SEM CONDUCTOR DEVI CE AND METHOD FOR MANUFACTURI NG THE SAME BACKGROUND OF
THE INVENTION 1. Field of the Invention [0001] The present invention rel ates
to a sem conductor device including thin filmtransistors (TFTs), a method
for manufacturing the same, and a sem conduct or manufacturing apparatus.
More particularly, the present invention relates to a sem conductor device
in which the active regionis forned froma crystalline sem conductor film
obtained by crystallizing an anorphous sem conductor |ayer, and a net hod
for manufacturing the sane. 2. Description of the Related Art [0002] In
recent years, attenpts have been made in the art to form high-performnce
sem conduct SEMECENRPUCEORNDEVICENANDaMETHODU FORr NMANUFACITURING (JHEs SAMEDSt r at e
or an insulating film aimng at realization of liquid crystal display
devices and organic EL display devices having |arger sizes and higher

resol utions, contact inmage sensors operating at higher speeds wi th higher
resolutions, three-dinensional 1Cs, etc. Particularly, a type of liquid
crystal display device having the pixel section and the driving circuit on
the same substrate is findi GRO GF, THE | PIENBL®hol d 1 appliances, in
addition to a nonitor of a personal conputer (PC). For exanple, liquid
crystal dilspl Hielsd @fudde dnvention

[0001] The present invention relates to a semiconductor
device including thin film transistors (TFTs), a method for
manufacturing the same, and a semiconductor manufacturing
apparatus. More particularly, the present invention relates
to a semiconductor device in which the active region is
formed from a crystalline semiconductor <£ilm obtained by
crystallizing an amorphous semiconductor layer, and a method

for manufacturing the same.

2. Description of the Related Art

[0002] In recent years, attempts have been made in the art
to form high-performance semiconductor elements on an
insulative substrate such as a glass substrate or an
insulating film, aiming at realization of 1liquid crystal
display devices and organic EL display devices having larger
sizes and higher resolutions, contact image sensors operating
at higher speeds with higher resolutions, three-dimensional
ICs, etc. Particularly, a type of 1liquid crystal display

device having the pixel section and the driving circuit on

the same substrate is finding its use in various household



tel evision sets, replacing CRTs (Cathode-Ray Tubes), and .front projectors
are used for hone entertainnment applications such as for watching novies
and for playing video ganes. Thus, the market for liquid crystal display
devi ces has been growing at a remarkable rate. Mreover, system on-panel
devi ces have been developed actively, in which logic circuits such as a
menory circuit and a cl oc eneration circuit are fornmed on a gl ass
substrat@PHﬁﬂﬂﬁgﬁq]isa?pﬂS HP&ht¥b§%lﬁ??bh°Fnﬁ§e§-ﬁ&%ﬁ@%ﬂ#iﬁg?EEE%r in
the amount of data to be witten to pixels, and the data needs to be
written WiRQHin a Eelr texammle O Hdamise, crystal ndispba¥s blare o ugedpl a§ a
novi ng picture that has a very |arge anount of data for high-definition
di spl ay. tBievdfsdrom sEEES usegliacimglr CRTsg ¢CathodeaRayr eQubeed,t oander at e
at a high speed. In order to achi eve high-speed operations, there is a

demand fQ&d&&r@ﬁabédﬁbfﬁrﬁkéﬁﬂ§65EE&%Yﬁéﬁé|éﬂ@brﬁ&ﬂhﬁ@ﬂﬁUﬁﬁﬁlléaifanaV'ng
a desirable crystallinity, with which it is possible to obtain a high
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desirable crystalline sem conducto iI'mon a gliass substrate

I rradi ati an gno h us, seni cqnduct or filmw %¥1 | aser ht uch, as

exc mer s R RaEREs *FEE F3R e cassu Ry ShRARY et Hies BAS bRt

crystallize the anmoprphous sen1conductor f|| Anot her net hod that has been

develope@r°W1n9 at a remarkable rate. Moreover, system-on-panel
devices have been developed actively, in which logic circuits

such as a memory circuit and a clock generation circuit are

formed on a glass substrate.

[0003] Displaying high-resolution images means an increase
in the amount of data to be written to pixels, and the data
needs to be written within a short time. Otherwise, it is
not possible to display a moving picture that has a very
large amount of data for high-definition display. Therefore,
TFTs used in a driving circuit are required to operate at a
high speed. 1In order to achieve high-speed operations, there
is a demand for forming the TFTs wusing a crystalline
semiconductor layer having a desirable crystallinity, with

which it is possible to obtain a high field-effect mobility.

[0004] A commonly-known method for obtaining a desirable

crystalline semiconductor film on a glass substrate involves
irradiating an amorphous semiconductor film with laser light

such as excimer laser 1light so as to instantaneously



in the art involves adding a netal elenent capable of pronoting
crystallization to an anorphous sem conductor film which is then subjected
to a heat treatnent. Wth this nmethod, a desirable sem conductor film
having a uniform crystal orientation can be obtained through a heat

t reat ment perforrred at a lower tenperature and for a shorter tine than

ot her conven thods. Jn this_nethg Ilght | rradiati

often usétf r/con%)d{q:E i on 9 rﬁiordgir'l “fo fur]%j Ségf?ﬁ%rove ttt}"le cr?mta |n|ty,
irradiating a crystalline. sem conductor fjlm ai ned through a heat

t r eat mentSTRAFORFUCEPT| £4AT-s0 AaIEOYIEFIba‘F‘?FBPPy%E@tt /a5 i Bee) dryedrrsd
recrystallized the crystalline sem conductor film thereby reducing the
crystal defecile t Rrtei ninll et aiaddHa s aor psital] | ededemitc ocdpabdie f i9fm of a
hi gher quality. [0005] However, it has been found that wth such a nmethod of
I rradiat ip:gpmtﬁ:@rqnhpsrsablizayi;om tonansamorphdust eemficbmduwitolr Ifddaer, | i ght
so as to nelt/solidify and thus crystallize or recrystallize the anorphous
or crystajHidle S@m eRsHUCiWbjedtddn toUrhaqredt I edeladcnites angifwr dson the
surface of the sem conductor film The surface irregul arities are forned as

follows. fftgsaa sen  f érﬁ‘dﬁd?{&gnfm' S d

I rradiation, cryst al nuclelr are éf ornmed, an theitlme éiﬁport |a!ongm§'rfgrm
gradual |y SO|I fied s atlng fro st al clei. Then e crystal
grai n bodﬁaé o?fl%ﬂsa mﬁncﬁag e 36 &ithrouéh heat trea ment

performed at a lower temperature and for a shorter time than
other conventional methods. In this method, 1laser 1light
irradiation is often used in combination in order to further
improve the crystallinity, by irradiating a crystalline
semiconductor film obtained through a heat treatment with
laser 1light so as to partially melt/solidify and thus
recrystallized the crystalline semiconductor £film, thereby
reducing the crystal defects therein and obtaining a

crystalline semiconductor film of a higher qguality.

[0005] However, it has been found that with such a method of
irradiating an amorphous or crystalline semiconductor film
with laser light so as to melt/solidify and thus crystallize
or recrystallize the amorphous or crystalline semiconductor
film, surface lrregularities are formed on the surface of the
semiconductor film. The surface irregularities are formed as
follows. After a semiconductor film is once melted by laser
light irradiation, crystal nuclei are formed, and the melted

portions are gradually solidified starting from the crystal



solidified lastly, are raised in a nountain-range-like shape (where two
crystal grains neet) or in a nountain-like shape (at nultiple points where
three or nore crystal grains neet), due to the difference in volunetric
expansion coefficient between a nelted portion and a solidified portion.
Those portions on the surface of a sem conductor filmthat are raised in a

Tount ai - A00ey | %@@a%grcfﬁ@amﬁmnbbggggﬁhg%ﬁwgh% beplighebnalter

referred rudi ng I ons Op-gate thin f

transi stor h present at the channel terface bet t he

ser cond RS LHATFIA affet Fel o RE8 madned L 31 PrEntACRG0n0RatekPoRRARR ( he
interface characteristics and the field- effect nobility. Furthernore, an

el ectric §7h8%L | EWpoCAYSLEd Haknfe Mept df og PFUg%.m?HH¥?1Pr1F§eb§PP§@ed
that a ridge deteriorates the voltage endurance of the gate insulating
film anddbweuktipke mveints Weerecthréeadi| nbyei priystiadg grhdnshoeedarri er
resi stance. [0006] Therefore, various nethods have been devel oped in the

art for radeciteg the slirfffeaeerndes egul avélumstridgaskminsiornsedoeddddent fil m
Japanese Lai d- Open Patent Publication No. 8-213637 discloses a nethod in

which a sedi,adugt Qleitddn pbatidn i sh@Nd:- Iwﬁ&f@p@dwptd}t%d ncl ippedecdge,
after which the sem conductor filmis irradiated with laser light, in an

at tenpt t[?oﬂf&%'t otnhetlflgr wff)a[he()f o’ oér ‘é‘lhﬂ%o%%&dé%ﬁs gﬁllm that are

raised in a mountain-range-like shape or in a mountain-like
shape will be hereinafter referred to as "protruding
portions" or "ridges". With a top-gate thin film transistor,
the ridge is present at the channel interface between the
semiconductor film and the gate insulating £film, thereby
deteriorating the interface characteristics and the field-
effect mobility. Furthermore, an electric field is localized
at the tip of a ridge. Thus, it is believed that a ridge
deteriorates the voltage endurance of the gate insulating
film, and lowers the overall device reliability including the

hot-carrier resistance.

[0006] Therefore, various methods have been developed in the
art for reducing the surface irregularities/ridges of a
semiconductor film. Japanese Laid-Open Patent Publication
No. 8-213637 discloses a method in which a semiconductor film
has an island-like shape with an inclined edge, after which
the semiconductor film is irradiated with laser light, in an

attempt to prevent the formation of protruding portions on



t he surface of the sem conductor film Japanese Laid-Qpen Patent
Publ i cation No. 10-92745 discloses a nmethod in which a natural oxide film
on the surface of an anorphous silicon filmis renmoved by dry etching,
after which the anorphous silicon filmis irradiated with laser light in a
vacuum process. Japanese Lai d-Open Patent Publication No. 10-106951

di scl 0SeS g nghg%gcbn d’%"' E el %%ﬁg0§%gr .Jl.ljnI Con-lfg%%l?égg L IdCIB8n -

protrudi ng portions have een or me rough aser Irra

OX|d|zed o re u rities utili 2|n e.fac at t he
oxidizat| ?qgg?tlﬁ?gh ag? r#égggy4gagéﬁ8§8 Bgi & 2H°Ea%8nw 3 Pcati on
No. 10-200120 di scl oses a nethod in which surface |rregular|t|es f or med
through IR&EITa} gRELde bt HRi 6R otk FEEEECE BT saPf AROHRIPLHI AdliFRPanese
Lai d- Open Patent Publication No. 11-186552 discloses a nethod in which
surface f¥kegdbsarremesed obyedrhr etghingserafftept whichdi the oamerphousduced
by etching the surface of a sem conductor film [0007] All of these

publ i cat i «Bi ¢lbrs CIfdslen meshoilsra@iateaduditly Nadges dhghke snrfac&achum

sem conductor film As described above, one factor for the formation of

ridges isprédessli f f 458665 N1y 06 LOBEA] Pa%éﬁ%nﬁhﬁmléﬁ%EBhCN%nt el \peeB 12
nmel ted portion and a solidified portion in the process of

mel ti ng/ ﬁ ﬁ%y%an%éﬁﬂbﬁoﬁﬁu% Hf 'ﬂﬂ@ RO & apgiiié%' ¥1§Re%¥1' ng,

it is dif o I nprove the sur ace on I guration by naking changes in

the proc%ﬁﬁiéﬁ”"%é3é¥5ﬁlng portions have been formed through laser

light dirradiation is oxidized to reduce the surface
irregularities utilizing the fact that the oxidization rate
is higher at ridges. Japanese Laid-Open Patent Publication
No. 10-200120 discloses a method in which surface
irregularities formed through laser 1light irradiation are
reduced by surface polishing. Japanese Laid-Open Patent
Publication No. 11-186552 discloses a method in which surface
irregularities formed through laser 1light irradiation are

reduced by etching the surface of a semiconductor film.

[0007] All of these publications disclose methods for
‘reducing ridges on the surface of a semiconductor film. As
described above, one factor for the formation of ridges is
the difference in volumetric expansion coefficient between a
melted portion and a solidified portion in the process of
melting/solidifying a semiconductor £film. Therefore,
physically speaking, it is difficult to improve the surface

configuration by making changes in the process conditions, or .



5 the like. Thus, various nethods have been proposed in the art as

di scl osed in the publications nentioned above. [0008] However, the nethods
disclosed in the publications all increase the nunber of process steps and
conplicate the manufacturing apparatus, and the increase in the nunber of
process steps inevitably increases the cost and decreases the production
yi el d. Moyeover,, thes ublications aima reventing the decrease in the
thannel | FEer AAKE - oniPRRr oFParions. THEGq%) REEFT Ber IR TRI55A  AB VO age
endurance of the _gate insulating filmand the reliability of a top-gate
thin fil nf®¥FFaRSi L8F1aged: dnt kBeppubiicatdrnsi Agasionsd RPOYE-f ace of the
sem conductor film [0009] The present inventors quantitatively exam ned the
i nfluence_of the presence of ridges on a thin film transistor, finding that
the decr cl9988) n tewespmnethe fethede dHadasaq sincsthe h@ubildicqtdiomesct
mobility, the voltage endurance of the gate insulating filmand the device
reliabiliallwdscmeaseo Higniymbent of Npaicess tstens/, anfieconplfigege the
irregularities on the sem conductor filmshould preferably be as small as
possi bl e. mabugaeturihghapdmmsmtud ovuandt thie tihwccdasewelin nites f aamber of
characteristics and the field-effect nobility, for exanple, are influenced
signi ficaptby¥eby EBepsOndeii@ALRY iRersaResORALCIRst an@ ddci®ased the the

crystalline condition thereof, ereas the
production yield. Moreover, these publications aim at
preventing the decrease in the channel interface

characteristics, the field-effect mobility, the voltage
endurance of the gate insulating film and the reliability of
a top-gate thin film transistor due to the presence of ridges

on the surface of the semiconductor film.

[0009] The present inventors gquantitatively examined the
influence of the presence of ridges on a thin film
transistor, finding that the decrease 1in the channel
interface characteristics, the field-effect mobility, the
voltage endurance of the gate insulating film and the device
reliability was not so significant. Needless to say. the
surface irregularities on the semiconductor film should
preferably be as small as possible. However, it has Dbeen
found that the channel interface characteristics and the
field-effect mobility, for example, are influenced
significantly by the condition of the semiconductor £film

itself, i.e., the crystalline condition thereof, whereas the



6 influence of ridges is negligible, conparatively speaking. It has been
found that the voltage endurance of the gate insulating filmand the device
reliability are also influenced primarily by the bulk properties and the

t hi ckness of the gate insulating filmitself, and the influence of ridges
IS not so significant when the thickness of the gate insulating filmis 50

nm or nore. 0010 Ver, a new ro lLem has been di scovered b he
vent o SLBf LERESH St TABRRI G | BROLHAAD Ponl CTPLAEFYE LY SRbADY-
production yield, and is one that cannot be found _except by a quantitative
exper i menft’ Rasopbgane faund f £hat ttr%si’gﬂ-SPQFTF‘?’)d%@‘nﬁea°§en¥]@%ncﬁ§’c¥teo

| ayer having surface irregularities that is forned by |laser irradiation

nor mal | y imshlaétisg\Vg-flidmchaandt ertihst i cdevscehoweliimbil@tylOBarén RllGo 10B,
curves 10a and 10b show the Vg-1d characteristics for drain-source voltages

of 8 V aninfil¥encedppeimaeliyy bowener bulkhplrepeetiels Bnés thhitdhilckness
characteristics as shown in FIG 10B, there were sone TFTs with Vg-1d (gate

vol t age- dg A &héubﬁﬁet)lﬁ\ﬂ@@iﬁ%' Hillgs 88s8DPWN dr Fhte 19M¢ BledBe of
occurrence rate on the order of 01%to 0.1% In FIG 10A, curves 10a and

10b show %%!9 B.%h(mﬁ:r agd eéi&ﬁif c&%.%@h” th%oulgr?fcf']%&éé 981;2%1 (ﬂ\ét%”d L

V, respec en a gate e off rection

i n such TFTEula@EQSrggim lgpgg %Hrg%smgf Ieak current occur as indicated by

[0010] However, a new problem has been discovered by the
inventors of the present application. The problem is related
to the production yield, and is one that cannot be found
except by a quantitative experiment. A top-gate thin film
transistor (TFT) using a semiconductor layer having surface
irregularities that is formed by laser irradiation normally
exhibits Vg-Id characteristics as shown in FIG. 10B. In FIG.
10B, curves l1l0a and 10b show the Vg-Id characteristics for
drain-source voltages of 8 V and 1 V, respectively. However,
while normal TFTs exhibit characteristics as shown in FIG.
10B, there were some TFTs with Vg-I4 (gate voltage-drain
current) characteristics as shown 1in FIG. 10A at an
occurrence rate on the order of 0.01% to 0.1%. In FIG. 10A,
curnes 10a and 10b show the Vg-Id characteristics for drain-
source voltages of 8 V and 1 V, respectively. When a gate
voltage is applied in the off-state direction in such TFTs,
abnormal humped curves of leak current occur as indicated by

an arrow X for lower voltage values. The leak current values



an arrow X for |lower voltage values. The | eak current values 7 in the
hunped portion are greater than those of normal TFTs for the sane gate

vol tages by one or two orders of magnitude. As the gate voltage is further
increased in the off-state direction, these TFTs exhibit |eak current
curves simlar to those of normal TFTs. The occurrence of an off-state
current in a TFT using a non-monocrystalline crystalline sem conductor

filmis ddhmbheyPHBEEAePAHHRD R SrapTeRkeTt AP0 HhinFe WhePPRBRY ¥ St r ap

| evel occurrlng due to crystal defects, etc., present near the center of
the bandfdp.theviane Jatr wOhbrees hﬁnﬁ@@ efir Y¥e BFdpESk OfuFREAL tuge -
descri bed above cannot be explained with this nodel because the |eak
current iAmrtheeygate t Melyjage vid t fyethemcrioscrsasadt Ha oflie sodfife sdiatect i on.
[0011] In a liquid crystal display device, for exanple, such an abnorna

of f - st at e1ilreadt Xoti  etheS8YTPTeVeRhiditFiday cwmtdhi 8greaedi sehithectioode
fromsufficiently holding a charge witten to the pixel electrode,

resul ti ngHds& PP Abrmale! Phts Inrﬁedseaefrehee%tf hAr ol %E'&Qeac‘aﬁ%m')’
section, such an abnornal off-state [eak current may prevent a charge

witten tga bys |hd 1ol no Jiel 4 g RosauplLogy TETooucho 2829 a0 00

sw t ch, resultlng iha |ine resu Fodulton yi e

Iowered Ssuéjnfitcaonxg 1?c|:|¢¥r SUM\{ARY C]: TH(':EmInmNgE IO modeled with thermal

excitation and tunneling via a trap level occurring due to
crystal defects, etc., present near the center of the
bandgap. However, the abnormal humped curves of leak current
as described above cannot be explained with this model
because the leak current increases as the gate voltage

increases in the off-state direction.

