1 4 JUL 2006 SEM CONDUCTOR DEVI CE AND FABRI CATI ON METHOD THEREOF BACKGROUND
OF THE INVENTION 1. Field of the Invention: The present invention rel ates
to sem conductor devices including a drive circuit as formed using a

sem conductor element with a semi conductor filmas an active |ayeyy X

sem conductor | ayer including a channel formation region, a source region
and a drain region) and also to a manufacturing nethod of the sane. Note
that typical exanples of the sem conductor elenment are transistors

i ncl udi ng, 8D b i i as net al
oxi de sem csgénﬁgggt or ig%kﬁéa‘ﬁf;]%mygmﬁﬁﬁ%|“H’P&?f¢iﬁﬁ€gﬂﬁ?TFTs) . In
addition, the present invention relates in particular to |large size

di spl ay devices (nmore than 20 inches) wherein resistance of wiring | ead
becomes a problemin su i Si d also to a fabrication nethod

t hereof. 2. Description M@#’o %’FZ%?E.I@IFMR reduction in weight
and power, consumption of portable information equipnent such as a nobile

t el ephoné- gﬁﬁ%%S#‘é‘f?BB?n:PC, smal | -size or niddle-size liquid crystal

di spl ay devi cegq have 1g?e,ner al] |y been used as display units thereof due to
merits of such IFAGFANIAYENLN Telaks (asemisvmdustr devietsHaeluding ajdsivesremt ng a
more active trend to enlarge the market of the liquid crystal display

devi ce upStoOrmed sing 3 ssmisopdngior plement svth »seeispeuctr Tlimats dacntivbyayesi ng

the liquid crystal display device in place of a traditional cathode ray
tube (CRE} Semigopdueer layer inclusideg s chpynel domnatisnt mewous| spusaticgiby didgher
fidelity and higher brightness in addition to the enlargenent to realize a
li quid crijdpaespy) apdralsveto avinetufaeiuiing medla! ph ti zenof Motdithpd sypicévi ce,
the nunber and length of wrings and resistivities of the wirings increase
accor di ngFymplas of heseminenivcton ¢lement brd dagbistor? @@duding, although not limited to,

field effect transistors such as metal oxide semiconductor (MOS) transistors and thin-
film transistors (TFTs). In addition, the present invention relates in particular to large
size display devices (more than 20 inches) wherein resistance of wiring lead becomes a
problem in supplying signal, and also to a fabrication method thereof.

2. Description of the Related Art:

To realize reduction in weight and power consumption of portable information
equipment such as a mobile telephone and a notebook PC, small-size or middle-size

( liquid crystal display devices have generally been used as display units thereof due to
merits of such liquid crystal display devices.

Further, it is becon&ing a more active trend to enlarge the market of the liquid
crystal display device up to a television (TV) and also to design a TV at home by using
the liquid crystal display device in place of a traditional cathode ray tube (CRT).
However, it is necessary to simultancously satisfy higher fidelity and higher brightness
in addition to the enlargement to realize a liquid crystal TV.

Further, with an increase in size of a display device, the number and length of

wirings and resistivities of the wirings increase accordingly. An increase in wiring
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resi stance woul d cause a delay in transmtting signals toward | ead
termnate ends to in turn badly affect the resultant displays. Therefore,
a technique for reducing the wiring resistance becones inevitallie)iriigy der
to widely spread the liquid crystal display devices to ordinary hones. So
far, as the technique for reducing wiring resistance, a nethod of w dening
line widths of the wirings and increasing the filmthickness of the wrings
have been considered, and actually, it has been realized to reducing the
Wi ring resi: o Y he fornmer is encountered with an enl argenent
AR Rou U ERelal IF B ine S GRS B et o

of elenent areas In portion Wi

result i ec, i n aperture,ratip apd to make jt ippossible to obtain
i gher brihEREg 2ePd AP R SR ThuRfo. RePERG aerdR et noaDe: ne
increase in filmthickness. of wirings resylts in _an increase in difference
bet ween dCTEYRSS PRI BRGLPIS HB QUG HysVdela seridy e FOrteaysH Rl ri ngs
to cause Qrod ction yields to decrease due to problens such as
di sconnecteV IS HsOIARERAMESf  reducti on of coating properties in
fabricating in%flﬁting films and nmetal filnms for electrodes. Additionally,
al t hough t her e Y%%2% 3eifpderhiaug dpndueng vitne (aEsfanse. cowshwd of vadyniag
materials with | ow resistance for wirings, which suffer fromdefects of
less corttsVisiths eihervipingy and dnqreasing: e i thickapsstafithe yirings bavedresnas
probl ems that projections such as hillocks and whiskers or the |ike are
formed bycorrEeied) apd caatypdlye it 4198 basat reakivedritn undusinamghdetising tesisdnéd. use
into a channel formation region to result in operation defects of TFTs or
degr adat | BeWeRLTIY fermerastaaepwtered withnan shkargement ahilessent ajess o pagy  to
forma suitable gate electrode of a TFT by using the above-noted netal
mat er i al sporien duatcevidghinganfdhd ed widths ¢s restlinge dedrbmimgadruagienumn (aAb )andr
copper (Cu). The above serves as a problem agai nst producing a liquid
crystal dpspikeyit gepassibledp ohtain higherebreghtesn reqiired. hABenvanyvel ¢, heitlatho et at ed
probl em becones nore appreciable with 2 1 4 JUL 2006

method, the increase in film thickness of wirings results in an increase in difference

between a layer formed under the wirings and a layer formed on the wirings to cause
production yields to decrease due to problems such as disconnection as a result of
reduction of coating properties in fabricating ihsulating films and metal films for
electrodes.

Additionally, although there is a method of using aluminum (Al) or copper

(Cu) as materials with low resistance for wirings, which suffer from defects of less

=,

corrosion resistivity and less thermal resistivity. It occurs as problems that projections
such as hillocks land whiskers or the like are formed by thermal treatment, and that
aluminum atoms behave to diffuse into a channel formation region to result in operation
defects of TFTs or degradation in TFT characteristics. In this way, while it is not easy
to form a suitable gate electrode of a TFT by using the above-noted metal materials, no
materials are less in resistance than aluminum (Al) or copper (Cu). The above serves as
a problem against producing a liquid crystal display device with a large screen.

In this way, the above-stated problem becomes more appreciable with
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i ncreasing performance required for a sem conductor device which has a
plurality of integrated circuits such as an active matrix type liquid
crystal display devices. SUMVARY OF THE | NVENTI ON The present ingenbﬂo& IS
performed in view of the problem stated above, and the object i b L 2006
provide, in a sem conductor device typically represented by an active-
matrix type liquid crystal display device which has a circuit using

sem conductor elenents, a technique for realizing lowresistivity of

eri conduct or | ni que for g low resistivity of

the. nomodr a8 e DR o F Ol O alBGE Rt CrBbr T 6P 2
thod f i cati 1 duct. devi t ) t t

(1 enper antir@HAE TR S T ERA 52 i e bl et P 2 g1 ass

substrate) to use glass substrates with a | ow cost. The invention has the
followi ng structure. A conductive filmcontaining Was its main conponent
is used for a first |ayer gate el ectrode in order to prevent
al umi num of the gate el ect F DB INVIENTTIONY diffusing into a
channel formatign region with a filmwhich contains Al as its main
component and i S| R3GFRHINVER QY Hrresfosmed, in yisvp Al theayableangatad bova, whilch
contains Ti as its nmain conponent, to fabricate the gate electrode with a
| ami nat e 8% PRIEEIE 0 Provife 1B BoE I ¢RdBFIORIISVIBY tpisaHy TapTesgairar it &5 aglieeh i s
capabl e of perform ng etching treatnent at high speeds. Additionally it is
requi r ed BHEY WPTRRUH spotddiismakdericofwhich digs et wiretit tupppgssasficonsductoni t s be
fabricated as a TFT in accordance with the function of the circuit. For
exanpl e, clemsnss, delsehragneclon Herlizingel orFTesistivity @8 witingsarednirede forgintacgirtent equi r ed
‘to achieve high-speed operations be designed to have a specific structure
wi th gr eand dhipheisprscision withpyicimereseing ntho pemalter of spseth dredmanufrberisgme ti ne
on suppression of any possible degradation as an appreci abl e probl em due
t o hot carpgesy, dndjmoheroprovide a sekimolwfor f8bseating 3 dedniddolduP@DGesice uctlawe t hat
an LDD region as provided between a channel formation region and a
temperatures (temperatures lower than or equal to the distortion point of a glass

substrate) to use glass substrates with a low cost.

The invention has the following structure. A conductive film containing W as
its main component is used for a first layer to form a gate electrode in order to prevent
aluminum of the gate electrode frc)Iﬁ transpiring and diffusing into a channel formation
region with a film which contains Al as its main component and is low in resistance as a

second layer and a film which contains Ti as its main component, to fabricate the gate

e

electrode with a laminate structure of the above materials by using an apparatus which
is capable of performing etciﬁng treatment at high speeds.

Additionally it is required that a TFT disposed in each of a variety of types of
circuits be fabricated as a TFT in accordance with the function of the circuit. For
example, it is desirable that the TFT provided in a driver circuit required to achieve
high-speed operations be designed to have a specific structure with great emphasis on
an increase in operation speed and at the same time on suppression of any possible

degradation as an appreciable problem due to hot carrier injection. It is known as such
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drain region has a concentration in order that the concentration of an
inpurity elenment gradually gets higher toward the drain region. Wth the
structure, the effect of relaxing electric field becones nore re rﬁ | e
in a depletion |layer adjacent to the drain region. In order tolf LDD
region with the above-noted concentration gradient of the inpurity

el enent, the present invention use a nethod of accelerating by electric
fields an ionized inpurity elenent for giving one conductivity type to pass
through a _gate.insulating filmand then add into a sem conductor |ayer. In
addi t P on STHEE PAGan Eﬁ’eﬂ% argop r‘i‘éé’ﬁ‘?‘f‘%‘f&q g%fwgale a Dem FRiRnLTREIQN 128 et ed
shape is formed to have a thickness %r adual ly increasing froman end
portion p&ﬂ%(?ﬁ‘?lhg?ﬁj%cweéfrétllﬁrh@, orgeftpt the SORGREALRIY Qlckn Fpwity plemieRburity

el enent i s sopewha ,%dded to the sem conductor |ayer through the tapered
shape. |ﬁf%dﬁéf{§£%t§ Hher Hred itndraisgiopd Wslythsrstivgtur e theeeffGch obredsing hat t he
concent raLeiqon of the inpurity elenment changes in a direction along the
channel [E&RYGIafield pecomesmorgirgmarkeblp i s deplptiny leves adisnens o Bk dsaie pegiii t hout

i ncreasing the nunber of rrasksb BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1

i s a di agram skdfrdeg fempthet kPPaggiontwidh therabowe-neted conseatreiiongragiegt 2 i s
an SEM phot ogr aph show ng an observation result of a |am nated conductive
filmas &f&ednpurity clegiant the diegent dnvesitioniung 2 omshakalihvpicel efaoing b dilstiion t o
practice of the invention; Fig. 4 is a diagramshow ng one exanple for

i mpl ementiigldsom iohizeRiimpirityesieinent; for Eivgng 5né somludiivigy smeshgusngrongk exanpl e
for inplenentation of the invention; Fig. 6 is a diagram show ng one
exanpl e feote insghieme fidmat dnointhefi add einfony eaticnduetor] kydiUL [ 806GtEH, gwitl ths a

‘di agram showi ng one exanple for inplenentation of the invention; Fig. 8 is
a di agr aprshownrentone a agmpkeardderwithrpltepeent sitapons fifrmet eo haveathiokiess

gradually increasing from an end portion toward inside by etching, and it is considered
that the impurity element is somewhat added to the semiconductor layer through the
tapered shape. In the present invention, the LDD region is formed in order that the
concentration of the impurity element changes in a direction along the channel length
of a TFT, without increasing the number of steps (without increasing the number of

masks).

{ BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing one preferred embodiment of the invention;

Fig. 2 is an SEM .p.hotograph showing an observation result of a laminated
conductive film as etched:

Fig. 3 is a diagram showing one example for reduction to practice of the
invention;

Fig. 4 is a diagram showing one example for implementation of this invention;

Fig. 5 is a diagram showing one example for implementation of the invention;

Fig. 6 is a diagram showing one example for implementation of the invention;
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Fig. 9 is a diagram showi ng one exanple for inplenmentation of the
invention; Fig. 10 is a diagram show ng one exanple for inplenentation of
the invention; Fig. 11 is a diagram show ng one exanple for inplenmentation
of the invention; Fig. 12 is a diagram showi ng an exanpl e of ¢lkegt riigal
equi prent; Fig. 13 is a diagram show ng an exanple of electrical equipnent;
and Fig. 14 is a diagram showi ng an exanple of electrical equipnent.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS | n the enbodi nent node, it is

descri bed that thod of fabricating a display device that is, adaptable
for the enlar gfﬁ%‘ﬁlsﬁ gﬁ?‘ﬂﬁﬁ‘i"ﬁﬁ'&émaﬁg’f“ﬁ’lﬁ fﬁ‘g‘“ﬂﬁ?fﬂ"g}“?frﬁ){“&fit}é@ QVeRliGm | ow
resi stance withqut_ increasing the nunber of steps, with reference to Figs.
1 and 2. A basa&ihisdidiagsyg sheyme coo sxanplefosimmlememitiandy theipaentinns are
formed on a substrate 1001, and a gate insulating film 1004 with a film

t hi ckness of 4080 B5¢HHRMShovimngRsg csympledshamtymrmeioiod thaimyerté ng

met hod or | owpressure CVD nethod or the |ike. Then, On the gate

i nsul ating fil rii&084s g diagrase shawyiageae swapie fonimplamentatipnmms theoinverdion; r st
conductive film 1005 a second conductive film 1006, and a third conductive
film 1007 is flogndds aidiaggam ghewisg oneerample fforimplenidmtajion|ohyhe Mientpmesent
invention enploys, as a conductive filmfor a gate electrode, a |amnate
structure of a lgnidugeidiagrém showinghnlesanplegif steanicel sugimes; Al, Cu, or one
of a chem cal conmpound material and alloy material containing an el enent
sel ect ed from tlig 13gs edmgconshevinggnekarpleardieCuicakequinemj andconponent ; a
conductive filmwth excellent heat resistance such as W M, Ta, or one
of a chem cal dogpEusd dirgren shdwiapdnakhmplemf tlecttdh] &pQHmemt eri al cont ai ni ng
‘an el enent selected fromthe group consisting of W My, and Ta as its main
conponent; and a conductive filmwth | ow contact resistance such Ti, or
one of a chem cal conpound nmaterial and alloy material containing Ti as
its main DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the embodiment mode, it is described that a method of fabricating a display
device that is adaptable for the enlargement and high image quality by using materials
with low resistance without increasing the number of steps, with reference to Figs. 1
and 2.

.A base insulating film 1002 and a semiconductor layer 1003 are formed on a
substrate 1001, and a gate insulating film 1004 with a film thickness of 40 to 150 nm is
formed by plasma CVD method, sputtering method or Iow;pressure CVD method or the
like. Then, On the gate insulating film 1004 a three-layered conductive film formed of
a first conductive film 1005.;'a second conductive film 1006, and a third conductive film
1007 is formed, thus, a mask 1008 is formed (Fig. 1A).

The present invention employs, as a conductive film for a gate electrode, a
laminate structure of a ‘conductive film with low resistance such as Al, Cu, or one of a
chemical compound material and alloy material containing an element selected from the
group consisting of Al and Cu as its main component; a conductive film with excellent

heat resistance such as W, Mo, Ta, or one of a chemical compound material and alloy
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conponent. The |am nate structure of these conductive filns are etched
repeatedly to thereby forma gate el ectrode w thout increasing the nunber
of masks and further to forman inpurity region in a seniconduqugfi]gmpr
to obtain a TFT with the required performance. In etching the condﬁc Ive
filnms, the etching rate of the conductive filmto be processed, the
selective ratio of an insulating filmfor a base filmto the conductive
film and so forth should be considered. If the selective ratio is small,
processin e [N N it .difficult. to f TFT with a
desired s%gggggﬁ%r%l ‘ﬂ% .akfﬁegé\%mlg%e%%g@ m} 5 SERUD W“ﬁlﬁ%“%ﬁfwnnéﬁo’ﬁﬁgc’gs Si ng
nmet hod, t ] ) etchin ndi tions was perfornmed after preparing
a sanpl e {Eﬁg]?a ﬁg&{slﬁe%&g%tf ?1{'31 alcgﬁ%hhcé;t%ggﬁmswdﬂquvﬂF%“%‘ﬁt r&“ﬁfﬁ%@t%”@%s@r%% of an
insulating: filmaof the sa material as . .a gate,L insulating film a tungsten
FTm i ¢ hot 2 ofeel; CRBAEN, A, rAnda ALY [TBYeHisl] fonsrining) Hiri asuifs amain

titani umigoAl-Tiét V\.h'%h a.filmthickness of 500,ngt]_ and a titaniumfilm wth
a filmthtCREEE: o %BMHHWFﬁnPﬁ@fEﬁﬂgﬁﬁdEW@“WBﬁ 1lms gip steded FepcateAly toungst en
filmis the Lirst conducéive film 1005, the alloy filmof alum num and
titani um CAIEPYOTR @ gale clesredg wilBPRiiBEcaEng henPurDbs, of anesks kadtfurtheri tom fi | m
is the third conductive film 1007, for the purBose of conveni ence. First,
BC13, O ?'CHRATOIMPUIE ToEeR g whusansyclgadaysnde abgins a TR wwitht e requicdt her eof
is set at 65/10/5 sccm and RF (13.56 MHz) electrical power of 450 Wis
suppl i ed BFOAM2ES: | ed el ectrode at a pressure of 1.2 Pa to thereby produce
a plasma and to perform etching. RF (13.56 MHz) electric power of 300 Wis
supplied al so ti§ a¢hing thyseandpetiv flans, (lraetohisg stiage)the compypliye &lm to be
'substantially negative self-bias voltage for the etching. 6 1 4 JUL 2006
Subs equenEfPSﬁ,SSf@Fg}e seteRtignttio > f an énwbeidgddmebechbag filastoahdcandyasvd fibw r at e
ratio thereof is set at 25/25/10 sccm and RF (13.56 MHz) el ectrical power
of 500 Wansl soukepthishauliddeacorgisietedd 1 tee salodive anti@ispsmeak irecesdind bcdigest 0

t hereby produce a plasnma and to perform
difficult to make it difficult to form a TFT with a desired shape becoming.

Then, in order to obtain the optimal processing method, the experiment of

-ctching conditions was performed after preparing a sample that a sequential laminated

structure on a quartz substrate of an insulating film of the same material as a gate

insulating film, a tungsten film with a film thickness of 50 nm, an alloy film of

aluminum and titanium (Al-Ti) with a film thickness of 500 nm, and a titanium film

(- with a film thickness of 30 nm iﬁ the Embodiment Mode. Suppose that the tungsten
film is the first conductive film 1005, the alloy film of aluminum and titanium (Al-Ti) is

the second conductive film 1‘006, and the titanium film is the third conductive film 1007,
for the purpose of convenience,

First, BCl, Clz and O are used as etching gas and a gas flow rate ratio thereof
is set at 65/10/5 sccm, and RF (13.56 MHzZ) electrical power of 450 W is supplied to a
coiled electrode at a pressure of 1.2 Pa to thereby produce a plasma and to perform

etching. RF (13.56 MHz) electric power of 300 W is supplied also to the substrate side

(sample stage) to apply a substantially negative self-bias voltage for the etching.
‘ 6




etching. RF (13.56 MHz) electric power of 20 Wis supplied also to the
substrate side (sanple stage) to apply a substantially negative self-bias
voltage for the etching. A photograph observed by SEM i nmedi at Y, E?Wﬁr
havi ng done the etching under the above conditions is Fig. 2. tH S
etching treatnent, a first electrode 1009a, a second electrode 1009b and a
third el ectrode 1009c are fornmed fromthe first conductive film the
second conductive filmand the third conductive film The | am nated

conduct i fil in Fig. 2 is regarded as ate el ectrode 1009 with
the 11 st orabet M tan Clatnd Pheg vsfd i dobipe e e Brolie oboue Deioha
G agr am of 4 Le328 0rrouR o SR (HpaMiEs ssrabar i ohiydssampea o

i | f-alignprent fashion using as a mask the

conductivity,type is doped in
first shafﬁg%d ﬁéfﬁo%f’l é%i‘r%%ﬁé“ffo%gfgtperf@&ha@b& REREYCE # Hpgna and 1o @erprat

shaped gate.el ectr 9 has a tapered portion at its edge, and the gate
i nsul at i ﬁé‘-‘%ﬂ?& nﬁgﬂggﬁﬁfgz)agﬁﬁﬂﬁ PEWCRPERR Y f5 pinpliedalsits Hesubgraic sidet ai n
degree. The inpurjty elenment for giving on conductivity type is doped
t hr ough t(FENRJ&EEEh §URBRLY rigsubpaptpliin pegative sebriiasovalisge dpr hayeehingr nied
thereunder. In addition, it _is also possible to dope the inpurity el enment
sonewhat BhRIGIAH ehrerveddey PEM iimmegiatalpeaffer meving igpedhgatahing heddrr thde wit h
the taper shape and a nearby portion of the edge portion into the
sem condyepwt cangliiionsfipFiged Midr Ginxteling Thatsenan firstplaciroye t@faon s¢ond 1010
with the doped inpurity at a high concentration is fornmed. At this tine,
it is corfbicieded0otmend héinl clegradeel 098¢ sichiokmty fiotmathe e dompuetivieyfiled, ement
i.s doped into the sem conductor |ayer through the tapered portion of the
first el dbt penged PooGectiandiltrhandy thieethird swwhdidtivg fflinl. nTho lanfioaed apndupivei ty
regi on which overlaps the first shaped gate electrode. 7 1 4 JUL 2006 Then,
BCl1, ClZilangho®m b Eigudesl repsrdeticdsi mgatg adecande d00@svifhl thw firat ehapatwhichher eof
is set at 65/10/5 sccm and RF (13.56 MHz) electrical power of 450 Wis
suppl i ed cosists of dicl fost @¢@atie dd@0atc@nperesodel 0HH dn2 iR detidaenedyc. pr oduce
a plasma and to perform

Then, Fig. 1B shows a schematic diagram of a state in which an impurity

element that gives one conductivity type is doped in a self-alignment fashion using as a
mask the first shaped gate electrode 1009 etched as shown in Fig. 2.
The first shaped gate electrode 1009 has a tapered portion at its edge, and the

gate insulating film also have a portion etched from its surface to a certain degree. The

