustrates an image reproduction apparatus which includes a recording
medium (more specifically, a DVD reproduction apparatus), which includes a main body
3331, a recording medium (a DVD or the like) 3332, operation switches 3333, a display
portion (2) 3334, another display portion (b) 3335, or the like. The display portion (a)
3334 is used mainiy for disp_laying image information, while the display portion (b) 3335 is
used mainly for displaying character information. The display portions 3334 and 3335 '
can be applied to the liquid crystal display device of an active matrix driving shown in Fig.
8 or the light cmitting device shown in Fig. 9. Another integrated circuit can be formed
by applying the TFT of the present invention. The image reproduction apparatus can be
completed by using the present invention.
Fig. 27E illustrates a goggle type display (head-mounted display) which includes
a main body 3341, a display portion 3342, an arm portion 3343. The display portion

3342 can be applied to the liquid crystal display device of an active matrix driving shown
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Further, Fig. 28B illustrates a sound reproduction device, specifically, a
car audi o equi pnent, which includes a main body 3411, a display portion
3412, and operation switches 3413 and 3414. The display portion 3412 can
be applied to the liquid crystal display device of an active matrix
driving shown in Fig. 8 or the light emtting device shown in Fig. 9.
Anot her integrated circuit can be formed by applying the TFT of the
present invention. The sound reproduction device can be conpl eted by using
the present invention. Fig. 28C illustrates a digital canmera which '
i ncl udes ia Figi $ obtligh erijtting defiispihaywnporftig.ch (AptHBE DRsgraed ciennitfdan der
portion %03,dgﬁer tion swtches 3504, a displa portion (B) 3505, and a
battery 3558d PKarRywg e 15, of Bp Pressuoinyenions ohecgneeifetyPa gisPlag #an 8¢t he
liquid cr ' : ' : active matrix driving shown in Fig. 8
é@*}?gtc&i by Qélﬂ%/ %hg gﬁ’ég@rﬁ i¥fen

or -52 the ht emt evice shown in Fig. 9. Another integrated

circuit can be Figr 0P ilhystraeppl by pdieoniFdomputth@hRheseRtes 5@k iveay The
digital canmera can be conpleted by using the dpresent i nvention. As set

forth abo¥®l, g hamsr3dsem displr poTtion 3335, Dkeydward Bib4ver tholikky The displiagie range

of el ectroni. ratyses i.n.all, fields. The. el ectranic_ .apparatuses in this
enbodi rren?orhé%%gggec alélr%? %Jr??em%go é%%;hﬂb]ﬂr%? ?t. n%ls%l%\%/ﬁwf?l Oér?%o?ﬁt%ﬁ?%mi to

12. As desgriviBedhaRavi, Fid1es ol @ eiidht | divifitel A&viksS sk@Palh emigfl of orAfdugk
n-channel- TFTs of different LDD structures and a p-channel TFT on the same
subst r at einfagrathé caewit cpr btémedmamﬂymgnhd’l‘ﬁa‘mfvtbe pesent joventist r dthe can be

used to nufacture a |igquid crystal display device, or a display device
havi ng anf@@ﬁtpcwgtqoﬂ'@m&éfé? g%f\'/lonil tegé’ﬂéls’é’ﬁﬁléfi prgscat eIt ng' t he number of
phot o masks | ea k RYg Jan: i b t

i nvention can sﬁ%u%%ﬂfemg{ﬁglgig P%%%iekﬁgﬁ%we?ll}:}ggﬁcﬁg%yé gfrglgl 4y :g%%fl %?ﬁ%ﬁ“@ e

char act er opdrativs: pahiclt 1702 actdnvnectigtpottionSAT08! rBileadifpiayqRbEiM701 Rocontsat sfuct ur es