[0011] In a liquid crystal display device, for example, such
an abnormal off-state leak current may prevent a TFT for
switching a pixel electrode from sufficiently holding a
charge written to the pixel electrode, resulting in a point
defect. In a driver circuit for driving a display section,
such an abnormal off-state leak current may prevent a charge
written to a bus line from being held in a sampling TFT such
as an analog switch, resulting in a line defect. As a

result, the production yield is lowered substantially.

SUMMARY OF THE INVENTION

[0012] In order to overcome the problems described above,



[0012] In order to overcone the problens described above, 8 preferred
enbodi nents of the present invention provide a nuch nore reliable

sem conductor device and a nethod for manufacturing such a novel

sem conductor device, by preventing the increase in the |leak current while
a TFT is off. [0013] An inventive sem conductor device includes a thin

filmtra 'ééé%réd‘%rh%&‘ﬂn%@@%f%ﬂé‘%%séﬂ ein{rQﬂ‘ciBHC*)EG.%ideaaCRﬁBHe' .
regi on, source region and a drain region, a gate ‘insufating filmprovided
on the seniconduc%ggghayer nd a g@te el.ect.rode for caontroll.in

conductivrﬁ“?lile of °F 3nneﬁe +%%I|1%lﬁ, %erglexlé’esur?% e &f trﬁ%ﬂé%%i ggﬁauctor

| ayer includes a mnute protruding portion, and a_side surface inclination
angl e of MMIAGRIRGt r &N s Par gRPVEhan HMIFRIGHEEP DN daVHiGe of PHe
protruding portion of the seniconductor |ayer. [0014] Another inventive
seni condrneirentaing ethaclimgaease t b nthel heakangisrenti wbidei |y BFT is
sem conduct or | ayer that includes a channel region, a source region and a
drain regifon, a gate insulating filmprovided on the sem conductor | ayer
and a gate electrode for controlling a conductivity of the channel region,
wherein the sem conductor |ayer includes a mnute protruding portion, a
cross-sediiisdilal ahapénoénthee gaémiedbrdtcdde |idevides indliudds Staepthant i on
and a second step portion provided on the first step portion, and a side
film transistor including a semiconductor layer that includes
a channel region, a source region and a drain region, a gate
insulating film provided on the semiconductor layer, and a
gate electrode for controlling a conductivity of the channel
region, wherein a surface of the semiconductor layer includes
a minute protruding portion, and a side surface inclination

angle of the gate electrode is larger than an inclination

angle of the protruding portion of the semiconductor layer.

[0014] Another inventive semiconductor device includes a
thin film transistor including a semiconductor layer that
includes a channel region, a source region and a drain
region, a gate insulating film provided on the semiconductor
layer, and a gate electrode for controlling a conductivity of
the channel region, wherein the semiconductor layer includes
a minute protruding portion, a cross-sectional shape of the
gate electrode includes a first step portion and a second
step portion provided on the first step portion, and a side

surface inclination angle of each of the first and second



surface inclination angle of each of the first and second 9 step portions
Is larger than an inclination angle of the protruding portion of the

sem conductor layer. [0015] In a preferred enbodi nent, the gate el ectrode
preferably includes a first conductive filmprovided on the gate insulating
filmand a second conductive filn1provided on the first conductive film a

L T O AR B

second c tirve m—an conduct i v i 1% form the
first and secon steg Egrt ons ectlveax éoo 6] In a preferred
enbodi merRTO TR RE RO 1?ﬂe ﬁﬂﬁﬁ?ﬂ FLYEr 1P¥EFudes a plurality of

nount ai n- shaped m nute protrudlng portions, and a side surface inclination
angl e ofdbﬁf gate electrode is | arger than an inclination lLe of any of
the plur A of I ot 2 udPRGEFSFEon Lo Hee Nk e (’EBﬁduc‘iﬂ%\:el a%&reCtF@Glf?] In
a preferred enbodi nent, a surface of the _sem conductor |ayer includes a

pl ural i t yPRRERBRPLRI ARSAHEEE ani FtESt prepdudt hgepdidioRrowidedeoBythace
inclination of each of the first and second step portions of the gate

el ectrodegate| angetatiaa fhlihnahdnat seaondgrendactnyeofiflme prpivideld op of
protrudi ng portions of the sem conductor layer. [0015] In a preferred
enbodi menthe af srde sonfaceiveckibmt i anwianpl ¢gatet hengahg elfeehieodd risk
preferably about 75 to about
conductive film is larger than that of the second conductive
film, and the first and second conductive films form the

first and second step portions, respectively.

[0016] In a preferred embodiment, a surface of the
semiconductor layer includes a plurality of mountain-shaped
minute protruding portions, and a side surface inclination
angle of the gate electrode is larger than an inclination
angle of any of the plurality of protruding portions of the

semiconductor layer.

[0017] In a preferred embodiment, a surface of the
semiconductor layer includes a plurality of mountain-shaped
minute protruding portions, a side surface inclination of
each of the first and second step portions of the gate
electrode is larger than an inclination angle of any of the

plurality of protruding portions of the semiconductor layer.

[0018] In a preferred embodiment, a side surface inclination
angle of the gate electrode is preferably about 75° to about

90° .
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90. 10 [0019] In a preferred enbodi nent, an inclination angle of the
protrudi ng portion of the sem conductor |ayer is preferably about 30 to
about 70. [0020] In a preferred enbodi nent, an average hei ght of the
protrudi ng portion is preferably about 8 nmto about 60 nm [0021] In a
preferred enbodi nent, an average surface roughness (Ra) of a surface of the

sem condu | ayer is r ef er abl but 4 nmto gbout, 30 . nm [0022] In a
preferredﬁ@ﬁ@odi ryﬁé’nt:CI tl?fgetgee"?ﬁ%a%n\éﬂgf’grlmﬁ er 78 WMW‘ f%?ﬁiﬁ ﬂ*‘%m a
crystalline sem conductor film,  and the protruding ortion is gresent over

a boundar ¥'Bet REQTTUGING a1 PYFEM i REI udd® | seRECRMCERBuctarefayds

[0023] In a preferred enbodi nent, the crystal grain boundary is a
mul ti poi nPreferablir abost ABF eter pbEHE J04i-ns neet. [0024] In a preferred
enbodi ment, grain dianeters of the <crystal grains included in the
sem conductor |ayer are preferably about 100 nmto about 1000 nm [0025] In
a pref err B@28hbodinreat prefferaedstenbegmenbouadaravetageyi seddhtedft heugh an
etching process by a Secco etching nethod. [0026] In a preferred
enbodi nenprothedsegi porntliionon sl ayeferably abpsttald inme terabzartd 6 em.| ayer
formed through a 11
[0021] In a preferred embodiment, an average surface
roughness (Ra) of a surface of the semiconductor layer is

preferably about 4 nm to about 30 nm.

[0022] In a preferred embodiment, the semiconductor layer is
preferably formed from a crystalline semiconductor film, and
the protruding portion is present over a boundary between

crystal grains included in the semiconductor layer.

[0023] In a preferred embodiment, the crystal grain boundary

is a multipoint where three or more crystal grains meet.

[0024] In a preferred embodiment, grain diameters of the
crystal grains included in the semiconductor layer are

preferably about 100 nm to about 1000 nm.

[0025] In a preferred embodiment, the crystal grain boundary
is visualized through an etching process by a Secco etching

method.

[0026] In a preferred embodiment, the semiconductor layer is

a crystalline semiconductor layer formed through a

11



mel ting/solidification process, and the protruding portion is forned
through the nelting/solidification process. [0027] In a preferred

enbodi ment, at |least a portion of the sem conductor |ayer includes a

catal yst el enent capable of pronoting crystallization of an anorphous

sem conductor film [0028] In a preferred enbodi nent, the catal yst el enent

is prefer enent sel ected f n]the u consi.sting of
i ckel ©(RSTEYRg Rla PLER £ SR Bno 855 T fag) ERE) pafeFhiRa, BRREBh AR,
rhodlun1(Rh) al I adi um Pd osmum (Os), iridium(Ir), platinum(Pt),
copper ‘%ﬂg thupugh sthe TEEEETQ(ﬁ° 1B%§¥%PFé8neﬁﬁeﬂﬁﬁ§ t he
seniconductor | ayer is a crystalllne sem conduct or fllnlnade up primarily
of reglons that are oriented along <111> crystal zone planes. [0030] In a
pref err ed08%dodi FBna REPFE9dt erhodimwenE . ndte legst 1o PRETEPR PRatthgr e
oriented along the <111> crystal zone planes are regions that are oriented
al ong a (servhcondweter dayerilingludes pOoOHAtalysh plementedcapdpbe medt |
dormai n di aneters of crystal domains (regions each having a substantlally
uni form mromott g occyyetal hbzatihonoofiuahoambapbouar sepiebadabltpralfdadm. 2 pm
to about 10 pm [0032] In a preferred enbodinent, a |lightly-doped inpurity
12 region is provided at a junction between the channel region

[0028] In a preferred embodiment, the catalyst element is

preferably one or more element selected from the group

consisting of nickel (Ni), iron (Fe), cobalt (Co), tin (Sn),

lead (Pb), ruthenium (Ru), rhodium (Rh), palladium (Pd4d),

osmium (Os), iridium (Ir), platinum (Pt), copper (Cu) and

gold (Au).

[0029] In a preferred embodiment, the semiconductor layer is
a crystalline semiconductor film made up primarily of regions

that are oriented along <111> crystal zone planes.

[0030] In a preferred embodiment, approximately 50% or more
of the regions that are oriented along the <111)> crystal Zzone
planes are regions that are oriented along a (110) plane or a

(211) plane.

[0031] In a preferred embodiment, domain diameters of
crystal domains (regions each having a substantially uniform
orientation) of the semiconductor layer are preferably about

2 pm to about 10 pm.

[0032] In a preferred embodiment, a lightly-doped impurity

12



and the source or drain region of the sem conductor layer. [0033] In a
preferred enbodinent, the first step portion of the gate electrode is
present in a lightly-doped inpurity region. [0034] In a preferred
enbodi nent, the gate electrode is |ocated above the channel region, and
only the first conductive filmof the gate electrode is present in a

d for nuf acturi ng

lightly-doped inpurity regi.on. [0035] An inyentive t ho
a seni cont (H}nyﬁe F%gll%glﬁﬂésatﬂgng%BE :“Tﬁ?lg&gaiﬁPﬁﬁnggggﬁﬁégﬁductor
| ting and sol ng the sem_conductor film so gs to obtain a

film (b) idifyl g
crystal | 3T S CHAUERS 07T | SOALR | FePhanngE athpr SERAGPREUBEPE: AYER a surf ace

thereof; (c) formng a gate insulating filmon the crystalline

sem cond 6$¥ Ia%er; (d%s depositing_a conductive filmon the gate
insulatiﬂé I m I8nd RESEeEEedr ARRGILMENLondhiet iRAFSY | 518D POERLQNgSfe

el ectrode for controlling a conductivity of the channel region, wherein a
si de surfidt®e GAcE raleohred®l dsof Prasenht dre| ctkigtht 1% R8¢ e AmpHEd tan
inclination angle of the protruding portion on the surface of the
crystal | imegiemi conductor |layer. [0036] In a preferred enbodi nent, the

sem conductor filmis an anorphous sem conductor film 13 [00371 In a
preferred enbodinent, the step (a) is a step of performng a first heat

t r eat mrent[063dlan dmor phopseferred embodiment, the gate electrode is

located above the channel region, and only the first
conductive film of the gate electrode is present in a

lightly-doped impurity region.

[0035] An inventive method for manufacturing a semiconductor
device includes the steps of: (a) providing a semiconductor
film; (b) melting and solidifying the semiconductor film so
as to obtainva crystalline semiconductor layer including a
protruding portion on a surface thereof; (c) forming a gate
insulating film on the crystalline semiconductor 1layer:; (d4d)
depositing a conductive f£film on the gate insulating £ilm; and
(e) patterning the conductive film to form a gate electrode
for controlling a conductivity of the channel region, wherein
a side surface inclination angle of the gate electrode is
larger than an inclination angle of the protruding portion on

the surface of the crystalline semiconductor layer.

[0036] In a preferred embodiment, the semiconductor film is

an amorphous semiconductor f£ilm.
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sem conductor filmwth a catal yst el enment capable of pronoting
crystallization thereof being added to at least a portion thereof so as to
crystallize at |least a portion of the anorphous sem conductor film thereby
providing a semconductor filmincluding a crystalline region, and the

step (b) is a step of nelting and solidifying a sem conductor film

inC|UdinQQ&£ﬁ cry t%'”fg%g}%@dﬁg (%éﬁhé5E9b£ﬁ%?ﬁ§?ﬁ§%ghc%ﬂgqgtg£e ig§1that

i ncl udes ystall ine region nctudrng a pro portion oh a surface
thereof. [0038] Iln a preferred enpodjment, the step (d) preferabl i ncl udes
the st ep@ TN aBhostLFRY o HOPE. CORARTSTE (47 M G7 ( nengEbhobs
insulating film_and (d-2)_ depositing a second conductive filmon the first
conduct | VBeHiGoRAYGe0] FRIM préfkrrad Safddivifent elerenrt epcerdbpeef fabl y
includes: a first step (e-1) of etching the second conductive filmso that
t he secomrammitiugg | oeyStahlhagtioh| tiersiofe besing agddedcitonat okeasiyl 8; a
second step (e-2) of etching the first conductive filmso that the first

conduct i yorftion htkereosesondasi e sutisaad liinzel iaiat Leasang eportitom bffi rd
step (e-3) of further selectively etching the second conductive film

whi ch_hascieenafbeprEusO tdai ddiacand eonfuct inarbibhm hosovidend i rat side
surface inclination angle, so that the second 14 conductive filmhas a

third 9?&%@%&3 cE&P'FE&H‘%héﬁﬁ&fhgtQakij%ééifEHetQ%Bi%B€f&ﬁéttﬁkde
surface inclination angle,
step (b) is a step of melting and solidifying a semiconductor
film including the crystalline region so as to obtain a

semiconductor film that includes a crystalline region

including a protruding portion on a surface thereof.

[0038] In a preferred embodiment, the step (d) preferably
includes the steps of: (d-1) depositing a first conductive
film on the gate insulating film; and (d-2) depositing a

second conductive film on the first conductive film.

[0039] In a preferred embodiment, the step (e) preferably
includes: a first step (e-1) of etching the second conductive
film so that the second conductive film has a first side
surface inclination angle; a second step (e-2) of etching the
first conductive film so that the first conductive film has a
second side surface inclination angle; and a third step (e-3)
of further selectively etching the second conductive £film,
which has been etched so that the second conductive film has

the first side surface inclination angle, so that the second

14



wherein the second side surface inclination angle and the third side
surface inclination angle are each larger than the inclination angle of the
protrudi ng portion on the surface of the crystalline sem conductor |ayer.
[0040] In a preferred enbodinent, the step (e-1), the step (e-2) and the
step (e-3) of the step (e) are perforned continuously In an etching

appar at us, r ep;

i ncl udes, %r[?&vr?ee V% hg'aL'sl[&e a(eg g) he s ?%E%)te 11(@%11?51?{ §%§%8 a
portion of the cr stallr e se uc ayer el enent
Givi ng n-tBR% b7 19k U8 ﬁfervfws L8178 Fﬁafefehéa%éggﬁa%ﬁaa@ﬁ
filmand the etched first conductive filmas a mask. [0042] In a preferred
enbodi merifhexekn rrﬁlﬁods?‘r‘ﬁ‘ﬁ‘heﬁlqencﬁﬂﬂﬁgceaflt@]-it”r%tlsctfepa(lé%a ard effhef) of
doping a portion of the island-shaped sem conductor layer with an inmpurity
el emrent dgihving sidepsunfagetimpeltpationi ahgyeusrageath yargereftbanr tie as a
mask. [0043] In a preferred enbodi nent, the step (f) includes a step (f-i)
of performdapindeiswpangletep theopgotitidihgr pbrtiondoat ke bulrthadei g t he
second conductive filmof the gate electrode as a mask. 15 [0044] In a

preferredtﬁ@beeyéleainﬁaesé;hfeoﬁa&c%ef ghgBly includes the steps of: (f-la)
doping a | ow concentration of

[0040] In a preferred embodiment, the step (e-1), the step
(e-2) and the step (e-3) of the step (e) are performed

continuously in an etching apparatus.

[0041] In a preferred embodiment, the step (e) preferably
~includes, between the step (e-2) and the step (e-3), a step
of doping a portion of the crystalline semiconductor layer
with an impurity element giving n-type or p-type conductivity
using the etched second conductive film and the etched first

conductive film as a mask.

[0042] In a preferred embodiment, the method further
includes, after the step (e), a step (f) of doping a portion
of the island-shaped semiconductor layer with an impurity
element giving n-type or p-type conductivity using the gate

~electrode as a mask.

[0043] In a preferred embodiment, the step (f) includes a
step (f-1) of performing the doping step through the first
conductive film using the second conductive f£ilm of the gate

electrode as a mask.
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the inmpurity element giving n-type or p-type conductivity through the first
conductive filmusing the second conductive filmof the gate electrode as a
mask; and (f-2) doping a high concentration of the inpurity el enent giving
n-type or p-type conductivity using the first conductive filmof the gate
el ectrode as a mask. [0045] In a preferred enbodinent, the step (f-la) and

the ste n2) are performed sjmulianeously, .and the |lo concentration in
the step ééﬂa) hd $hgﬁ%€§%ﬁ§§mgﬂﬁ?gi?gﬁk'iHgF%enggp 12?r3%§r@% rol | ed
by a tota]_ thickne of .the firsfj_conductive filmand the second conductive
F71 m and s THFERnERe Gt atRe 411 ol £CERGOPPYES! @ oY eSRRECREERDIORORES] | 1
a preferred enbodi ment, the nethod further includes, after the step (f), a
step of ctkdi APARALYexpbeBaRt i BHIT o (tHPEf | PEt RUFRRt COBANCtAVIdhg t he
second conductive filmof the gate electrode as a mask. [0047] In a

pr ef er r edtlendragih nelne , fihet scepddefive pidhenabhy tper 6econd pnducitdre
etching nethod. [0048] In a preferred enbodinent, the step (e) is preferably
per f or medf Hym adif Rtire Nngabede1£060488e! asaapmakr: r addenisodi)ymavpingha stiem (b)
preferably 16 includes a step of irradiating the sem conductor filmwth
laser |iobdncdQPPRLibR 8rPERbCinBAretPOodi BRBAt §R91haSAL thb@hbr p-type

conductivity using the first conductive film of the gate

electrode as a mask.