SN

impurity element for giving on conductivity type is doped through the gate insulating
film into the semiconductor layer formed thereunder. I[n addition, it is also possible to -
dope the impurity element éomewhat through the edge portion of the first shaped gate
electrode with the taper shape and a nearby portion of the edge portion into the
semiconductor layer formed thereunder. Thus, an impurity region (A) 1010 with the
doped impurity at a high concentration is formed. At this time, it is considered that there
is the possibility that the impurity element is doped into the semiconductor layer
through the tapered portion of the first electrode 1009a and the gate insulating film to

form an impurity region which overlaps the first shaped gate electrode.
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etching. RF (13.56 MHz) electric power of 300 Wis supplied also to the
substrate side (sanple stage) to apply a substantially negative self-bias
voltage for the etching. Subsequently, CF4, Cl2 and O, are us%q%ﬂghﬁgfhing
gas and a gas flowrate ratio thereof 1is set at 25/25/10 sccm
(13.56 MHz) electrical power of 500 Wis supplied to a coiled el ectrode at
a pressure of 1.0 Pa to thereby produce a plasma and to perform etching.
RF (13.56 MHz) electric power of 20 Wis supplied also to the substrate
side (sanple e 0 a_su ntially negative, self-bias voltage

o PG B ERYORaRRR ALl tad R ARl PR dhor

for the etchin e etching trea la, a

fifth el ect ' trode 1011lc formed fromthe |
first el e%tsggﬁgﬁs%g%%g?&gﬂag%s%%g%%s%%rei%gmf BYHer %{fﬁot\&e‘s SHRHEddP dct r ode |
1009¢c. The..l.am tructure | Sti f the fourth electrode 10114,
fifth elec 1ﬂre§ é&%%ﬁ?aan@feiﬁ%ﬁ F drEka % HErehy rocyee F Byaradadds B iosond

h d | t 1011., Then, i di f tate, in which
o Pabfing | RS SE M bl on e SRATER! bRespiRSo @ opdaniie side.

self-alig@ faﬁhion m{th Hhe se ond,ﬁha ed gate electrode as a mask, is
shown in SMYPE1¥AEN ARPIY o SHASEEI g RTRE e SElihes YHReE nfour the yeiehiagrent f or
gi ving on conduyctjivity is doped, and an inpurity region (B) 1012 is
f or med. ng%bée‘@%&ﬁyaawwﬁgﬁnd Prars wsa as elehingasss and iagaa%@éfcratermao thvecodfnpuri ty
region (A 101% E%rned by the first doping processing, the influence is
negl i gi bl '8 585 e/ ORY YeHe and REt (1376 MHeheledBed mawetobi WyWpisseemisidig ai s | ow.
Al t hough the newly formed inpurity regiong%?) 1012 is forned with the
fourth el Sl sdretiods 13h 2 pressuke of dét Raolethpobypradieresd riohme|andttoqubefor@llc
used as a mask, it is considered at this time that there is the possibility
that an ifipiirgt R @356Mbig) elzou pavwersh20i% isismedicd atso to e sbsirgondlect or
| ayer through the tapered portion of the fourth electrode 101la and the
gat e i nsulsaiplégtase) i erply ersubgantiablyi nogetivet selfrtig onitaghifehthe ewhidgapwithhe
second shaped gate el ectrode.

the etching treatment, a fourth electrode 1011a, a fifth electrode 1011b and a sixth

electrode 1011c are formed from the first electrode 1009a, the second electrode 1009b
and the third electrode 100§c. The laminated structure consisting of the fourth electrode
1011a, fifth electrode 1011b and sixth clectrode 1011c is regarded as a second shaped
gate electrode 1011.

Then, a schematic diagram of a state, in which an impurity element for giving
oﬁe conductivity type is doped in a self-align fashion with the second shaped gate
electrode as a mask, is shown in Fig. 1C.

In the second d(;ping processing, the impurity element for giving one

conductivity is doped, and an impurity region (B) 1012 is formed. Note that although

the impurity element is added into the impurity region (A) 1010 formed by the first
doping processing, the influence is negligible since the concentration in the second
doping processing is low. Although the newly formed impurity region (B) 1012 is
formed with the fourth electrode 10114, fifth electrode 1011b and sixth electrode 1011c

used as a mask, it is considered at this time that there is the possibility that an impurity
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Thereafter, an interlayer insulating film1013 is fornmed to cover the gate
el ectrode 1011. Then, in the interlayer insulating film 1013, a contact
hol e that reaches a region 1010 of the sem conductor to becong ghiﬁﬁﬁ a
source region or a drain region. Next, a wiring | ead 1014 use 4 L 1008

el ectrical connection of each TFT is fornmed. As stated above, with the

et ching nethod of enploying gas plasma in a reduced pressure atnosphere
with three | ayers of conductive filns lamnated, it becones possible to

forma g i \.red shape b hangi ng et.chi condi ti ons.
Furt her - by G Ry annits s Ap R AP R o B T AP bR 67761 e
gate ele i1 S. Rogsible.to f.orm.in the sem conductor | ayer a region
Pn i ch 488 0t b SpBARE Ak insRlatifh Tk 1, MGmE Rl ErGe e EphathirD
Addi ti ona] | i.th respect .to the inductively coupled plasma (1 CP) etching
met hod uggﬁM%mM$%?%¥F§ W5t 818 PLEtPSde of the present invention with
conductive filﬁgmmﬁbh IOMLre?istancr la ]natﬁg it is easy to control
plasma, and t huS"SfHEhetthgiciayer dnlatiogoiien 4043 is dprmeds iyt Bewgatn a
Iarge-ar%% gpdbi E{Oﬁgssed. [.LE odinen},l] In Enbodi nent 1, a method for
si mul t an&OULPYe f bt T8 AythsinteHayes Armulatiag gdm 196 & wermsaca hplextast rgaihes on and
TFTs (p-channel p% TFT and n-channpel type TFT) of a driver circuit to be
provi ded aaFFglPHemBéﬂ OifesEIIEdURET ) ReqomsHithenn SPycesagIan eretidiain regianai | wi t h
reference to Figs. 3 to 6. In Fig. 3A and Fig. 4A it is possible to use
bari um bg?%iwga’tgéff@ HY4 used fprickestricalganseetionsf éagh BSE is fquasd.z or ot her
simlar suitable materials as a substrate 100 although 9 1 4 JUL 2006 there
are no particul/sy Sifadi pavicongth get plehingt methad afhemplofingQeasapsemb dceaof t he
'substrate 100, an inorganic insulating filmis forned as a base insulating
film 101 "ePCRAVRICEUR HiBRIPESTS Bfithf thop 1@yero o20®ndnetiva fitre$ drmblaecdexianpl e of
the base insulating filmis a silicon oxynitride filmwhich is fabricated
by pl asn@eeNmEsRossEde tofiefmaa fatestlegiddecpith a desired shape by changing etching

conditions. Further, by doping an impurity clement through the tapered portion of the

gate electrode, it is possible to form in the semiconductor layer a region in which the

concentration of the impurity element changes gradually.

Additionally, with respect to the inductively coupled plasma (ICP) etching
method used to form the gate electrode of the present invention with conductive films
with low resistance laminated, it is easy to control plasma, and thus the method is

[ applicable also for a substrate with a large-area to be processed.

[Embodiment 1]

In Embodiment 1, a method for simultaneously fabricating on the same
substrate both a pixel portion and TFTs (p-channel type TFT and n-channel type TET)
of a driver circuit to be provided at the periphery of the pixel portion is explained in
detail with reference to Figs. 3 to 6.

In Fig. 3A and Fig. 4A, it is possible to use barium borosilicate glass, alumino-

borosilicate glass, quartz or other similar suitable materials as a substrate 100 although

9




oxynitride filmlola made from SiH4, NH3, N20 is fornmed to have a thickness
of 50 nm and then a second silicon oxynitride film 101b made from Si H4 and
N2O is formed to have a thickness of 100 nm The base insul gty rm[z‘ﬁhbl m 101
is provided to prevent alkali netals contained in the glass suﬂ)s rate from
diffusing into a sem conductor filmto be forned later. In the case of
using quartz as the substrate, it wll possibly be omtted. As an anorphous
silicon film102 formed on the base insulating film 101, a sem conductor

materi al @emtaé Ab Partid Rk Sinfieatiohd &PMRe %at&ie%’rqﬁé?e&fp 0D &M ade HrURE Sybsfarct YPI Ca

exanpl e i s either "an anorphous silicon filmor an anorphous silicon
ger mani umqf, ish n8fzahfeeinkikfng Wth G £ iNAY&na fib ,10 to
~ 100 nm by pl gsna aD r?et hoog, %&?p@ggi(ﬁrgg%%gﬁ@}@abgﬁlmsgﬁpﬁgﬁlaﬁéetdhod. In

order 10 @RAL AR GONS B0 Dm. W prbRrdFEQHIRAIBPIR L.0at kil HRNIL LY

13&1
concentration of oxygen and nitri contal ne nmor phous

oL 2O, THhRA0B el FAUCSHChR, Bel Y thShsl R0 Elnd & e GBS

and prefera cnB or |ess. concen b‘i‘onoxygen

A e T
PR S G RO o AL
il fil 2.1 . I O s/, .

Lo M BB b5 DR BBl AR FEL SRR P SRR

crystallizatjon of anorphous sem conductor materials, and al sg_a factor for
increasi nlag?hecoagjﬁ%q \a tg? glasp Substaistram %ﬁaﬂgg HE SnisTHERNCYRiOE ddP beven
after cr staqu i za ig)g. Accordingly, it is desirable tao enploy CVD

equi pment Ot aéf'daé‘i 985G OF useneduaTty @p thesobstrags iUy imeRsigly Beaemitisswhi ch has
mrror-surface {reatnent. (el ectrolytic polishin treatnment) within a
reaction chambefS REMFPHIE -silicoa Hlge ddnfemed i herbass sssisfing filmali, & on t o
t he using high-purity material gas. The anorphous silicon film 102 thus
formed i sseg}l%}dgpqor Jeena) FREEBY theyep gilicon as a main component is used. A

typical example is either an amorphous silicon film or an amorphous silicon germanium
film or the like, which is formed to have a thickness of 10 to 100 nm by plasma CVD
method, low-pressure CVD method or sputter method. In order to obtain good crystals,
it is recommendable that the impurity concentration of oxygen and nitride or the like
contained in the amorphous silicon film 102 be reduced to a level less than or equal to
5%10"%/em?, and preferably 1x10'%/cm’ or less. Further, if the concentration of oxygen
within the amorphous silicon film is high, it will be difficult to release catalytic
elements (especiaily, nickél) used during a crystallization process. Therefore, it is
important in order to obtain a good crystalline semiconductor film that the oxygen
concentration within the amorphous silicon film 102 is set less than or equal to
5x10'%/cm?, and preferably 1x10'%/cm® or below. These impurities become a factor for
inhibiting crystallization of amorphous semiconductor materials, and also a factor for
increasing the density of a trap center and a recombination center even after

crystallization. Accordingly, it is desirable to employ CVD equipment with adaptability
10




crystalline sem conductor film As a nmethod for such crystallization, the
conventional |aser annealing nethod, thermal annealing nethod or RTA

nmet hod are enployable. It is preferable that, prior to the crxf%ghl' @tion
processi ng, that hydrogen contained in the sem conductor fil L ased
away, and it is recommendable that the crystallization be conducted after
performng thermal treatnment at 400 to 500C for about one hour to set an
anount of the contained hydrogen at a | evel less than or equal to 5% of

t he nunbeor ofjirahilsh at /RnL AMtiah Ned bbb, B cangugt ?afl;:lét}dtlgﬁéc ijorﬁgﬁn. tis

possi ble to prevent roughness of the surface. Genera oncenfration
cont ai Ned e ARAPI&Mhih B AP 1%95%? 1 CORGUEt ar. L 0. DY, t hod or
LPCVD et Flegd is? |O\}\BI’ th%n tEat 0 aﬁlﬁregnagrg?%%o%gué%E{vég%dt’?)ﬁmgﬁgnr’@d by

4 s known that even if an anmorphous

pl asma CV : L ot

sem conduaclatdgfotnpls??ne ?sélegj%rghggﬂgjyllnmgpgsgﬁa CVvD net hod, the concentration of
cont ai ned hydr n, | I Ne.f Oor [ a .tenperature of 40QC or

hi gher. In Enbodi n%dﬁ?rp&?ﬁggﬁ%%ne@l a%g_&eé |S?F[8nﬂ%q }‘?ocgP ﬁ%%lﬁﬁesdét&) @SWB%??%? fh
Cryet ol S Serl B B S Sy LSRR Tl e oo 1 aser
or the like, which is the pulse oscillatjonp t or |ternatively the
cont i nuo gsegﬁpgesaﬁgg' mehod. t eHn‘%I“ﬁnEe %é?etbﬂcgoregﬂﬁéﬁleé P €MpEYaP\ihen | aser
light emtted frama |laser oscillator is corrected and focused into a

| i %ear shape by" lﬁrPIB%fq%gealthaéyB’El@%nt? dhe Fstlligadiop RIgCessi8&nmi e MYGERISA fi 1 m
Whi l e the conditionps for rystallization are selected appropriately, pulse
oscillat i??ﬁtaﬁ?eéidﬂéﬂ%§FI?§°%‘§‘F¥°étf3@d@ TriEased v ay, pukie fs BHRUPEIABISIRRYties set
‘at 100 to 800 mJ/cn (ty icallty, at 200 to 700 m)/cnm 11 1 4 JUL 2006 in
the case G¥siplizaipnape eRadueisd aties perfonping gtmalgrspmen at0cis 0B fa3i ng a
YAG | aser, it is preferable to use the second hi gher harnonic wave while
t he pul se2D98EPIg BRYrdn setf gneueumé pf the coataingd hydrages@ba Mrelieshthan@r leguar
energy density being set at 300 to 1,000 mJ/cnR (typical I_%/ 350 to 800
mi/ cnR) . Pr3%eyf Be perbordfed! reomy corthiape initheasmigconductor film, since it is

possible to prevent roughness of the surface. Generally, the concentration contained
hydrogen in an amorphous semiconductor film by sputter method or LPCVD method is
lower than that of the amorphous silicon film formed by plasma CVD methods.
Additionally, it is known that even if an amorphous semiconductor film is formed by
plasma CVD method, the concentration of contained hydrogen is formed in forming at a

temperature of 400°C or higher.

ey

In Embodiment 1, a laser annealing method is used to perform crystallization
of the amorphous silicon f'ilm 102. The laser crystallization method can employ an
excimer laser, YAG laser, YVO; laser or the like, which is the pulse oscillation type or
alternatively the continuous emission type. In this case, the efficiency is good when
laser light emitted from a laser oscillator is corrected and focused into a linear shape by

- an optical system to irradiate onto a semiconductor film. While the conditions for
crystallization are selected appropriately, pulse oscillation frequency is set at 300 Hz

and a laser energy density is set at 100 to 800 mJ/cm? (typically, at 200 to 700 r_nJ/cmz)
| 11 -




corrected laser light with a width of 100 to 1000 m e.g., 400 m over the
entire surface of the substrate while the overlap ratio of |inear beans at
this time is set at 80 to 98% In addition, the |laser crystalll#atl Wb

met hod can be perforned in the atnosphere, an atnosphere of an inert gas
such as nitrogen, a reduced atnosphere or the |ike. Subsequently, in order
to forma sem conductor |ayer which includes a channel formation region, a
source region, and a drain region, the crystalline silicon filmis etched

to form seieCARINCIDEe AYRlifed A3t O 1ADGivAY, | U%%s{e/%/oﬁ;ak@g%“mmg. b igives p-

type may be doped to control the threshol d’val ue an n-channel type

TFT. K | i i t..0f - 50,
N, -&XARR %lu?é tg@%e&mau[éiﬁg& %E%ﬂ% g\gagf@ wgl‘(ljevgﬁqt @stépoescﬂl% ion

sem conductor are roup el nts int eri odi , such as boron
(i SN SULATTD st B b O 4888 WAL

ol o ouro Ut gobiciy 330 o BT s N leT b AR At e Rl ai i ng
ST con. comedrnitig® Bl v iF 160 s dBobdan e B igruct H5e B (o be
il m 108 et &t pibsoerRfEGE OGpI0 6 OL B Sabis ICBAEEEIV 111 m
109 vvithgg%ft'i | mthickness of 100 to 400 nm and a third conductive film

110 with hi ckness of 20 to 100 nm (Fig. 3C, 12 1 4 JUL 2006 Fig. 4C) are
formed. Although a tungsten filmwth a filmthickness of 50 rim an all oy
Ailmof al umi ndf aHAUeTt Hifi diser APyTiRlizaiien methed ciefeds Bfoowdnm Had a
‘titaniumfilm with a filmthickness of 30 nmare sequentially |amnated on
the gat e 3'RSIRNSES ARyaYmqsphers 0F an 5t ga8 sush wgnessn; ¥ Edureditrosnlicrne econd

conductive film109, and the third
like.

Subsequently, in order to form a semiconductor layer which includes a channel
formation region, a source region, and a drain region, the crystalline silicon film is
etched to form semiconductor layers 103 to 106. An impurity element which gives p-
type may be doped to control the threshold value (Vth) of an n-channel type TFT.
Known examples of the impurity element that gives p-type to semiconductor are XIII
group elements in the periodic table, such as boron (B), aluminum (Al), gallium (Ga)

i and the like.

Then, a gate insulating film 107 is formed to cover the semiconductor layers
103 to 06 thus separated (F_'ig. 3B, Fig. 4B). The gate insulating film 107 is formed by
plasma CVD method or sputter method, and is formed of a silicon-containing insulating
film to have a thickness of 40 to 150 nm. The silicon-containing insulating film may be
used as a single layer or to be a laminate structure.

On the gate insulating film 107, a first conductive film 108 with é film
thickness of 20 to 100 nm, a second conductive film 109 with a film thickness of 100 to

400 nm, and a third conductive film 110 with a thickness of 20 to 100 nm (Fig. 3C,
i2




conductive film 110 are not limted only to these materials. Next, as shown
in Fig. 3D and Fig. 4D, a resist mask 111 is formed by exposurq.fgmfﬁm§,
foll owed by executing first etching treatnent for formng gate ‘el ectrodes
and wirings. It is preferable to use an inductively coupled plasma (ICP)
etching nethod. As the etching gas, chlorine-based gas represented by Cl12,
BC13, SiCl4, CC4 or the like, fluorine-based gas represented by CF4, SF6,
NF-,, or 02. Although there are no specific limtations to the etching

gases usetty 1) i aihaetley bt LOMSIER, 308 GRS SBnal S . ¢ o

etching, A gas flowrate as I's set
(13.56 M), ef egtdid Ga! wer of 480 Wi s | i ed a coiled electrode at a
pressure o%nﬁ.glb%ﬁ@gagr%ﬁ%@ggéﬁggﬁﬁwﬂkﬁt%%%#%%oiiﬁimai ?Pgmﬂﬁﬁé Mof 300
Wis suppli . . uh ate side (sappl.e stage | so to apply .
substantighhgp%%gg%géggigfﬁbngi3@’Vﬂ?%gﬁg?IVW¥ﬂmﬁH%§%Fﬁ?§i“@S@RF%éﬁm
condition Ti filmand -Ti.filmare etched to_ have an edge portion
of the 110t BomutcerTLeRTs Hibalth ol SHOKERTHGEIVS um | (srones BR) Wy
condition_is changed a_second, et chi condition to performetching
whi | e CF4° g“?ﬁﬂnb5h§¥8HBEQHHQ%0@Y8%H%§3@Q@FMQ gas flowrate is set at
25/ 25/ 10 seenl&gnd RF %13.56 \VHz electticlfomer_of 500 Wis applied to the
coiled el ectrod&lads LEPEsEUFE 6P 1nbdie ¢t erehy Gavkedal ds poaaeth byRF
(13.56 MHz) electric power of 20 Wis applied to the substrate side
( speci men“*PPHYE) PREESEnh &Y ibyeda Bl §resuting bisst apiehing | Weatiaet forefosming ighigs
voltage. In this first etching treatnent, it nmakes edge portions of the
first condfdtads® and iWiknghd It Herséede te oneaatindustivelynscvaied plasmpél@) shape
‘to design the shape of the 13 1 4 JUL 2006 resist mask appropriately and
appl y t hettpiiag mediadags the eiohingsaapsehiering-hasetbgas Thprescntaddryedl -, Boilt,iSBlhas an
angle of 15 to 45. In this way, owing to the first etching treatnment, first
shaped gateletrebt digebuarime-based £8s capnesentei iy OFs, e, NFr,str €hechltomeh t he
second el ectrode and the third electrode (first electrodes 112a to 115a,
second el @6teraselaq sneckiic Hamitatigis to the etching gases used, it is suitable here to use BCl;

and Cl; and O,. For the etching, A gas flow rate of the above gas is set at 65/10/5 scem

while RF (13.56 MHz) clectrical power of 450 W is applied to a coiled electrode at a

pressure of 1.2 Pa to produce plasma. RF (13.56 MHz) electric power of 300 W is

supplied to the substrate side (sample stage) also to apply a substantially negative self-

bias voltage. With this first etching condition, the Ti film and Al-Ti film are etched to

have an edge portion of the first conductive film tapered.