of n-channel TFTs as _descri bed above. WHAT IS CLAIMED IS : | A nethod for
manuf act u# liggidLrestalidisphadevise. ddivpler dedesn? 104 thpjfiehby g ddsdisplay dedemiang a
tsﬁgi gce)%d g%éﬁlc?fécc{uyﬁlwplgﬁf%ﬁ %05 gr?(? &8 grtltgﬁnafﬁﬂg? n?heaop%?atti%n ipggel[l |2%i- i ogllipkggdover
of an operation key 2706, a power switch 2702 and a sound input portion 2708. The
display portion 2704 can be applied to the liquid crystal display device of an active
matrix driving shown in Fig. 8 or the light emitting device shown in Fig. 9. Another
| integrated circuit can be formed by applying the TFT of the present invention. The
portable telephone can be completed by using the present invention.
Further, Fig. 28B illustrates a sound reproduéﬁon device, specifically, a car audio
equipment, which includes a main body 3411, a display portion 3412, and operation
- switches 3413 and 3414. The display portion 3412 can be applied to the liquid crystal
display device of an active matﬁx driving shown in Fig. 8 or the light emitting device
shown in Fig. 9. Another integrated circuit can be formed by applying the TFT of the
‘present invention. The sound reproduction device can be completed by using the
present invention. '
Fig. 28C illustrates a digital camera which includes a main body 3501, a
display portion (A) 3502, a view finder portion 3503, operation switches 3504, a display
portion (B) 3505, and a battery 3506. The display portions 3502 and 3505 can be

applied to the liquid crystal display device of an active matrix driving shown in Fig. 8 or

-52 -




formng a first conductive filmover the gate insulating film formng a
second conductive filmover the first conductive film formng a first
shape gate el ectrode by etching the first conductive filmand the second
conductive film introducing a first inpurity element into .the

sem conductor filmby using the first shape gate el ectrode as a mask;

form ng a second shape gate el ectrode by etching the first conductive film
and the second conductive filmso that each edge of the first conductive
filmand the second , conductive fil mhas a tapered shape; and introducing a
second i npdihG ight emattieg deyige shavreingdis & o ndatharintetatadmjrauticay bt ermeddyond

shape gate r . A neth cording to claim1, erein
the first iaﬁﬂf)lgirhl tgggFgﬂrsr%n ngZrléSeﬁ_g%n yﬁ%*lo%oﬁg'ﬁ%ﬁ?pk%l tcﬁmg‘f? CaR BRtorBRfesd &8 di ng
to clai m 1usineliccprdsenbmvemeand i npurity el ement has n-type conductivity.

4. A nmethod according to claim1, wherein the first conductive film
conprises at | edsteidash abaver thapreseitemtestor canrbetappligh auipudpnsa stdetgngf N,

Ta, W Ti, Mb.. 5. A meth ing to ¢claimi, wherein th d

Condutt 1 ve oF PERrEBs prRslee o BIE Tt desirands pausisenindus FrBMITHE GBoup
Het SES at e ! ' _ t ; ool

T wher e 1% B onctt Eiptighfition shofn il Eibboaufien§ B 08y BEGOEN Mol S For

manuf act ur iprgemt isemnition ideaphble of Gotiriy 6 QEPIHE TRYs bN@fBieAPE.DYS struck@bdld a
sem conductor filmover a substrate; formng a gate insulating filmover

the seni colderehamek Ty on fhe papgy substrpteshy dhmsares ipvasess. | rhhovelrtaingd agfitee -

i nsul ati ng _fj.l ] second conductive, fil ver the first..
conducti ve HHU{I%%U}:%S%‘I_ ‘;?1@%5%8%? ?draté) {18 S%Céuragtlkquéq %‘éf?tﬁ)‘ﬁéﬁﬁ};/ dEYiEhHi R G ALY i r st
conduct i Ved%izilcéfhﬁﬁﬁi%hﬁghmﬁﬂﬁﬁi@%ﬁ@@ﬁ@ﬁééaﬁﬁsﬁbétfﬂtéo that each edge of the
first conductive filmand the second conductive filmhas a tapered shape;

i ntroduci ng a firsReflyging iheynuehtemaritphottt massdesdsniociompalonatdoprofiudtivitpy Iisi ng
the first - . : . . '
addition, the present invention can simultaneously improve the reliability and
performance characteristics of the active matrix substrate by optimizing LDD structures