[0045] In a preferred embodiment, the step (f-la) and the
step (£-2) are performed simultaneously, and the 1low
concentration in the step (f-la) and the high concentration
in the step (f£-2) are controlled by a total thickness of the
first conductive film and the second conductive film and a

thickness of the first conductive film, respectively.

[0046] In a preferred embodiment, the method further
includes, after the step (f), a step of etching away exposed
regions of the first conductive film wusing the second

conductive film of the gate electrode as a mask.

[0047] & In a preferred embodiment, the step (e) is preferably

performed by an ICP etching method.

[0048] In a preferred embodiment, the step (e) is preferably

performed by an RIE method.

[0049] In a preferred embodiment, the step (b) preferably
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irradiation step is perfornmed so that any point on the sem conductor film
isirradiated with pulsed laser light a plurality of tinmes continuously.
[0051] In a preferred enbodi ment, the catalyst elenment is one or nore

el enent selected fromthe group consisting of nickel (Ni), iron (Fe),
cobalt (Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh), palladium

(Pd), osm A& a g (L l.ati nu ) gak d, (Au) .
[ 0052] Arr?qlgr?ventl ve é'sleéa t;j(;ot}hi éggg\?ﬁ'ggahﬁc%Igégtsggﬁgiggﬁﬁpﬁggfse%n@%g?or
devi ces gle?%cri trJLe.d bove. [0053] In a preferred enbodi nent, the electronic
devi ce HertiHti udes a di splay section where an inmage is displayed by
usi ng the sem conductor device according to preferred enbodi nents of the

present i tiop. [0054] Ot her features, el enents, characgteristics, steps
and adva[w@ées gf‘ t hé pr@gﬁgFrFﬁ ent F'Bﬁ%‘ﬂ“?niseconﬁﬁﬁore 8BBar ent19Ptom t he
follow ng detailed description of preferred enbodinments with reference to

the attacdidPHEHHMYs SUSR EASDERERFPFMEN CRo THERERARINGS Point 0@55] thec 1A

to FIG 1G are schematic cross-sectional views illustrating steps for
manuf act ilgemicendtrtiaonfiidmoris dévradiatedr giltd tpubsedr dasgref bightl a
enbodi mrent of the present invention. [0056] FIG 2Ato FIG 2F are
schenmat i larmslsk-tgeaif ofimes continuously.

[0051] In a preferred embodiment, the catalyst element is
one or more element selected from the group consisting of
nickel (Ni), diron (Fe), cobalt (Co), tin (Sn), lead (Pb),
ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os),

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

[0052] An inventive electronic device includes any of the

semiconductor devices described above.

[0053] In a preferred embodiment, the electronic device
further includes a display section where an image is
displayed by using the semiconductor device according to

preferred embodiments of the present invention.

[0054] Other features, elements, characteristics, steps and
advantages of the present invention will become more apparent
from the following detailed description of ©preferred

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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views illustrating steps for manufacturing a sem conductor device according
to a second preferred enbodi nent of the present invention. [00571 FIG 3A
to FIG 3D are schematic cross-sectional views illustrating steps for

manuf acturi ng a sem conductor device according to the second preferred
enbodi nent of the present invention (continued fromFI G 2F). [0058] FIG

4A to FI ar he t| cr |onal Ll lustratin teps,for
manuf act &P?ég: a E% e'\/l(éll &S dP i Lg.‘ atlct h?Fasfﬁrgggi 8§al
enbodi nent, of th res | nvent I 0 0059 G _5A to e
schemat | &/t s 2 i&egtaﬁiﬂngv.%wsf | ?eﬁt TERGACEpInT o (AR SEPAPEHGTa
sem conduct or device according to the third preferred enbodi nent of the
present GRS orqCEtinsuedof ram Hztamrefouee] mmbodimens Fo& sbeare
schematic cross-sectional views illustrating steps for manufacturing a
sem condustesentdeiventaieor ding to a fourth preferred enbodi nent of the 18
present invention. [0061] FIG 7A to FIG 7E are schematic cross-sectional
views illustrating steps for manufacturing a sem conductor device according
to the fd0036]1 pr €i6rredAenbodiFEht &F t lare psebematiovearpsa-6eotntibnadd from
FIG 6G. [0062] FIG 8A to FIG 8E are schematic cross-sectional
views illustrating steps for manufacturing a semiconductor
device according to a second preferred embodiment of the

present invention.

[0057] FIG. 3A to FIG. 3D are schematic cross-sectional

views illustrating steps for manufacturing a semiconductor
device according to the second preferred embodiment of the

present invention (continued from FIG. 2F).

[0058] FIG. 4A to FIG. 4F are schematic cross-sectional
views 1illustrating steps for manufacturing a semiconductor
device according to a third preferred embodiment of the

present invention.

[0059] FIG. 5A to FIG. B5E are schematic cross-sectional-
views 1illustrating steps for manufacturing a semiconductor
device according to the third preferred embodiment of the

present invention (continued from FIG. 4F).

[0060] FIG. 6A to FIG. 6G are schematic cross-sectional
views 1illustrating steps for manufacturing a semiconductor

device according to a fourth preferred embodiment of the
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views illustrating steps for manufacturing a sem conductor device according
to afifth preferred enbodi nent of the present invention. [0063] FIG 9A
and FIG 9B are block diagrams each illustrating a sem conductor device
according to a sixth preferred enbodi nent of the present invention. [0064]
FIG 10A is a graph illustrating the Vg-1d characteristics of a TFT having
an abnor d and FIG | OBis agraph illustrating the Vg-1d
char acte?ﬂsﬁ%eggé(ow%ﬂ%"r%l TFT. [0065] FIG 11A and FIG 11B are schematic
cross-sectional views each illustrating a portion near the source-drain

cross. Conoat e To - | o hay
junc 'O”Jg(kpli‘r oprgat e;{FTe 4 NGl i ngga é%?, C%ﬂ&ﬁ&?&c Fbss 8dbPonal

pr ot r udi tions on the surface ther ereirn F A

conventiqnal TFT,.and FILG 11 illystrates TET of a preferred._enbodi ment
o " he prddn L1A08RFRS T e e R dannfadtiniys s FPRAESPARFREE, he
Vg-1d characteristics_ of an n-doped ridge of a TFT, FIG_ 12Bis a graph

i 11 ust r atd&e¥tIhe2gordingartart thesdioustdy prefpiegd goPeddmest e ¥B¢, and
FIG 12Cis a graph illustrating the overall Vg-l1d characteristics of the

TFT. [OO@Aesant rsrentitprr| GonBued ErorenBi¢c €6bss-sectional views
illustrating the inclination angle of a protruding

[0062] FIG. 8A to FIG. 8E are schematic cross-sectional
views illustrating steps for manufacturing a semiconductor
device according to a fifth preferred embodiment of the

present invention.

[0063] FIG. 9A and FIG. 9B are block diagrams each
illustrating a semiconductor device according to a sixth

preferred embodiment of the present invention.

[0064] FIG. 10A is a graph illustrating the Vg-Id
characteristics of a TFT having an abnormal leak current, and
FIG. 10B is a graph illustrating the Vg-Id characteristics of

a normal TFT.

[0065] FIG. 11A and FIG. 11B are schematic cross-sectional
views each illustrating a portion near the source-drain
junction of a top-gate TFT including a semiconductor layer
having protruding portions on the surface thereof, wherein
FIG. 11A illustrates a conventional TFT, and FIG. 11B
illustrates a TFT of a preferred embodiment of the present

invention.
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portion on the surface of a sem conductor |layer. [0068] FIG 14A to FIG 14C

are diagrans illustrating the crystal orientation a crystalline
sem conductor filmobtained by crystallizing an anorphous sem conduct or
filmwhile adding a catalyst elenent thereto, wherein FIG 14A illustrates

how the crystal growth proceeds, FIG 14B illustrates the <111> crystal
zone pla and G 1 I1lystrates an | e rysta
ori ent at in@ﬁ@][ oogg]b'm GQ%SA %ﬁd G g?ggheagﬁiﬁfﬁéégg?% tﬁgehegri e taI'[d] on

di stribution of cr | Li.ne _sem conductor fil bt ai.ne ng _a
cat al yst %l?ae]fw%%if?rjasr\%fégGOfl‘éB ﬁ’ldﬁo erat%Jsé%e s?g]nga?[?'ln’t &f%‘gl gé%f g5rf}stal
orientation. DETAILED DESCRI PTI ON OF PREFERRED EMBODI VENTS [ 0070] The
present i FRAM orist IeBHARTRS arthien- H8pEA sEhRyactepif BiRg t fec RRAMEA and

cause for the hunped curve of |eak current occurring while the TFT is off
as il | ustpexeton nof 20hp| BFT10ANAAF IS o+ dAQ tis t hegprPBeAdllngksatdng the
di scovered that the |leak current was caused by ridges on the surface of the
sem conducteral hy¥g;Idndhdrsetennsthcs dfstheeTyT.t he present inventors
devel oped the preferred enbodi nents of the present invention. It has been
reported in the art that surface irregularities /ridges of a sem conductor
| ayer det[@06Mr at #IG.hel3Ik- ahdt & Ichar h3Belairet | ©shendiel o okctrage -sediiianad of
the gate insulating film and the device reliability, as

views illustrating the inclination angle of a protruding

portion on the surface of a semiconductor layer.

[0068] FIG. 14A to FIG. 14C are diagrams illustrating the
crystal orientation a crystalline semiconductor film obtained
by crystallizing an amorphous semicondﬁctor film while adding
a catalyst element thereto, wherein FIG. 14A illustrates how
the crystal growth proceeds, FIG. 14B illustrates the <111)>
crystal zone planes, and FIG. 14C illustrates a standard

triangle of crystal orientation.

[0069] FIG. 15A and FIG. 15B each illustrate the orientation
distribution of a crystalline semiconductor f£ilm obtained by
using a catalyst element, and FIG. 15C illustrates a standard

triangle of crystal orientation.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0070] The present inventors conducted an in-depth study
regarding the mechanism and cause for the humped curve of

leak current occurring while the TFT is off as illustrated in

20



descri bed above. However, it has not been reported that the surface
irregularities /ridges of a sem conductor |ayer have an influence on the
off-state | eak current. [0071] The process of identifying the cause for the
hunped curve of leak current, the results thereof, and preferred

enbodi nents of the present invention, will now be described. [0072] FIG

LA T sohRumtig or 95-2eciione! WEapeach LALUALDAL! OoBoBACLoRnRsar the

source-drain junction o Ir'Ncl uding a Semi con ayer

having pr.otruding portions on the surface. thereof. Referri to _FI 11A,
ngate i MU aferh PRRREDS M Al Bh SL008R Oonditd AUTHGRF 9% thAd a
gate electrode 73 is provided on the gate insulating film72. The

seni cond RAFCIRGTT 1ayeT ydard %ﬂs?&eoguFFa§ed#ﬁ§PBGF¥rrFBQe§r?§&n§nd 74b
formed through the nelting/solidification process by laser irradiation.
The gat e immntarsigdévéhopedi shee pasifieadesb empo@iment £ o0vEr thhepresent

sem conductor |layer 71 having the ridges 74 with a substantially uniform

t hi cknessimedwisson he get e hiadsubééh NGepodted/2inncthali agtpotiatonsuefacet he
ridges 74. Therefore, the surface irregularities are transferred to the

surface ofrrdd\e1 &84 €145 8589 Jf | B TdemSboe@ubhor Jaldd NS Ubbirirhitem 72

I's not thinned over the ridges 74, the presence of the  ridges 74 does not

substant i gl y ofleLeuhar Al i 40l 1A88s , Y AR5Le Qo AR SHE Alchiad i1 M
. e gate el ectrode

gate insulating £film, and the device reliability, as
described above. However, it has not been reported that the
surface irregularities/ridges of a semiconductor layer have

an influence on the off-state leak current.

[0071] The process of identifying the cause for the humped
curve of leak current, the results thereof, and preferred

embodiments of the present invention, will now be described.

[0072] FIG. 11lA is schematic cross-sectional views each
illustrating a portion near the source-drain junction of a
top-gate TFT including a semiconductor layer having
protruding portions on the surface thereof. Referring to
FIG. 11A, a gate insulating £film 72 is provided on a
semiconductor layer 71, and a gate electrode 73 is provided
on the gate insulating film 72. The semiconductor layer 71
includes, on the surface thereof, ridges 74a and 74b formed
through the melting/solidification process by laser

irradiation. The gate insulating film 72 is deposited so as
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73 is fornmed on the gate insulating film72. The gate electrode 73 has an
inclined side surface 77. It is believed that it is desirable to have a
small angle 75 (hereinafter referred to as "side surface inclination

angl e") between the side surface 77 and a bottom surface 78 of the gate
electrode 73. If the side surface inclination angle 75 of the gate

electrode 73 is small, it. is possible to prevent a ljne top_be rmed on the
gate ele rS(?é’efSrE?’reorﬁeﬂPecﬁa %ﬁrt'ﬁ%‘l%{ e{jf kb?)YJf’?%nhB? Jfﬁ‘ézg@%ti?e‘ﬂje rode
73. In addition, if the angle 75 is small, the coverage (step-covering
property@ dfubitaniia iy ngnifherrathigkpess aE€Togs el 9k r ébguprtiBbti ng a
| eak current through the step portion. For these reasons above, it is

bel i eved fiidm h#2 aincilhdinghepaytdeonsir ber tihecl Thédgeésn74ngl eThérefiergat e

el ectrode 73 is preferably small. [0073] Then, an inpurity el enent 76

gi Vi ng n-thgpssurtaekicirvé gyl asitipsaaired trane flieheed rictthie $@rfads abni ng an
22 n-channel TFT (an inpurity el enment giving p-type conductivity is

| mpl ant eq HedrgA & i ita fi g CEaACH 2 TFTsiidte? 3R] fodtd ODRsh1 SBIRG £4$hNY the
gate electrode 73 as a mask. For a TFT for which suppressing the off-state

e i mpl A% i AECY (i oRPPEL e AYADRRS AR RibeehSR ' EALY 0

property of, Lhe gateselectrode 73 has been lovered . o the voltage

endurance of the gate insulating film 72. The gate electrode
73 41is formed on the gate insulating film 72. The gate
electrode 73 has an inclined side surface 77. It is believed
that it is desirable to have a small angle 75 (hereinafter
referred to as "side surface inclination angle") between the
side surface 77 and a bottom surface 78 of the gate electrode
73. If the side surface inclination angle 75 of the gate
electrode 73 is small, it is possible to prevent a line to be
formed on the gate electrode 73 from breaking at the step
portion of the gate electrode 73. 1In addition, if the angle
75 is small, the coverage (step-covering property) of an
overlying insulating f£film is improved, thereby preventing a
leak current through the step portion. For these reasons
above, it 1is believed in the art that the side surface
inclination angle of the gate electrode 73 is preferably

small.

[0073] Then, an impurity element 76 giving n-type

conductivity is implanted into the structure for obtaining an
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by an etching process in a tapered portion 73t of the gate electrode 73.
The "tapered portion 73t" of the gate electrode 73 is a portion of the gate
el ectrode 73 between the side surface 77, which has been inclined by
etching, and the bottomsurface 78. If the ridge 74a having a | arger size
(e.g., a ridge having a height of about 40 nmor nore) happens to be

present 1( t r p ' 3 S 4 | ed i A, .the
thicknesgpgﬁhyﬁe gate eF%%t%%%%Pf$£ %%eﬁ% Bcé%yiﬁg?%egyg%egéghgé%@yéﬁg73t.

I n sone cases ortjon of the gate electrod di sappear ~with _the
gat e Nkl AR F R 55T PR AR P  FRPRRRT OBER) 18 BoRPLEaBd ongasEm
[0074] When an inpurity el ement giving n-type conductivi%g, for exanple, is
i npl ant ed"3HREF syeing éh?ueﬁﬁﬁe? gcsrale 73ndentd daskhe nFeypa TEBufPLy is

i nplanted into the ridge 74a wunder the tapered portion 73t, which is

supposed wloidle magipaessdind tthe gaff-steter oderéntandid ebtf updopédulAs a
result, only the ridge 74a is n-doped in the channel-formng region 23

under theingféet&EE] r oshecH3 a8 the pekérontpe| orthayeimphrityf magor beon of
the channel-form ng region is n-doped, the portion functions as a parasitic

transi st ofmplldeea L 88 Al 466 conRehit2a%idn .an Ak daped ﬂ@%ﬁ@ltggetF%ﬁ§E3t°r,

thereby exhibiting Vg-1d characteristics as shown in FIG 1

ContraSt’mfhfgﬁfﬁg 5@%5&99yeégiQLQSQQQQ(ifag¥gQ%ﬁ§ri§tﬁg§ B2en lowered

by an etching process in a tapered portion 73t of the gate
electrode 73. The "“tapered portion 73t" of +the gate
electrode 73 is a portion of the gate electrode 73 between
the side surface 77, which has been inclined by etching, and
the bottom surface 78. If the ridge 74a having a larger size
(e.g., a ridge having a height of about 40 nm or more)
happens to be present under the tapered portion 73t, as
illustrated in FIG. 11A, the thickness of the gate electrode
73 is reduced in the tapered portion 73t. In some cases, a
portion of the gate electrode 73 may disappear with the gate
insulating film 72 being exposed therethrough, as confirmed

by SEM.