Thereafter, the first etching condition is changed to a second etching condition

to perform etching while CI_-L, Cly and O; are used as etching gas, a gas flow rate is set

at 25/25/10 scem, and RF (13.56 MHz) electric power of 500 W is applied to the coiled

electrode at a pressure of 1 Pa to thereby generate plasma. RF (13.56 MHz) electric

power of 20 W is applied to the substrate side (specimen stage) to thereby apply a

substantially negative self-bias voltage.
In this first etching treatment, it makes edge portions of the first conductive

film and the second conductive film have a tapered shape to design the shape of the
i3




and third electrodes 112c to 115c) are thus fornmed (Fig. 3D and Fig. 4D). A
region of the gate insulating filmwhich is not covered by the Elgﬁlﬁ,
shaped gate el ectrodes 112 to 115 is etched away by about 20 to é r?‘pqﬁo
be thinned. Here, a first doping process is perforned to thereby dope into
a sem conductor layer an inpurity element for giving n-type (referred to
as "n-type inpurity elenent” hereinafter). Here, the n-type inpurity

el enent is added by ion dope nethod in a self- align fashion while the nask

L1 vsed e kiAol 3L 6000815 oLl AL Kepl, unchanagd anc

also the first sha gat e e as I s use type

[ it , h hosph , : [ As) .. th

ke, whi EnEORRpy e el SRk o™ TS oA RETRA Pkt o« iTe brdmbee isier o,
h h ' / t h ion.d t hod, -t ' it

ot on wn R LBRF Qectibield 1216 ) a8 Cpidlinecy it eente. heckRohiibstadsh o

1x1020 t / js.f in th ' ' it [ 116 to 119,

an - type Tt e§ eelybasn G cecbdeniads fobis Becoas Eissicoiter bbRo Rk 150t ner o

is also the possibility that [ rity element _is doped into the

seni condudo™ aeye&rofl?#]o]@ﬁﬁotlﬁgc)taggg?‘@cfo%‘fq {Fae 38 anhBigr Pst Acesionrdde and
the gate 'nsugeatir]gt'ifi .nmto. forman ichurity-re i on which overl aps the
first shalS@ Fafe Bt FRichns pot cavesetbnthedishitiged egackerpdissl iZelof or nmed
wi t hout rflgo.val 85 the resist mask 111. As etching gas, chlorine-based
gases rephesEftdad 2Py abqu?@to X pmo bethinnedor the 1i ke, fl uori ne- based
gas represented by CF4, SF5, NF, or the like, or 0, may be used '
appropriately. Ngted Fey dopingprencshisgHormesdt © therebndoppiatd # semichaduciari ons t o
the etchjng gases used, it is suitable here to use BC13 and O ? and 02. A
gas flow PEfeTomBHEY element fu sivimgen-tipeveeigaed isasbi-tyge i6HUL0/ Seseeth whi | e
RF (13.56 Miz) electrical power of 450 Wis supplied to the coiled

el ect r odeheagingftss). e Klgips éheot-typedmparityoclgmmeirianddes s ivm. doRE mdti@] Hita Mitr)

el ectric power of 300 Wis supplied to the substrate side (sanple stage)

al so to tHindbghianppiyle she ntask aht usdd for fegaing viee Sest lebiradesviolldfaged kept

unchanged and also the first shaped gate electrode as is used as 4 mask. As the n-type
impurity element, an element, such as phosphorus (P), arsenic (As) or the like, which
belongs to the XV group in the periodic table is used. Here, phosphorus is used. With
such an ion dope method, an n-type impurity region which contains the n-type impurity

element at a concentration of 1x10%° to 1x10?'/cm® is formed in the first impurity

Faiat

regions 116 to 119, an n-type impurity region (A). At this time, it is considered that
there is also the possibility that an impurity element is doped into the semiconductor
layer through the tapered p;o;tion of the first electrode and the gate insulating film to
form an impurity region which overlaps the first shaped gate electrode.

Next, a second etching treatment is performed without removal of the resist
mask 111. As eiching gas, chlorine-based gases represented by Cla, BCls, SiCls, CCls
or the like, fluorine-based gas represented by CF4, SFs, NF; or the like, or O» may be
used appropriately. Note here that although there are no specific limitations to the

etching gases used, it is suitable here to use BCls and Cl; and Q.. A gas flow rate of the

14




Subsequently, CF4 and Cl2 plus 02 are used as etching gas to perform
etching for about 30 seconds while a gas flowrate is set at 2 /42@ Jiﬁ)ﬂﬁseem
and RF (13.56 MHz) electric power of 500 Wis applied to the coi'l (S‘

el ectrode at a pressure of 1 Pa to thereby produce a plasna. Al so, RF
(13.56 MHz) electric power of 20 Wis applied to the substrate side

(sanpl e stage) to thereby apply a substantially negative sel f-bias

voltage. In this way, the first electrodes 112a to 115a, the second

e'eCtrOd@&n%%%@i&@mzi%ﬁpugg@gnﬁQﬁn%h&ﬁ?L?ﬁ@ﬁqg§4%%m%%§g?§9r%€§§@V@“e et ched

to thus formsecond shaped gate el ectrodes surt h”el'ect r odes

120a to Jdimied fibl R &liRATLIQ ﬁﬁjelﬁtogl;érg?sa?e?’gf 1??6% ﬁggé(eéglia?el G atsgrl%de 20c to

123c) which consist of the fourt ctrode, ctrode and I xth

el ectr 0d€1-3.5'@11@1@{z) %le%ﬁ?(ﬁggwgogf B6h R %C&I%Eh%/ds P %&%gg{{gdqi%lge ?g%n@glsga_g%fpe

inpurity element” tot sem conductor “fayers ocess,

t he seco ¢ 20 10,123 are used as a mask to form
n-type i ﬁ%ﬁﬁ%?&gég?@ﬁ? Sﬁbﬁgé%ﬁ@%ggtbvgﬁggTbﬁﬁsﬁﬁﬁ?%eerei n the n-fype inpurity

I t at ti f 1017 1x1020/ cnB, -t [ it
cLemEnt &) SPREMAL o8, 2y EBRT A9 RADELSHE: oo FekHBS By 1Y
possi bil ity an inpurity elenment i.s add t he sem_conductor | aver
Phrough ABbrE Blebdhihs ¥ ef iR aver st ab £r/2000 ian ohb Rgdd & SoaUrht | ng
filmto form an i npurj r.egi qn overl appi ng.t he second shaped gate
el ectr odg.eCtgﬁb%O%eﬁe"?ﬁ %éﬁ,/wa % g@ﬁﬁkﬁq onde SﬂﬂFii destrare gbcoprsssaFe AL dhiZfel type
TFT is cqvered i th sks 8 d. 129, and then a third doping process is
perfor meg‘ef%)ry RBpifid ﬁ%ﬁrﬁ&lé‘fsﬂﬁg‘ Ul 3 2608t hdedenpeyreici®W IsApelied k04 and
106 an inpurity element that gives p-type (referred to hereinafter as
p-type i %u?’qbﬁeflatélsé%giaﬂplq AtagRk 14 HiardPydaming proswetally phgativecsidighaped
conductive |l ayers are also used as a nmask to dope the p-type inpurity

el enent VPla€sel f- alignment fashion. Then, p-type inpurity regions 130 and

131 are fornmed, which )
In this way, the first electrodes 112a to 115a, the second electrodes 112b to

115b, and the third electrodes 112¢ to 115c¢, are etched to thus form second shaped gate
electrodes 120 to 123 (fourth electrodes 120a to 1234, fifth electrodes 120b to 123b, and
-sixth electrodes 120c to 123c¢) which consist of the fourth electrode, fifth electrode and
sixth electrode.

Then, a second doping process is performed to add an n-type impurity element -
to the semiconductor layers 103 to 106. In this process, the second shaped gate
clectrodes 120 to 123 are used as a mask to form n-type impurity regions 124 to 127
contgining therein the n-t"ype impurity element at a concentration of 1x10' to
1x10*" /em’, an n-type impurity region (B). At this time, it is cons_idered that there is
also the possibility that an impurity element is added to the semiconductor laver through
tapered portion of the fourth electrode and the gate insulating film to form an impurity
region overlapping the second shaped gate electrode.

Subsequently, a region that will later become an n—channél type TFT is covered

with masks 128 and 129, and then a third doping process is performed for doping into
15 '




contain the p-type inpurity element at a concentration of 2x1020 to 3x1021
/cnB. Here, looking at the p-type inpurity regions 130 and 131 inﬂe}[ﬁimﬁ
it can be seen that there are regions 130a and 131a containing n-type
inmpurity element at a concentration of 1x1020 to 1x102' /cnB and regi ons
130b and 131b containing n-type inpurity elenment at a concentration of
1x10'7 to 1x1020 /cnB. However, in these inpurity regions, the
concentration of p-type inpurity elenent is 1.5 to 3 tinmes greater than
the conceptdeafituétbr RytXRB4IARYDE LY iﬁk) WemdQ 1Rk Qmeggﬁy[gec;@ err'e@ltcg he case
of functioning as the source region o ai n regioff of "a’p-channel type
TFT. Not gefeli@bted NE - HRUKILLY, oM 13l iHeShEQr [ sam condugt or . | aver
whi ch fo?ms aeh%ﬁ%i)}?g cgpe{girchgllp I&PI ?rﬁtel{eps)[{ui(glfﬂ%g%tofb()cﬁss’%[pysteg%cﬁsgmg%deps
stated a ek ' ' | uctivity t. of n- type or

Q drcti®ay BRUEL LYo P?&ﬁ{g% Waékhtoa}:lé)%g% 19 :i%%; é‘&“i’?“%’geg?r{l?‘gﬁ&|‘l|5§&‘th e

p-type is forned in each o e senm conduct or

capact t of TE e duBA0L P heh QR WIS BafrP ot L P Lyt ot LRy 111 m
fi 1 m 132 P RIRdp s E e iR g prl L BOR AP R o con and
o 200 nm Che B et QYT e s ae; RS TSR (SRRt 148 St Pl by

pl asma CVD tt}lod to have a ﬁl m t hi ggkness_ of 150nm Needl ess to say, the
first int&M @%H T AEUFR G 113 ARAL32L SRAYGINENENBYRSe "TPHHY ederentt #ed si | i con
oxynitride film anﬂ of her _sil.,cons cont ai ni n% insulating filnms may be used
in the f&PHEBFAPNSP Gl & dk 1y /a1 gndieemns 138bend dilhA08kining acyde e.

‘Thereafter, a process for activati n% the i npuri t;ﬁﬁcelﬁrrents. added to
T e

e,

respect | VBPUIEEflemeRfudt & reonggsagion OIpbrklor fed <P e Berovnd Wathedni ¢ wave
(532 nm _of YAG |laser to irradiate onto the sem conductor |ayers.
Si mi | ar | YPYGHY RIZOwe tifoePngrERFatpN of p-type impurity element is 1.3 to 3 times greater

than the concentration of n-type impurity elément, no problems occur in the case of
functioning as the source region or drain region of a p-channel type TFT.

Note that the impurity region 131 is formed in a semiconductor layer which
forms a holding capacitor in the pixel portion.

Up to the steps statéd above, an impurity region with a conductivity type of n-
type or p-type is formed in each of the semiconductor layers. Additionally, the second
shaped electrode 123 becomes one electrode for the holding capacitor in the pixel
portion.

Next, a first interl_layer insulating film 132a is formed (Fig. 5C and Fig. 6C).
This first interlayer insulating film 132 is formed of an insulating film which contains
silicon and hydrogen by plasma CVD method or sputtering method to a thickness of
100 to 200 nm. One preferred example is a silicon oxynitride film formed by plasma
CVD method to ﬁave a film thickness of 150nm. Needless to say, the first interlayer
insulating film 132a should not be limited to the silicon oxynitride film, and other

silicon-containing insulating films may be used in the form of a single laver or a

le




| anp |ight source may be used, and the sem conductor |ayers are heated up
by radiating the lanp light source fromthe both surfaces of thﬁ SJ'ﬁFSIﬁ[}Bate
or fromthe substrate side. Thereafter, an insulating film 132b é sil'i'con
nitride is forned by plasma CVD nethod to have a thickness of 50 to 100
nm and thermal treatnment at 410C is perforned with a clean oven to
perform hydrogenati on of the sem conductor |ayers with hydrogen as

rel eased out of the silicon nitride film Next, on the first interlayer

i nsul at i film132b, a second interlayer insulating film 133 of an
organic ?a%%lﬁ tﬁ?l‘gtﬁ%&‘ﬁ% erial is fornmed. Next, contact holes to reach
respective inpurity.regions are formed. Thereafter, a material such as A,
Ti, b, Wor | ERECH e ROt 5 Ur BT Y IREE s b Aad BITeuFDte,  For
instance, a lamnate filmof a Ti filmwth a filmthickness of 50 to 250
nm and anCBICPBIPAGT AV dhPerigrmes With dientssandy harmoey wavesOE 2imy @ ¥&P il m of
Al and TH"? is used. In this way, wrings 134 to 140 and a pixel electrode
141 are (938G radae Opieythesismippnglucop)layeryy Sisilady An RTiA msskert Bl 20 form
on the sanme substrate a drive circuit 201 which has a p-channel type TFT
203 and &PMUgHIHEE Maxpke Tt ouths semigopduckar [pvrs ireeated 2pWtyitetiating an
n-channel type TFT 205 and a hol di ng capacitor 206. This substrate is

cal | ed t H¥ lagpilight saareq Somubsbethsariiess of ke spbtisese fofm Swrpnbstidnsidei n

expl anation. Note that the TFT of the pixel portion 202 may alternatively
be a p- channel Thyjsefta-am infulatipg diani3ab of gifieoMETHROB fofmdadHey plrimeCHMD cui t
201 has a channel formation region 210, the p-type inpurity region 130b
and t he pethypletd mpue iat shiclegsonf 1808 VA0 am, =6r thesnadstreitinher aa 4$0UT de regi on
‘or drain region. The n-channel type TFT 204 has a 17 1 4 JUL 2006 channel

f or mat i operfeghaiwii i clashever toypefdrmpydidegnategyi dnhd middhluttoatiayesooinies an
LDD region, and the n-type inpurity region (A 117 that functions as
ei t her ahgdwpeeas etfasnl owof drediliconagirida filsi ng t hese n-channel type TFT and
p- channel type TFT nakes it possible to forma shift register circuit,

buf fer circuit Nekgwealths firdt i@erlgder dasutating &@@hl 3¢b) £sdcbnd interlayer insulating

film 133 of an organic insulating material is formed. Next, contact holes to reach

respective impurity regions are formed. Thereafter, a material such as Al, Ti, Mo, W or

the like is used to form wirings and a pixel electrode. For instance, a laminate film of a

Ti film with a film thickness of 50 to 250 nm and an alloy film with a film thickness of

300 to 500 nm (alloy film of Al and Ti) is used. In this way, wirings 134 to 140 and a
{ _' ' pixel electrode 141 are thus formed (Fig. 5D, Fig. 6D).

In the way, it is possible to form on the same substrate a drive circuit 201
which has a p-channel type TFT 203 and an n-channel type TFT 204 and a pixel portion
202 which has an n-channel type TFT 205 and a holding capacitor 206. This substrate
is called the active-matrix substrate for the purpose of convenience in explanation.
Note that the TFT of the pixel portion 202 may alternatively be a p-channel type TFT.

The p-channel type TFT 203 of the drive circuit 201 has a channel formation
region 210, the p-type impurity region 130b and the p-type impurity region 130a which

serves as either a source region or drain region. The n-channel type TFT 204 has a
17




and so forth. In particular, the structure of n-channel type TFT 204 is
suitable for the buffer circuit with a high driving voltage for ,th

pur pose of preventing degradation due to hot carrier effects. Tﬁeé @LX@QE
TFT 205 of the pixel portion 202 a channel formation region 212, the
n-type inmpurity region (B) 126 that becones an LDD region, and the n-type
inpurity region (A) 119 that functions as a source region or drain region.
Additionally, in the sem conductor |ayer that functions as one el ectrode

f the hold] i tor h i on. to which petype inpurity 131 |
Goped 1 < Var L {ARREnaf At L TRty Rl AR P Besniet gD S hape

el ectrod enj.conduct.or |.ayer, with an insulating film(the
sanme fil (rarﬁeé%ﬁt %{eHjté%tnerR yipﬁsualP‘é]iltiyr{agIPi{ﬁﬁ‘)) Jl@Zluilf’é fupctiopy aﬁF‘gPeéé‘tsroi“E?.e "$HENpr esent
invention is capable of. optimnm zi t he st ture of the TFT which forns
each circlit™ egﬁoéIOrg]rﬁW@et ct?fcg?g“rnénmpesﬁgﬁiaf’iid’a?haéiﬂ@ e diflem2bss the

pi xel portion a driver circuit to thereby inprove the operating

per f or rrarR:OémgﬁdtO&gW’ é?b“'qi\ﬁllgt {SRIYET Greudte RMdeTATRRIto eV el Cippitelafshagitubal |y,

t he n-chanra\%il f%?}/tﬁe TFET is designed so as to have the LDD structure in

accor dancBhioIRMn dn PaFiaHar S sERiEael Brkannehipe &l 204 isprisebloder test at ed,

the n-channel type TFT of driver circuit is designed to have an LDD

structur 2""{51%? CiraHf yitgadiieh gpving vitase fonsheypursossl derevsdengreeredative due

structure for preventing TFT degradation mainly due to hot carrier

ef fects. PPt eAFCT ¢ffgtsn- channel type TFT of the pixel portion have an LDD

structure which does not overlap the gate electrode to have a structure

for mainly redubieryxIfFEICUN% efrthe piRabpgsties @02 a chaneat foomatiqr myioded 2athe

technique for fabricating on the same substrate a p-channel type TFT in 18

14 JUL 200&Padapuinregemdbnaenbat berpmeT BT Dibirediomame the hitgpentipwityuct ur es

Wi th six photo-masks. |n addition, formng the pixel electrode of a

t r anspar efgioadidudPithe funttinnye essdurce pemai dil drainaegionmaddii@nsy] Bsihen type

di spl ay devi ce although a single extra photomask is additionally required.
semiconductor layer that functions as one electrode of the holding capacitor 206, the

- region to which p-type impurity 131 is doped is formed. The holding capacitor 206 is
formed of the second shaped electrode 123 and semiconductor layer 106 with an
insulating film (the same film as the gate insulating film) being as its dielectric.

The present invention is capable of optimizing the structure of the TFT which

forms each circuit in accordance with circuit specifications required by the pixel portion

P

and driver circuit to thereby improve the operating performance and reliability of a
semiconductor device. More practically, the n-channel type TFT is designed so as to
have the LDD structure ir;'accordance with the circuit specifications required. As
previously stated, the n-channel type TFT of driver circuit is designed to have an LDD
structure partially overlapping with the gate electrode and to be a structure for
preventing TFT degradation 'mainly due to hot carrier effects. Further, the n-channel
type TFT of the pixel portion have an LDD structure which does not overlap the gate
electrode to have a structure for mainly reducing off current. The present iﬁvention

provides a technique for fabricating on the same substrate a p-channel type TFT in

18




[ Enbodi nent 2] As an exanpl e of a combination of conductive filns for the
gate electrode, a sem conductor filmrepresented by a pol ycrystal lin
silicon filmwith an inpurity elenent such as phosphorus or el sé4dd) gaﬁsmay
be used as the first conductive filmin place of the material as shown in
Enbodi nent 1. Further, there are another conbinations wherein the first
conductive filmis fornmed of a tungsten (W filmor nolybdenum (M) film
whil e the second conductive is formed of an alloy filmof an alum num (Al)

filmand ﬁicﬁt‘rﬁﬁpﬁr (:% g#)n ; he lﬂ@h ﬁlme g Pengk't(f‘&étur s lidn ?)R%tgrnér%eﬂaof

titanium (Ti) fil irst con ctlve mi's

. tantal um pi econd conductiv formed of an
alloy fi IIr?ﬁ E(?dlgﬁjm&%-ﬁ%?g( k}e) gl e%trf)“lti'ecgfl A |5‘Spvﬁepﬂ PHEC FW? &H ngffcfti ve

filmfor rei the first cond ctlvefllmls

f or med orTF&SI(tBant af%)um rﬁa F’ Slogl'fgﬁ)ﬂﬁlf)f‘r& WY aéthf’ﬂéj %élélglﬁc?’“r&@ﬁ%tﬁg’ta?%/g is

for med ofaaadq mrnum Al) film and wherein the first conductive filmis

formed of a?[nfiﬂ%lrﬁ tride (TiN) filmwhile the second conductive is

formed of an aI um num (Al') filmand the third conductive filmis forned of

titaniumnitride (TiN). The above conbi nations are etched with the sane

et chi ng g@%%and th sarre floe rate as in Enbodi nent 1. Enbodi ment 2 may be

used in cOMRIEPFYIni th the process of Enbodinment 1 for fabricating the

gate el ectrode. /19 14 JUL 2006 [ Enbodi nent 3] .In_Enbodi nent 3, the

expl anation is ﬁ? GBIFXNPPl cl’feasﬁ‘éﬁl?mﬁ%on pheandactivestiloyhior sheagate sliatieds.vie film

of Al or containi ng@l as its majin corrPonent is used for formng the gate

el ect r odeSSHeRIUAOY Hm PFRIE¥SLIInGY by Pplyasivtellines titiper ilof witheak dmauEt ve

film material to thereby oxidize the surface and ﬁrevent Al fromdiffusing
into a SERCERYSE@sPhesa s or else doped may be used as the first conductive film in

place of the material as shown in Embodiment 1. Further, there are another
combinations wherein the first conductive film is formed of a tungsten (W) film or
molybdenum (Mo) film while the second conductive is formed of an alloy film of an
aluminum (Al) film and a cupper (Cu) film and the third conductive film is formed of a
titanium (Ti) film, wherein the first conductive film is formed of a tantalum nitride
(TaN) film while the second conductive is formed of an alloy film of aluminum (Al)
and silicon (Si) with the third conductive film formed of a titanium (Ti) film, wherein
oo the first conductive film is formed of a tantalum nitride (TaN) film while the second
conductive is formed of an aluminum (Al) film, and wherein the first conductive film is .
formed of a titanium mtnde (TiN) film while the second conductive is formed of an
aluminum (Al) film and the third conductive film is formed of titanium nitride (TiN).
The above combinations are etched with the same ctching gas and the same
floe rate as in Embodiment 1.
Embodiment 2 may be used in combination with the process of Embodiment 1

for fabricating the gate electrode.
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In an oxygen atnosphere or an atnosphere containing oxygen, plasma is
performed to the surface of the conductive of Al or containing Al ,as it
mai n conponent to oxidize the surface and forman Al1xOLx film N6354¢4@@
the quality of the surface of Al through oxidation nakes it possible to
prevent al um num el enents fromdiffusing into the sem conductor |ayer.
This Enbodinent 3 is used in conbination with the process for fabricating
the ogate electrode Enbodinent 1 and 2. [Enbodinment 4] In this enbodi nent
4, a procggﬁbgﬁnkg{ypng the sem conductor layer of a TFT is explained with
reference to Fig. 7. It should be noted that the crystallization neans in
Enbodinent 4 is i I i LWen of._ Japanese Pat ent
Cai d-cpen Mo, - 1356ES/HaES. BeRepRagin ® oA R et 1l 1o IFRERT e,

Enbodi : i | at |r film402 f d of ili.

oxyni ¢ 11 e TR i Pl BA G st il s el o0 e Sicuct or
fil il i ' [ dj 4) 403 wit t hi, cki f 200
nm ar e 1 oPked tepacy faithed B bibes B b Rra™h sorpticots BictBRIot o 11 1 m

be f . ti | yv. W t hout_ bei dto.t t her | ir.
Next i ¢ el B LUENR okt 1R oyBBhE ol BRFER i BPuT JREREE enfer 20 1
4 JUL Zoog:s%%ﬁﬁkgﬂﬁpmhich contains a 10 ppm by wei ght of catalytic el enent
n )

(in Enbodi ey %%el)conversion applied thereto, thereby to forma

o1 oo SRR TR s S5 SOt S S 258 et o
T N L AT A (i S5 eSO
al Lhough FHEHED HiShS Rt g el ogiTpMe i ins e diolivios ssatopsor

Al through oxidation makes it possible to prevent aluminum elements from diffusing

into the semiconductor layer.