of n-channel TFTs as described above.
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‘shape gate electrode as a mask; form ng a second shape gate el ectrode by
etching the second conductive film and -54 introducing a second inpurity
~elenment into the sem conductor filmby using the second shape gate

el ectrode as a mask. 8. A nethod according to claim7, wherein the first

I mpurity elenment has n-type conductivity. 9. A nmethod according to claim
7, wherein the second inpurity elenent has n-type conductivity. 10. A

met hod agpar disnguramMEbailh 2, wherein the first conductive filmconprises at
| east one material selected fromthe group consisting of N, Ta, W Ti, and
M. 11. Aqnmet hooh ASREd fr khriufachlrRigl domi¥biRielon dbyige é&ﬁ%gclﬁggfséﬁé bke film

conprises at | . S t fromthe group consisting of Ta,
W Ti, M, Si ,fsﬁl%%ﬁge%ﬁﬂqg&b%lrﬁe&ﬁgé Sgg%ﬁedi ng{ to claim7, where in the

tapered shape 'RZUNG A 9gigypeu %tfngggm QugT thg semicpnduCigeiliod for manufacturing a
semi conduct or Taening a fiess epRdusitivefilmeves thegate insulating flMmg a sem conductor film
over a subst r dbening agstald ¢condogtiveliitm Seeai the fickt edraductivd fim; | Nt r oduci ng bor on
into the crystigihihga fﬁﬁ@k@@@?ﬁfé Blectréddby E@hithAe firRbRdudivd bRt hdite | M
over th%e%BN@E@Mu'c{f\% figm conductor film™ formng a first conductive film
over the gate .l ns#watl n {j | m. folrm' nt;, g}nlzecond conduc{_.i ve filmover the
first conducti'UEouci g2 m%tyae pMeatini,0F SeguGandustar fimbe Ug)d MecPthg t he
first cohaneopipLleslione 88@ A second conductive film introducing a first
i mpurity el endatmingaceched shyst gatei electwdaibyaeiching tre fist cormyctivesiiimgartdhe
first shapeegaidcoideshediia sashat dabkadgb @t R irsBcSRBNE MMAAR! Balsec@iect r ode
by et chiddgdldifelilrh hhs § pAPEEd sMepef Bhgn and  the second conductive filmso
{hat each 2905 flakihg 4 géc%md%&aﬁmstélgrﬁe&'ir',tg‘tﬁé‘%eﬁﬁ‘c%na&&&“ﬂm SPOGK teve T1Im
_ sl?ecomfI shape'gate &ectrode as a mask.

2. A method according to claim 1, wherein the first impurity element has n-type
conductivity.

3. A method according to claim 1, wherein the second impurity element has n-type
conductivity.

4. A method according to claim 1, wherein the first conductive film comprises at
least one material selected from the group consisting of N, Ta, W, Ti, and Mo.

5. A method according to claim 1, wherein the second conductive film comprises at
least one material selected from the group consisting of Ta, W, Ti, Mo, Si, Al and Cu.

6. A method according to claim 1, where in the tapered shape has an angle of 45°
to 75°. '
7. A method for manufacturing a semiconductor device comprising the steps of:

forming a semiconductor film over a substrate;

forming a gate insulating film over the semiconductor film;

forming a first conductive film over the gate insulating film;

forming a second conductive film over the first conductive film;

forming a first shape gate electrode by etching the first conductive film and the
second conductive film so that each edge of the first conductive film and the second
conductive film has a tapered shape; .

introducing a first impurity element into the semiconductor film by using the first
shape gate electrode as a mask;

forming a second shape gate electrode by etching the second conductive film;
and
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-introducing a second inpurity elenent into the crystalline sem conductor
filmby wusing the second shape gate el ectrode as a mask. 14. A nethod
according to claim 13, wherein the first inpurity elenment has n-type
conductivity. 15. A nethod according to claim 13, wherein the second