[0074] When an impurity element giving n-type conductivity,
for example, is implanted into such a structure, a small
amount of the n-type impurity is implanted into the ridge 74a
under the tapered portion 73t, which is supposed to be masked
with the gate electrode 73 and left undoped. As a result,

only the ridge 74a is n-doped in the channel-forming region
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shown in FIG 12A. Since the area of the ridge 74a is very small as
conpared to the area of the entire channel region of the TFT, the current
Id through the parasitic transistor is snaller than that through the entire
channel region according to the area ratio therebetween, as illustrated in
FIG 12B. Mreover, the parasitic transistor portion exhibits a

char act er ,3hLgs i e LDaLIL3 SBAL! ofh | 1y BRNGAL AhadhLset hager oy that

of a norma use e parasi t rans por 1 on Ts n=dope The
amount of _the Shlft congcentration Qf the n-t

ol ant edE! B PETAPT aBE ‘*Sﬂaeragﬁl?ﬁnaef- REPLRYr 5 oS anﬁgpﬁg Piha

the negative direction is greater as the concentration is her. The
overal | VQQFHJ-eﬂafHEFEI'LP§F| 8§ &f PARasttic) $ramsistOibi né[’tl'iucﬁ“r g—’rhet Fdslge wo
curves, as illustrated in FIG 12C. Thus, in a portion of the off-state
regi on whénacthengbhsaisut ean vahudopedt h@qzﬁsai-t/'m:tagsahsishalrl., diflerettye
parasitic transistor in the ridge 74a is turned on, thereby resulting in a

hunped cuexribitlingk vegHDEnthassctéristiaseds sidva iA2@IG24 (2751 Thhis is
t he nechani sm of the occurrence of the hunped curve of |eak current

di scover edoR¥rhBe, PhesRmd NS PLsn eMib £t hoglRahmiasHdIaT1R880:sdescr | bed
referring to FIG 11A and FIG 12A to FIG 12C assum ng that the TFT is an

n- channelpIET, 13 $i18 .| ¥2PhengiRBENAECU 26 Wi NrPaBe 74a is very

small as compared to the area of the entire channel region of
the TFT, the current Id through the parasitic transistor is
smaller than that through the entire channel region according
to the area ratio therebetween, as illustrated in FIG. 12B.
Moreover, the parasitic transistor portion exhibits a
characteristics curve that 1is shifted 1in the negative
direction from that of a normal TFT, because the parasitic
transistor portion is n-doped. The amount of the shift
depends on the concentration of the n-type impurity implanted
into the ridge (parasitic transistor portion), and the shift
in the negative direction is greater as the concentration is
higher. The overall Vg-Id characteristics of the TFT is the
combination of these two curves, as illustrated in FIG. 12C.
Thus, in a portion of the off-state region where the absolute
value> of the gate voltage is small, only the parasitic
transistor in the ridge 74a is turned on, thereby resulting
in a humped curve of leak current, as illustrated in FIG.

12C.
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channel TFT. Wth a p-channel TFT, an inpurity elenment giving p-type
conductivity is inplanted into the ridge 74a, which behaves as a parasitic
transi stor whose current Id curve is shifted in the positive direction,
whereby only the parasitic transistor portion is turned on in a portion of
the off-state region (where the gate voltage is of a positive value), thus
resul tingg, h ed curye of |eak.curren 00761 I n devel opi t h

br of er r ol W07Eb i IS £ Ve mer BRG] REokpeoRCciREepPesal: R, AP o
out to solve the _ probl ens descri bed above ig a sinple manper, wi t hout

conpl i cat PREVE h@ fneht e CHFERT tpr bV ered h Ymﬁhﬁagfﬁﬁ?ﬂﬁ %ﬂﬁﬁﬂ%ﬁﬁ% and

W t hout increasing the manufacturing cost. Preferred enbodi nents of the
seni condufRdltedEhpc Beghandisdm has HRRPR ofe sanibedt tefagring $and I&ccdiding to
the present invention will now be described in detail. [0077] A

sem conduah@r Ri&. c@2af to pFéGer rE2C ealssumingt Uhatt Hdepr BEBNtis naentn-on
preferably includes a thin film transistor including a sem conductor | ayer
that incl yHefn8l ciEmMNela r egin@lara pRUnERen6fi Wrdiks a adlisd Nwiedi oo gnd 25
i ncludes a protruding portion on the surface thereof, a gate insulating
filmprovidedn@d tfepsem goRHUCS Ol @yRne PNGrd, 08he fhSetiffe d1¥Ument
controlling the conductivity of the channel region. The sem conduct or

devi ce | so¢hahactenized ddhaddetvidy Shognpdalatd Afd Nehi0R:aRd! o4, the

gate el ecfrod

which behaves as a parasitic transistor whose current 1Id
curve is shifted in the positive direction, whereby only the
parasitic transistor portion is turned on in a portion of the
off-state region (where the gate voltage is of a positive

value), thus resulting in a humped curve of leak current.

[0076] In developing the preferred embodiments of the
present invention, the present inventors set out to solve the
problems described above in a simple manner without
complicating the manufacturing process or the manufacturing
apparatus and without increasing the manufacturing cost.
Preferred embodiments of the semiconductor device and the
method for manufacturing the same according to the present

invention will now be described in detail.

[0077] A semiconductor device of a preferred embodiment of
the present invention preferably includes a thin film
transistor including a semiconductor layer that includes a

channel region, a source region and a drain region and
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Is larger than the inclination angle of the protruding portion on the
surface of the sem conductor layer. Typically, there are a plurality of
nount ai n- shaped protrudi ng portions on the surface of the sem conductor

| ayer, and the side surface inclination angle of the gate electrode is

| arger than the inclination angle of any of the individual nountain-shaped
protrudi ng portions of the_ sem conductor |ayer. [00781 Thus, the side
surface iRFIHART oA BRGEEUASNGF PORE logaan e tFeHEaTe tReTeef: candattor
device of at |east one preferred enbodi nent of the present invention is

| ar ger t hmsulaeing cifidn iprowidgd oh tihe psemigdndychort ileyera amdt lde
surface of the sem conductor |layer, as illustrated in FIG 11B. In

pr ef err edg®itbode et sodé t herpresabtrolhyagt i ehe t kenductlhiviali omfanghe of
the protruding portion on the surface of the sem conductor |ayer is defined

as the angh&nmel Wee§idn . PagrEl B8maBEnAuLABEEAL AL 11BE chhPRE t_rEZ@FS inect i on
of the sem conductor |ayer (taken in the channel dlrectlon) where the

basel i ne gyt ense AL oag. LheeabL 2681 hat BBnoSALIANALCHAE a \éeré’le@%q_'otdlég

tangentla Ine is a [ine tangentia tOt pI‘OtI’UI ortion at

Lion hal f. Lhe heignt of th t 1 ud t to FlLG . 13A
nd FIG o5, 19T At harith BT Lo B D A ‘?w‘” BRPEBR 2 on

the surface of a sem conductor |ayer 81 will be described in
portion on the surface of the semiconductor layer.

Typically, there are a plurality of mountain-shaped
protruding portions on the surface of the semiconductor
layer, and the side surface inclination angle of the gate
electrode is larger than the inclination angle of any of the
individual mountain-shaped protruding portions of the

semiconductor layer.

[0078] Thus, the side surface inclination angle 75 of the
gate electrode in the semiconductor device of at least one
preferred embodiment of the present invention is larger than
the inclination angle of the protruding portion 74a on the
surface of the semiconductor layer, as illustrated in FIG.
11B. In preferred embodiments of the present invention, the
inclination angle of the protruding portion on the surface of
the semiconductor layer is defined as the angle between a
baseline and a tangential line along a cross section of the
semiconductor layer (taken in the channel direction), where
the baseline extends along the surface of the semiconductor

layer, and the tangential line is a 1line tangential to the
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greater detail. As illustrated in FIG 13B, a baseline 83 is drawn along a
flat portion (non-protruding portion) of the surface of the sem conductor

| ayer 81. A tangential line 86 is drawn to be tangential to the protruding
portion 82 at a position 85 half the height of the protruding portion 82
(hal f the height between the baseline 83 and a tip 84 of the protruding

portion 82).. The.inclination angle of t.he ridge, (protrudin ortion) 82 of
the sem dOndUt %Fn? afé)rrqﬂ‘fnl sa%de?i rPeO(flgcsloa{h gﬁl&ffe ggebgﬁﬂe%hgt ﬁ’eg tgﬁﬁent i al
line 86 and the_, baseline 83. %00791_vvth such a structure, even_if there
are irr QARG Borthen sur ReEETEENGNE Os EifiC ot t3pd | BEGr  13B. the
possible to prevent the formation of a parasitic transistor as described
above undegtcliratigrerangper ciforp ofidgee (puetrufingr poctiomd t&2 peavéhe a
defect represented by a hunped curve of off-state |leak current. [00801 In a
pr ef er r ecswnfacke neft af semre qomeirritonr ntageirorgl awiddm bendiedarilkayi da
preferably includes a thin film transistor including a sem conductor | ayer

that inclgelester adeael rRgi PMustsQUE8CinePion 888, aadbakB1iaei 88 agd 27
i ncludes a protruding portion on the surface thereof, a gate insulating

filmprovy Oalbhg SENEEQP MR IndY Blion PFo Bru@fhs Pottic?de &£ the

controlling the conductivity Of the channel-tformng region, wherein the

Cross_se%&i&ﬁ%&esggpghgfsemiconductor layer 81. A tangential line 86
is drawn to be tangential to the protruding portion 82 at a
position 85 half the height of the protruding portion 82
(half the height between the baseline 83 and a tip 84 of the
protruding portion 82). The inclination angle of the ridge
(protruding portion) 82 of the semiconductor 1layer 81 is

defined as an angle 87 between the tangential line 86 and the

baseline 83.

[0079] With such a structure, even if there are
irregularities on the surface of the semiconductor layer, it
is possible to prevent the formation of a parasitic
transistor as described above under the tapered portion of
the gate electrode, and to prevent a defect represented by a

humped curve of off-state leak current.

[0080] In a preferred embodiment of the present invention, a
semiconductor device ©preferably includes a thin film
transistor including a semiconductor layer that includes a

channel region, a source region and a drain region and
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the gate el ectrode includes step portions, and the side surface inclination
angl e of each of the step portions is larger than the inclination angle of

the protruding portion on the surface of the sem conductor |ayer.

Typically, there are a plurality of nountain-shaped protrudi ng portions on
the surface of the sem conductor |ayer, and the side surface inclination

angl e of .each of the st prtions,(e.g. e | owernost, step.portio of
the gate B d(r()agde‘—“ k%%?ﬁlgu%ln%t%%]ﬁié L 8?5&5&@% 1% htgb%r?cgﬁ at g%?g%han
the inclination, K angle of any .of the individual nountain-shaped profruding
por t i ons iBFHRE0G 5L EMoPTOYd dedy W ndhet ciemiGRRduGRB 1 LayRE  gand a

el ectrode may have a layered structure including at |least two | ayers of

di f f er entgadendgdteateddd nsfor | rranitrblinge, thee opridctyaity| epft h¥hef the
| ower conductive filmis larger than that of the upper conductive film
and t he simmalr-ffamminglregiomn whgreinf thac lvrafs d4sectiowsrl astthpgpef
conductive filnms is larger than the inclination angle of the protruding

portion ahd hgaterfatecetodkheisenigesdustsy |pbrrionypi Gald yinkhessaef ace
of the sem conductor |layer includes a plurality of nountain-shaped

prot rudi ng, NoJdd ORfe1 2L BG Isdrfbelé% a(‘eeaérf‘cbklnactﬂ@”s@@ﬁ;%oﬁﬁ s eggh of

| ower and upper conductive filns of the gate electrode ving a layered

Structura LnEuding, atnbeaslor ¥ el St fl Gkl LY rSONMALY VoL ELER 1o
on the surface of the semiconductor layer. Typically, there
are a plurality of mountain-shaped protruding portions on the
surface of the semiconductor layer, and the side surface
inclination angle of each of the step portions (e.g., the
lowermost step portion) of the gate electrode having a
stepped cross-sectional shape is larger than the inclination

angle of any of the individual mountain-shaped protruding

portions on the surface of the semiconductor layer.

[0081] The gate electrode may have a layered structure
including at least two layers of different conductive films.
In such a case, the width (gate 1length) of the lower
conductive film is larger than that of the upper conductive
film, and the side surface inclination angle of each of the
lower and upper conductive £films 1is larger than the
inclination angle of the protruding portion on the surface of
the semiconductor layer. Typically, the surface of the
semiconductor layer includes a plurality of mountain-shaped

protruding portions, and the side surface inclination angle
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I nclination angle of any of the individual nountain-shaped protruding
portions of the sem conductor |ayer. [0082] Wth such a structure, even with
a TFT whose gate electrode has a stepped or |ayered structure and even
though there are protruding portions on the surface of the sem conductor

| ayer, it is possible to prevent the formation of a parasitic transistor as

descri bed ,above. under .the tapered portion of the gate elecirqde, and to
orevent £F dSPER: $EpRSHER cAbly SPRUpEPATISTE o “EHATS: vt |2k S8LPr ent
[0083] It is preferred that the side surface inc¢lination angle of the gate
el ect r od&%&€ haviRd aBod@¥RFednhrue here dBCdydinge athcleast i bCangl e
I's about 75 or nore, it 1is possible to nore reliably prevent a defect due
to a | eaklayans etf. WhEferkatsi denductive i fitlnpativn langer i $habouthe90 or

| ess, the entire side surface of the gate electrode is sufficiently covered

wi th the imerind tnigpn nanbaei ngf f ahyy cafhdthéhunditviidualn] mkahyatihashappdrti on
of the side surface of the gate electrode will be shaded by the gate

el ect r odg i@ty pEEVER£0of WS, séhiéSn@OSEHP! Bayersuppress a | eak
current through such an uncovered portion of the side surface of the 29

gate el ectrode. [0084] It is preferred that a |ightly-doped inpurity region
(LDD regifgpg2]i s wieni daskrt at hertwdehiOn kReloieepithe £heppelyhose gate
electrode has a stepped or layered structure and even though
there are protruding portions on the surface of the
semiconductor layer, it is possible to prevent the formation
of a parasitic transistor as described above under the
tapered portion of the gate electrode, and to prevent a

defect represented by a humped curve of off-state leak

current.

[0083] It is preferred that the side surface inclination
angle of the gate electrode is about 75° to about 90°. When
the side surface inclination angle is about 75° or more, it
is possible to more reliably prevent a defect due to a leak
current. When the side surface inclination angle is about
90° or less, the entire side surface of the gate electrode is
sufficiently covered with the overlying insulating film, and
thus it is unlikely that a portion of the side surface of the
gate electrode will be shaded by the gate electrode and left
uncovered. Thus, it is possible to suppress a leak current

through such an uncovered portion of the side surface of the
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region and the source or drain region of the sem conductor |layer. In a case
where the gate el ectrode has a stepped cross-sectional shape, it is
preferred that one or nore |lower step portions (e.g., the | owernost step
portion) are provided in the |lightly-doped inpurity region (LDD region) of
the sem conductor |ayer. Alternatively, it is preferred that the region of
t he seniggﬁquéﬁgckgggg.over which | ower and upper conductive filns of the
gate el ecirode having a | ayered structure including two |layers of different
conductive filnms are present is the channel region, and the region over

which o he lower_ conductiv Llmis ar ng 1s the.,ligh -
inpurityqbQ%hon g%uﬁﬁwé%%%:ngﬁogb?gbﬁeé%éﬁ?%iﬁ%?%ﬁ%c%?%%ﬁikgsrgggggpped
or |layere tructure as described gbqye, an LDD region can _be forned.in a
Sel AT oeRP PR (28, BERT AR At dit o e el EreSR o sREn AT EHe
source or drain region. An LDD region is provided for decreasing the

of f - st at FRIFRNBNGf theTFORRGe Phcrdthgr aeORoLc afr¢ e FEMASPRARREOTSO as
to inprove the reliability. However, if the length of this region varies,

t he devi cleayesfi abiInt p veaseswheme ntheogaetei tekeatiede ahagarasistepped

resi stance, thereby also varying the on-state 30 characteristics. Wen the
gat e el ecdreske- oSt bosdEpgkdpe] itayserpteservetiuthassodeseri heteahowerand

the |l ower portion thereof where one or nore | ower step portions or the
| ower step portions (e.g., the lowermost step portion) are provided
in the lightly-doped impurity region (LDD region) of the
semiconductor layer. Alternatively, it is preferred that the
region of the semiconductor layer over which lower and upper
conductive films of the gate electrode having a layered
structure including two layers of different conductive films
are present is the channel region, and the region over which

only the lower conductive film is present is the 1lightly-

doped impurity region (LDD region).