This Embodiment 3 is used in combination with the process for fabricating the

gate electrode Embodiment 1 and 2.

[Embodiment 4]
In this embodiment 4, a process of forming the semiconductor layer of a TFT is

explained with reference to Fig. 7. It should be moted that the crystallization means in

P

Embodiment 4 is a technique disclosed in Embodiment 1 of Japanese Patent Laid-Open
No. 130652/1995. |

First, on a substrate (glass substrate in Embodimént 4) 401, an insulating base
film 402 formed of a silicon oxynitride film with a thickness of 200 nm and an
amorphous semiconductor fitm (amorphous silicon film in Embodiment 4) 403 with a
thickness of 200 nm are formed. The insulating base film and amorphous semiconductor
film may be formed continuously without being opened to the atmospheric air.

Next, with spin coat method, an aqueous solution (nickel acetate water
' 20




Enmbodi ment 4, there may be enployed a nmeans of using an evaporation nethod
or a sputter nethod to forma thin-filmcontaining a catalytic ejhﬁgﬁgltmuﬁ
(nickel in the case of this enbodinent) on the anorphous sem con _
film Next, prior to the process of crystallization, a thernmal treatnent is
perfornmed at a tenperature of 400 to 500C for about 1 hour to desorb
hydrogen fromthe film Thereafter, a thermal treatnment at 500 to 650C
(preferably, 550 to 570C) for 4 to 12 hours (preferably, 4 t? 6 hgurf)Sggc
erforme I jrent (eatpent. j.s rforned, a
Por 4 hoﬁ?ﬁﬁgg)gﬂggggﬁg?;%é“ﬁ%ﬁ$@§ﬁ&ﬂ§§ﬂ?ﬂ??@xﬁg%%Fyg&Qrﬁ?ﬁgﬁgpwﬂggn film
i n Enbodi ] re that .aser_anneal.in rocess
PR S ht o b, fsto Rl Eoy B P b i SRS R B

(first optical annea ar 10 _ _ “Tmay be
Pr1 m 05, “4Eot TS bltfack g ShSumblrbl SaliiRiF e HI kv amERot et ne
Frst ontehs S PACERRRAL REY brifed fbRer sBmiBbmniot e (Tniiab, OFn
e os AL AP yufilFln 100 b LR Pockig ol
peri odi C(ngtbrf‘gn 5:§HPB%€F§§§£&H§6PW§H)) &Elgt?f&-cryst al line sem conductor film
and gettering ﬁur 411’%1% 2006 regi ons 408 contai ni ng phosphorus at a

concentration opgh the meyhod of afding mecksl BY spigroepidmetipg is eyl inNext , a
tment is perfornmed in a nitrogen atnosphere at 450 to 650C

thermal tre _
(prefer ablIEr?, oGt & YStapay S cpnleved s mearsol g et apippratientoetiod kour s) .
‘Wth this thermal treatment, the nickel within the crystalline

o

seni conduPPBFr Peihef e e p ghipHam efintaieing erentadyticarieoont (aiselt inghe casecdpt ur ed
in the gettering region 408 by gettering actions of the phosphorus. To be
brief, sithisemhodinerken theqamasplnwsdemicondydtenilm.t he crystal | i ne

Next, prior to the process of crystallization, a thermal treatment is performed at
a temperature of 400 to 500°C for about 1 hour to desorb hydrogen from the film.
Thereafter, a thermal treatment at 500 to 650°C (preferably, 530 to 570°C) for 4 to 12
hours (preferably, 4 to 6 hours) is performed, and in Embodiment 4, the thermal
treatment is performed at 550°C for 4 hours to a crystalline semiconductor film
(crystalline silicon film, in Embodiment 4) 405 (Fig. 7B).

Note here that a laser annealing process (first optical anncaling) which. is
similar to that of Embodiment 1 may be performed to improve the crystallinity of the
crystalline semiconductor fiiﬂ:l 405.

Next, a gettering process for removing the nickel used in the crystallization
process from the crystalline silicon film is performed. First, on the surface of the
crystalline semiconductor film 405, an insulating mask film 406 is formed to have a
thickness of 150 nm, and openings 407 are formed by patterning. Then, a process of

doping an element (in Embodiment 4, phosphorus) belonging to the XV group of the

periodic table to an exposed portion of the crystalline semiconductor film, and gettering
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sem conductor film it is possible to reduce the concentration of the

ni ckel contained in the crystalline sem conductor film409 to a |l evel |ess
than or equal to 1x10'7 atons/cm and preferably 1x1016 atoms/an‘iquL]Leﬁgﬁ
(Fig. 7D). The crystalline sem conductor film409 thus forned in

stated above is a crystalline sem conductor filmwth noticeably excel I ent
crystallinity since a catalytic elenent (here, nickel) for accelerating
crystallization. Additionally, the catalytic elenent is renoved away by

ggtnf:g;]it Pgrt tnk QQS 9%1 églga[g%h%§@g)9£e%‘]e rz%gc:; E‘igﬁ:ntrtaﬂgn ﬁelto?r tic/)!sltz f“fﬂdénsg% AE L duct or

film 409 ¢ terlng regions) is less than or equal to 1x10'7
atom;/an and rably 1x10 6 atons/cnB or bel ow Not e here that

Enbodi ment 4 is a [ h tterl i 0 ons
contai ni ng an |1Flr%tl}h tat}?/lgg? emraer? Igrf’ﬁfgr%anggnf ﬁ‘em %UB“BIFG? g45§gt|°od| c
tabl e h .conce i e for in ce n regi.ons which are not
become ac?ﬁ)vgJ (%FGJVQE@ gb(ﬁg 5?@9%%54 tﬂ@%& Qr?éﬁglyséﬁpclgn%%@or\% thy
using a c¢ el enent at the catalytic e used for the
rystal | Bl el SRaEETEbe o EE dhe ety ot Wor rKocier GBS i
structure,of Enbodinent 4 is usable in conbination with the

crystal | | SEGHERS P BEYEAFIehE CapiveddRARCESIeTRE FepiathHnby getierpsartient 1 and
the 22 1 4 JUL 2006 manufacturing process of the gate el ectrode indicated

i n Enbodi Wt PHOSHIRMSo df hdhbrig} sipee thepbckehisremved figrorishia the crsiellingg a
sem conductor layer of a TFT with reference to Fig. 8. Practically, the

{t echni queseaseIdyson fm. mibpessidatorspesree crrreatintion e the gsknl wlainal7ings/ 1996

‘(U.S. Patent Application Serial No. 09/034,041) is enpl oyed First, on a
subst r at ethe grssdling geatieendacion fibnd0Ritne mvesl)esma.n omgnuiahouba0]! nagoma[sm :

and preferably 1x10'" atoms/cm” or less (Fig. 7D).

The crystalline semiconductor film 409 thus formed in the way stated above is
a crystalline semiconductor film with noticeably excellent crystallinity since a catalytic
element (here, nickel) for raccelerating crystallization.  Additionally, the catalytic
element is removed away by gettering action of the phosphorus after the crystallization,
the concentration of the catalytic element within the crystalline semiconductor film 409
(except gettering regions) is less than or equal to 1x10'7 atoms/cm’, and preferably

1x10' atoms/cm® or below.

-

Note here that Embodiment 4 is characterize in that the gettering regions (the
regions containing an impu;ity element belonging to the XV group of the periodic table
at a high concentration) are formed in certain regions which are not become active
layers after forming the crystalline semiconductor film using a catalytic element, and
that the catalytic element used for the crystallization is subjected to gettering by thermal
treatment.

The structure of Embodiment 4 is usable in combination with the

crystallization process of the semiconductor film shown in Embodiment 1 and the
22




film502 formed of a silicon oxynitride filmwth a thickness of 200 nm and
an anor phous sem conductor film (anorphous silicon filmin Enbodi nent 5)
503 with a thickness of 200 nmare formed. This process is alterﬁglg 2@
such a way that the dielectric undercoat film and anor phous sem ddk @)r
filmare formed continuously wthout being opened to the atnospheric air.
Next, an insulating mask film504 of a silicon oxide filmis formed to have
a thickness of 200 nm and an openi ng 505 is forned. Next, an agueous

sol ution ter: ti.on),.cont.ai 100 ppm by wei ght of
catal yti c&%}l@fn@%ﬁ%m %EP% %GLgrr?gﬁfRdéﬁa??dt‘ ﬁ‘btf - spin coating
method to forma catalytic el errent containing | ayer 506 At this tinme, the
catalytic elenent-containing |layer 506 is selectively brought into contact
with the @ﬁoﬁhoﬂi sem conductor film503 in a region of the opening 505.
Exanpl es gﬂ) cat aI ytic el enent here include, although not
limted to, ﬁﬂésae(?d ni c (Ni), cobaJt (Ca), ruthenlum(Ru)F)F rhodi um
(R1), pall adl um( IHER rﬁ?‘@gﬁssq fipEning 3 semjcondpstat jayenel PIFL wihper
(Cu), and gold &A (8?9 8A). Although the method of addi ng nickel by spin
coat met WGP (e ddgid Prasheiymthn teshmgpe disclossd BePuitishesy EpaneseBatentof an
evaporati on net hod_or sputter 23 1 4 JUL 2006 nethod to formon the

anor phous @%@R‘?Bna@cg‘iﬂnﬂ 1986 a (¥ 8 nPatentmAppEraiigion Ferialc Aal0pi34.048) eivent
(nickel in the case of Enmbodi nent 5). Next, prior to execution of the
crystall i ZBRlppl. process, a thermal treat rrent is perfornmed at 400 to 500C
for about 1 hour to desorb hydrogen fromwthin the film and a thermal
treatment at 5001st0n6580srpiedElasnpibpirats 50 Erbo800@) 5 601,6:nt insull &irpobass
‘(preferably, 8 to 14 hours), at 570C for 14 hours in Enbodinent 5. As a
resul t, fdny$03I formed iobre prlmgne@szesndm famdiwitact i thickfdshenfd20Gahi anl as

i ndicated by arrow which is approximately parallel to the substrate with
t he openiagPErBIGIsgwmacaiactor fion iamotphenekijictrofilm in Embodiment 5) 503 with a

thickness of 200 nm are formed. This process is alterable in such a way that the
dielectric undercoat film and amorphous semiconductor film are formed continuously
without being opened to the atmospheric air.

Next, an insulating mask film 504 of a silicon oxide film is formed to have a

thickness of 200 nm, and an opening 505 is formed.

Next, an aqueous solution (nickel acetate water solution) containing 100 ppm

A

by weight of catalytic element (nickel in Embodiment 5) is applied by spin coating
method to form a catalytic element-containing layer 506. At this time, the catalytic
element-containing layer 506 is selectively brought into contact with the amorphous
semiconductor film 503 in a region of the opening 505. Examples of the usable
catalytic element here include, although not limited to, iron (Fe), nickel (Ni), cobalt
(Co), ruthenium (Ru), -thodium (Rh), palladium (Pd), esmium (Os), iridium (Ir),
platinum (Pt), copper (Cu), and gold (Au) (Fig. 8A).

Although the method of adding nickel by spin coat method is used in

Embodiment 5, there may be employed a means of an e¢vaporation method or a sputter
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forma crystalline sem conductor film (in Enbodinent 5, crystalline silicon
film 507 wth alignment of nmacro crystal growh directions (Fig. 8B).
Next, a gettering process is performed for renoving the nickel usged jyniithe
crystallization process fromthe polycrystalline silicon film In

Enbodi ment 5, a process of doping an el ement - (phosphorus, in Enbodi nent 5)
whi ch belongs to the XV group of the periodic table with the previously
formed dielectric mask film50 used as a nmask, thus to forma gettering

region 5 ' J t her ei n_phosphorus, _with a. concentratign.of
1d019 o T e e el e SR A Rl e T aBEE R el S Thue
exposed ning 505 ((Fig. 8C). xt, a thermal treatnent in a
nitrogen%getngn%gf)ﬁ@%éma C4B8Y 4f(#"gqﬁ5%“%‘btr§§$erabl y, 500 to 550C) for 4 to 24
hour s (preferaﬁ\y t6 to 12 hours) is conducted. Wth the thermal treatnent,
the nickel wit |%’tﬁ{b°réPf§F%1*H0Prﬁ§tE“eﬁ{Yé FREPB PTG M2nH el itisalnendiis ect i on

of arrow, _and then js captured in the gettering region 508 b ettering
actions pS%OWEéP?}h ptﬂoiﬁsa fopalpput drhouf o fiﬁ%’ﬂi’lgbf‘ir@g“i goﬁ’e\’fﬁb’édgﬁ fidm t he
crystalli n? ﬁem' onductor film thus, and it is possible to reduce the
concent r 20f SrgHmAl fatimenk af SOQ én Pl hetpretarabhie 58P v OAP1G)ner Setai l6okmus t or
filmb509 to the intended level that is less than or equal to 1x1017
at ons/ cmPrekteblpr rter o hgurtl o D78 6 rfey dfdhowrs ine EmboRingent §D) As2a rdsulf, JUL
2006 The crystalline sem conductor .film509 thus formed in the way stated
above is Cflfsgar“ﬁ@aoafpr%réﬁywaﬂ|¢1rﬁ@tl@eﬂh¢:dh@mmcﬁs inflicatedhiychirave wibich deabl y
excellent in crystallinity for selectively doping a catalytic el enent
(here, niseRERIMtely paedisl & teisnbstea/withiths epaningnS051as Myret pomacthereby lky, t he
‘crystal line sem conductor filmhas a crystal structure in which stem shaped
or pol e- Ifp1Re acryssalling semisorductmeitdlmyfin IBmbddithespBairfsitdlind sidicon Giha) 507
properties. Additionally, the catalytic elenent is renoved by gettering
acti ons ofith alienpisesphonue crysfal growthdireetioss &Fiki 83 i on, and the concentration
of the catalytic elenent remaining within

Next, a gettering process is performed for removing the nickel used in the

crystallization process from the polycrystaliine silicon film. In Embodiment 5, a
process of doping an element (phosphorus, in Embodiment 5) which belongs to the XV
group of the periodic table with the previously formed dielectric mask film 50 used as a
mask, thus to form a gettering region 508 which contains therein phosphorus with a

concentration of 1x10" to 1x10%® atoms/cm® in the crystalline semiconductor film thus

s,

exposed at the opening 505 (Fig. 8C).

Next, a thermal treatment in a nitrogen atmosphere at 450 to 650°C (preferably,
500 to 550°C) for 4 to 24 hours (preferably 6 to 12 hours) is conducted. With the
thermal treatment, the nickel within the crystalline semiconductor film moves in a
direction of arrow, and then is captured in the gettering region 508 by gettering actions
of the phosphorus. To be brief, the nickel is removed from the crystalline
semiconductor film; thus, and it is possible to reduce the concentration of the nickel
contained in the crystalline semiconductor film 509 to the intended level that is less than

or equal to 1x10'” atoms/cm”, and preferably 1x10'® atoms/cm” or less (Fig. 8D).
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the crystalline sem conductor film509 is expected to stay at a |level |ess
than or equal to 1x1017 atons/cnB, and preferably 1x1016 atons/cnB8 or

l ess. Note here that Embodiment 5 is characterized in that the gdtit8Hi%¥
region (the region containing at high concentration an inmpurity el ement
whi ch belongs to the XV group of the periodic table) are fornmed in a
certain region which is not used as an active |ayer after formng the
crystalline sem conductor filmcrystallized using a catalytic elenment, and

that the catalytic element used for _th rystallization is supjected to
gettering by tHhEF RS HERD ueitﬂgﬁi;a%gf),l%ﬁ%gﬂe%fn BRBEYiSH ‘?‘iﬂlb?"leés

enpl oyabl e in conbin (i%_i on with the _nethod of fabricating sem conductor
dovi ob wEFTERE: & & GruteLbnG o USRS CHB Y Bich ipeficoably exgsdaniB eyl linityret hod
of formng a sem conductor |ayer of a TFT is described in Enbodi nent 6
with ref éPlelidestively oging agtelyliogement (fsre migkehdpapcas|easmgtcryitalizagion.
catalytic function is added ovar the entire surface of an anorphous

sem condMeErpragticaily.f Be cysyating semicagduciorsBlm dehduarvr! ftiuctre mtvellieh ng a
rare gas element (Ar in Enbodinent 6) is formed to be used as a gettering
site. | nskEmyshapad oppeledikgrerydielp erd digngd pevikei with specificnditectiona peopeaitiesr i al  of
a substrate 25 1 4 JUL 2006 600, barium borosilicate glass,

al um nobakdsitiqrai st Ge ghtiddic demenizis removeteby igkéeromnadbiens pf dfeephatsphorused. n
the surface of the substrate 600, an inorganic insulating filmis forned
into a thitekihessyspllizagioncar@idbe nomcgstraiidiaaiethe watalyat iclegnent tem60ihg wWithiexanpl e
of a preferable base insulating filmincludes a silicon oxynitride film
fornmed byhgptrastaBine Gubiconddatarsiins509 is erpatediotstayde afitdeirioss tHhanar thidkaess of
50 nm made of SiH4, NH3, and N20 and a second silicon oxynitride film
havi ng a IxhDCknesgcot, addPrefieravinde 10T aBindemimdeN20 are used as the base
insulating film®601l. The base insulating film601 is provided for the

pur pose of prewant hag thitkethbodiread 5 ¢ocaddcngtted in thag tigsgetistihs t¢gdde (the om

region containing at high concentration an impurity element which belongs to the XV
group of the periodic table) are formed in a certain region which is not used as an active
layer after forming the crystalline semiconductor film crystallized using a catalytic
element, and that the catalytic element used for the crystallization is subjected to
gettering- by thermal treatment.

The construction of Embodiment 5 is employable in combination with the

method of fabricating semiconductor device which is indicated in Embodiments 1 and 2.

r"""-\‘

[Embodiment 6]

A method of forming a semiconductor layer of a TFT is described in
Embodiment 6 with reference to Figs. 9A to 9D, in which a metal element with a
catalytic function is added over the entire surface of an amorphous semiconductor film
for crystallizing, a semiconductor film containing a rare gas element (Ar in Embodiment
6) is formed to be used as a gettering site.

In Fig. 9A, Although there is no particular limit to the material of a substrate
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diffusing into a sem conductor filmformed on the base insulating film 601.
In the case of using quartz as a substrate, the base insulating film 601
may be omitted. An anorphous sem conductor film 602 forned on_tﬁq.ﬂﬂ;@%
insulating film601 is a sem conductor material containing silico s a
mai n conponent. Typically, an amorphous silicon film an anorphous silicon
germaniumfilm or the like is formed into a thickness of 10 to 100 nm by
pl asma CVD, | ow pressure CVD, or sputteri?g. In order to obtain a |
sati sfact St 1 e i L ritjies suc 0X n an
ni t rogen @%KE%?%@d&%ﬁﬁﬁﬁge§§%§bﬁ%ﬁgﬁgﬁﬁﬁﬁgﬁﬁﬂg§%%‘Pﬁﬁﬁ1%P?Fﬁ@§ﬁﬁ%gﬁ§mered
to 5 X | eSS | ritie hRder.crystal lizatiaon of an
i&é{%&ﬁﬁ'@ ufdd. ' BaSthe ;%H%ﬁge LETRY §ut0§tﬁa2te gg@rsaim[ 910 anje W%%B%g‘h@

amor phous™ sem conductor, incredse _ éﬁter and
Ges 1 ant ophg B Mises SRR g A e init G RO EEARIN B oh i s
Cr oat mentBre ROl bRl FYBROEE ShGEP NG ncThii poddnar (fmareBen-r 6%acuum
Ther eaf t &Y Da “hEE e EPBAHR e i Rpariskres PLsPaRro st ing

crystalli ion is added to the surface of the anorphous sem conductor film
505 (Fi g OB asafis Slcosr osigR s Fd g elidrint oo ate)
ni ckel (N ), ..cobalt (Co 26 1 4 J UL _2006 ruthenium (Ru), rhodium ,
pal | adi ﬁrﬁ"%iﬁﬂac? %S Hffiﬂﬁ% #4) base ripgplaing fily 6084 aFhenbare (1pgulating: Blsm 01 (isy) |
gold (Au), and,the like, and one kind or a plurality of kinds selected from
these el eR’EBWHEd %%rrrh%@uw@éﬂ of meReRtig dfkalhmefab rontaingd iy gippesstintsHous
'seni condugtor, film602 is coated with a nickel acetate sol ution containing
1 to 100 PHHBY MiepgERiGRAuGEPTIlE farmer oa thpbimeansulating fdbyotlo Ihdharease
catalytic el ement containing |ayer 603. In this case, in order to enhance
conpat i biqfiusipgspartnas s sihstraienthetbhse iapdatptolisn 6¥nneobdamited. film 602 is
subjected to a surface treatnment as follows: a very thin oxide filmis
formed wth am\paogehevhsanisprdpcigddoussfoiutd onthetthe: mxildeng filma0s et ched
with a m xed

is a semiconductor material containing silicon as a main component. Typically, an

amorphous silicon film, an amorphous silicon germanium film, or the like is formed
into a thickness of 10 to 100 nm by plasma CVD, low-pressure CVD, or sputtering. In
order to obtain a satisfactory crystal, the concentration of impurities such as oxygen and
nitrogen contained in the amorphous semiconductor film 602 may be lowered to 5 x |

10%cm® or less.  These impurities hinder crystallization of an amorphous

S

semiconductor, and increase the density of a trapping center and a recombination center

- even after crystallization. ’fh;arefore, it is desirable to use a CVD apparatus designed for

ultra-high vacuum, which is subjected to mirror-surface treatment (electrical field

polishing treatment) in a reaction chamber and is equipped with an oil-free vacuum
exhaust system, as well as to use a material gas with a high purity.

Thereafter, a metal element with a catalytic function of promoting

crystallization is added to the surface of the amorphous semiconductor film 602 (Fig.