I mpurity elenment has n-type conductivity. 16.. A nmethod according to claim
13, wherein the first conductive filmconprises at |east one materi al

sel ect ed fr om intiedupirgup seamsli istpurity elémbt ihitn, th¥VsefhicondactoMiim b Bsidg theA

net hod asszondishghd §at6 bRchdde3as ¥hRfsei N the second conductive film conprises
at | east one material selected fromthe group consisting of Ta, W Ti, M,

Si, A d Cu. 28 A nethod according to claim.13. where in e tapered
shape. ot an. adyietiod S8R GESkM 37 vindreln st et Fetrial iy nvpe

sem condt¥d8FtMI¥yi ce conprising the steps of: forming a first insulating
filmover a substrate; form ng a second insulating filmover the first

i nsul atigg fil mmethod Btdeeding &eobig® nOWEéRIh the kB3dPdampling eftesH thas Agyeat | Ng
film fomaLegig 9ate insulating filmover the sem conductor film formng
a first conductive filmover the gate insulating film formng a second
conductiyve filmover %he first conductive fi Iegg_ formng a first shape gate
el ectrod® by et SHPEHOY RECardling fto SBHA e hpeein thendirghepndyetivesiimaramresatiatt i ve
film ireagdneimyedalselestedfiopuibietgyoun eonsisting ot Tehw, Je@ndddduct or fi | m by
using the first shape gate electrode as a mask; form ng a second shape

gat S e![ et Uﬂﬂﬁfthbﬁ aBédifihg & %Iii@n fi Wﬁérfﬁlqag 'if@rédn\ﬂ%oﬁﬂﬂjdg?véj[ﬁﬁn cbr}@ﬁ:l'iﬁcdi’d%tsth
conduct i 1 : £ V. m an e
second déﬁenlﬁagﬁh 5%"%".@%“#‘?@5 a&tggggge%&sﬁapker{;l’s‘g’nﬁ’qpnﬁlb Iu%]ldn%u'a second
impurity element into the sem conductor filmby using the second shape
gate el el&rode Adnethodageording toglaiay fydherr indhefapgradshapainas ao angleef 4bh t he
first idpuBi’ty el ement has n-type

13. A method for manufacturing a semiconductor device comprising the steps of:

forming a semiconductor film over a substrate;

crystallizing the semiconductor film;

introducing boron into the crystalline semiconductor film;

forming a gate insulating film over the crystalline semiconductor film;

forming a first conductive film over the gate insulating film;

forming a second conductive film over the first conductive film;

forming a first shape gate electrode by etching the first conductive film and the
second conductive film; '

introducing a first impurity element into the crystalline semiconductor film by
using the first shape gate electrode as a mask;

forming a second shape gate electrode by etching the first conductive film and
the second conductive film so that each edge of the first conductive film and the second
conductive film has a tapered shape; and

introducing a second impurity element into the crystalline semiconductor film by
using the second shape gate electrode as a mask.

14. A method according to claim 13, wherein the first impurity element has n-type
conductivity.
15. A method according to claim 13, wherein the second impurity element has

n-type conductivity.

16. . A method according to claim 13, wherein the first conductive film comprises at
least one material selected from the group consisting of N, Ta, W, Ti, and Mo.
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conductivity. 21. A nethod according to claim 19, wherein the second
inpurity el ement has n-type conductivity. 22. A nethod according to claim
19, wherein the first conductive filmconprises at |east one naterial
selected fromthe group consisting of N, Ta, W Ti, and M. 23. A nethod
according to claim19, wherein the second conductive filmconprises at

| east one material selected fromthe group consisting of Ta, W Ti, M, Si,
Al and GI. 24. Amuthdwatcaing idicizimt 1@, ehatetn the, sevdrel endactiviedilrh peipdsess hape

has an anWRt ehe mhteraPselécted #6m the FRIUDREnéiSing TR MECTUKDbNG;, Al &RNTg.onduct or
device conprising the steps of: formng a sem conductor filmover a

substrateg; form,n ate insulating.filmover the sem conductor fil
forming -1 r; AJUHAARAPRERg Ko P2, haStshdhe lRgRred shago b A 198 ¥ g a
second n&u€®i-ve filmover the first conductive film forming a first
shape gate el ectrode by etching the first conductive filmand the -56

second cignduct i Amethddor mahFLsushd'8 semidoh8lictbraevick tYmpHSAE Me dt@dsoft he
sem conduct or fBlinlliH%QWiréﬁ{sﬂ&tiﬁ fird b\F%ta %&,Qg&% gate el ectrode as a nask;
a trode