[0085] When the gate electrode has a stepped or layered
structure as described above, an LDD region can be formed in
a self-aligned manner in the Jjunction between the channel
region and the source or drain region. An LDD region is
provided for decreasing the off-state current of a TFT and
increasing the hot carrier resistance so as to improve the
reliability. However, if the length of this region varies,
the device reliability varies, and moreover it creates a

parasitic resistance, thereby also varying the on-state
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conductive filmare present is used as the LDD region, it is possible to
stably obtain constant LDD regions. [00861 A protruding portion on the
surface of a sem conductor layer is normally present over a crystal grain
boundary in the sem conductor layer. Typically, a protruding portion of the
sem conductor |ayer is present over a nmultipoint where three or nore

crystal grains neet., Such a rotruding,portjon is_forned in the ocess of
mel L i ng/ SHMRRTYITLS S Ror SIS ER% SATEL R IR 1147  BoGhti FESRPERy 6Fal | | ne
sem conductor film In the nelting/solidification_process, the crystal

grai n boul@egxed pstrustyrenthdaperibpdiahaste | asf| \Eheyr Fower sp@rition
linear pattern to forma protruding portion due to difference in

vol unet r i thexeahsiwhrreoaife coenmolpet iewera sbep epopdriongn andthe dokiedi fi ed
portion of the sem conductor film The term "crystal grain boundary” as

used her etdnd@teivet PilMearBapresenti 94aliseryl 41 ehghLbD ekahibAg RrOGESS by
a Secco etching nethod. A Secco etching nethod is a nethod of selectively

etching apposibd 06 ScROPy 6h¥aiAal LbRbt¥n8UEBDASegionYsSt @l grain boundary
portion by using a m xed solution of potassium dicChromate and hydrofl uoric

acid. 31 [0087] In the present preferred enbodi nent, the sem conductor

devi ce i spopgeuf agt ur?gl_.o%uzairﬁ%t hoghorGloydi NGn thept epsRigady OVigd Ng zan

anor phous seni conductor film
semiconductor layer is normally present over a crystal grain
boundary in the semiconductor layer. Typically, a protruding
portion of the semiconductor layer is present over a
multipoint where three or more crystal grains meet. Such a
protruding portion is formed in the process of
melting/solidifying an amorphous semiconductor f£ilm to obtain
a crystalline semiconductor film. In the
melting/solidification process, the crystal grain boundary
portions, which are solidified lastly, are raised in a linear
pattern to form a protruding portion due to difference in
volumetric expansion coefficient between a melted portion and
a solidified portion of the semiconductor £film. The term
"crystal grain boundary" as used herein refers to one that is
visualized through an etching process by a Secco etching
method. A Secco etching method is a method of selectively
etching a portion of a poor crystallinity such as a crystal

grain boundary portion by using a mixed solution of potassium

dichromate and hydrofluoric acid.
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melting and solidifying the anorphous sem conductor filmso as to obtain a
sem conductor filmincluding a crystalline region having a protruding
portion on the surface thereof; patterning the sem conductor filmso as to
forman island- shaped sem conductor |ayer including a crystalline region
having a protruding portion on the surface thereof; formng a gate
insulatiuﬂ fil mon the island-shaped sem conductor | ayer dep05|t|ng a
conduct i VBO$7lI m R t hetBat e iPReFeRY ng H¥QﬁﬁrﬁﬁQterﬁﬂ%@@§Wﬂﬂqm t héhe
conductive filmso as to forma gate electrode for controlling the
conduct i \FemdegndpetoghdeNdcef okt RgNIEGLEHrefht2i A tthodeingdndiag

I nclination angle of the gate electrode is larger than the inclination
angl e of the miEpsudofig pprovbding tde swdrgpdeouwd tseeiiconsgdudtoghafédm;

sem conductor |ayer; and doping a portion of the island-shaped

sem condurd DEin@yahdWslol i1 fiyiiiy | €ie ehfBephoudi \Wehd dordduc oy Pilnipeo
conductivity using the gate electrode as a mask. Wth such a manufacturing

method, eyentiof Shesen @ eséxﬁiseﬂgﬁekafesfi%thﬁciuagﬁge P cs:?ggalllne .
seni conduct or | ayer, it is possible to prevent ari (prot I ng portion)

of the sem cond | ayer f m.bei n e t he
tapered p J? TETON g"fgggﬁg a}/tgr Egg%gge%otrhere pre@gntsf a‘f%e%ggrﬁﬁfl on of
a para5|t|c transi stor as described above, a result it i.s_possible
to obtai PAL E"éﬁ‘?%%%dﬁb?orsed‘é\ﬁ%éiuca?’ae&}?‘béﬂ’ a"?a%vé° HOTHhi ¥k SdePect

represented by a hunped
shaped semiconductor layer including a crystalline region

having a protruding portion on the surface thereof; forming a
gate insulating film on the island-shaped semiconductor
layer:; depositing a conductive film on the gate insulating
film; patterning/etching the conductive film so as to form a
gate electrode for controlling the conductivity of the
channel-forming region, wherein the side surface inclination
angle of the gate electrode is larger than the inclination
angle of the protruding portion on the surface of the island-
shaped semiconductor layer; and doping a portion of the
island-shaped semiconductor layer with an impurity element
giving n-type or p-type conductivity using the gate electrode
as a mask. With such a manufacturing method, even if there
are irregularities on the surface of the semiconductor layer,
it is possible to prevent a ridge (protruding portion) of the
semiconductor layer from being doped with an impurity under
the tapered portion of the gate electrode, thereby preventing

the formation of a parasitic transistor as described above.
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curve of off-state leak current is prevented. [0088] In a preferred

enbodi nent, the sem conductor device is manufactured by a nethod including
the steps of: providing an anorphous sem conductor filmw th a catal yst

el enent capable of pronoting crystallization thereof being added to at

| east a portion thereof; performng a first heat treatnment on the anorphous

sem conductor fil 0 as to crystallize at,,least a portign of the_ anorphous
sem condtﬁ% of ???‘rlnnl%t héf’eﬁf B§ stsé"l&})r%iengzgtoa %%‘%ﬁ“c%n%uéF@%CPPﬁHF?ﬂa agivﬂﬁea
crystalline _region; _nelting/solidifyi the sem conductor. filmijincluding a

( , ng
crystal | i3 rohPed akoYe- obtaiighsanflebraticrePTESPRteAnEYudi AgTRed
crystalline region having a protruding portion on the surface thereof;
pat t er ni rgpxvR eeneEbneteter leaknrysrant is pseweaseds| and- shaped
sem conductor |layer including a crystalline region having a protruding
portion on the surface thereof; formng a gate insulating filmon the
i sl and- sHAPEYH sdmi conpreferriedy cembeidizoent i nfhe ceemiiconductor mdenicke gate
insulating film patterning/etching the conductive filmso as. to forma
gat e el ecis coendBactenedobyi agnehbodondattdingytbe stkeschéinnpirovdding,
wherein the side surface inclination angle of the gate electrode is |arger
than the amcldnetpiodus angdmei @nd et ¢i OtF LIk NG t ie0N Al tsuefllemendf the

i sl and- shaped sem conductor | ayer; and doping a portion of the 33

i sl and- shapesh &Moo i dPYEFy ¥t 411 fPat FBH ith¥e r@l¥™MYing added to
at least a portion thereof; performing a first heat treatment
on the amorphous semiconductor film so as to crystallize at
least a portion of the amorphous semiconductor f£ilm, thereby
obtaining a semiconductor f£film including a crystalliﬁe
region; melting/solidifying the semiconductor f£ilm including
a crystalline region so as to obtain a semiconductor film
including a crystalline region having a protruding portion on
the surface thereof; patterning the semiconductor film so as
to form an island-shaped semiconductor layer including a
crystalline region having a protruding portion on the surface
thereof; forming a gate insulating film on the island-shaped
semiconductor layer; depositing a conductive f£ilm on the gate
insulating f£film; patterning/etching the conductive film so as
to form a gate electrode for controlling the conductivity of
the channel region, wherein the side surface inclination
angle of the gate electrode is larger than the inclination

angle of the protruding portion on the surface of the island-

shaped semiconductor layer; and doping a portion of the
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giving n-type or p-type conductivity using the gate electrode as a nask.
Wth such a manufacturing nethod, it is possible to prevent a ridge
(protruding portion) of the sem conductor |ayer from being doped with an
i mpurity under the tapered portion of the gate el ectrode, thereby
preventing the formation of a parasitic transistor, thus achieving the
advant ag I e i i [ I dditi ] t hi
nanufactﬁ??#%ﬁém& %§€ﬁig&?§ﬂ%%@@§¥%F% ?%gg%tgﬁﬁﬂh éés%&gg¥%£g¥ys%§FFpﬁe
sem conducfor fil with a upiformorcieptatjon by nelting/solidifying a
Crystal | 1HR g Rk OF 71 FeS APRRtFEL BLEE neing, ther Yoid eilseksoe
anmor phous sem conductor filmthrough a heat treatnent using a catal yst

el enent c2pad| Bagk - pr ¥t H§chc A Manvfachyping Hee Blaed. WithisuPRsgikdehod,
as conpared wth the other nethod of crystallizing an anorphous

sem condute oprévéntbya didget |(predimidigygd ntdidy) ngf t hbe semigbodsictor
sem conductor film it is possible to obtain a current driving power that
is tw ce Bsyédi gifrom rpétnd ndopeds witht ha fimbulr2f¥ eehderbi théy tapexeldhi n
filmtransistor. Wth this nmethod, however, the netal elenment used as the

catal yst petei&Rt 8BY have Fardveirtdrdddiencendfebye peByVEARdHE! Ofthe
Therefore, when such a manufacturing method is used,” the catalyst element

s removegoLrom the ghannely Jeglan and fiameddie | Wiild OhRAWERY S

channel region and the source/drain

advantages of the present invention.

[0089] In addition, with this manufacturing method, it is
possible to obtain a desirable crystalline semiconductor film
with a uniform orientation by melting/solidifying a
crystalline semiconductor film, which is obtained Dby
crystallizing an amorphous semiconductor f£ilm through a heat
treatment wusing a catalyst element capable of promoting
crystallization thereof. With such a method, as compared
with the other method of c¢rystallizing an amorphous
semiconductor film by directly melting/solidifying the
amorphous semiconductor film, it 1is possible to obtain a
current driving power that is twice as high or more in terms
of the field-effect mobility of a thin film transistor. With
this method, however, the metal element used as the catalyst
element may have an adverse influence on the semiconductor.
Therefore, when such a manufacturing method is used, the

catalyst element is removed'from the channel region and from

the junction between the channel region and the source/drain
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region. The present inventors refer to this process as "gettering". The
catal yst elenent, by nature, is attracted to a region where a group VB

el enent giving n-type conductivity (e.g., phosphorus) or a group II11B

el ement giving p-type conductivity (e.g., boron) is present. Thus, such

el ements are introduced to forma "gettering region" to attract the

cat al yst elenent thereta 00901 wever, if the S nduct qr has
surface |rgr egu‘l arlﬁles a ri geenutno er trﬁeetrapg?edc}bortlon (?Tsyst ha® gate
el ectrode, i artla,lly ped with an ippurity element givjng

p-type corfftld ‘{) §LY - Eat“fﬁKPs]tY%q efepent: By MatWRf motSt BtFﬁégﬁﬁgterl ng

region but to the rldge Thus, in addition to the formation of a parasitic
transi st g0 d@scF?BéQnab@h§rqrmﬁcaﬂapyﬁt ¥Beegkenent r a@petngndn-§¥geegat ed
in such a portion, thereby increasing the TFT off- state |eak current. The
ar ea underoniduect impietred (Eord i on pifospgherus) e et e r ghdeupor I@IBonddetmenthe
junction between the channel-form ng region and the source/drain region,

where theiwlegtpleypeelkdndeedlivaaty ofe j§. opbrehnikefreddnt he Thakal yst
el enent segregation occurs in this area, the area becones a | eak path,

thereby iQ¢40a8] Oeh 'S Jaﬁéklﬁ‘t!%ﬁ%ed Hee qy.Gpent “éé‘t’@é‘ﬂﬁ’g P%SXSQE'ZtBhe

ridge of the sem conductor Jlayer I1n the tapered portion o

el ectrode g{]ﬁg@pelﬁ'@ a%ggfrfow t{l%rg %#y #elg%% el enent, whereby it is possible

to reduce e Segreg fent in the ridge,

[0090] However, if the semiconductor 1layer has surface
irregularities, and a ridge under the tapered portion of the
gate electrode is partially doped with an impurity element
giving n-type or p-type conductivity, the catalyst element is
attracted not to the gettering region but to the ridge.
Thus, in addition to the formation of a parasitic transistor
described above, the catalyst element is trapped and
segregated in such a portion, thereby increasing the TFT off-
state leak current. The area under the tapered portion of
the gate electrode corresponds to the Jjunction between the
channel-forming region and the source/drain region, where the
electric field 1localization 1is most prominent. If the
catalyst element segregation occurs in this area, the area
becomes a leak path, thereby increasing the leak current.
The present invention prevents the ridge of the semiconductor
layer in the tapered portion of the gate electrode from being
doped with an impurity element, whereby it is possible to

reduce the segregation of a catalyst element in the ridge,
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35 which has been causing problens in conventional nmethods in which a
catal yst elenent is used. Thus, where «crystallization is performed with a
catal yst elenent, the present preferred enbodi nent provi des anot her
advant ageous effect in addition to the effect of preventing the formation
of a parasitic transistor. [0091] In another preferred enbodi nent, the

sem conduct or evice is manufactured by a method_incl.uding the steps of:
o ovi i nd BB RS RRESH At BEC IR I CORYeRd ohed B BTG dRe
anor phous sem conductor filmso as to obtain a sem conductor filmincluding

a crystal'fiHereq? on BMAWEE  FHAMRRE ng I5ort ¥§%%n t he T8Face WHELEof ;
patterning the sem conductor filmso as to form an i sl and-shaped

sen conduerystablbzathen udisngparépymed! |whkth r agi oatadyshg el emarot + udiheg
portion on the surface thereof; formng a gate insulating filmon the

I sl and- shgpesesemprafimet empedimedepostévides fanctthexonddeantragkious on
the gate insulating film depositing a second conductive filmon the first

conduct i verfé b iRahianREBE/ @bChindd df¥edt r&t ﬁﬁé‘@é‘ﬁfiﬂﬁ themeoznd thibe
second conductive filmso as to forma gate electrode having a stepped and

| ayer ed S%fugtﬂéfas¥£iﬁ £?§n¥i9£8r°f the second conductive film being
t t he

smal l er than that o Irst. conductive film wherein the side surface
inclination angle of each of the first conductive filmand the second

[0091] In another preferred embodiment, the semiconductor
device is manufactured by a method including the steps of:
providing an amorphous semiconductor film; melting and
solidifying the amorphous semiconductor film so as to obtain
a semiconductor film including a crystalline region having a
protruding portion on the surface thereof; patterning the
semiconductor film so as to form an island-shaped
semiconductor layer including a crystalline region having a
protruding portion on the surface thereof; forming a gate
insulating film on the island-shaped semiconductor layer;
depositing a first conductive film on the gate insulating
film; depositing a second conductive film on the first
conductive film; patterning/etching the first conductive film
and the second conductive film so as to form a gate electrode
having a stepped and layered structure, with the width of the
second conductive film being smaller than that of the first
conductive film, wherein the side surface inclination angle
of each of the first conductive film and the second

conductive film of the gate electrode is larger than the
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ve filmof the gate electrode is larger than the 36 inclination

the protruding portion on the surface of the island-shaped
uctor layer; and doping a portion of the island-shaped
uctor layer with an inpurity elenent giving n-type or p-type

vity using the gate electrode as a mask. [0092] In this nethod,

obt ai ni ng. a sem conduct or filn1including_a crystalline region
1)
vi di ng an anor phous sem conductor filmwth a catalyst elenent

thereof; performng a first heat treatnent on the anorphous

ennel the| GHELARE Sfeps

t he

sem condugf orthlel | 13 Sandsshapedr \sdindildorrductor edatyeax pwithorarof ifmparamgr phous

sem cond
crystall
I ncl udi n
i ncl udin
t her eof .
(protrud
I mpurity
t aper ed

pr esent

uctor film thereby obtaining a sem conductor filmincluding a

| SiEerh&Ot 0giveng mellipRd/sxol b ot yyé NeohBBcEeieINALNIRY the! the
g a crystalline region so as to obtain a sem conductor film

£ﬁ%§éﬁﬁ§%€l éqg ﬁﬁgﬁpn having a protruding portion on the surface
t

such a nmethod, it is possible to prevent a ridge

ing portion) of the sem conductor |ayer frombeing doped with an

SO0 "SR e me O Ahd e PR a1 AGTH BUMCHRABECRC,

film including a crystalline region having a protruding
portion on the surface thereof may include the steps of:
providing an amorphous semiconductor film with a catalyst
element capable of promoting crystallization thereof being
added to at least a portion thereof; performing a first heat
treatment on the amorphous semiconductor film so as to
crystallize at least a portion of the amorphous semiconductor
film, thereby obtaining a semiconductor film including a
crystalline region; and melting/solidifying the semiconductor
film including a crystalline region so as to obtain a
semiconductor film including a crystalline region having a

protruding portion on the surface thereof.

[0093] With such a method, it is possible to prevent a ridge
(protruding portion) of the semiconductor layer from being
doped with an impurity and prevent the formation of a
parasitic transistor under the tapered portion of the gate
electrode, thus achieving the advantages of the present

invention. Moreover, where crystallization is performed with
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I nvention. Mreover, where crystallization is performed with 37 a catal yst
el enment, this nethod provides an additional effect of reducing the
segregation of the catalyst element in the ridge. In addition to these
effects, when the gate electrode has a |ayered and stepped structure
including the first conductive filmand the second conductive film an LDD

region (lightly-doped inpurity regiaon).can be.fornmed in, the dopi rocess
el 1 R b e 1 e gieioe Freviace o8| anfibugnaR0eRtect t

it is possible_to reduce the size of the sem conductor el enent, thereby

i ncreasi Rf tFeddednge the FeARFAEION, ofn thitdi E2bALYSLI BdeBenty 1heth8yi ce
reliability and reducing the off-state current. [0094] In this nethod, the
step of pitdgs ni gl eaddiitigon heo these ebfelctsi vehen| hhandatheedectndde
conductive filmso as to forma gate el ectrode having a stepped and | ayered
struct ur éqdas Wat hlagereddt &naf ¢ theppsed orgkmoidued | indliddnneei rpesmBliket t han
that of the first conductive film wherein the side surface inclination

angl e of @sfducddivdierfim dn®orbicdd¥énafébhaastiveessemondncapguetyyenfilm
of the gate electrode is larger than the inclination angle of the

h
t rudi 4 ' t f. ' - eym d I ,
or o 00 PR PIooite LS oBchle Ll o0 shaned o enacishaha! v
fﬁgo??rgfp”rgogqﬁ%ﬁ'ﬁ:’te;{}'e'q”} Eﬁig‘é‘a Ifu',irgfs'ntedSIH(\jannseulrf%g%h Inelinatien angle, etching

electrode. As a result, it is possible to reduce the size of
the semiconductor element, thereby increasing the degree of
integration, in addition to improving the device reliability

and reducing the off-state current.