9B). Examples of such a catalytic element include iron (Fe), nickel (Ni), cobalt (Co),
26




solution of fluoric acid and hydrogen peroxide to obtain a clean surface,
and the resultant surface is treated with an ozone-contai ni ng aqueous

solution again to forma very thin oxide film Since the surf-]a@gyp‘[g[]gi
sem conductor filmsuch as silicon is hydrophobic, the surface of the
anor phous sem conductor film 602 can be uniformy coated with a nickel

acetate solution by formng an oxide filmas described above. Needless to
say, there is no particular limt to the rrethod of formng the catalytic

| t t | t t |
503y e s h O Sl Py Wﬂdeva{fﬁa?ﬁ SRR 5 BTGP he.
like. F tal el t 603 b
formed or the wase b ESEEh R b gBRe E@ﬁw&@%ﬂ%ﬁ%@ SEIRSIOHEUE
d 02 Vi | th duct fil 602

cont act wiek esbed BF e {580 CTuEnD” BoReC ety T BroBugYs sWeadciasat nent
for crystf?lln[“6 tion |s onduct nmet hod for the heat treatnent, a
furnace annea(?fr?gcoag %hﬁ né?(gﬁ?ciﬁ&“ﬁé? Heen enpiaiag 1 ©rl00nps By t¥raghelt

anneal i ngnélé?wé nafter r ef rre to as "RTA") using a hal ogen | anp,

metal hall" asp&“&%n%‘ﬁf Y &0 1y “étabfélﬂ?&ﬁmeaf goniziging lavesi o9a- plﬂéb1§ure

sodium| a - essure mer cury , or the like are adopted. In

vi ew of pﬁr‘l‘g%dﬂtoir 39 CORGTCE) OMIBFRHIEY QBIﬂ}ﬁ s ete dhe FmorphgquyysamicoxBEBI n t he
case of c RTA, a lanp light source for heating is swtched on for
1 to 60 18 SgPléFféiié%wurieﬁ‘ftteﬁasoelﬁ@éé@lé@waﬁdfem it oxide fimriefreatedd | to

10 times, referabl 2.to 6 tines. Although the light-emtting intensity
of a | anp¥ ]I]Ecj'ﬁt 0@691‘38@3}173118 AABI0UP aolutipns éhe oxide filmt ensichyd ivgthsetmixedor der
that the sem conduct or filmis rapidly heated up to about 600C to 1000C,

pr ef er ablsp luipguet B8ocs tasidaperithydsgen Evendato sbtin a clhimglutferspendt tiee, only
the sem conductor filmis rapidly heated, and the substrate 600 itself is
not st r ailfddlapbsustaceef eated Wlfhhajsozqnhezoatmnngleqmoaemlamdugalmto fodnmai s
crystallized to obtain a crystalline sem conductor film 604 as shown in
Fig. 9C. “suthhin oxide film. Since the surface of a semiconductor film such as silicon is

hydrophobic, the surface of the amorphous semiconductor film 602 can be uniformly
coated with a nickel acetate solution by forming an oxide film as described above.
Needless to say, there is no particular limit to the method of forming the
catalytic element containing layer 603, and the catalytic element containing layer 603
may be formed by sputtering, evaporation, plasma treatment, or the like. Furthermore,

the catalytic element containing layer 603 may be formed on the base insulating film

o,

601 before forming the amorphous semiconductor film 602.

While the amorphéus semiconductor film 602 is in contact with the catalytic
element containing layer 603, a héat treatment for crystallization is conducted. As a
method for the heat treatment, a furnace annealing using an electrothermal furnace, or
rapid thermal annealing (hereinafter, referred 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, or the like are adopted. In view of productivity, RTA is

| preferably adopted.
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crystallization can be achieved by providing the catalytic el enent
containing |layer 603. In the case of using furnace annealing as the other
nmet hod, prior to the heat treatnment for crystallization, the aporphqu

sem conductor film®602 is subjected to a heat treatnent at 500t4ﬂ@izaﬁout
one hour, whereby hydrogen contained in the anorphous sem conductor film
602 is released. Then, a heat treatnent is conducted in a nitrogen

at nosphere at 550C to 600C, preferably at 580C for four hours, using an

el ect r ot her mal S m.conductor film.602 is
crystallized. %g%g?gﬁﬁﬁﬁggd%ﬂgéﬁétgt%Fﬁéﬁgg@éﬁﬁﬁ%égu%F*Pgﬁ?T%N%ﬁﬂ(ﬁs shown
in Fig. 9 1Saf I ance a crystallization ratlia (ratio of
a crystal&%gﬁﬁéﬁgﬁﬁgFg’ egggggépﬁg%ggFﬂﬁﬁs3?8%%§Um5Fﬁf?mﬁﬁblFbggppéaefects
remai ni ng e to irradiate_ the

i .al i it | ffecti
crystall i%ﬂg%srge@?ggt%ﬁﬁé Ssr'g?“ﬁ;hﬁ?%bﬂfe\)&igf‘ﬁg igﬁfﬁ ?I}t?rgﬁt/ o & lampight peures . oc.
As the | i N light with el h of . 400 nn | , th
second had Y &% TedvERT PSS otiier (bR PACS SR [Eel PR dase,

the crystalli.ne ] .con tar film 604 may be subjected to a | aser

t r eat ment “%l‘{ ot B0 < ﬁfﬁ)%r Gt protestolnabey %@?E 59 205t 10 Sul Esen alswich|g ght
wth a regeg%ing frequegﬁélof aboyt 1Q to 1000 Hz and condensing the | aser
light at 180 Y BPHIY mPRSHPeWETHFORAUGRE fibmis ragidly Bpgtechgind 4hg eabspraged0n a
crystalline sem condyctor film 605 thus obtained, a catalytic el enment
(herein, k& pot SraResio R tdedRigiednod hsi the ramayphiius t senbefndycton filimeisf i | m
the catalgtic . elenment remains at an average concentration over 1 X

10" 9/ ent . “iEiRllzed {0 pRjaingy crysialline sepmicpndictar Strat6e4 a shawen poFig. BiCe $wchf or m
‘various semi conductor devices such as a TFT. However, the catalytic

el ement | FYHANEYQR Gy hgachisvsdiey providing the chiolyliowlenynnetntwoling Fayes 603.as shown
in Fig. 9D, a thin layer 606 is fornmed on the surface of the crystalline
seni conduct or i WeEes: of nsingdupaesameakippes fliccethéromethblepridri to thayest 606
provi ded on the crystalline sem conductor film®605 is provided to prevent

t he firsttreatment for crystallization, the amorphous semiconductor film 602 is subjected to a

heat treatment at 500°C for about one hour, whereby hydrogen contained in the
amorphous semiconductor film 602 is released. Then, a heat treatment is conducted in a
nitrogen atmosphere at 550°C to 600°C, preferably at 580°C for four hours, using an
electrothefmal furnace, and thus the amorphous semiconductor film 602 is crystallized.
Accordingly, the crystalline semiconductor film 604 as shown in Fig. 9C is formed,

In order to enhance a crystallization ratio (ratio of a crystal component to the

£

entire volume of the film), aﬁd repair defects remaining in the crystal grains, it is also
effective to irradiate the cryist_alline semiconductor film 604 with laser light as shown in
Fig. 9C. As the laser, excimer laser light with a wavelength of 400 nm or less, the
second harmonic or the third harmonic of YAG laser is used. In any case, the
crystalline semiconductor film 604 may be subjected to a laser treatment with an
overlap ratio of 90 to 95% by using pulse laser light with a repeating frequency of about
10 to 1000 Hz and condensing the laser light at 100 to 400 mJ/cm® with an optical

system.
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sem conductor film 605 from being etched when a gettering site is renoved
| ater. Therefore, the thin layer 606 will be referred to as a "barrier
| ayer 606". The thickness of the barrier |layer 606 is set to be about | to
10 nm and chenical oxide formed by a treatment with ozone wat dré didlyZlfife
used as a barrier layer sinply. Furthernore, even by a treatnment with an
aqueous solution containing a mxture of sulfuric acid, hydrochloric acid,
or nitric acid together with hydrogen peroxide, a chem cal oxide filmcan
be simlarly f rpative Dl treatnent in an oxidizing
at nosphere, " or ?%)r(crl:s ggts 1igl‘ioﬁnn%t ?%5311 Cr’r%dﬁl%étolr?\f%ﬁﬁgqg‘isoﬂgmf@’ ﬁe‘r“f’é‘flétt‘%&i( nt
irradiati WUV-14 ght _in_an en- cont.ai ni.ng. atnosphere qr the |li ke may be
conduct e(gﬂ&ﬂ'ﬁ/ f ‘r?lléfglﬁﬁ?rg?ln% t ﬁﬁgégif‘ag“‘?‘?‘?rmii’ glsfrbq”rt&?gmt ‘(}S'e(faf“aiﬂﬁ PHAEi er
| ayer by 1heagi 2{‘% .at tabout 200C t o about 3520 v(\f}(,th a cl ean oven.
Al t er nat iSVETS TARABX Pt YRS SROCHEDPR ¥ Rhe &St crboliecdiess 4o 5an miveR
deposited to obtain a.barrier |ayer by plasma CVD, sputtering,
evapor at i‘BCHP e i i“k@‘?ssftﬁe AP ORIy Jatious JENHERTRHEISR daYicenauch asat A1 i ¢
el enent 0 nove to a gettering site side in the gettering process and does
not al | oW SFVED drarRtalY e clpawtip sareoveA by serering ysing(tpe &lketing misthodr yst al | i ne
sem conductor fjlm605 froman etchant) in the renoving process of a
gettering siteliay pshpwadn g, Yxamindaya @esiferncdosn dee sfrfdemdfahered by a
treatnent with ozone water, a silicon oxide film(SiO), or a porous 29 1 4
JUL 2006 SFystalingagempisondnsepr filme 905 asinathgepresent sppcifiiosOthe thins byond06
sem conductor film (typically, an anorphous silicon film containing a
rare gas berédEhen ghe grstiiden semicondnctdr filnx 606 i9/magdedrto porveni shef firsred on
‘the barri er layer 606 to have a thickness of 25 to 250 nm by sputtering.
Si nce t heegrndwdterglisnt@S60Pm beingrehed Wheren, geatetiogesitensityofed mtes
preferably formed so as to obtain a large selection ratio of etching with
respect tldetsdfiere, ihe yisih ddyer @6 sdirbe mfichuat toras Ri“barieDlyerl Gd6the case of formi ng
the gettering site 607 by sputtering under the conditions

The thickness of the barrier layer 606 is set to be about 1 to 10 nm, and

chemical oxide formed by a treatment with ozone water may be used as a barrier layer
simply. Furthermore, even by a treatment with an aqueous solution containing a
mixture of sulfuric acid, hydrochloric acid, or nitric acid together with hydrogen
peroxide, a chemical oxide film can be similarly formed. Alternatively, a plasma
treatment in an oxidizing atmosphere, or oxidation treatment in which ozone is

generated by irradiating UV-light in an oxygen-containing atmosphere or the like may

i /(“-‘\

be conducted. Furthermore, a thin oxide film is formed to obtain a barrier layer by
heating at about 200°C to about 350°C with a clean oven. Alternatively, an oxide film
with a-thickness of about 1 to 5 nm is deposited to obtain a barrier layer by plasma CVD,
sputtering, evaporation, or the like. In aﬂy case, a film which allows a catalytic element
to move to a gettering site side in the gettering process and does not allow an etchant to
penetrate into the film (protects the crystalline semiconductor film 603 from an etchant)
in the removing process of a gettering site may be used. For example, a chemical oxide

film formed by a treatment with ozone water, a silicon oxide film (SiO,), or a porous
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that; a gas (Ar) flowrate is 50 (sccm, a filmformation power is 3 kW a
substrate tenperature is 150C, and the filmformation pressure is varied
from0.2 to 1.0 Pa, the concentration of a rare gas in the gettering site
607 is set 1.x 10'9/cnB to 1 x 1022/cnB, preferably 1 x 1020/ cnB4tjii 2008
1021/ cnmB, nore preferably 5 x 1020/cnB, and allows a gettering effect. As
being inactive itself in a semconductor film a rare gas el enent does not
adversely influence the crystalline sem conductor film605. As a rare gas
el ement, gn kind or a plurality of kinds selected fromhelium (He), neon
(Ne), arg@r??f“,&?';b? uﬁerd;'/pton (Kr), and xenon (Xe) are used. The present
invention is chﬁiracteri zecg i N that( éhese r@re gas el engnts are _used as ion
sources for fortifg X HEFTE NG ISiPE, 21780 Semcepdrstns: Bim ipiRal¥neai ni ng
t hese el emsnthl is.lf.or rrﬁd to obtain a gettering site. In order to surely
achi eve gBTYEPPHGIGH B copfdining t45e Bevrrleraentat hearcentrdion bt 19 emeaf t er .
The heat treatnmenf is conducted hy furnace annealing or RTA. In the case
of adopt i HgmPH al0smesthR8APF Mgries Thysat000r @akare it thicknessnefudt &u288 60T to
600C for 0.5 to 12 hours in a nitrogen atnosphere. In the case of RTA a
| anp | i ghtPulieinEe PiFe theAdttagng sitawpi hedempvadotater. tol@odemstontin is
preferably 30 to 60 seconds and lighting is repeated 1 to 10 tines,
pr ef er abl Breterabdy éormedess, aspiotdhsaigh letas seleghion entiot afi dhingvéthsespecofo 36 1 4
JUL 2006 a lanp light source is arbitrarily determned, the intensity is
set in ordgtalfipgsemiconduetaditu®@or filmis rapidly heated to about 600C to
about 1000C, preferably about 700C to about 750C. During gettering, a
catal ytic el endntthg pasg of Eyimong the detienyeg sierGly by saptesing ehddrshe celdéised by
‘heat energy, and noved to a gettering site by diffusion. Thus, gettering
depends uipat aagasr@al memt rateipnsd dsagny, 2 ditoh formaidedsowe ia B kvK, taesubpritod of
time at a higher tenperature. According to the present invention, the
di st ance tahpratue ¢al H1°¢L acd thel @Bime fitnmatve gredsur ixgvagiet tteym 0@ oolr® espveds to
approximately the thickness of a

concentration of a rare gas in the gettering site 607 is set 1.x 10"%/cm’ to 1 x 10%/cm”,

preferably 1 x 10%%em’ to 1 x 10?/em®, more preferably 5 x 10°%/cm’, and allows a
gettering effect.

As being inactive itself in a semiconductor film, a rare gas clement does not
adversely influence the crystalline semiconductor film 605. As a rare gas element, one

kind or a plurality of kinds selected from helium (He), neon (Ne), argon (Ar), krypton

‘f'm\

(Kr), and xenon (Xe) are used. The present invention is characterized in that these rare
gas elements are used as ion sources for forming a. gettering site, and a semiconductor
film containing these elemeht_s is formed to obtain a gettering site.

In order to surely achieve gettering, it is required to conduct a heat treatmeﬁt
thereafter. The heat treatment is conducted by furnace annealing or RTA. In the case
of adopting furnace annealing, a heat treatment is conducted at 450°C to 600°C for 0.5
to 12 hours in a nitrogen atmosphere. In the case of RTA, a lamp light source for
heating is switched on for 1 to 60 seconds, preferably 30 to 60 seconds and lighting is

repeated 1 to 10 times, preferably 2 to 6 times. Although the light-emitting intensity of
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sem conductor film as shown by an arrow in Fig. 9D, whereby gettering can
be conpleted in a relatively short period of tinme. Even in the 1
above-nentioned heat treatnent, the sem conductor film 607 contai n‘gi*H& 2406
rare gas elenent at a concentration of 1 x 10'9/cnB to 1 x 102/ cnB,
preferably 1 x 1020/cnB to 1 x 1021/ cnB, nore preferably 5 x 10°0/cm is
not crystallized. The reason for this is considered as follows: a rare gas
el enent remains in a sem conductor filmw thout being rel eased again even

in the abhove- menti oned r.ange. of. heat treatnent.tenperature, thereby to
i nhi bi t g‘r }égflpgﬁllgung ‘i‘rg% l%fag@ﬁ%‘”?eﬁ?*&}ﬂﬁ’ﬁ t ﬁ}e ﬂﬁqu APtEF B o thah gt
getterin t he .anorphous sem conductor 607_iS renov sel ectively
et chi ng. %érrﬂgog?%cﬁ?r mc‘e?r{afb‘gf?c}ber%ﬁglctf’ O%Spcg}?r{} iR Al r@g@wo'b -pregeiely ahoghout
usi ng pl or, wet_etching with an al kaline solution such as hydrazine
and an af{'ﬁ&%o abog t%q n containing tetraethyl anmmoni um hydroxide
((CH3)4NOH). At _this time, the barrier |ayer 606 functions as an_etching
stopper. The bal¥in8r&disyes wowalyHy shanent dus\isgion torper gaiisrace(teppi dte) is
thereafter. Accordingly, a crystalline sem conductor film®608 with a
concent r & FHRA Y beat gngrayyandcmerehime Selerinmpsite by tiffusigr 77Tbng ssHeliegs can
be obtained as shown in Fig. 9E. Enbodi ment 6 can be used by conbi ning
get t er i nGERFIGE aPen o reat@epiateipgEiurg; and progesds dpaeshertempetiodn! ¢imei & ®xecut ed
after the formation of the crystalline sem conductor filmin the nmethod of
form ng tFEhes EMREsHEGC t APCoBERE ¢ therprEsend tivaetinss the distagee fvEabediataptic 7] | n
Enbodi ment 7, the manufacturing process of a sem conductor |ayer of a TFT
is descrloyegt yspyrg firgng Eettering whirespoadsmee aippeixémenly et khickrest aifyd i ¢
function is added to the entire surface of an anorphous sem conductor film
for crystsemicopiivgommfiiheas ghowartngnisresw nul KigneDusihgrabyngaietiad. cahi bst, as
shown in Fig. 10A, a catalytic elenment containing |ayer 702 is forned
completed in a relatively short period of time.

Even in the above-mentioned heat treatment, the semiconductor film 607
containing a rarc gas element at a concentration of 1 x 10"/em” 10 1 x 10°em”,
preferably 1 x 10%%cm® to 1 x 10°/cm®, more preferably 5 x 10°%/cm® is not crystallized.
The reason for this is considered as follows: a rare gas element remains in a
semiconductor film without being released again even in the above-mentioned range of

a heat treatment temperature, thereby to inhibit crystallization of the semiconductor film.

.""‘M\A

After completing gettering, the amorphous semiconductor 607 is removed by
selectively etching. The etching can be conducted by dry etching with CIFs, without
using plasma, or wet etchiné'with an alkaline solution such as hydrazine and an aqueous
solution containing tetracthyl ammonium hydroxide ((CH;),NOH). At this time, the
barrier layer 606 functions as an etching stopper. The barrier layer 606 may be
removed v&ith fluornic acid thereafter.

Accordingly, a crystalline semiconductor film 608 with a concentration of a
catalytic element reduced to 1 x 10'’/cm’ or less can be obtained as shown in Fig. 9E.

Embodiment 6 can be used by combining gettering process of the catalyst
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on a base insulating film701. At this tine, an aqueous sol ution containing
a catalytic elenent or alcohol solution nmay be used with a spinner
Alternatively, the catalytic elenent containing |ayer 702 may bp? mmg by
sputtering, evaporation, a plasma treatnment, or the like. Thereafter, an
anor phous sem conductor film 703 is forned into a thickness of 10 to 100
nm by plasma CVD, | ow pressure CVD, or sputtering, as shown in Fig. 10B.
Furthernore, a barrier layer 704 is formed. The nethod of form ng these
films is as that in Epbodi mrent 6. Then, a sem conductor film 705
cont ai ni ¥ H?“F&%g%dé§xﬁﬂﬁﬁ%ﬁ@“ﬁhe&”H@Hﬁééﬁﬁmh@W8Nh@¢STHWOQQEQWdHHBultO | x
102" / cnB, preferabl 1 x 1020 . to 1 x 10'1/cnB, nore preferably 5 x
1020/ cn8 thesmethpdaht qr’ﬁ‘t“lﬂ the pemicrpdusiorsievizs in Bmpgdimentsblyondd. asma CVD.
Typi cal ly, an anorphous silicon filmis selected. Since the sem conductor
film705 is renoved later, a lowdensity filmis desirably forned. Next, a
heat treatnent is conducted As a nmethod of the heat treatnent, a furnace
anneal i ngEmbpdigneah 7l ectrot hermal furnace, or RTA using a hal ogen | anp, a
metal halide |anp, a xenon arc |anp. a carbon arc |anp, a high-pressure
sodi um | anfl Embgdintens 7] the 12@0dadvigie proessurfer semiconducioanpyer of atTET lid ke ar e
conducted. In the above-nentioned heat treatnent, a catalytic el enent
per meat es #gscnbedhesing Eig. dOnvluebioh af mbtal Fi6Remi whh araabpicphaconsk addédr e, and
diffuses toward the sem conductor film 705 (in a direction represented by
an arrow i to Hiegentit@Byrfmiet bf aoransirphdiiszsengcddiectee milmofod uehallifink nividins.
Because of this, crystallization and gettering are sinultaneously
conduct ed psttecing idwmblthrepatlgenhducldder eaf ter, the sem conductor film 705 is
‘r enoved by sel ectively etching. The etching can be conducted by dry
et ching with CFES:, awslidvaiin Figi IO @salfic elemert contlifhk ng e hisanratkal i ne
sol ution such as hydrazi ne and an aqueous sol uti on contai ni ng

on a base insulating film 701. At this time, an aqueous solution containing a catalytic
element or alcohol solution may be used with a spinner. Alternatively, the catalytic
clement containing layer 702 may be formed by sputtering, evaporation, a plasma
treatment, or the like. |

Thereafter, an amorphous semiconductor film 703 is formed into a thickness of
10 to 100 nm by plasma CVD, low-pressure CVD, or sputtering, as shown in Fig. 10B.
Furthermore, a barrier layer 704 is formed. The method of forming these films is the
same as that in Embodiment 6.

Then, a semiconductor film 705 containing a rare gas element in a
concentration of 1 x 1019/an1'3_ to 1 x 1022/cm3, preferably 1 x 10°%t0 1 x 10*/em®, more
preferably 5 x 10*%cm’ is formed into a thickness of 25 to 250 nm by plasma CVD.
Typically, an amorphous silicon film is selected. Since the semiconductor film 705 is
removed later, a low-density film is desirably formed.