I

form ng a secqnd .shape gai.e ectro fching.the first conductive film
and the sec038'”&!8%8%?5?_]%'"?@?*!%95“ mt%ﬁf%gzgﬁ 'r_ésH gr_’%ﬁl,"'f’he first conductive
filmand the JRFHRY 2 SeBYRMEYSIOEIIM Qv thesegopdipaviatinasitlpe:; and i ntroducing a
second i npur i tfgrraing megate insulatingfémswet therstmicandudton fitmby usi ng the second
shape gate el dotntinge fiast candmetike fimheveritiie gatpaisuiatmg filfn;t he gate insul ating
fil [n in V\'?i ;32 bheing ian%borihOéHﬁHQétiv_\éQilﬁiobg? #he first ecRetivd fimt hi cker than otzger
portion o i & . , :
Wherei n the ﬁ°§ﬁ@ﬂ?ﬁ*@%@ﬁ%ﬁiﬁ%@e by Pyl U6 AT Bl By ShaUB 2

C
accor di r?&c?'(’)é &e ' Mpherein the second inpurity el ement has n-type
conducti vi ty. Introducing a first impurity element into the semiconductor film by using the firs

shape gate electrode as a mask;

forming a second shape gate electrode by etching the first conductive film and
the second conductive film so that each edge of the first conductive film and the second
conductive film has a tapered shape; and: '

introducing a second impurity element into the semiconductor film by using the
second shape gate electrode as a mask.

20. A method according to claim 19, wherein the first impurity element has n-type
conductivity.
21. A method according to claim 19, wherein the second impurity element has

n-type conductivity.

22, A method according to claim 19, wherein the first conductive film comprises at
least one material selected from the group consisting of N, Ta, W, Ti, and Mo.

23. A method according to claim 19, wherein the second conductive film comprises
at least one material selected from the group consisting of Ta, W, Ti, Mo, Si, Al and Cu.

24. A method according to claim 19, where in the tapered shape has an angle of
45°t0 75°.
25. A method for manufacturing a semiconductor device comprising the steps of:

‘forming a semiconductor film over a substrate;

forming a gate insulating film over the semiconductor film;

forming a first conductive film over the gate insulating film;

forming a second conductive film over the first conductive film;

forming a first shape gate electrode by etching the first conductive film and the
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. 28. A nmethod according to claim25, wherein the first conductive film
conprises at |east one material selected fromthe group consisting of N,
Ta, W.Ti, and Mb. 29. A nethod according to claim 25, wherein the second
conductive filmconprises at |east one material selected fromthe group
consisting of Ta, W Ti, M, Si, Al and Cu. 30. A nethod according to claim
25, where in the tapered shape has an angle of 45 to 75 . -

second conductive film;

introducing a first impurity element into the semiconductor film by using the first
shape gate electrode as a mask;

forming a second shape gale electrode by etching the first conductive film and
the second conductive film so that each edge of the first conductive film and the second
conductive film has a tapered shape; and

introducing a second impurity element into the semiconductor film by using the
second shape gate electrode as a mask,

wherein a portion of the gate insulating film in which the first conductlve film is
contact is thicker than other portion of the gate insulating film.

26. A method according to claim 25, wherein the first impurity element has n-type

conductivity.
27. A method according to claim 25, wherein the second impurity element has

n-type conductivity.

28. A method according to claim 25, wherein the first conductive film comprises at
least one material selected from the group consisting of N, Ta, W, Ti, and Mo.

29. A method according to claim 25, wherein the second conductive film comprises
at least one material selected from the group consisting of Ta, W, Ti, Mo, Si, Al and Cu.

30. A method according to claim 25, where in the tapered shape has an angle of
45°to 75°. --
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