[0094] In this method, the step of patterning/etching the
first conductive film and the second conductive film so as to
form a gate electrode having a stepped and layered structure,
with the width of the second conductive film being smaller
than that of the first conductive film, wherein the side
surface inclination angle of each of the first conductive
film and the second conductive film of the gate electrode is
larger than the inclination angle of the protruding portion
on the surface of the island-shaped semiconductor layer, may
include the steps of: etching the second conductive film so
that the second conductive film has a first side surface
inclination angle; etching the first conductive film so that
the first conductive film has a second side surface

inclination angle; and selectively etching the second
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the first conductive filmhas a second side surface inclination angle; and
sel ectively etching the second 38 conductive film which has been etched so
that the second conductive filmhas the first side surface inclination
angle, so that the second conductive filmhas a third side surface

i nclination angle that IS Iarger than the first side surface inclination

angl e, where the s nd si.d fac I nclinati.on angle. and the th|rd si de
surface ﬁ?&‘ﬁ;aﬁ%‘fﬁ &I' ng"g Elﬁl S 4 %férr‘ Fﬁgﬁ *fheS9 n fiﬁatﬂb‘?‘l ﬁﬁﬁf)@ of the
protrudin portlon on the surface of the island-shaped _sem conductor |ayer.
In this AYHel Hatlel BN R2¥ otk nBITRY Sédgt%Bﬁ@ﬁcﬁnan%}@?éa%t ABELGre in
whi ch the MAdth of the first conductive filmis smaller than that of the
second chdikat vEhe| seceand ondrekiveatiln hasg v tthixdepidat surface
controllability. [0095] It is preferred that the step of etching the second

conduct i vimdlimatsion hahgléethatodd daxdyeat itrearf ithe hfibrat &idet sardaceurface
i nclination angle, the step of etching the first conductive filmso that

the firstifondustio® fiddghas a wissesmd sivf suskaemd Nclsiidt | oguzpake, and

t he step of sel ectively etching the second conductive film which has been

etched sq e o] t f ase 4 f
I ncl i nat | on angaf{&ao‘% t até:t %&ﬁgeg}éﬁd {(::%%%ctssllv&(}e |,_{Isftahe5| q'ﬁc %% '

surface 'éﬁﬁié““&f@“ %gghe iggéef than the inclination angle of the

protruding portion on the surface of the island-shaped
semiconductor layer. 1In this way, the gate electrode having
a stepped and layered structure in which the width of the
first conductive film is smaller than that of the second
conductive film can be formed easily and with excellent

controllability.

lﬂm9ﬂ It is preferred that the step of etching the second
conductive film so that the second conductive film has a
first side surface inclination angle, the step of etching the
first conductive f£ilm so that the first conductive f£ilm has a
second side surface inclination angle, and the step of
selectively etching the second conductive film, which has
been etched so that the second conductive film has the first
si@e surface inclination angle, so that the second conductive
film has a third side surface inclination angle that is
larger than the first side surface inclination angle, are
performed continuously in an etching apparatus. In this way,

it is possible to easily obtain a gate electrode having a
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| arger than the first side surface inclination angle, are perforned
continuously in an etching apparatus. In this way, it is possible to easily
obtain a gate el ectrode having a 39 shape as described above w t hout

i ncreasing the nunber of process steps, thus reducing the manufacturing
cost. [0096] Nbreover t he manufacturing nmet hod may include after the step

of etching SONYLIEt LYSvE lﬂt_sﬁ)m?{'atin asing? Hdy €0 i I'm
has a flrst S|de su ace Inclirnation angle and the step o e Ing t
first conductive fllntso that he. firgst condu tive fi as a second S|de
surface BYRSGGHarT P ngifleus t'he l%(f]erbg %’%o‘ﬂ?’h‘é %\c% ﬁ?%nc%? t he

I sl and- shaped sem conductor layer with an inpurity elenent giving n-type or

-t t ducti il ich h
been’ ot cigH, th%ef‘%%'s@sgﬁana\aeﬁ”a Srtiiad Hathed THE Hrelade; abeblitace
inclinatiqon an and the first conductive film which has been etched so
that the 1§ st Bn&@ﬁqqﬂP¥qqn*ﬂ%sSPHQ@QKRﬁRP%ﬁ?&Y%uFF&@eSqrﬁﬁ?ﬁa??ﬁn

angle. In such a case, in the obtained stepped gate el ectrode, the doping
process iseqard ocprduebipeefdlip hid et Fioby Wide rewpiace t dnchanpthgh wi dt h
of the first conductive film whereby the sem conductor |ayer is prevented
from bei rnglopedndi thearstep nbEneechimgurtiiey fdrst dondmctiveurfiimasoan
uni nt ended concentration) through the first conductive film
that the first conductive film has a second side surface
inclination angle, the step of doping a portion of the
island-shaped semiconductor layer with an impurity element
giving n-type or p-type conductivity using, as a mask, the
second conductive £film, which has been etched so that the
second conductive film has the first side surface inclination
angle, and the first conductive film, which has been etched
so that the first conductive f£ilm has the second side surface
inclination angle. In such a case, in the obtained stepped
gate electrode, the doping process 1is performed completely
selectively with respect to the final width of the first
conductive film, whereby the semiconductor layer is prevented
from being doped with an unintended impurity (or with an

impurity at an unintended concentration) through the first

conductive f£ilm.

[0097] In this manufacturing method, in the step of doping a
portion of the island-shaped semiconductor layer with an

impurity element giving n-type or p-type conductivity using
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[0097] In this manufacturing nethod, in the step of doping a portion of the
I sl and- shaped sem conductor layer with an inpurity elenment giving n-type or
p-type conductivity using 40 the gate el ectrode as a mask, the

sem conductor |ayer may be doped through the first conductive filmusing
the second conductive filmas a mask. Alternatively, in the step of doping

Gi Ving n ST SIOPE TR fules o udsy SoHE GRM R (T dek sk,

t he sem conduct or Iayer may be doped with a | ow concentration of an

i mpur i t y ¥R&fenthTgHgRngt e t ide 6°P958t&8ﬁdu§ﬂ’9| 4540 o iR t FRCPRE st
conductive filmusing the second conductive filmof the gate electrode as a
mask, andanfuctdoedfpilnh as higmasdncenbliseroatiyelan imputhey stleaneaf
giving n-type or p-type conductivity wusing the first conductive filmof the
gat e el eclopidry aa gomesdn BY pehéorislahd- essp el epemivondiio toagi bayean be
formed in a self-aligned manner by utilizing the difference between the

Wi dth of yifteh fdd StmAfNKEtd Méind it TgBRChd Nt t Phe Lo L6 céRadyeivyeyfilm
(i.e., the length of the step portlon) 6[009 Alternaita?eely, t he stg% of

dopi ng t kg s %@“fﬂ@dgstcer relle@f:‘i‘rod\@' s % | AUSRONGEL o 00 Sl TRUELEY

el enent glVlng -type Conduct|V|ty throu I rst CO uctive
filmusin Bg S con(ﬁ g%u ve fcl I meof t %o%atoef ealmec{nr‘olcljlelt Se P MBS, and
the step ™Y dbpi NP 8UC'[ SPOCATER p ¥
giving n-type or p-type conductivity through the first
conductive f£ilm using the second conductive film of the gate
electrode as a mask, and then doped with a high concentration
of an impurity element giving n-type or p-type conductivity
using the first conductive film of the gate electrode as a
mask. By performing these steps, an LDD region can be formed
in a self-aligned manner by utilizing the difference between

the width of the first conductive film and that of the second

conductive film (i.e., the length of the step portion).

[0098] Alternatively, the step of doping the semiconductor
layer with a low concentration of an impurity element giving
n-type or p-type conductivity through the first conductive
film using the second conductive film of the gate electrode
as a mask, and the step of doping the semiconductor layer
with a high concentration of an impurity element giving n-
type or p-type conductivity using the first conductive film
of the gate electrode as a mask, may be performed

simultaneously by utilizing the difference in ion range in
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with a high concentration of an inpurity elenent giving n- type or p-type
conductivity using the first conductive film of the gate el ectrode as a
mask, may be performed sinultaneously by utilizing the difference in ion
range in 41 the doping process as controlled by the thicknesses of the
first and second conductive filns. In such a case the concentration for
the | ow goncentration_dopi ng and th entr t.ion t he

i gh condaih raRT TS ABEPRE=Bam bR ERP EOPRod Yoy tho LPAFERESFerh @S HFiknesses
of the first and second conductlvq films_and by the thickness of the first
conduct i F&OSY nfnflesiReIRY elCpRAUEIIS)e AFLeMSat | vy, SUFRera t K8S&t-eptide
doping a portion of the island-shaped sem conductor |ayer with an inpurity
el ement gonoep trabimn orfqr t yphe cohdWerpnicep torgitignt helapiing et rbhe as a
mask, a portion of the first conductive film rmay be etched away by using

t he secomdneenducitivn fitdr of thée hdagheceheentaddian a dmsilng | canichba case,
a portion of the semconductor layer under the portion of the first

conduct i v@ntiddiddady | ehet eBed1away HRCOPRScRALEEs! 8¢ ahedVEIrai gt he
gate electrode is absent. Wth such a structure, the LDD region is

particul %@c\énﬁf fﬁ&ﬁ?ﬁgti{}e ‘“fﬁﬁ%é’gaﬁﬁeltﬂ: RET ¢ t eeéseagﬁe'c-jtﬁ{ ”Eifa’f)g

cont r ast rst con uctive e|n unet c t he
Lfg;ggtl%ggaun%lve Efl pecé§$31Mh'Ch onIy the first conductive filmis

[0099] Alternatively, after the step of doping a portion of
the island-shaped semiconductor layer with an impurity
element giving n-type or p-type conductivity using the gate
electrode as a mask, a portion of the first conductive film
may be etched away by using the second conductive f£ilm of the
gate electrode as a mask. In such a case, a portion of the
semiconductor layer under the portion of the first conductive
film that is etched away becomes an LDD region over which the
gate electrode is absent. With such a structure, the LDD
region is particularly effective 1in reducing the TFT off-
state leak current. In contrast, with the first conductive
film being left unetched, the LDD region is formed in the
region over which only the first conductive film is present,
whereby the gate electrode will be present over the LDD
region of the TFT. With such a structure, although the
effect of reducing the TFT off-state current is decreased,
the hot carrier resistance increases, thereby improving the

device reliability. Thus, for example, a portion of the
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whereby the gate electrode will be present over the LDD region of the TFT.
Wth such a structure, although the effect of reducing the TFT off-state
current is decreased, the hot carrier resistance increases, thereby
improving the device reliability. Thus, for exanple, a portion of the 42
first conductive filmmy be etched away using the second conductive film

f TETs, whereby TETs of _ diff har, i st b
o1 oduced SRt} ACHGULS NS PLiboUaY QiSt RECPRE, VML St derthS POROOR I n

the various preferred enbodi nents descri bed above, the step of patterning
(e.g., etMMFtiveokdddide quﬂ?Eoﬁ&?t%°?6rﬂggiﬁu€h§Féng §sof
preferably performed by an ICP (Inductively Coupled Plasma) etching nethod
or an RIEffezent vehpyactesiistdrsnetdvdbewnrrdueed neckegdinagt ¥e thessible
to precisely form by etching, a gate el ectrode having a side surface

I nclinatipirposg e af descindididbaleeleantscul arly, the first conductive
filmand the second conductive filmmay be forned in a | ayered structure,
and the Ilayered structure nay be etched into a stepped shape, as described
above, wiDl@0]lensurimng theuf {facient etpreiferrdgd ecémbodiméRidl] desciridedar i ous
preferred enbodi nents described above, the step of nelting/solidifying an

anor phousab&edl) CehaUG tep f bEMpait tRersAMig 00EuUgt Or eftidhTnig)cl aldcBéidactive
film so as to form a gate electrode is preferably performed
by an ICP (Inductively Coupled Plasma) etching method or an
RIE (Reactive Ion Etching) method. With such methods, it is
possible to precisely form, by etching, a gate electrode
having a side surface inclination angle as described above.
Particularly, the first conductive film and the second

conductive film may be formed in a layered structure, and the

layered structure may be etched into a stepped shape, as

described above, while ensuring a sufficient etching
precision.

[0101] In the various preferred embodiments described
above, the step of melting/solidifying an amorphous

semiconductor film or a semiconductor film including a
crystalline region so as to obtain a semiconductor film
including a crystalline region having a protruding portion on
the surface thereof may be performed by irradiating, with
laser 1light, the amorphous semiconductor film or the

semiconductor film including a crystalline region.
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crystalline region so as to obtain a sem conductor film including a
crystalline region having a protruding portion on the surface thereof may
be perforned by irradiating, with laser light, the anorphous sem conductor
filmor the sem conductor filmincluding a crystalline region. 43
Preferably, the anmorphous sem conductor filmor the sem conductor film

i ncluding,a crystalline,region is, irradiated with, pulse aser_1lig SO

t hat anngproelf(r:letﬁla%f¥he %gr?orpﬁ@ﬂgpgg%sconmi%?%??ﬁgﬁr t‘ﬂjeirgemofondgg?or
film including a crystalline region_ is irradiated with pulsed  |aser |ight
a plural istes’mcﬁgﬂ‘?f’e"s,a/‘&onifﬂrﬁ'ous%@?l?ﬂl’ﬂ%i S away?rYFFaHlBgssiIEﬁ%i% oBfain a
crystalline sem conductor film having a desirable crystallinity w thout

gi vi ng a inradiptedavbte Pvlsrd Jaserr akight nse thed wmar epeint aemr pheus

sem conductor filmis directly irradiated with laser light, the obtained
cryst al | iamgFmwondsehbeohdhatbavi figlsur foace the r egethbcohdestpref €1aml y has
a crystal grain dianeter of about 100 nmto about 1000 nm When the crystal

grain digieheiing \§ t Brgstuthiaer apggionFTss ofidesiiattd® wahar aphieskatics
are obtained stably. Specifically, in the sem conductor device of the

AR L T s e A s i

100 nm t:& aQQUtpc;'s()s(,)J%fem t-lx;heot%gfrtl ala géxaiirgtgffgrqgr yse(’jrlnsicuosne({juctor film
having a desirable crystallinity without giving a thermal
damage 4to the substrate. In a case where the amorphous
semiconductor film is directly irradiated with laser light,
the obtained crystalline semiconductor film having surface
irregularities preferably has a crystal grain diameter of
about 100 nm to about 1000 nm. When the crystal grain
diameter 1is within such a range, TFTs of desirable
characteristics are obtained stably. Specifically, in the
semiconductor device of the present preferred embodiment, the
grain diameter of a crystal grain defined by a crystal grain
boundary in the semiconductor layer is preferably about 100
nm to about 1000 nm. The crystal grain boundary as used

herein is one that is visualized through an etching process

by a Secco etching method described above.

[0102] Moreover, in the semiconductor device produced by a
manufacturing method as described above, where the
semiconductor layer is crystallized using a catalyst element,

the catalyst element capable of promoting crystallization of
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herein is one that is visualized through an etching process by a Secco

et chi ng net hod descri bed above. [0102] Moreover, in the sem conductor device
produced by a manufacturing nethod as described above, where the

sem conductor |ayer is crystallized using a catalyst elenent, the catalyst
el ement capabl e of pronoting crystallization of 44 an anorphous

sem condugct or_fi| i i n¢luded ast ,in a rtiqn.of_tfh i1 conduct or
| ayer. parti uPaP gl}lgmhseér%lluf%%ndlgéeﬁlgr ?%'r%glmprloscegg'::](j)‘¥1 8&8vi%% ? ﬁ%g?at%ﬂ yét

el ement to a region ,other than fhe chapnel region. s perfornmed, the

cat al yst P toFfst Pe§EWP9ﬁPiPQH%ﬁ1 BRRENt r LA q@i?@%y'éﬁ%?%efﬁ?ain
region or in a dedicated gettering region outside the source/drain region.
The cat al9atter@enPrag§speofomevangmihe datipdiwstslament f tonft Keg&PBup
consisting of nickel (Ni), iron (Fe), cobalt (Co), tin (Sn), lead (Pb),
rut heni unotifen , thlamdi the( Rhanmpal | aigion Py, pmenterméds) ,the r cdtadyébkr),

pl ati num (Pt), copper (Cu) and gold (Au). These elenents can provide a

crystal | igedmeént pr aedt i pge£Eh€Ct atevea | hiyll Y 66BLénepRYNbA. Raitiedbarly,
Ni can provide the nost significant effect. [0103] Wen the sem conduct or

layer is %dﬁéé}l&&ﬁ@_ Wdhidn CoFal yst &l e§BRicatbal S?FEEBEE&E?C%Q?%B“E

sem conduct or ayer is a crystalline sem conductor filmin

ori ent at egl, £1y8! And! 80658 &-RLA BLEL¥nP! %088 8Le5TH4Z element may be

one or more element selected from the group consisting of
nickel (Ni), iron (Fe), cobalt (Co), tin (Sn), lead (Pb),
ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os),
iridium (Ir), platinum (Pt), copper (Cu) and gold (Au).
These elements can provide a crystallization promoting effect
even in very small amounts. Particularly, Ni can provide the

most significant effect.

[0103] When the semiconductor layer is crystallized with a
catalyst element, it is preferred that the semiconductor
layer is a crystalline semiconductor f£film in which the
orientated crystal planes are primarily planes of (111>
crystal zone. Moreover, it is preferred that the
semiconductor layer is a crystalline semiconductor film in
which the orientated crystal planes are primarily planes of
<111> crystal zone, and in which about 50% or more of the
regions that are oriented along the <111)> crystal zone planes
are regions that are oriented along the (110) plane or the

(211) plane.
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crystal zone. Moreover, it is preferred that the sem conductor layer is a
crystalline sem conductor filmin which the orientated crystal planes are
primarily planes of <111> crystal zone, and in which about 50- or nore of
the regions that are oriented along the <111> crystal zone planes are
regions that are oriented along the (110) plane or the (211) plane. 45

[0104] TyRigg! | Y. A aryst albiged esfé‘é’ek’ihﬁz&?t Ny Phout! o0 copdysty)

crystalline sem co uctor f|| e orlen al ong

pl ane, du tothelnfl nsu r efllmud t he

sem condut ecWer} i (p ‘?Jarl’? Seﬁ”’tcl?éldg“‘ s<,9 %\%ﬁxBr dﬁou geb'ycoq% dpgxi de).
In contrast, when an anor phous sen1conductor f|In1|s cr stalllzed mnth t he
addltlonQﬁl%PY%ﬁa?&%?geFEﬁeﬁﬂl%ﬁmpl%ﬂ?st%P?lf&tﬁﬁ?[ﬁ%ﬁﬁ&ﬁﬁ?

distinctive manner as illustrated in FIG 14A. Referring to FIG 14A, a
base insinstaton | hasadefidmenuindetl¥ing cdhgoursemgiceridygior cafalpst
el enment, which is the driving force of the crystal growh. As illustrated
in FIG l14ertieukathy ysh eheneake ofnamoxphdiis ssikibsemtdhdxide)frobh |i ne
of crystal growh and gradually crystallizes an anorphous sem conduct or

filmO92 dentFestincr ighanh! i zefl r egihoPph6@8 | eEbmi8ohlB@Btorn t Be1mfi guge. 1N
this process, the catal yst el enment conpound 94 tends to grow strongly in

the <1115, AL £61] Phed A%i®n eBHE! addition of a catalyst element, the
crystallization proceeds in a distinctive manner as
illustrated in FIG. 14A. Referring to FIG. 14A, a base
insulator 91 includes a semiconductor compound 94 of the
catalyst element, which is the driving force of the crystal
growth. As illustrated in FIG. 14A, the Catalyst element
compound 94 is present at the front line of crystal growth
and gradually crystallizes an amorphous semiconductor f£ilm 92
in the wuncrystallized region from left to right 4in the
figure. In this process, the catalyst element compound 94
tends to grow strongly in the <111> direction. As a result,
the obtained crystalline semiconductor film 93 is oriented in

the <111> crystal zone planes, as illustrated in FIG. 14A.

[0105] FIG. 14B illustrates the <111> crystal zone planes.
In FIG. 14B, the horizontal axis represents the inclination
angle with respect to the (-100) plane, and the vertical axis
represents the surface energy. Reference numeral 95 denotes
a group of crystal planes that are <111)> crystal zone planes.