Next, a heat treatment is conducted. As a method of the heat treatment, a
furnace annealing-using an electrothermal furnace, or RTA using a halogen lamp, a

metal halide lamp, a xenon arc lamp. a carbon arc lamp, a high-pressure sodium lamp, a
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tetraet hyl ammoni um hydroxide ((CH3)4NCH). At this tinme, the barrier |ayer
704 functions as an etching stopper. The barrier |layer 704 may be renoved
with fluoric acid thereafter. Thus, a sem conductor film (first
sem conductor filn) 706 with a crystal structure and a concent d&tJBlBi a
catalytic elenent reduced to 1 x 1017/cnB or |ess can be obtained as shown
in Fig. 10D. In order to enhance the crystallinity of the crystalline
sem conductor film 706, the sem conductor film 706 nmay be irradiated with
| aser qupg} Thus, a cry talline ﬁgﬂiconductor film707 with a
concent r at FoR GFH TEAFRY VAR O diedhierite FulelE® to 1 x 1017/cnB or less can
be obtai ned asgquwn in F%@. TgD. Enmbodi ment 7 can be used by conbi ni ng
‘with the manuf 22t'0F PRY SproRMued deat theatmenty & callyiig leseant eemarattsante fhem i n
the method of nmnuf turk@g t he sem conductor device of Enbodinment 1.
[ Enbodi meft™ &P Pﬁ‘ot%aﬁ ntViIl apnamefbigys tsrupREls i ent eliffuses quivairdr st al
nodul e made .fr n1th%_ active matri x substrate obtained in Enbodinment 1 are
descri bed“BRTBRHCI8R Hmy 708 ylinpp sbrepiinmo Fapsesenter dry #it lamoiss itf GigretDBynwithe
active natriﬁ,substrateh foll owed by conducting rubbing processing. In
Enbodi merftY#allipiag dhesemsorshiciastdm; ’63% fBdcansesofftbspestallizntior gahgateri@gi n film
such as an acr¥lic resin filmis patterned to form col umm-shaped spacers
at desi r éd° psiligpeavsiyreondedied buppowet bfatieempi ng a substrate gap. In place
of the columm-shaped spacers, spherical spacers nay be di spersed over the
entire surface Brercafiey thassmiceandactorfigm,7041s mpposd be sslutistelpéehing. mhepar ed.
A color filter in which a coloring layer and a light-shielding | ayer are
~.provi ded dehiencpedyorhdugeddyhdpi xehingswitbr@ied witksutt ixeng PRRAE] bE wet
'substrate. Further, a light-shielding |ayer is formed over the driving
circui t. eehinggithtancrikalime Iselngibh ngclf ad pdeoyier Amidart Aife6@ @lutfdnl doptai@ing the
|l ight-shielding |layer is forned.

tetraethyl ammonium hydroxide ((CH;);NOH). At this time, the barrier layer 704

functions as an etching stopper. The barrier layer 704 may be removed with fluoric acid
thereafter.

Thus, a semiconductor film (first semiconductor film) 706 with a crystal
structure and a concentration of a catalytic element reduced to 1 x 10'7/cm” or less can
be obtained as shown in Fig. 10D. In order to enhance the crystallinity of the crystalline
semiconductor film 706, the semiconductor film 706 may be irradiated with laser light.

{ E Thus, a crystalline semiconductor film 707 with a concentration of a catalytic
element reduced to 1 x Zl_O”/cm3 or less can be obtained as shown in Fig. 10D.
Embodiment 7 can be usé'd by combining with the manufacturing process of the

crystalline semiconductor film in the method of manufacturing the semiconductor

device of Embodiment 1.

[Embodiment 8}

In Embodiment 8, the steps td fabricate a liquid crystal module made from the

active matrix substrate obtained in Embodiment 1 are described below.
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Then, an opposite electrode of a transparent conductive filmis formed on
the leveling filmat least in the pixel portion, and an orientation film
is formed over the entire surface of the opposite substrate, followed by
conducti ng rubbing. The active matri x substrate with the pixell {paitHin and
the driving circuit fornmed thereon is attached to the opposite substrate
wth a sealant. Filler is mxed in the sealant. Two substrates are
attached to each other while a uniformgap is kept therebetween with the
filler and the colum-shaped spacers. Thereafter, a liquid crystal

material is inj ‘g’&t%lfnffélf)ﬁ/efélﬁ’ tthéonfds PR dhe dcher sradie shplueteel fyllewed byg wi t h
a sealant. As . the liquid crystal material, d. known |iquid crystal

mat eri al TRAJUEIEIEBRINE PHRSSsSiRg. t v Eralesinenidt bafooyde orihetalipmfiln icfoyrstd|

nodul e is conpleted. Further, if necessary, the active matrix substrate or
t he opposit ¥2auiEdesatémaeh @b whdetylicnesn tthe is pquémedi ts frapecolukeHshdpedmor e, a
polarizing plate etc. is attached by using a known nmethod. Then, a FPC is
at t ached ceisphéesaer posiHoRRididk: pihesesefi kecpimge substrde ghp.qtn place y& thel

nodul e obtained in such manner is described wth reference of a top view
of Fig. 1®NmBghaped speterg0pberis] shwrs inay detdpewicéwvef thei gptird dyrfan dCti ve
matri x substrate is attached to an opposite substrate 300 wth a seal ant
307. The thesihsgagat ri x substrate is provided with a pixel portion, driving
circuits, an external input termnal 309 to which an FPC (Flexible Printed
Circuit) 311 i slletnf acbgsbsitamtbsaasiis prgadd 0 AC@meRitdr ngwhitd asl@dhyerl Nput
termnal to an input portion of each circuit. The opposite substrate 300 is
provi ded asidtzhlighteshiebding ildtee ereapdvidee td ck@espbnd téch PR lididmel ayer 1h303a is
‘provi ded at the opposite substrate side so as to be overlapped with a gate

si de dri vippgsied subsirite.36kaberan tgit-Jhiic@iing $Hyjeplstonted Qe theXRAnd Sirc QYi ded at
the opposite substrate side so as to be overlapped wth a source side

driving aliditiu b 1861k fifn ¢OV&ing tht t6lor Bltér HdSAOHERL-AY&Hink Me/ePi@lmpPPr ti On
305 at the opposite
Then, an opposite electrode of a transparent conductive film is formed on the leveling
film at least in the pixel portion, and an orientation film is formed over the entire
surface of the opposite substrate, followed by conducting rubbing.
The active matrix substrate with the pixel portion and the driving circuit
formed thereon is attached to the opposite substrate with a sealant. Filler is mixed in the

scalant. Two substrates are attached to each other while a uniform gap is kept

therebetween with the filler and the column-shaped spacers. Thereafter, a liquid crystal

material is injected between the substrates before completely scaling with a sealant. As
the liquid crystal material, .ai_kn(_)wn liquid crystal material may be used. Then, with
described above, the liquid crystal module is completed. Further, if necessary, tﬁe
active matrix substrate or the opposite substrate are divided into the required shape.
Furthermore, a polarizing plate etc. is attached by using a knowﬁ method. Then, a FPC
1s attached by using a known method.

The structure of the quuid crystal module obtained in such manner is described

with reference of a top view of Fig. 11A.
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substrate side is provided to have a light shielding |ayer and a col oring

| ayer of each <color (red (R, green (G, and blue (B)) which is
corresponding to each pixel. Actually, a color display is conflycygdgp th
three colors of the coloring layer of red (R), the <coloring |ayer of green
(G, and the coloring layer of blue (B). The coloring |layers of the
respective colors are arranged arbitrarily. Herein, in order to conduct a
color display, the color filter 302 is provided on the opposite substrate.
However, the present invention is not limted thereto. A color filter may
be formed over &hShown et wRtig of bilgs fli atreackive mattie selstriieds pedahied (s ubst r at e
is manufactured. In the color filter, a light shielding |ayer is provided
in a regiPROHE WEstkate RB0 widh agealant Pk eThe activemadinix kilphititei is phividddedith n t he
regi on except a display region. Furthernore, the light-shielding |ayers
303a and BOS! @oetigy, olrivieg] couitss ahoextemelr ifpoe terdtinali 309 € keidh sn FHawnever
covers is placed over the regions of the driving circuits when the liquid
crystal dFgpitdy Pajppalr €iwsit) 317 icarqpbedtad 4 stidneBeCtcoamicEing i PRRAII S a

di splay portion. Therefore, the regions of the driving circuits may not be
covered vipH B5minal td d4d inpRO@6rtioheot eght cishiie! diegoprayes Subdndtd hennere, a
light-shielding |ayer may be formed on an active matrix substrate when the
acti ve ngtrovidedwithtarcatce filer ambhit figt.ur ed. Furthernore, the foll ow ng nmay

al so be possible. Instead of providing the above-nentioned |ight-shielding

layers, a plurailight-eficldingakpd 300k & pragide@UENS oppORLL dubbitdiDgiga s6akqs fil ter
are appropriately di sposed between the opposite substrate and the opposite

el ectrodee weebsi Wit atgaicssitd a6Kag cirBuit he1d, a8k Qnigﬁqg%e@ﬁ%\/\ﬁg& 3088 is
respective pixel electrodes) except a display region an riving circuits.

Fur t her myevidedatiREoBddkite QPG RMLiQf s_oaasl%é%eo%ﬁ%aﬁ@@%@l Mok d%idS urib ched to

the external input termnal wth ani sotropic conductive resin. er nor e,

:)Iheelt e-m?_(ll_ %@gf 53[0%5{ ;‘Egﬁ)‘l(ﬂ Rker 312 AEWISES oV BRNARGED ML BoR of %{eng[%o%itgg
substrate side is provided to have a light shielding layer and a coloring layer of each
color (red (R), green (G),.and blue (B)) which is corresponding to each pixel. Actually,
a color display is conducted with three colors of the coloring layer of red (R), the
coloring layer of green (G), and the coloring layer of blue (B). The coloring layers of
the respective colors are arranged arbitrarily.

Herein, in order to conduct a color display, the color filter 302 is provided on

{ the opposite substrate. However, the present invention is not limited thereto, A color
filter may be formed over an active matrix substrate when the active matrix substrate is
manufactured.

In the color filter, a light shielding layer is provided in a region between the
adjacent pixels, whereby light is blocked in the region except a display region.
Furthermore, the light-shielding layers 303a and 303b are provided so as to cover the
driving circuits. However, covers is placed over the regions of the driving circuits when

the liquid crystal display apparatus is incorporated into electronic equipment as a

display portion. Therefore, the regions of the driving circuits may not be covered with
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along the line of A-A" of external input termnal portion is shown in Fig.
11B. As nentioned above, even if a large-scale display device is forned,
the problemsuch as a signal delay is never caused by raising the wing
resistance. The reason is that the following filns are |aninatedJihZEb der
to formthe gate electrode as the present invention; A, a |ow resistance
conductive filmor the conductive film containing Al mainly, Wor the
conductive filmcontaining Wmainly, Ti or the conductive film containing
Ti mainly. Thus, the |iquid crystal nodule formed to contain the gate

el ectr odéheo%lglitfﬁél%ﬁhéé ahters. n?éﬂ%/?fm@f% anlighd-shigtdingdaygi splvalye fromed emsarof
various el ectronjc e?uipnents. [ Enbodi ment 9] The CMOS circuit and the

pi xel poRfTBHIREX BRSNS Whe dreativematrinsubsinenisinmmufacamede used in active
matrix type Iigyid crystal display device (liquid crystal display device).
That is, the pregbamoraviéatipbewingrmbe alsopheepessttdel ilnstedd obprosiding neni ¢
apparatuses integrated with the el ectro-optical devices at display portions
t her eof . aBevetmantgiged 20ight-Ascidingh laleest nopluwalitppar attiskedt kelopingr eayeed nt ed
out a video canera, a digital camera, a projector (rear type or front
type), achestidutmguncololi Sidraare pmropieelly Yiposidsidtayen the dpPENiSGOBra&ORRUt €r, a
portable information term nal (nobile conputer, portable telephone or

el ect ronities loppdsjte acldcttdie, IvHepebyExanmise slovked e SiBe akSios helgwg betwEdD thel 2A
through 12F, Fig. 13A through 13D and Fig. 14A through I4C. Fig. 12A shows
a per sonatspeaivpyied clenebdd) extept Mb;?}aiawgibn%@h,rivﬂ{g difmge input portion -
2002, a display portion 2003 and a keyboard 2004. Fig. 12B shows a video

camera i ncl udi Bgrtherfird) AEBC Zip&am%oseh 9P hasdAlTh a8 a ALAL is AREER | NPUL
portion 2103, operation switches 2104, a battery 2105 and an i nmge

recei vi nghep@kichan 3p@6 terfighl VA6 SHOMbpR EBRIEVE AR errurMel Mt Ngnd mai n
body 2201, a canera
mechanical strength of the device is enhanced with a reinforcing plate. The state taken
along the line of A-A’ of external input terminal portion is shown in Fig. 11B.
As mentioned above, even if a large-scale display device is formed, the
problem such as a signal delay is never caused by raising the wring resistance. The
reason is that the following films are laminated in order to form the gate electrode as the

present invention; Al, a low resistance conductive film or the conductive film

containing Al mainly, W or the conductive film containing W mainly, Ti or the

PN

conductive film containing Ti mainly. Thus, the liquid crystal module formed to

contain the gate electrode of the present invention can be used as display portions of

various electronic equipments.

[Embodiment 9]

The CMOS circuit and the pixel portion formed by implementing the invention
can be used in active matrix type liquid crystal display dévice (liquid crystal display
device). That is, the present invention can be implemented in all of electronic

apparatuses integrated with the electro-optical devices at display portions thereof.
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portion 2202, an inage receiving portion 2203, an operation switch 2204 and
a display portion 2205. Fig. 12D shows a goggle type display including a
mai n body 2301, a display portion 2302 and an arm portion 2303. Fig. 12E
shows a player using a record nediumrecorded with prograns (her1éﬁ E%ZU&‘},
referred to as record nmediun) including a main body 2401, a display

portion 2402, a speaker portion 2403, a record nedium 2404 and an operati on
switch 2405. The player uses DVD, (Digital Versatile Disc) or CD as the
record nmedium and can enjoy nusic, enjoy novie and carry out ganme or
Internet. Fig. 22EUhE\REIeNIEapparams.chpter e inebitedtipwga aidenicamoody AIsDA, a

di splay portion 2502, an eye contact portion 2503, operation sw tches 2504
and an i nEFETHSCIPIFEYRY (15ar o ar rewittypd)] aibtadanedy dishlay.(zd@4e shedsphyl,r ont
type projector including a projection apparatus 2601 and a screen 2602. 37
1 4 JUL 2b06Tng. camBuighorspaitablsa infoypeiqor gjredradr(niabdk ucinngnter, mirablkody
2701, a projection apparatus 2702, a mnor 2703 and a screen 2704.

Furt her, Fleghoneser plectzoni¢ buplghradithg liin dExamples obfthae sire et & Big. 1ha
projection apparatus 2601 and 2702 in Fig. 13A and Fig. 13B, respectively.
The pr oj el®rdugh 12Eppigr 43 AshrR66113D aRVBR. i4A clansgh tac.ed by a |ight source
optical system 2801, mrrors 2802, and 2804 through 2806, a dichroic m nor

2803, a prism 28@7}24 shoguiadpasonal abmpuetes plchyigppanal B5d28061, & phase
difference plate 2809 and a projection optical system 2810. The projection

optical syptieor@@iB002 aciispiyi goui@R(0p a8 adRybead 26st em i ncluding a
projection |lens. Al though the enbodi nent shows an exanple of three plates

type, the enbokigntlB shevnovideaichinetl ialuinkiathhiathdahenet o Byl mpYRe of
for exanple, a single plate type. Further, a person of executing the
enbodi men2102py vpiee thpie pbition/H108] jRrARdn@REICES 2104, a battery 2105 and an image
receiving portion 2106.
Fig. 12C shows a mobile computer including a main body 2201, a camera
portion 2202, an image receiving portion 2203, an operation switch 2204 and a display
portion 2205.
Fig. 12D shows a goggle type display including a main body 2301, a display
portion 2302 and an arm portion 2303.
Fig. 12E shows a player using a record medium recorded with programs
{ (hercinafter, referred to as record medium) including a main body 2401, a display
portion 2402, a speaker portion 2403, a record medium 2404 and an operation switch
2405. The player uses DVD‘ (Digital Versatile Disc) or CD as the record medium and
can enjoy music, enjoy movie and carry out game or Internet.
Fig. 12F shows a digital camera including a main body 2501, a display portion
2502, an eye contact portion 2503, operation ;awitches 2504 and an image receiving

portion (not illustrated).

Fig. 13A shows a front type projector including a projection apparatus 2601

and a screen 2602.
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system such as an optical lens, a filmhaving a polarization function, a
filmfor adjusting a phase difference or an IRfilmin an optical path
shown by arrow marks in Fig. 13C. Further, Fig. 13D is a view shonpg?08h
exanple of a structure of the light source optical system 2801 in Fig.

13C. According to the enbodiment, the light source optical system 2801 is
constituted by a reflector 2811, a |ight source 2812, lens arrays 2813 and
2814, a polarization conversion element 2815 and a focusing | ens 2816.
Further, the light source optical systemshown in Fig. 13D is only an
exanpl e and t het18ehdid8qvEnt reas rpstproigeter ielusing a mafm baly 20ér e pmjedton
exanpl e, a person of executing the enbodinent may pertinently provide an
optical SAPRRSHSAIOR Bllizer 2B iandk streps2704.f i | m  having a pol ari zation
function, a filmfor adjusting a phase difference or an IRfilmin the
light source opfurthar. Kg.sk3€s aHowwe vhowingaoexdinply dfa sthietupr of e basjsctiiown in
Figs. 13A 13B and 13C, there is shown a case of using a transm ssion type
el ect r oniaPajspr 2¢Us amh @787 iexEgplidAodnd Hippl BBy gespetefdigCt TN ptoj@tion

el ectronic apparatus is not illustrated. 38 1 4 JUL 2006 Fig. 14A shows a
nobi | e t elpepirbre2Gicouditigisacodbisptedybypanight 800ds optical @pREAtIsoN. pamels 3002,
The di splay panel 3001 and the operation panel 3002 are connected to each
ot her i n 2398, swhA8et ilmgugorsiion BONDic frréhe80BoANARI DYDaANBYUIdRtal t he
angle 0 of a face which is provided the display portion 3004 of the display

panel  30Usplandpmrdtac 880%)ichhass dffauicdadat PB0ORAA at proRcK&Y oFRAS s@fterh he
operation panel 3002 can be changed arbitrary. Further, a voice out put

portion X6, T popectidn GRickeysRADE310 i@ cBAWRNLS @waﬁ%pﬁmts%}eﬁQQ&ué@g a
sound i nput portion 3008 are al so included. Fig. 14B shows a portabfe book

(el ectrond mrofreci) 16nBC IAIGLGE thermibddRdy sBilan o Hnsit BY HPQr §1h Q8 tp% 1f¢ and

3103, a record nedium 3104, an operation switch 3105 and ‘an arntehna 3106.

?n g 14C eait@smentds So avtduhe yUsth e Befi BuiRsY b330 For RamPRPY L5 G, 3202
type. Further, a person of executing the embodiment may pertinently provide an optical
system such as an optical lens, a film having a polarization function, a film for adjusting
a phase difference or an IR film in an optical path shown by arrow marks in Fig. 13C.

Further, Fig. 13D is a view showing an example of a structure of the light

source optical system 2801 in Fig. 13C. According to the embodiment, the light source

optical system 2801 is constituted by a reflector 2811, a light source 2812, lens arrays

=

2813 and 2814, a polarization conversion element 2815 and a focusing lens 2816.
Further, the light source opjcical system shown in Fig. 13D is only an example and the
embodiment is not particuléﬂy limited thereto. For example, a person of executing the
embodiment may pertinently provide an optical system such as an optical lens, a film
having a polarization function, a film for adjusting a phase difference or an IR film in
the light source optical system,

However, according to the projectors shown in Figs. 13A, 13B and 13C, there
is shown a case of using a transmission type electronic apparatus and an example of

applying a reflection type electronic apparatus is not illustrated.

38




a display portion 3203. The display according to the invention is

advant ageous particularly in the case of |large screen formation and is
advant ageous in the display having a diagonal |ength of 10 incht éguhdlie
(particularly, 30 inch or nore). As has been described, the range of
applying the invention is extremely wide and is applicable to electronic
apparatus of all the fields. Further, the electronic apparatus of this
enbodi ment can be realized by using any constitution conprising any

conbi nations of_ Enmbodinments 1 to 8. Wth the disclosed technique for
fabricating wi fifgstdysiesisng makilardelephicae nckudingl ewlissy staaelc8001,t an s
possible to realize excellent display w thout problens such as signal

del ay an@PERECR jneael A0QR. s pThey displageprng] 3801 rand thenipconiduciane! G2 cee
represented by an active matrix type liquid crystal display device since
t he wiri fgnreekidspfaeie oihst Buihpressesting @osivnviton. tihehearomacainggpapelx®o3por ti on
increases to result in an increase in display screen size. 39 14 JUL 2006
As it is tposeglobeottofage eutitly iv povitied tthe disphiy Yorwe3 @4 6 GO WGRWbddeNg i N
the pixel portion, the present invention is adaptable as a techni que for
fabri cat i3Agl had gdadi whichys ptaviitiidhe byshadn BiysPIomyordBY be@sHM bdhefizagonal
40-inch or diagonal 50-inch screen sizes. 40 1 4 JUL 2006 What is clained
is: 1. Acseht chagud tadritratgyiKuethen proicd gputdposiedhi WORILE bratiyRly 0Bl an
insulating surface; a gate insulating filmon said sem conductor |ayer; and
a gate elgowecosmronswiathB0fataad arsuhdinpogpdriibB00shes ek irkdidddsem conduct or

| ayer conprises a channel formation region, at |east one LDD region in
contact with s&igl ldBashoet afpeitaBicibook (eétihic BR) mBRIEEL 8Oy Plo1a drain
| display portions 3102 and 3103, a record medium 3104, an operation switch 3105 and
an antenna 3106.
Fig. 14C shows a display including a main body 3201, a support base 3202 and
a display portion 3203. The displéy according to the invention i{s advantageous
particularly in the case of large screen formation and is advantageous in the display
having a diagonal length of 10 inch or more (particularly, 30 inch or more).
As has been described, the range of applying the invention is extremely wide
and is applicable to electronic apparatus of all the fields. Further, the electronic
( : apparatus of this embodiment can be realized by using any constitution comprising any

combinations of Embodiments 1 to &.

With the disclosed technique for fabricating wirings by using the material with
low resistance, it is possible to realize excellent display without problems such as signal
delay and the like in display screen size in a semiconductor device represented by an
active matrix type liquid crystal display device since the wiring resistance is suppressed

even when the area of a pixel portion increases to result in an increase in display screen

size.
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region in contact with said LDD region, wherein said gate el ectrode has a

t aper shape, and wherein said gate el ectrode conprises a |lam nate of a
fourth electrode, a fifth electrode and a sixth electrode. 2. A

sem conduct or devi ce conprising: a sem conductor |ayer over an inddlaffi g
surface; a gate insulating filmon said sem conductor |ayer; and a gate

el ectrode on said gate insulating film wherein said sem conductor |ayer
conprises a channel formation region, at |east one LDD region in contact

wi th said channel formation region, and one of a source region and a drain
region in cont &6tit g passiblei ¢ Sr®Dyrredirihe wstatnobakairtORingginahe eiiEpr i ses a
inpurity region for giving one conductivity at a concentration of 1 x 1017
to 1 x 10RO HS: presknomeveofiosdi ddapoibices 1 eghoquaricr &btidutthgaliarer EgiloN
conprises said inpurity elenent at a concentration of 1 x 1020 to 1 x 1021
/ cn8 whediguiv apsital digtley ddvars madeliimsalbdit-apkor shgpe) sentthweakeisesal d gate

el ectrode conprises a lamnate of a fourth electrode, a fifth electrode
and a sixth electrode. 41 1 4 JUL 2006 3. A sem conductor device
conprising: a sem conductor |ayer over an insulating surface; a gate
insulating filmon said sem conductor |ayer; and a gate electrode on said
gate insulating film wherein said sem conductor |ayer conprises a channel
formation region, at |least one LDD region in contact with said channel
formati on region, and a source region or a drain region in contact with
said LDD region, wherein said gate el ectrode has a taper shape,
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wherein said gate el ectrode conprises a |lamnate of a fourth el ectrode, a
fifth electrode and a sixth electrode, and wherein said fourth el ectrode
is formed of a conductive filmconprising tungsten or a material including
tungsten as its main conponent, said fifth electrode is formed b JHi 2006
conductive filmconprising alumnumor a material including alumnumas its
mai n c‘b’h%‘ﬁémmedalﬁd said sixth electrode is forned of a conductive film
conprising titaniumor a material including titaniumas its main
conponent . 4A saniserdustardgvice comprsisg conpri sing: a seni conduct or | ayer over
an insulating surface; a gate insulating filmon said sem conductor |ayer;
and a gat e aiesutandugonhysaivir gminsulatisgibwatdacag fil m wherein said

sem conductor | ayer conprises a channel formation region, at |east one LDD
regi on i n congainswiatite 8 dn edid sarmicohdwcnmtlayen andgi on, and one of a source
region and a drain region in contact with said LDD region, wherein said
LDD regi on coghu elsetoda onrspidrdate/ingelghisgfifngr gi vi ng one conductivity at a
concentration of 1 x 1017 to 1 x 1020 /cnB and one of said source region
and sai d dr aileréif @hid RemEdnidtS8ye ohpliBRW dhiadind? f&FRIbn Mgich, aPREQBLE AL | ON
of 1 x 1020 to 1 x 1021 /cnB wherein said gate el ectrode has a taper shape,

42 1 4 b 860 iniRtRt Withahid HatfR] BBl GO MR 4 SRRcirebRicraloaiff a
fourth electrode, a fifth electrode and a sixth el ectrode, and wherein

sai d fausibh iebaftdd Q4@ shil LI9DTBEORS a conductive film conprising tungsten or
a mterral including tungsten as its main conponent, said fifth el ectrode

is fornmed Ofwﬁereiﬁgélqlg%{ééf&tfohkHbscz?{ég&is%h afigum numor a material including
' conp t, an ’

aluminumas its nmain onen sald’si xth electrode is forned of a

conducti ve A QR ot 1ol AR Ao 2l bk BebikSlN @it ani um as

its mai n conponen
electrode and a sixth electrode.

2. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and one of a source region and a
drain region in contact with said LDD region,

wherein said LDD region comprises a impurity region for giving one conductivity at a
concentration of 1 x 10" to 1 x 10% /em® and one of said source region and said drain region
comprises said impurity element at a concentration of 1 x 10?° to 1 x 10?! /em?

wherein said gate electrode has a taper shape, and

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth

clectrode and a sixth electrode.
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5. The sem conductor device as clainmed in claim1l, said fourth electrode is
overl apped with said LDD region through said gate insulating film 6. The
sem conductor device as clainmed in claim2, said fourth el ectrqgde jii|szgs
overl apped with said LDD region through said gate insulating film 7. A
met hod of manufacturing a sem conductor device conprising the steps of
form ng-a sehiseoisdudictr dewlge comprisingi nsul ating surface; formng a gate
insulating filmon said sem conductor |ayer; formng a first conductive
filmon sai t gatiendnstot hyemgyef ah msulatisgswfrdeconductive film on said first
conductive filmand a third conductive filmon said second conductive film
et chi ng sai ch gat¢ ssulatmglfibi bi eaifl iskwicoaduddordegonadconductive film and said
third conductive filmto thereby forma first gate el ectrode conprising a
first el ectraoghte elactirie@ndaidedabcintslagn@fitna third el ectrode; doping an
n-type inpurity elenment into said sem conductor |layer in a self-aligned

manner w t h wiairéinfshidsemaheu@bealéQdmpaiSests dRRK6] fddhatioft redibn, 40R4st cak Cchi ng
said first el ectrode, said second electrode, and said third electrode to

t her eby hprB3ian BRERL SRl BSARD ERnBOR tohdd) ndla EQHES ReRIntrliRdlg., a fifth
el ectrode and a sixth electrode; and doping an n-type impurity el enent

into saj ) : rewth said second gate electrode as a nmask.
Gk 8@?%?&9%%&%& BYP refibh,

8. A net manuf act uri ng a” sem conduct or devi ce conprising the steps

of: form ”%l?er&ﬁ%iﬁ%’%fu’éiéﬁfodkﬁgﬂ%aggr %%é nsul ati ng surface; formng a gate
0 uct or

insulating filmon sa d sem con ayér; formng a first conductive

filmon sai L i i .a S C ] fi said first
cond_uct i ve %?%lgﬁéﬂ?dkﬁlé‘ggg%ﬁ%@?&&gﬁ%ﬁ&%eo@gﬁlﬁ%hé%?:%éld(f%gg@uct ive f | I m
tethic:]:jn%léc?r'ogegﬁéﬁixﬁaoéigé{ﬁ}d%,vaendf' Im said second conductive film and said

wherein said fourth electrode is formed of a conductive film comprising tungsten or a

material including tungsten as its main component, said fifth electrode is formed of a
conductive film comprising aluminum or a material including aluminum as its main
component, and said sixth electrode is formed of a conductive film comprising titanium or a

material including titanium as its main component.

4. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and one of a source region and a
drain region in contact with said LDD region,

wherein said LDD region comprises a impurity region for giving one conductivity at a
concentration of 1 x 10! to 1 x 10?® /em® and one of said source region and said drain region
comprises said impurity element at a concentration of 1 x 10% to 1 x 10?! /em®

wherein said gate electrode has a taper shape,
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conductive filmto thereby forma first gate el ectrode conprising a first
el ectrode, a second electrode and a third el ectrode; doping an n-type

inmpurity element into said sem conductor layer in a self-alignec' male ﬁﬁy
with said first gate electrode as a nmask to forma n-type inpuritS' n@ on

(A) conprising said n-type inpurity element at a concentration of 1 x 1020
to 1 X 1022 vhargn seidgatarjectmidd compyseseal laninated,a fouitll elsetcaieda 8fftbct r ode, and
said third electrode to thereby forma second gate el ectrode conprising a
f ourt h e@¢dmtie ankba siatl ¢lédttode) mclt r ode and a sixth el ectrode; and doping an
n-type inmpurity elenment into said sem conductor |ayer with said second

gat e el ect r odiecreia saidfasih tlectt@ters forinep@f b dpnductiye fikgcompifg tuligstén oed hod of
manuf acturi ng a sem conduct or device conprising the steps of: formng a

sem condaetislrindladias t@igsRA ak 06 tadd toigpoimnt. adie fiff4lcktrdddidlifodiGffaor m ng a
gate insulating filmon said sem conductor |ayer; formng a first

co nductdovlauétivkarﬂlﬁrcoﬁairﬂir%&mninﬁﬁwraqtﬂ]ﬁtgﬁmiihémdi_ﬁg aReANE @O REHELd ve film on
said first conductive fillmand a third conductive filmon said second

conductdopghohbhtnd SIEHkREISRbEe {5 %ﬁﬁe@&%&ﬁﬁ&ﬁzeﬁﬂn@onﬁﬁsﬁg?ﬁﬁﬁ’ﬂﬁ ora
conductive film and said third conductive filmto thereby forma first

gate e'lﬁ&ﬂeﬁ{ﬂ celf_i&{ggrti!ta?lihﬂﬂaéitghfaﬁ{cd?ﬁ Lgode, a second electrode and a

third electro ping an n-type Inpurity elenent into said sem conductor
| ayer in a self-aligned manner with said first gate el ectrode as a nask;
etching said first electrode, said second electrode, and said third

I I i sl f h
ol cotr oo, alty ErAC bt SR SRR fa bl Ch TR AR SH s {y pe
. v : : : Cth i d g
e T B SR B Y eogr ot B0 domecond 924
n-type inpurity

6. The semiconductor device as claimed in claim 2, said fourth electrode is overlapped

with said LDD region through said gate insulating film.

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

forming a semiconductor layer on an insulating surface;

forming a gate insulating film on said semiconductor layer;

forming a first conductive film on said gate insulating film, a second conductive film
on said first conductive film and a third conductive film on said second conductive film;

etching said first conductive film, said second conductive film, and said third
conductive film to thereby form a first gate electrode comprising a first electrode, a second
electrode and a third electrode;

doping an n-type impurity element into said semiconductor layer in a self-aligned

manner with said first gate electrode as a mask;
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el ement at a concentration of 1 x 1017 to 1 x 1020 /cnB. 10. A nethod of
manuf acturing a sem conduct or device conprising the steps of: formng a
sem conductor |ayer on an insulating surface; formng a gate inspqulQ@B
filmon said sem conductor layer; formng a first conductive filmon sard
gate insulating film a second conductive film on said first conductive
filmand a teehieg sihst electeode; sad sevosd eltcisedso antl shthirdtelactods torthereley chi ng
said first conductive film said second conductive film and said third
conductfome afsedonnd tgatet dietreliy cdraprising & fowsth dedt@de) £fifth ddarcierpdiasixly a first
el ectrode, a second electrode and a third el ectrode; doping an n-type

i mpuri tefecb@émall i nto said semiconductor layer in a self-aligned manner
with said first gate electrode as a mask; 45 1 4 JUL 2006 etching said

fi I : ) saij ' . J her eb
For m - secorn o e = pS FRRE SRR B il PnBRhcliftdft SURShRRAL T her oY

el ectrod n sixth . electrode; and doping an n-type inpurity el enent
into Sagagegg%oggﬁaag{aglf. layer with said second gate el ectrode as a nask,
wherein said first conductive filmis a conductive filmconprising Wor a
material including Was its main conponent, said second conductive filmis
a conductive film conprising Al or a material including Al as its main
compondhat aniinsdiod affmandfactmoiget semgcontittor deviee wonpdistgithestépd oft conpri si ng
Ti or a material including Ti as its main conponent. 11. A nethod of

nmanuf act ur i ngraing QEeMUdEded6r lagka \onGR iaslfingistBlcd; N claim 8, forming a

sem conduct or | ayer on an insulating surface; formng a gate insulating

filmon sai Cfpﬁﬁiﬂ%ﬁ%ﬁ@iﬁélﬁﬁtiﬂgaﬁ’lﬁ{én§a‘?di§é1ﬁ‘1go ueldr $dyegonductive filmon said
gate insulating Tilm a second conductive film gn said first conductive

B e e T R T T

said first co m sai SEeco con m sal ird

on said first conductive film and a third conductive film on said second conductive film;

—

etching said first conductive film, said second conductive film, and said third
conductive film to thereby form a first gate electrode comprising a first electrode, a second
electrode and a third eleétrode;

doping an n-type impurity element into said semiconductor layer in a self-aligned
manner with said first gate electrode as a mask to form a n-type impurity region (A)
comprising said n-type impurity clement at a concentration of 1 x 10 to 1 x 10* /em®;

etching said first electrode, said second electrode, and said third electrode to thereby
form a second gate electrode comprising a fourth electrode, a fifth electrode and a sixth
electrode; and

doping an n-type impurity element into said semiconductor layer with said second

gate electrode as a mask to form n-type impurity region (B).

9. A method of manufacturing a semiconductor device comprising the steps of?

forming a semiconductor layer on an insulating surface;
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conductive filmto thereby forma first gate el ectrode conprising a first

el ectrode, a second electrode and a third electrode; doping an njgyme i
inmpurity elenment into said sem conductor layer in a self-aligned manner
with said first gate electrode as a mask to forma n-type inpurity region
(A) conprising said n-type inpurity element at a concentration of I x 1020
to 1 X 1022 fhon@g agatshinsiatseg filnf on sdid edmeicondwtor layai;d second el ectrode, and
said third electrode to thereby forma second gate el ectrode conprising a

fourth el ectibadig adirki dohbudive diliagdesabhght@insulitifg fih, ecktadiesonandivddiding an
n-type inmpurity elenment into said sem conductor |ayer with said second

gate el fCdafPERt shdactiRstint shd Othi '&bﬁd’n&‘ﬁvb @iﬂ%hfsyldrseainer&oﬁ@cnvéﬁhﬁ 4 JuL

2006 wherein said first conductive filmis a conductive |'m conprising W

or & rater | b DOYALD AN B3y b TR\ SO Sde Asgonduct i ve

filmis ac M COnprigin erlailnc ng Al as its
mai n co nent |rd onductlve film.is a_conductive fil

conpr i s1° 8 Ve gtago My 3 PLRdi g eefrodg SompEsifg R firtls, SR A scaond

met hod of manufacturing a sem conductor device conprising the steps:

f or mi neleetiodappba ik dectiodger on an insulating surface; forming a gate
insulating filmon said sem conductor layer; formng a first conductive
filmon sai oﬂogyinﬂnimaqoleémpuujﬁyfalérmntmtssaiidrsetn'mondhmilageriﬂdtmlf-ail'rgtﬁdi d first
conductive filmand a third conductive filmon said second conductive film

et chi ngngdict withrssid frengucélestddbial BimasRi d second conductive film and said
third conductive filmto thereby forma first gate el ectrode conprising a

first elect ré@&'ﬁm id fif? @féctr@dee cdili Q®nd Rfbe 0&41 'aﬁ(flfa‘;r‘(ll Bild B%road ﬁpﬂh@ﬁbg ned

n-type inpurity Element 1 nto dard sent conduct or ayer in a se
ol oot r ot 43R el Hip Bk B oREE RGBSR RIS B ey
electrode; and
doping an n-type impurity element into said semiconductor layer with said second
gate electrode as a mask to form n-type impurity region (B) comprising said n-type impurity

element at a concentration of 1 x 10! to 1 x 10%° /em®,

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

forming a semiconductor layer on an insulating surface;

forming a gate insulating film on said semiconductor layer;

forming a first conductive film on said gate insulating film, a second conductive film
on said first conductive film and a third conductive film on said second conductive film;

etching said first conductive film, said second conductive film, and said third
conductive film to thereby form a first gate electrode comprising a first electrode, a second
electrode and a third electrode;

doping an n-type impurity element into said semiconductor layer in a self-aligned

manner with said first gate electrode as a mask;
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forma second gate el ectrode conprising a fourth electrode, a fifth

el ectrode and a sixth electrode; and doping an n-type inpurity elﬁmm F(Uﬂg
into said sem conductor |ayer with said second gate electrode as a nmas o]
formn-type inpurity region (B) conprising said n-type inpurity elenent at
a concentration of 1 x 1017 to 1 x 1020 /cnB, wherein said first conductive
filmis a comchieg sapdiifst Eleceadepsiid senyni\electraderandsaidthirdi elestnodé togthviehy its

mai n conponent, said second conductive filmis a conductive film

conpr i song aAkbcond gatenmdaiodakomprsingla igurtN elé@rddt,sa fifth dlecieddeangdatsiand sai d
third conductive filmis a conductive filmconprising Ti or a materi al

i ncl udidngttrbie: %d'd%ﬁm%aahglu@?o ) evy elei‘r?ena-lrfffo il s&ﬁ@@ndlétor r WhhRad of

manuf act uri Nng a Sem con ice as clainmed in claim wherein an

i mpurit C&ﬁn%%aag%}o%gsa%agksem conductor | ayer through sal d fourth

el ectrode a ate ns’ulatlngfllm 14. The rrethod of manufacturing a
sem conduct or, devi c n .cl ai rein ippuri t doped
Thto sai d- scHREORAnER ageatE B A Caltivd iR Formptts BB etaat o go e

i nsul at.i ng film 15. The nethod of manufacturin _sem conduct or device as
cl ai medn¢lpdisgdY s Os maheannpnenly salﬁﬁ@ﬁomdyon@cab@ghm isrit ondugtiveddm conduct or

| ayer through said fourth el ectrode and said gate insulating film 16. The
met hod cofnpraingfAlotrarmatgrid isdudiog Ad as ity mattesingwnast and ahidebird t@idocttye wher ei n
said sem conductor layer is formed by irradiating |aser onto an anor phous

sem corfilucisarcondndtive itk BBAPEIBIng Ti loh & Waddrial éhchidind Tilad its bien 6BhPOENLT
manuf acturing a sem conductor device as clainmed claim8, wherein said

sem conductor layer is formed by irradiating | aser onto an anor phous
sem conductor filmformed on an insulating film 18. The met hod of

manuf acltlu ri g n?eﬂ?o%%fqg&%!f'acttunngdaes\élmclgon%%ct%lr gevrlrgedasccllalmnh 1 claim eg ein

forming a semiconductor layer on an insulating surface;

forming a gate insulating film on said semiconductor layer;

forming a first conductive film on said gate insulating film, a second conductive film
on said first conductive film and a third conductive film on said second conductive film;

etching said first conductive film, said second conductive film, and said third
conductive film to thereby form a first gate electrode comprising a first electrode, a second
electrode and a third electrode;

doping an n-type impurity element into said semiconductor layer in a self—alighed
manner with said first gate electrode as a mask to form a n-type impurity region (A)
comprising said n-type impurity element at a concentration of 1 x 10% to 1 x 10% /cn“P;

etching said first electrode, said second electrode, and said third electrode to thereby
form a second gate electrode comprising a fourth electrode, a fifth electrode and a sixth
electrode; and

doping an n-type impurity element into said semiconductor layer with said second

gate electrode as a mask to form n-type impurity region (B),
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said sem conductor layer is formed by irradiating |aser onto an anor phous
sem conductor filmforned on an insulating film 48 14 JUL 2006 19. The

met hod of manufacturing a semni conductor device as clainmed in clalimioL 2006

wherein said sem conductor layer is fornmed by doping a netal elenent for
pronoting crystallization into an anorphous sem conductor filmformed on
an i nsul at i nyheeinfsaiddirstanoddedtion fdpgh yicogluative filn nehptisieaWhend matedalet 0. 20.
The net hod of manufacturing a sem conductor device as clainmed in claima8,

wher ei rinclading V8 apits andedmisonkay e4id secoh@ bomthiciye HRRistOcoad@twelfilel ement  f or
pronoting crystallization into an anorphous sem conductor filmfornmed on

an i nSWogldfthoSAN draGRate@ildndibERg AR }fé Rirfcort EHPajndtséﬁi%Ex?@E)éndh@tWeet 0. 21.

The net hodj of "manufacturing a sém conductor device as clained in claim?9,

wher ei rﬁln?ﬁ'a%oﬁ&ﬂtﬁg '%i?&{%tb&rpns i olr gma?e q}'fgncﬂgdmrﬁ C'Oa%gﬁ%gaqg%%@oneg{m nt for

pronoting Crys an armrp ous ormed on
an insulating surface, and then applying a thermal treatnent thereto. 22.
The net hod of manufacturing a sem conductor device as claimed in claim19,
wherein said netal elenent is at |east one el enent selected fromthe group
consi stiZag oA methnd ofgrepfachirings serpgnduetopdévicq @mprisingtthesfiepsn (Ru) , rhodi um
(Rh), palladium (Pd), osmum (0s), iridium (h), platinum (Pt), copper
(Cu), and gdotningn)sem?@ndidter laptrtumhndhsulaingfsaefhcs;i ng a sem conduct or devi ce
as claimed in claim?20, wherein said netal elenent is at |east one el enent

sel ect ed fr ofirhihg afa@liRsWIQNS Sk 68 sAl séhRBnduckRlayerti ckel (Ni), cobalt (Co),
rut heni um (Ru), rhodi um (Rh), paI | adi um (Pd), osmium (0s), iridium(h),

platl nuim (Mm@ @RRES: dltbleriifimM did O insdidide i) %e@@%co%éﬁctm%lﬁe'[ hod

of manufacturing-a sem con uct or as ¢ inc

on said first conductive film and a third conductive film on said second conductive film;

etching said first conductive film, said second conductive film, and said third
conductive film to thereby form a first gate electrode comprising a first electrode, a second
electrode and a third clectrode;

doping an n-type impurity element into said semiconductor layer in a self-aligned
manner with said first gate electrode as a mask;

etching said first electrode, said second electrode, and said third electrode to thereby
form a second gate electrode comprising a fourth electrode, a fifth electrode and a sixth
electrode; and

doping an n-type impurity element into said semiconductor layer with said second
gate electrode as a mask to form n-type impurity region (B) comprising said n-type impurity
element at a concentration of 1 x 101" to 1 x 10% /em®,

wherein said first conductive film is a conductive film comprising W or a material
including W as its main component, said second conductive film is a conductive film
comprising Al or a material including Al as its main component and said third conductive

film is a conductive film comprising Ti or a material including Ti as its main component.
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wherein said netal elenent is at | east one el enent selected fromthe group
consisting of iron (Fe), nickel (Ni), cobalt (Co), rutheniunl(Fu%, r hodi um
(Rh), palladium (Pd), osmum (QGs), iridium(lr), platinum (Pt),1cdpbdis
(Cu), and gold (Au). 25. The sem conductor device as clainmed in claim]1,
wherein said sem conductor device is selected fromthe group consisting of
a conputer, a video canera, a digital canera, a nobile tel ephone, and a
projector. 26. The sem conductor device as clained in claim2, wherein said
semn conuct oFhamethoé of imansfattedhed sémzpnddreorgicoidp ac dasnalt ik ki f7, aheeirput er,
a video canera, a digital camera, a nobile tel ephone, and a projector. 27.
A sem canigipukiof is@oped RS SHIPSdndicoidiuctor $R75 GRABNGhRN folAl SlectBd R an@Raid 2 ati ng
surface; a gate insulating filmon said sem conductor |ayer; and a gate

el ectr ogghsS@hf gate insulating film wherein said sem conductor |ayer
conprises a channel formation region, at |east one LDD region in contact
with said channel formation region, and a source region or a drain region
in contact with said LDD region, wherein said gate el ectrode has a taper
shape, and wherein said gate electrode conprises a |lam nate of a_fourth

el ectrolfe, alltspethod of wanvigeturing a semisprductan device seelaimaddn glaimdashesie of
the fourth conductive film fifth conductive filmand sixth conductive

fil m compnipisty sooped intesid fensieoridnotd layeothroleghi saiel fourtip clestrotdy: and said gate

sem conductor | ayer over an insulating surface; a gate insulating filmon
sai d semsdandgiior | ayer; and a gate electrode on said gate insulating
film 50 1 4 JUL 2006 wherein said sem conductor |ayer conprises a channel
formati on region, at |east one

15.  The method of manufacturing a semiconductor device as claimed in claim 9, wherein
an impurity is doped into said semiconductor layer through said fourth electrode and said gate

insulating film.