The (100) plane and the (111) plane are shown for the purpose
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t he obtained crystalline sem conductor film93 is oriented in the <111>
crystal zone planes, as illustrated in FIG 14A. [0105] FIG 14B
illustrates the <111> crystal zone planes. In FIG 14B, the horizontal axis
represents the inclination angle with respect to the (-100) plane, and the
vertical axis represents the surface energy. Reference nuneral 95 denotes

a group of.crystal. ne t e < > Ccry zone planes. T 100)
SR L e WL IR S g eha MR Bt TR

t hough they are not_<111> cr al zone planes. . Myreover, FIG_ 14C

1T ust r atareres B BTG 1 ST LISFERT S8 (2l S topiaRfatFORNOFReOHi SEVFBAL on of
the <111> crystal zone planes is as indicated by a broken line. The indices
of typi cfigtakiene shéha rdiberibution Aefngthel (helx1rrystalysggnezone
pl anes, the (110) plane or the (211) plane is domnant in the crystalline
sem conduyslamesd i is cdd aiinddcatedt Hey paedardkgn eiédneed effhedi imsdhicesandf
advant ageous effects are obtai ned when these planes account for about 50%

or nore. tyhes£ltpolekysdrd Bhawas, nivticaIgh higienghale mabé | kiies than
ot her planes, are capable of inproving the performance of particularly a

p- channel ¢ i dy a Whielel HildHeR! | Ofnd N( 108 YR €0t OtABR rt'zcﬂgﬂnﬁiaITé:Tis

thereby also providing an advantage that it Is easy to produce a
vel |- bal apcerh a MO LyEthSYibe [Qd0Rlod A 054 Bh3h b el SAL4 PYLI o of
the cryst r'ne
the present preferred embodiment, and advantageous effects
are obtained when these planes account for about 50% or more.
These two crystal planes, having much higher hole mobilities
than other planes, are capable of improving the performance
of particularly a p-channel TFT, which is inferior in
performance to an n-channel TFT, thereby also providing an

advantage that it 1s easy to produce a well-balanced

semiconductor circuit.

[0106] The orientation distribution of the crystalline
semiconductor film obtained by using a catalyst element is
shown in FIG. 15A and FIG. 15B. FIG. 15A and FIG. 15B are
EBSP images obtained by identifying the crystal orientation
of each minute region of the crystalline semiconductor film
and mapping the orientation distribution of the crystalline
semiconductor film. FIG. 15A is the orientation distribution
of the crystalline semiconductor film of the present
preferred embodiment, and FIG. 15B is a modified image of

FIG. 15A where the individual crystal domains are more easily
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sem conductor film obtained by using a catalyst elenent is shown in FIG
15A and FIG 15B. FIG 15A and FIG 15B are EBSP inages obtained by
identifying the crystal orientation of each mnute region of the
crystalline sem conductor film and nmapping the orientation distribution of
the crystalline sem conductor film FIG 15A is the orientation
distribution of the crystalline sem conductor film of the, present

pr ef er r e§EMoodi MARCL =Y 18 HlCq Jo8ifisyenggdor 1 EI asetbafQRer e
the individual crystal domains are nore easily 47 seen. Specifically, in

FIG 15Ba&iasendomapRinqiRints ifdhe «diffebpray pHengle) | petweeni therence

(angl e) between the orientations of the adjacent mapping points is |ess
t han or oadealtatdiengprefietbemadgaceadr emafEiroyt pddnta tilse liddsusthan edr
exanple). The term "crystal domain" as used herein refers to a region of

subst ant iediday tie $apEe8ey¥6iminedi @agakeONaboie 5°15( i thysiiahesratesandard
triangle of crystal orientation as described above with reference to FIG

14C. As cahunbfl S8eN THHd ABH Golpltal "t?orﬁéi’ﬁ‘ %é'@@e&eﬂéfeﬂﬂuféféré' um of
the present preferred enbodi nent 1s genera ly oriented in the <1

crystal zone t a n 2 ane The
size of thé q%f ‘gbéﬁﬂ%fQ% é%%%&l regl%%g%%gcﬁ év%%élghsubg gntlally
unlfornrorlentatl E |IIustrated |n FIG. 15B are distributed in_the range
of about 1 S B HHANGHE LRI Le cat aPYET 3] cRERENFaT LR aS

described above with reference to FIG. 14C. As can be seen
from FIG. 15C, the crystalline semiconductor £film of the
present preferred embodiment is generally oriented in the
<111> crystal zone planes, particularly along the (110) and
(211) planes. The size of the individual crystal domains
(regions each having a substantially uniform orientation)
illustrated in FIG. 15B are distributed in the range of about
2 pm to about 10 pm. Thus, when a catalyst element is used,
the crystal domains (regions each having a substantially
uniform orientation) of the crystalline semiconductor film of
the semiconductor layer typically have domain diameters of
about 2 pum to about 10 jpm. Note that the oriehtations, the
proportion of orientations, and the domain diameters of the

crystal domains set forth above are values based on EBSP.

[0107] It is preferred that the inclination angle of the
protruding portion on the surface of the semiconductor layer
is in the range of about 30° to about 70°. Moreover, it is

preferred that the average surface roughness (Ra) of the
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the crystal domains (regions each having a substantially wuniform
orientation) of the crystalline sem conductor filmof the sem conductor

| ayer typically have domain dianeters of about 2 pmto about 10 pm Note
that the orientations, the proportion of orientations, and the domain

di aneters of the crystal domains set forth above are val ues based on EBSP.
[0107] It is, preferred that the inclination angle of_ the nprotruding portion
on the sut% RAUGHRE sd@¥EInduBformeasieted &Y napn A NS tomithofPTSE t o
about 70 . Moreover, it is preferred that the average surface roughness
(Ra) of tHecrorcere) copButher Uikper isasahaus ud eBMbfoa@bemy (3R oMfme f BRce

m croscope), or the like, is about 4 nmto about 30 nm In view of the

pr ef er r edvteangef ofthehpraferagd samigecofr dilgphnessragfasurfhceavengheaelsi ght
of the protruding portions on the surface of the sem conductor |ayer is

preferablyran, t BRel @@F-agdf BOOFht 8 oMt apputr@ing pbia iewidi éh ORhe
descri bed above is obtained as a result of performng the

mel ting/ sglghdd C@fia@epé@fﬁféén&ﬁ%{la%fagﬁgreki ght p'fe_faraﬁ?ih&gb'tﬁenﬁaﬂ k. and

a hi gh-performance TFT having sta aracteristics w ittle variations

across the.entir surface _of th str can_be. obt ai.n b Lptaini ng
such a ég%d$§?%ﬁ.8F#é5$8Pﬁ%ﬁEEREEf CD?bEiﬂg?nggfoi‘gggggéﬁ gg ng evi ce
S

according to the first
is obtained a

a result of performing the
melting/solidification process with laser 1light in a
desirable manner, and a high-performance TFT having stable
characteristics with 1little variations across the entire

surface of the substrate can be obtained by maintaining such

a condition.

FIRST PREFERRED EMBODIMENT

[0108] A semiconductor device according to the first
preferred embodiment of the present invention and a method
for manufacturing the same will now be described with
reference to FIG. 1A to FIG. 1G. The first preferred
embodiment is directed to a method for producing an n-channel
TFT on a glass substrate. The TFT of the present preferred
embodiment can be used not only in a driver circuit or a
pixel section of an active matrix liquid crystal display
device or an organic EL display device, but also as an
element in a thin film integrated circuit. FIG. 1A to FIG.
1G are cross-sectional views sequentially illustrating steps

for producing the n-channel TFT.
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preferred enbodi nent of the present invention and a nethod for

manuf acturing the sanme will now be described with reference to FIG 1A to
FIG 1G The first preferred enbodinment is directed to a nethod for
produci ng an n-channel TFT on a gl ass substrate. The TFT of the present
preferred enbodi rrent can be used not only in a driver circuit or a pixel

ti t t, tal d ' EL
ai spl ay QMR LEERATEIRE O HiFerdh: (h AOPRPAKALmY S r SOBRCERFEU ¢
FIG 1A to FIG 1G are cross-sectional V|ems squentlally |IIustrat|ng
steps f&T G SR TG SIRSHERIEMRY BEused 291907uketeatenlfto FRAOYA, a

| ow-al kali gl ass substrate or a quartz substrate may be used as a substrate
101. A | cvkallkalglagisasgubabsatat evatas usedd in tthe ppresentprpreferged
enbodi ment. In such a case, the substrate may be subjected to a pre-heat

t r eat nentemdodinieamiper afur suchata | sase@wethé hanbstiratel assyy ded osanteonegfoi nt
by about 10C to about 20 C. A base filmsuch as a silicon oxide film a

silicon nidra dgref-hbﬁ‘to&r%a?drrle'n&ofhtpxzh d@enﬂﬁéf:hﬁﬁrél Raits fr I®fepNthhg TFT
side of the substrate 101 for preventing the diffusion of an inpurity from

1%, A Sy ARhERGRSSEE o Sl At ELOCLIED. iy 60 o0hee

method using PRSI Rlcr9288S LOf sl fHon NiR132Y AR, 209 AN EORR
film or a silicon oxide nitride film is formed on the TFT
side of the substrate 101 for preventing the diffusion of an
impurity from the substrate 101. In the present preferred
embodiment, a silicon oxide nitride film was deposited, as a
lower first base film 102, by a plasma CVD method using
material gases of SiH;, NH; and N,O, and a second base film
103 was deposited on the first base film 102 similarly by a
plasma CVD method using material gases of SiH, and N,O. The
thickness of the silicon oxide nitride film of the first base
film 102 was set to about 25 nm to about 200 nm (e.g., about
100 nm), and the thickness of the silicon oxide nitride film
of the second base film 103 was set to about 25 nm to about
300 nm (e.g., about 100 nm). Then, an intrinsic (I type)
amorphous silicon film (a-Si film) 104 having a thickness of
about 20 nm to about 80 nm (e.g., about 50 nm) and including
a rare gas element is deposited by a plasma CVD method. In

the present preferred embodiment, the first base film 102,

the second base film 103 and the a-Si f£ilm 104 were deposited
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103 was deposited on the first base film102 simlarly by a plasm CVD

nmet hod using material gases of SiH4 and N20. The thickness of the silicon
oxide nitride filmof the first base film 102 was set to about 25 nmto
about 200 nm (e.g., about 100 nm), and the thickness of the silicon oxide
nitride film of the second base film 103 was set to about 25 nmto about
300 nm ( about. 100 n Then, an i.ntrinsic anDr ous i1icon
Fiim (o Sa R havtiort b edtadid ' "3t SRR bote BothR

(e.g., about 50 nm) and i ncludin a rare gas_elenment is dep05|ted

pl asma CASTRSIBRRELG n 2ffe ReseHELIPLef &t r eBUdhBoGRABRET t H21FFHA L S&Qe film
102, the second base film 103 and the a-Si film 104 were deposited 50
successi \apBan@tumut exposing the substrate to the atnospheric air by using
a nmulti-chanber plasma CVD apparatus. [0110] Then, a heat treatnent is
performed at a tenperature of about 400C to about 500C (e.g., about 4500
for aboutl0110Jhour Thelmer ebyhemetr floren tmernt sbs cpétfdrinddhalr egéeapevatupeocess”
of reducing the concentration of hydrogen present in the a-Si film 104. The
dehydr ogesaitalmouiproe®sc te geochbrbhec Cf oe.yhe pbopbsasof CPr €ventvbogtbanpi ng
of hydrogen in the Si film 1104 in the subsequent crystallization step by

| aser i rieeht at i aherdych ﬂ&i‘fb@iﬁﬂnbo del aonald1aed PeelieRgdregenatli6hll]

Then, as illustrated in FIG 1B, the dehydrogenated
process" of reducing the concentration of hydrogen present in
the a-Si film 104. The dehydrogenation process is performed
for the purpose of preventing bumping of hydrogen in the Si

film 104 in the subsequent c¢rystallization step by laser

irradiation, which may lead to delamination, peeling, etc.

[0111] Then, as illustrated in FIG. 1B, the dehydrogenated
a-Si film 104 is crystallized by being irradiated with laser
light 105 so as to form the crystalline silicon film 104a.
The laser light used in this step may be XeCl excimer laser
(wavelength: 308 nm, pulse width: 40 nsec) or KrF excimer
laser (wavelength: 248 nm). Within the period of the pulse
width, the Si film 104 is instantaneously heated and melted,
and is crystallized as it is solidified. In the
melting/solidification process, the volume is increasing from
a previously solidified portion (crystal nucleus) to a lastly
solidified portion (crystal grain boundary portion) due to
the difference in volumetric expansion coefficient between a

melted portion and a solidified portion, whereby a ridge is
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a-Si film2104 is crystallized by being irradiated with laser [|ight 105 so

as to formthe crystalline silicon film 104a. The laser light used in this
step may be XeC exciner |aser (wavelength: 308 nm pul se width: 40 nsec)

or KrF excimer |aser (wavelength: 248 nm. Wthin the period of the pul se

width, the Si film 104 is instantaneously heated and nelted, and is

crystal igeh P 1 Liootkbdibhodndih theundR lpgé;a'o digd Gald 0B, BEgEEsS.

t he vol une | NCreasin preV|ous portlon crys

nucl eus) to ast | l.i di.fied porti ryst al a|n bound ortlon)
due to %}?fsrxﬁeaﬂﬁzm R of yﬁ fl?é Boet TRE] ARECH AT 215 el ¢ ed
portion and a solidified portion, mhereby aridgeis 51 fornmed in the
crystal GhabebEMEE D F‘brﬁ%rﬁ%%%‘iﬁ@é?,%amoﬂip?heo%r?%?aﬂlrﬁé@ewfl con
film 104a. The laser light is shaped so as to form an el ongated beam spot

on the suhfeaceubktriatte slibidt ree e tIHt sdhehasublseradlest iat ecrgstaydiaedi zed
across the entire surface thereof by being scanned with the I|aser beamin

the direcidrvsd hetie | 6nsllbet anfrifaldey tHerfgemdbgubaingo dduredoritidli 6RE
direction of the beam spot. The substrate surface is preferably scanned so

that adj aeedr beamniracss haye amQuesd @ t hemgliet wegn agdhapynPPaiyon the
surface of the a-Si film 104 is scanned with laser light a plurality of

times, %%&g%?ﬁop“ aJth‘&l % tﬁhe YU AP O d¥nal F1rd 8586n ' SENERENELEN §POY! d be

set in a e ran

The substrate surface is preferably scanned so that adjacent
beam traces have an overlap therebetween and any point on the
surface of the a-Si film 104 is scanned with laser light a
plurality of times, thereby improving the uniformity. The
laser 1light energy should be set in an appropriate range
because a desirable crystallinity may not be obtained when
the energy 1is too 1low and the crystallinity may vary
significantly when it is too high. In the present preferred
embodiment, the laser light irradiation step was performed
with an energy density of about 350 to about 500 mJ /cm?
(e.g., about 420 mJ/cm?’) so that any point on the surface of
the a-Si film 104 receives 10 to 40 shots (e.g., 20 shots) of
laser 1light irradiation, thereby obtaining a crystalline
silicon film having crystal grain diameters of about 200 nm
to about 500 nm with an average grain diameter of about 300
nm. It is preferred that the average surface roughness Ra of
the crystalline silicon film 104b is about 4 nm to about 9 nm

(about 6 nm in the present preferred embodiment). Moreover,
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because a desirable crystallinity may not be obtained when the energy is
too low and the crystallinity may vary significantly when it is too high
In the present preferred enbodinent, the laser light irradiation step was
performed wth an energy density of about 350 to about 500 mi/cn2 (e.g.,
about 420 mJ/cnR) so that any point on the surface of the a-Si film 104

recelves g 40 gfepOfteq(ende: (A8 IAUThaliod Aifd1d |G hE BHLLLEERg

t hereby obtaini'ng a crystalline silicon ng crystal “grain
of about 20q{nn1 t? aaous 5Q0 rqglmﬁth a averagg g{ in.qyaneter of ﬁbout
300 nm HE T o EIRER)  nal { i S ePuhEaEts 1 AEFBtiE R of  ERS
crystalline silicon film 104b is about 4 nmto about 9 run (about 6 nmin
the pres&H Y SHEfeMedSdtdeaPnehtdm lisr eberthe spapge| ofr abapte B hatot he
inclination angle of the protruding portion (ridge) in the surface
i rregul ardbdws 99° t K@bogrtys4Qfl | tae aboitc0f i im ithe rprégentingeeberapbdut 300
to about 70 (about 400 to about 50 in the present preferred enbodinent).
[0112] Tharbodingayti e i sol ation process is perforned by renoving
unnecessary portions of the crystalline silicon film 104a. Through this
step, an island-shaped crystalline silicon film 106 is forned, as
i1l ustratf@etitdln Fl @Bheh( Ahadevideandssapddrcr pgbakksneisi Ipex@ordnddn 66 wi | |
| ater be the sem conductor |ayer (the source/drain regions and the channel
removing unnecessary portions of the crystalline silicon f£ilm
104a. Through this step, an 1island-shaped crystalline
silicon film 106 is formed, as illustrated in FIG. 1C. The
island-shaped crystalline silicon film 106 will later be the
semiconductor layer (the source/drain regions and the channel

region) of the TFT.

[0113] Then, a silicon oxide film having a thickness of
about 20 nm to about 150 nm (about 100 nm in the present
preferred embodiment) is deposited, as a gate insulating film
107, so as to cover the crystalline silicon £film 106 to be
the active region. The silicon oxide film was formed by
decomposing and depositing TEOS (Tetra Ethoxy Ortho Silicate)
by an RF plasma CVD method with oxygen at a substrate
temperature of about 150°C to about 600°C (preferably about
300°C to about 450°C). Alternatively, the silicon oxide film
may be formed by a low-pressure CVD method or an atmospheric
pressure CVD method using TEOS with an ozone gas at a

substrate temperature of about 350°C to about 600°C
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region) of the TFT. [0113] Then, a silicon oxide filmhaving a thickness of
about 20 nmto about 150 nm (about 100 nmin the present preferred

enbodi ment) is deposited, as a gate insulating film 107, so as to cover the
crystalline silicon film106 to be the active region. The silicon oxide
filmwas formed by deconposing and depositing TECS (Tetra Ethoxy Otho

Silicate) pl CVI hod wit xyge t subst e
tenperaILﬁgga%éﬁﬁgﬂF 1%6%&?0 gg@ﬁ? 636%:(%?8 %ra P6 ggdut 3%%%??0 EBSUt
450C) . Sfiﬁrnatlvely, the silicon omg f|Im beforrredb )

| ow pr esSIFRC TV Rt PHACHT S an?Bt ABRFRSARE é“E@VIIP?mPﬁB °E’§?ﬂgl’?EOS

Wi th an ozone gas at a substrate tenperature of about 350C to about 600C

53 (pref e@mbipeabogasoatmesprhpsat asoxyoutns 580° Cheto dapoitt i @0 o€ess, an
anneal i ng process may be performed in an inert gas atnosphere at about 500C
to about &ffofimatelypr dxi tat &4 yhburs 4imowrsiem apdeimpooveprihe bhakbul k
properties of the gate insulating filmitself and the <characteristics of

the intergespebeiaeenct hetigs ysgatéi nenselatLeg fEinwandtbBergahadi ngdkati ng
film [0114] As described above, when the gate insulating film 107 is

formed atcgaF&bedt¥étycs O%EERIR '191'%&%’5}&@ abdiGeldh atnel agrgseXP1FRENOd

using TECS as a material, it is possible to inprove the step-covering

property Oflf%bﬂnéfbﬁtéﬁg Eﬁénﬁégg insulating film.