16.  The method of manufacturing a semiconductor device as claimed claim 7, wherein
said semiconductor layer is formed by irradiating laser onto an amorphous semiconductor

film formed on an insulating film.

17.  The method of manufacturing a semiconductor device as claimed claim 8, wherein
~said semiconductor layer is formed by irradiating laser onto an amorphous semiconductor

film formed on an insulating film.
18.  The method of manufacturing a semiconductor device as claimed claim 9, wherein

said semiconductor layer is formed by irradiating laser onto an amorphous semiconductor

film formed on an insulating film.
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LDD region in contact wwth said channel formation region, and one of a
source region and a drain region in contact with said LDD region, wherein
said LDD region conprises a inpurity region for giving one conduct iU¥i 1§ at
a concentration of 1 x 1017 to 1 X 1020 atoms /cnB, and one of said source
region and said drain region conprises said inpurity elenment at a
concentldat i drhegfiethokofli@2Dafacuringa d@Ritomtuotos dévindas clavedén nlagai7dwhatia

el ectrode has a taper shape, and wherein said gate el ectrode conprises a

| ami natsgiddemicdn@uidtbilagéras farBe bydohiretdmetel @ehéRder Rofiodns trykalph@sd r ode,
and at | east one of the fourth conductive film fifth conductive film and

sixth ' i | j . ] We
conpri og B S B T RERES on &7 ins R E N EBE i Rher i
i nsul at, il n i.d sem conductor layer; and a gate electrode on said
gate iﬁgﬁﬁgéhﬁ% Pﬁ%@ﬁﬁherein sai d sem conductor |ayer conprises a channe
formation region, at |least one LDD region in contact with said channel
formation region, and a source region or a drain region in contact with
said LDD region, wherein said gate el ectrode has a taper shape, wherein
sai d gale elEwtmethed eomprufaciuring & sericanductol davitoay ¢lhinsdde clabu 8, wherkinf t h

el ectrode and a sixth el ectrode, and wherein said fourth electrode is

f or med said semianductdi Megerfik fored tyrdopingg: thetabelément dor gromatihg ciyafallizagdidi ng
tungsten as its main conponent, said fifth electrode is forned of a
conductihp¢enf§ Al FpEAITREMRIOAGuEGPRBT folhedofBh fshBling SEtAd] A (RAPRPIyiRSa | TS
mai n conponent, and said sixth electrode is forhed of a conductive fil
Conpri§héﬂm%%%£ﬂkﬂﬂh8£kﬁ material including titaniumas its main
conponent . . A'sem conduct or device conprising: a sem conductor |ayer
over an insulating surface; a gate insulating filmon said sem conduct or
| ayer; and

m

21.  The method of manufacturing a semiconductor device as claimed in claim 9, wherein
said semiconductor layer is formed by doping a metal element for promoting crystallization
into an amorphous semiconductor film formed on an insulating surface, and then applying a

thermal treatment thereto.

22.  The method of manufacturing a semiconductor device as claimed in claim 19,
wherein said metal element is at least one element selected from the group consisting of iron
(Fe), nickel (Ni), cobalt (Co), ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os),

iridium (Ir), platinum (Pt), copper (Cu), and gold (Au).

23. The method of manufacturing a semiconductor device as claimed in claim 20,
wherein said metal element is at least one element selected from the group consisting of iron
(Fe), nickel (Ni), cobalt (Co), ruthenium (Ru), thodium (Rh), palladium (Pd), osmium (Os),

iridium (Ir), platinum (Pt), copper (Cu), and gold (Au).
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a gate electrode on said gate insulating film wherein said sem conductor

| ayer conprises a channel formation region, at |east one LDD region in
contact with said channel formation region, and one of a sourcé4rjdyilsee and
a drain region in contact with said LDD region, 51 1 4 JUL 2006 wherein
said LDD region conprises a inmpurity region for giving one conductivity at
a concZht r athiconetbbd df mad@fidtuting 4 sémiboBducidralesict an@ainssddn chwém@fl, sai d sour ce
region and said drain region conprises said inpurity elenent at a

concentwhéreiaidmdtaeldlehd i§ & 1dask oddAImahtARFcled Fm thehes ddnsistifh GFafd
el ectrode has a taper shape, wherein said gate el ectrode conprises a

l'am nat@ePhidkef @4 %Bbeﬁt]ﬁﬁ})rﬁqfem hhfl.)t &odﬂﬁ@?{)oﬁla Idilag fﬁl(ég)t rode,

and wherel’n sal d ‘ourt h el ectro forme a con uc hpri si ng

I d
g S B AL oL SR BT ompr 1 si ng. copper or &

mat eri al including copper as its main conponent, and said sixth el ectrode
is formed of a conductive filmconprising titaniumor a material including
titaniumas its main conponent. 31. The sem conductor device as clainmed in
clai m 25 salk Jeueanduetbrdevieschs dlgmed én tlajmp édwharpinisaidaentidobiuetengdayicet hr ough
said gate insulating film 32. The sem conductor device as clained in claim
28, saiid stlected froml the proageonsistingarflaappaditeryd viles ednterh,[dlipreqicametahs ough sai d
gate insulating film 33. The sem conductor device as clained in claim 27,

wher ei nmskilcheRPRbRORSHE bRjecttYi ce  is selected fromthe group consisting of
a conputer, a vi deo canera, a di gital canera, a nobile tel ephone, and a

projector. 34. The semi conductor device as clainmed in claim28, wherein
sai d sem conductor device is selected fromthe group consi sting of a

S?g})gg%ﬁr a "Yheds%?mgo% ctot dev1ce a% ctlalmeg Ellafﬁ 2awher;91?1 sai stegullce Qucr{of dev1ce a

is selected from the group consisting of a computer, a video camera, a digital camera, a

mobile telephone, and a projector.

27. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and a source region or a drain
region in contact with said LDD region,

wherein said gate electrode has a taper shape, and

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth
electrode and a sixth electrode, and at least one of the fourth conductive film, fifth conductive

film and sixth conductive film comprises copper.

28. A semiconductor device comprising:
a semiconductor layer over an insulating surface;
a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,
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35. A sem conductor device conprising: a sem conductor |ayer over an

I nsulating surface; a gate insulating filmon said sem conductor |ayer; and

a gate electrode on said gate insulating film wherein said sem QQﬂH@Er

| ayer conprises a channel formation region, at |east one LDD regl [

contact with said channel formation region, and a source region or a drain

regi on in combaeih saidtshmsandudi@Dayagoomrissshechanne] Samditigatregiel, acleasiddec has a
i.n said gate e| ectropde conpr.ises a

t aper e, 52.1 4 JUL, 200! er

| ot o BreEoR SRt FBeRG b FmRon S, FOUSSEAAT RISSIPHORFRLE  ode,
and wWhefrgintedibf iS &40 WIUGLRIL OB ESEn,Nas an external input term nal portion
with a first™ portion covered by a conductive filmconprising the fourth

el ectrode, twkereinfsaild IdPIg cegion eoraprdses ahmpaiitytrbgion &utgidde oamebralusiadiyrad a

portion_cqvered b igat.e ipsul atingafilmand an interl.ayer . i.asulating
Pl oreie it L1 KIRUME' Co 10 Mols P At B g PP wllionlieThubl By it

sem condgioh@ombayeRsaidvifipudty dagehtat b BenderirhRmest 12x Jat @ | RSIOP'atbig/dni’] M on
said sem conductor |ayer; and a gate electrode on said gate insulating

film whereiWhesaingaideisrecdemdiode bps # taper shapengrilses a channel formation
region, at '&ﬁ&éinﬁ&g gsal'e[%rl)ecrn%%'e gﬁ%lhﬂsae%gﬂgﬁﬁlt e ok BeEhANg Iﬁﬁi‘lor mation

regi on, and one 0 ource re raln region in contact with said
LDD r egilenmodehad &sirtlsdedrddeRindeg lant arraithsfosrth comiudtiivd §ilni, dgfttocontiastivgi vi ng
one con@uctivi.t at .a _ cqncentration of 1 x 1017 to 1 x 1020 atons/cnB, and
one of & thdsixthcanductive Him SOMBEFSE CPRE™N  regi on conprises said inpurity
el enent at a concentration of 1 x 1020 to 1 x 1021 atonms /cnB, wherein

said gate el ectrode has a taper shape,
29. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and a source region or a drain
region in contact with said LDD region,

wherein said gate electrode has a taper shape,

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth
electrode and a sixth electrode, and

wherein said fourth electrode is formed of a conductive film comprising tungsten or a
material including tungsten as its main component, said fifth electrode is formed of a
conductive film comprising copper or a material including copper as its main component, and
said sixth electrode is formed of a conductive film comprising titanium or a material

including titanium as its main component,

30. A semiconductor device comprising:

a semiconductor layer over an in.sulatin g surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and one of a source region and a

drain region in contact with said LDD region,
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wherein said gate el ectrode conprises a |lamnate of a fourth el ectrode, a
fifth electrode and a sixth electrode, and wherein the sem conductz)r
device has an external input termnal portion with a first porti o’ dbl élled
by a conductive filmconprising the fourth electrode, the fifth el ectrode
and the sixth electrode and a second portion covered by the gate

i nsul ati ng fwhereiaasiddiDD négoh aytaprises asmbaiityrggibn Fonghvingogechndhttévityait el v.

37. A sem conduct ice C rising:,a sem conductor |ayer over an

i nsul aﬁOHaer@aP?%egf xg%‘é’épé’fﬁ@%ﬁ@msr{&n%iapﬁnoaﬁo’g%r WEH TEBRBARE T AERr ;. and
a_gat e 8hief b ﬂséa@aﬁ%@uﬁgtaem&ﬁ% Feb@nfrhtidh ofhe T G Ry $81182SaGhLE pAEUCt Or

| ayer conprises a channel tormation region, at |l east one LDD region in
cont act wit hwhsaeid saildegatesdledtrodahits otapeesfiapn, and a source region or a drain

region in contact w.th sai DD regi on,, wherei ai te el rode has a
taper shape,"aeeip said ggje e??fgré’laﬁﬁ%‘?‘@ﬁ?f’sﬂﬁlﬂmﬁtaet(gn@%]?P%%Eo‘{%?rﬁ%ses a

| am natgeddlode ahPuEikth Qb@fddeod@d a fifth electrode and a sixth el ectrode,
wherein the sem conductor device has an external input term nal portion

with a firstwheseintspidfowdyeleettodsyis forosd efie conductive filne comppiisngiingsten éour t h
el ectr Orﬁ&‘teriélrlﬁc L%I}}é { %lstgﬁ tag ﬁg S‘na? na‘%‘?ﬁ"g‘%?t? IF;%E gﬁglege%&?) éfj %rfﬁggeda of"S aieC ond

portion covere ate Tnsu ayer nsul ati ng

fi | m argoatgaedlineofpirieing, copdt oma el férinl Siedlallih ©edppbr & ieGhiiadempsndn®ramgd of a
conductive filmconprising tungsten or_a material including tungsten as

i ts maiRGCHRBEHsHPde sdpued efiacopiugtiveddm qomprisigdidanitm o1 a geatgriadt i ve film
conpri si ',n-Hg\ 3 i i ncluding alumnumas its main
conponzj%%!,gd%%gﬂsél ag:lrti'?ﬁ@{xgﬁc}%@gg{é is formed of a conductive film

conprising titaniumor a material including titaniumas its main
corrponeﬂt : . . . . . . .
.. The semiconductor device as claimed in claim 27, said fourth electrode is overlapped

with said LDD region through said gate insulating film.

32.  The semiconductor device as claimed in claim 28, said fourth electrode is overlapped

with said LDD region through said gate insulating film.

33.  The semiconductor device as claimed in claim 27, wherein said semiconductor device
is selected from the group consisting of a computer, a video camera, a digital camera, a

mobile telephone, and a projector.

34.  The semiconductor device as claimed in claim 28, wherein said semiconductor device
is selected from the group consisting of a computer, a video camera, a digital camera, a

mobile telephone, and a projector.

35. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with satd channel formation region, and a source region or a drain
region in contact with said LDD region,

wherein said gate electrode has a taper shape,
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38. A sem conduct or device conprising: a sem conductor |ayer over an

i nsul ating surface; a gate insulating filmon said sem conductor |ayer; and
a gate electrode on said gate insulating film wherein said semtbdduiiipr

| ayer conprises a channel formation region, at |least one LDD region in
contact with said channel formation region, and one of a source region and
a drain regvimeinsaidgateagdtctroide komariskslaDBnirat afa, fowttie electrodeaa GfthDD r egi on

conpri ses._a.,i rity reqiagn far giving one conductivity at a concentration
of 1 x Wfd?ggﬁa?xﬁbﬁﬁaﬁ’%&fﬂﬁcn& ~and one of said source region and said
drain regi oph&OARAd fBEcARMBor TRHEL has Bl KB iBut RrSAREFSHbAWIAN @kt 1 X
1020 to 1 x 1021 atonms /cnB, wherein said gate electrode has a taper

shape, noméerecayersdihy ayondueivedilmoennrising the éuirth desfrodathe Gfth aleftoadetand

el ectr 8 Lt electrode and a sixth _electrode.. rein th

e conttu s it a5 £ SR Bl RSl Y o GG R lRan g BEE S o Wi ¢ o
por t i orinSudmeipeflmbatrahged nitktaitblve fil m conprising the fourth el ectrode, the
fifth electrode and the sixth electrode and a second portion covered by

the gate insulating filmand an interlayer insulating film arranged

al ter nafeel y’AFs‘&ﬂ'c%ﬂc%r’ﬁe?ﬁ%@oﬂlﬁg%ihg el ectrode is formed of a conductive
¢ ing r-a eri

filmconprisin ungsten o al including tungsten as its main
conponent , sadethiédrdduttoelaget ovadan isufadngedfak; a conductive fil m conprising

al um numor a nmaterial includi H% alum numas its main conponent, and said

sixth el ect ro@ie insulplngHign gp said semirgrdysier Ipyarmd™onpri sing titani umor a
mat eri al i nc| Hgé Bgctddeafdl A B3e inkSla Issonponent. 54 1 4 JUL 2006 39. A

sem conduct or “device conprising: a g@%nﬂcdnduct or |ayer over an insulating
surface; a guhercinssidsamigogdadtbmbaper coripdissemthnond detnmtiohaggon, ahtest one

LDD region in contact with said channel formation region, and one of a source region and a

drain region in contact with said LDD region,

- wherein said LDD region comprises a impurity region for giving one conductivity at a
concentration of 1 x 107 to 1 x 10 atoms/cm®, and one of said source region and said drain
region comprises said impurity element at a concentration of 1 x 10% to 1 x 10?! atoms /em’,

wherein said gate electrode has a taper shape,

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth
electrode and a sixth electrode, and

wherein the semiconductor device has an external input terminal portion with a first
portion covered by a conductive film comprising the fourth electrode, the fifth electrode and
the sixth electrode and a second portion covered by the gate insulating film and an interlayer

insulating film arranged alternately.

37. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and a source region or a drain
region in contact with said LDD region, |

wherein said gate electrode has a taper shape,
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a gate electrode on said gate insulating film wherein said sem conductor

| ayer conprises a channel formation region, at |east one LDD region in
contact with said channel formation region, and a source region b4 jdl @& n
region in contact with said LDD region, wherein said gate el ectrode has a
taper shape, wherein said gate electrode conprises a lamnate of a fourth
el ectrode, awldréinaidedatecdleatmbde aomiprsesiadaninatesftarfooth ehettevds afifthe

sem conduct qr devi.c a n external input termnal portion with a first
porti or?ﬁl%cgvg?g?ffﬁggxlxﬁl %8‘?5‘6?@81 ive filmconprising the fourth electrode, the
fifth el ect rpgi@eiamtk senlioriuiol d&}i8ChdsQel@xfRshl ﬁlp%e&%ﬂﬁaw?é&ibﬁ Rithv@ked by
the gate insulating filmand an interlayer insulating Tilm arranged

al t er narostign coyigepdityer einduetiiedilmotpmtisaizdbe fodd eestrbde, teififh elgcealedndt | ve

componait - <EhdhP AR £Pet Bou S bRk M L AR T Rl i g

copper insula@ingefilar artdngbd eltetgately, anpper as its main conponent, and said
sixth electrode is formed of a conductive film.conprising titaniumor a
material i riehsreinsgididpudnelesireds is foymed of a coriyeHentilm gemposing Wneyemoct or

devi ce I:SLiNg: ) | | face; a gate
maul ot achpheiciBine S SiEh GETEUAL o iRk, SRR bCREM: Bebldit s e on s d
gat e i nenflattivedilii domprisingrabiminami o ayeatedalriotlediog alumisum apitpmages a channel
formation re ion,d at l'gtﬁsi ong E_DD%ie lon i.n contact with said channel

f or mat | GPACBH oI saitsishelssode isdarmed dleronfudivg tm QrprisneddaBimioRacont act
wi th ?%ﬂeﬁ@%&lﬁ&hgﬁteﬂﬁiﬁ%it@nﬁﬁiéi)nlqgaeﬁt‘?g' on conprises a inpurity region
for giving one conductivity at a concentration of 1 x 1017 to 1 x 1020
atons/ cnB, and one of said source region and said drain region conprises
sai d i%rig el ene t art a. concentration of 1 x 1020 to 1 x 1021 atons

/ cnB, er &i FORORAEE Segics COPBHEEas a t aper shape,

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film, _

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and one of a source region and a
drain region in contact with said LDD region,

wherein said LDD region comprises a impurity region for giving one conductivity at a
concentration of 1 x 10'7 to 1 x 10% atoms/em®, and one of said source region and said drain
region comprises said impurity element at a concentration of T x 10 to 1 x 10! atoms /em?,

wherein said gate electrode has a taper shape,

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth
electrode and a sixth electrode,

wherein the semiconductor device has an external input terminal portion with a first
portion covered by a conductive film comprising the fourth electrode, the fifth electrode and
the sixth electrode and a second portion covered by the gate insulating film and an interlayer
insulating film arranged alternately, and

wherein said fourth electrode is formed of a conductive film comprising tungsten or a
material including tungsten as its main component, said fifth electrode is formed of a
conductive film comprising aluminum or a material including aluminum as its main
component, and said sixth electrode is formed of a conductive film comprising titanium or a

material including titanium as its main component.

54




wherein said gate el ectrode conprises a |lamnate of a fourth el ectrode, a
fifth electrode and a sixth electrode, 55 1 4 JUL 2006 wherein the

sem conduct or device has an external input term nal portlon\Mtf1hf¥Uh@%

portion covered by a conductive filmconprising the fourth el ectrode, the
fifth electrode and the sixth electrode and a second portion covered by

the gate insulating filmand an interlayer insulating film arranged

al ternately,,and. wh 21 said fourth electrode is forned of a conductive
film C(a)"ri?p s‘\ﬁa"&"aﬂ@ﬁ% CYIC SOMREBE al i ncl uding tungsten as its main

conponent, S@geﬁuédﬁd{l&o@la?&t(;@ggn imufa8hg8eeRE; @ conductive film conprising
copper or a material including copper as its main conponent, and said

si xth el ect roghe insulptngritn of sad somtoodicier lhydrmandonpri sing titaniumor a
material ingc| titani makLy conponent. 41. The sem conduct or
- HEHERde AR bR e - |

device as claf ’h el ectrode is overlapped wth

sai d LDD r egikdteihRpidugmicnitctadlager dafipriséd D1ehahhdl formdion TEifors @fleagmect or
device as clained in claim36, said fourth electrode i s overl ap(ged W th

sai d LOBPPaggion it enndasg Witha mv@anwlfmwﬁnrwwangcemnﬁm #Rduct or
devi ce E?ﬁllx?hélﬁgct%ﬂthck?d ﬂi‘)ﬁsre Winwerel n said sem conductor device is

sel ecte rom roup consisting of a conputer, a video canera, a digital
canmera, a nm]hnrémshﬂl@rﬂmemrodamdsatapeps}ﬁpéor 44. The sem conductor device
as claimed in claim36, wherein said sem conduct or deV| ce I%ﬁglel ected from

the group cONESTENiSAY &dfe "ée‘t?’fﬁ’tﬁlﬁﬁ?’é‘i’”sﬁ alpgusteffchoyrth glegirede afififanera, a
mobi | e 4&k@RBAREa sRffelBctRide) ector. 56

wherein the semiconductor device has an external input terminal portion with a first
portion covered by a conductive film comprising the fourth electrode, the fifth electrode and
the sixth electrode and a second portion covered by the gate insulating film and an interlayer
insulating film arranged altemately, and

wherein said fourth electrode is formed of a conductive film comprising tungsten or a
material including tungsten as its main component, said fifth electrode is formed of a
conductive film comprising copper or a material including copper as its main component, and
said sixth electrode is formed of a conductive film comprising titanium or a material

including titanium as its main component.

40. A semiconductor device comprising:

a semiconductor layer over an insulating surface;

a gate insulating film on said semiconductor layer; and

a gate electrode on said gate insulating film,

wherein said semiconductor layer comprises a channel formation region, at least one
LDD region in contact with said channel formation region, and one of a source region and a
drain region in contact with said LDD region,

wherein said LDD region comprises a impurity region for giving one conductivity at a
concentration of 1 x 1017 to 1 x 10*° atoms/cm®, and one of said source region and said drain
region comprises said impurity element at a concentration of 1 x 10% to 1 x 10*! atoms /cm’,

wherein said gate electrode has a taper shape,

wherein said gate electrode comprises a laminate of a fourth electrode, a fifth

electrode and a sixth electrode,
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wherein the semiconductor device has an external input terminal portion with a first
portion covered by a conductive film comprising the fourth electrode, the fifth electrode and
the sixth electrode and a second portion covered by the gate insulating film and an interlayer
insulating film arranged alternately, and

wherein said fourth electrode is formed of a conductive film comprising tungsten or a
material including tungsten as its main component, said fifth electrode is formed of a
conductive film comprising copper or-a material including copper as its main component, and
said sixth electrode is formed of a conductive film comprising titanium or a material

including titanium as its main component,

41.  The semiconductor device as claimed in claim 33, said fourth electrode is overlapped

with said LDD region through said gate insulating film.,

42.  The semiconductor device as claimed in claim 36, said fourth electrode is overlapped

with said LDD region through said gate insulating film.,

43.  The semiconductor device as claimed in claim 35, wherein said semiconductor device
is selected from the group consisting of a computer, a video camera, a digital camera, a

mobile telephone, and a projector.
44, The semiconductor device as claimed in claim 36, wherein said semiconductor device

is selected from the group consisting of a computer, a video camera, a digital camera, a

mobile telephone, and a projector.
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