[0114] As described above, when the gate insulating film
107 is formed at a relatively low deposition temperature by a
plasma CVD method using TEOS as a material, it is possible to
improve the step-covering property of an insulating f£film 116
overlying the gate insulating film 107. Therefore, even if a
gate electrode whose side surface inclination angle is nearly
90° is provided between the gate insulating f£ilm 107 and the
insulating film 116, it is possible to prevent the metal line
to be formed on the gate electrode from breaking at a step

portion and to prevent a leak current at a step portion.

[0115] Alternatively, an SiN film may be formed as the gate
insulating f£ilm 107, and an organic insulating f£ilm such as
an acrylic film may be formed as the overlying insulating
film 116 by a spin coating method. Then, the insulating f£ilm
116 has a desirable step-covering property, thereby providing
effects similar to those described above. Note that in order

to prevent thermal degradation of the organic insulating
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overlying the gate insulating film 107. Therefore, even if a gate el ectrode
whose side surface inclination angle is nearly 90 is provided between the
gate insulating film 107 and the insulating film2116, it is possible to
prevent the netal line to be formed on the gate el ectrode from breaki ng at
a step portion and to prevent a leak current at a step portion. [0115]

Al ter nat iMqly, ﬂ'ﬂeﬁflg’{ilﬁc lg;@}mﬁ%ﬁoﬂe rE‘i‘FQ éﬁahngﬂg?o%tllg?rsn;ﬂg e£i£ 107,

and an organic ins I'l'm suc an acry orne as the

Oveul bt e (et Bo: £ 1B Sifed¥ 23%25%8?&#@ Ao T T oS B

providin effects simlar to those descri bed above. Note that .in order to
prevent tH& nbPTREGLRatonthe tiRASF HEHRE 994§ ainfglabing; |fdlm pESIN
hydrogenati on of the channel portion by annealing at about 350C to about
4500C i s fgrlater aipldy pefpyenethaf t €prmahion orofat ithve obvemdydnder Pyganigat e
insulating film(SIN film and before the formation of the overlying
organi ¢ idinmmillatimg filom [0116] Then, a conductive filmis deposited by a
sputtering nethod and then patterned to forma gate el ectrode 108. The
conductive filmmay be, for exanple, any of various netal filnms, or a
sem condyo11s] fi | mhemped wdndwctdiororf Oim ats e@éposité@npit aaspatbeging
concentration. In the present preferred enbodinent, a high-nelting netal
havi ng a mdtHodiedid then patterned to form a gate electrode 108. The
conductive film may be, for example, any of various metal
films, or a semiconductor film doped with a donor or acceptor
element at a high concentration. In the present preferred
embodiment, a high-melting metal having a high heat
resistance was used since a heat treatment is performed for
activating the source/drain regions. The high-melting metal
may be, for example, an element selected from tantalum (Ta),
tungsten (W), molybdenum (Mo) and titanium (Ti), an alloy
including one of these elements as its main component, or an
alloy of these elements (typically, an Mo-W alloy or an Mo-Ta
alloy). A low-melting metal such as aluminum (Al) may be
used, in which case the activation can be done by laser
irradiation. In the present preferred embodiment, tungsten
(W) was deposited to a thickness of about 300 nm to about 600
nm (e.g., about 450 nm). The concentration of the impurity
to be added for reducing the resistance is preferably 1low.

When the oxygen concentration was set to about 30 ppm or

less, a resistivity value of about 20 pllcm or less was
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resi stance was used since a heat treatnment is perforned for activating the
source/drain regions. The high-nelting netal may be, for exanple, an

el enent selected fromtantalum (Ta), tungsten (W, nolybdenum (M) and
titanium (Ti), an alloy including one of these elenents as its main
component, or an alloy of these elenents (typically, an Mb-Walloy or an

Mo-Ta al -y ' t al ' d, i
a alle%bﬁ%]lezégic.t ;"\’/";{"i{ﬂgﬁ{ oo e 3 eﬁ’éggf%% a!f‘i%”“ﬁ‘séfhga.t%%n% 1¢0a !N

whi ch case e do aser irra i'on. I'n the present

preferred.e dirent . tungsten s,d sited tq a thickne of about
500 nm ¢ PR B ARy SSEoCest otpdaBbeRRE. S S Ittt oty I2h8
impurity to be added for_reducing the resistance is preferably low \Wen

t he oxygél&dikadn ri8 on HBsRIEt meshegowassmssnfnr thesetghing stepity

val ue of about 20 pOcmor |less was 55 realized. Then, the deposited filmis

pat t er necanidh &hephgatei t bgetpbge pridiesvasndfermhdd so dthato diteai aiflke gate
el ectrode 108. An RIE nethod was used for the etching step, and the gate
el ect r odesulffhoea i dl ivedit Son tdadglé hehsrelef was f abeut nzhi nabi aboangBse t her eof
was about 75 to about 85. [0117] Then, as illustrated in FIG 1E, a | ow
concentration of an inpurity (phosphorus) 109 is inplanted into the
sem condyo017] | ay@heny, as i uiypdatedeihaics 1§, tdelgat eonekatiratdonl08 as
a mask. Phosphine (PH3) is used as the doping gas, the acceleration voltage
is set toAbUA 6GlngM-i®y (phosphorus) 109 is implanted into the
semiconductor layer by an ion doping method using the gate
electrode 108 as a mask. Phosphine (PH3;) is used as the
doping gas, the acceleration voltage is set to about 60 kV to
about 90 kV (e.g., about 80 kV), and the dose is set to about
1x10*?2 cm™? to about 1x10'* cm? (e.g., about 8x10'? cm?).
Through this step, a low concentration of phosphorus 109 is
implanted into a region 111 of the island-shaped silicon film
106 that is not covered with the gate electrode 108, and a
region 110 that is masked with the gate electrode 108 and is
not doped with phosphorus 109 will later be the channel

region of the TFT.

[0118] Then, a photoresist doping mask 112 with a thick
side wall is arranged so as to cover the gate electrode 108,
as illustrated in FIG. 1F. Then, a high concentration of an
impurity (phosphorus) 113 is implanted into the semiconductor
layer by an ion doping method using the resist mask 112.

Phosphine (PH;) is used as the doping gas, the acceleration
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about 90 kV (e.g., about 80 kV), and the dose is set to about 1x1012 CM -2
to about 1x1014 cm2 (e.qg., about 8x1012 cnR). Through this step, a | ow
concentration of phosphorus 109 is inplanted into a region 111 of the

i sl and-shaped silicon film 106 that is not covered with the gate el ectrode
108, and a region 110 that is masked with the gate electrode 108 and is

118 . | ko b the TFT.
(1167 ot b N0 RIEK B0 TaBlt | ko' BY°Tp0 R0t FHFE, (o (F8 Pufie | 86
str ted |n|qﬁ; 1F.

arranged as cover, the, ate eIectrode 1 i bl

Then: Ca M CECFEraiPBR B SRt I SHLTPESE ( TRAQHAGFIe) BB FHATs (FLA e
into the segtconductor | ayer Rhy an_jon doping nmethod using the resist mask
112. Ph&Sphi he - gPH3pbPaty2d 04s €Re Jdopi Hee ghs9ioRe dePed atidih on high
voltage is set to about 60 kV to about 90 kV (e.g., about 80 kV), and the
dose is swmdantﬂanmonbomnfhenimpuuiayombhaspﬂb&uswnxlqewxﬁl bhaber Bx1015
CM 2) . The region doped with a high concentration of the inpurity

(phosphoraisgoddde )dtdin ategibe 1a5S@f Cedlr 8FD. r edinontHel Ss@hiebaddEtor! n t he
sem conductor |ayer 106, the region that is covered with the resist nmask

112 and iyt £09edthe! ReyiiPhtgQPCERE Iyt f wPBRSRIR! Lksesﬂét"'” maskeft as
a region doped with a |ow concentration of phosphorus, which forns an LDD

(nghtly (%B&Xf%QAOEGQBBQd %1%h %Vhiﬂﬂ“éB%ééE%}§¥16§96P“pﬁ&épﬁérus

descrlbe above,

113 is left as a region doped with a low concentration of
phosphorus, which forms an LDD (Lightly Doped Drain) region
114. By forming the LDD region 114 as described above, the
electric field 1localization at the junction between the
channel region and the source/drain region is reduced,
whereby it is possible to reduce the TFT off-state leak
current and to suppress the deterioration due to hot

carriers, thus improving the reliability of the TFT.

[0119] Then, after the photoresist 112 used as a doping
mask 1is removed, a heat treatment is performed so as to
activate the implanted impurity while improving the
crystallinity of portions where the crystallinity has been
deteriorated through the impurity introducing step as
described above. The heat treatment may be performed with a
resistive heating furnace, an RTA apparatus having a lamp, an
RTA apparatus in which a high-temperature gas is blown onto
the substrate, or by a laser irradiation method. In the

present preferred embodiment, a heat treatment was performed
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electric field localization at the junction between the channel region and
the source/drain region is reduced, whereby it is possible to reduce the
TFT off-state leak current and to suppress the deterioration due to hot
carriers, thus inproving the reliability of the TFT. [0119] Then, after the
photoresi st 112 used as a doping mask is renoved, a heat treatnent is

perfor req i Sat Gorffdh Vi £uds dn"PEAPhSEe | MRUT hb¥uthi $60d EPRQY I BBohRE
crystallinity of portions where the crystallinity has been deteriorated

N7 ough (fbrlgTYGLLY | nkpadbct s s pp A, desatl DEd abore. Thedhegheet

treat nent nay be pérforned w ivé heatin rhace, a
apparatus_havi.ng a | anp, .an apparatus_in whjich a, high-t erature gas
P! own TARS AR o dtet (i, LTS | Aok YRe | aTREF bhY ol RBASBRATEAL
present preferred enbodi ment, a heat treatnent was performed 57 using a
common difedisitonlifr wase aboubo(i00508¢ agnadsouto @PPOY 890, AhsanassnC) for
about 1 hour. The sheet resistance of the obtained n-type inpurity
(phosphorarg} thegsbeetl5ewdstaboet BOOI@ /Earegionalldk BaEd) vitinaae

and the sheet resistance of the LDD region 114 doped with a |ow

concent r atdwncehceResabbHS ofRSpRESPho3isk @axuapeut 0 30abRX/ Sfhddd sgyare.
[0120] Then, as illustrated in FIG 1G a silicon oxide filmor a silicon

nitride fidduhayd 1609 sigiiagieness of about
[0120] Then, as illustrated in FIG. 1G, a silicon oxide
film or a silicon nitride film having a thickness of about
400 nm to about 1000 nm is formed as an interlayer insulating
film 116. Then, contact holes are made in the interlayer
insulating f£film 116, and an electrode/line 117 of the TFT is
formed by using a metal f£film, e.g., a two-layer film of
titanium nitride and aluminum. The titanium nitride f£ilm is
a barrier film for preventing the diffusion of aluminum into
the semiconductor layer. In a case where the thin film
transistor TFT (118 in FIG. 1G) is used as a pixel TFT, a
pixel electrode formed from a transparent conductive £film
such as ITO is connected to one of the two electrodes other
than the gate electrode (i.e., the drain electrode).
Finally, an annealing process is performed in a nitrogen
atmosphere or a hydrogen atmosphere at about 350°C for
approximately 1 hour, thereby completing the thin £film
transistor (TFT) 118, as 1illustrated in FIG. 1G. As

necessary, a protection film made of silicon nitride, or
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400 nmto about 1000 nmis formed as an interlayer insulating film116.
Then, contact holes are made in the interlayer insulating film 116, and an
el ectrode/line 117 of the TFT is formed by using a netal film e.g., a
two-layer filmof titaniumnitride and aluminum The titaniumnitride film
Is a barrier filmfor preventing the diffusion of alumnuminto the

sem conduphily | QYEfand & fafaREatehy! i Aibiidy! Brd NSl ShOTelETch2AS 10

FIG 1G 1S used as a e fode tormed froma
transparent. conductjve fil u as_ 1 TO s connected to one of.the_iwo
ol oct 1 oddd 1t reraneatot neTade Welinonqthe; BEEBOGR: O rRotetingathe
Finally, an annealing process is perforned in a nitrogen atnosphere or a
hydr ogen BiThosifhere at about 350C for approxinately 1 hour, thereby
conmpleting the thin film transistor (TFT) 118, as illustrated in FIG 1G
As necessar]é, a protection filmmade of silicon nitride, or 58 other

ri

sui tabl e [MdHri al A FET pradyaatragrrding b the Preferred pmpadimens,
(TFT) 118 for the purpose of protecting the TFT 118. [0121) A TFT produced
accor di nas odeaerpbefleraavenhadi renfiedd-défectbapibloiy hafi alfaud] d8ef f ect
nmobility of about 8 c¢n2/Vs and a threshold voltage of about 2.5 V, and had
no abnoramfl/Visunged aurttereafhd Rbkvolitagat ofhi Akotihe 2TBT Vs ahfl, hadi nb
occurs in the prior art. Mreover, substantially no
abnormal humped curve of leak current while the TFT is off,
which occurs in the prior art. Moreover, substantially no
characteristics deterioration was observed in tests for
determining the resistance to repeated operations, the
resistance to bias voltages and the resistance to thermal
stresses, indicating a much higher reliability as compared to
the prior art. TFTs having a dual-gate structure were
produced according to the present preferred embodiment and
used as pixel TFTs on the active matrix substrate of a liquid
crystal display panel. The obtained liquid crystal panel, as
compared with a reference panel produced by a conventional
method, had a high display quality with a notably lower rate

of occurrence of low-luminance bright spots, a notably lower

display non-uniformity, and a high contrast ratio.

[0122] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of approximately 0.0001% (about one pixel out of every
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characteristics deterioration was observed in tests for determ ning the
resi stance to repeated operations, the resistance to bias voltages and the
resistance to thermal stresses, indicating a nuch higher reliability as
conpared to the prior art. TFTs having a dual -gate structure were produced
according to the present preferred enbodi nent and wused as pixel TFTs on the

active ma:}d[% 4?& ﬁ'f:{;fg £ of, i 2 Ithgw gasgaygé ale d| r%quaiyd panelstalhegggbgl ned

liquid crys corrpared Wi erence pane produ

conventi opal, thod, had a high display quality with a notably Iovver rate
of occur r¥NEeEEot - | ow | uni nance bright spots, a notably lower display
non-uni formty, and a high contrast ratio. [01221 Moreover, TFTs produced

accordin Q r (EIS r}.ﬁlﬁl,renbodi ment included very few defective
TFTs wi t%"%cgm‘s %‘%W%a@‘ﬁ b@ , Wwth the defect rate being on the
order of ai)&rgom mately 0.0001% (about one pixel out of every 59 300, 000
pi xel s ir0 casé ofsemiqepdurtay stdgvitepl agcondinge) toSECIRD PREPERRED
EMBODI MENT [ 0123] A semnmi conductor device according to the second preferred
enbodi nemreferied peabedimentef ohhendreswithoinvéntionnanactar megghblde sane
wi |l now be described. The present preferred enbodinent is directed to a
process dfor pmxhitfagtuing FhRSS samlest walle, Aowi riseli taddwan itged. CMOBhe
present preferred embodiment is directed to a process of
producing, on a glass substrate, a circuit having a CMOS
structure including a complementary set of an n-channel TFT
and a p-channel TFT, which is used in a peripheral driving

circuit of an active matrix liquid crystal display device or

a general thin film integrated circuit.

[0124] FIG. 2A to FIG. 2F and FIG. 3A to FIG. 3D are cross-
sectional views sequentially illustrating steps for producing

the TFTs of the present preferred embodiment.

[0125] First, a base film such as a silicon oxide film, a
silicon nitride film or a silicon oxide nitride film is
formed on the TFT side of a glass substrate 201 for
preventing the diffusion of an impurity from the substrate
201. In the present preferred embodiment, a silicon oxide
nitride film (first base £ilm) 202 is preferably formed from
SiH,, NH:; and N,O0 with a thickness of about 100 nm by a plasma
CVD method, for example, and a silicon oxide nitride film

(second base film) 203 is preferably similarly formed from
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structure including a conplenentary set of an n-channel TFT and a p-channel
TFT, which is used in a peripheral driving circuit of an active matrix
liquid crystal display device or a general thin filmintegrated circuit.
[0124] FIG 2A to FIG 2F and FIG 3Ato FIG 3D are cross- sectional views
sequentially illustrating steps for producing the TFTS of the present

pref erred; SIDAUATRAL. wh @H23] +thlitRhesd RS AuldultM1BeChnftS @ silicon oxide
film a ‘sriicon niftride frimor a silicon oxide nitride filmis formed on
the TFT side of a glass substrate 201 for preventing the diffusion of an

I mpurity t he straje %9 he, er erTPl Loent . a
silicon oli’li%g] ni tllﬁll € fiaafnm ( |Cgrsqﬂ(g'}i§se ?%ﬁgg%gg{lag:prg?grrnab %%'g?rreg from
Si H4, NH3 anq&NZO wWith_a thi ¢§ness of _about 0_nmb Lasma_. CV t hod,
for exanpi®-CHNER 2 I?%%%pog d%mnF?r?ﬁgugi F#g @eégﬁﬁ%ﬁgggi?i Pr?)ou’?o i s
preferabl%ﬂsi mlarly formed from 60 SiH4A and N20 with a_thickness of about
100 nm [%R2&P 1t 240 amd)phbsis E9&Mmeto i c BorkHAY I REVPAE £ughhi @&néss of
about 20 nmto about 150 nm (preferably about 30 nmto about 70 nm is
formed bypkasmawiVRetethedichras aspypthsmingvmetdidshd orlna thet paeisegt
method. In the present preferred enbodi nent, an anorphous silicon (a-Si)
film 204 prefefoededmboddmenitcknes s asorphouis 461 hiwby d aplsdgmef O 204t hod.
The anor phous sem conductor film my be an anorphous

was formed to a thickness of about 40 nm by a plasma CVD

method. The amorphous semiconductor film may be an amorphous

semiconductor f£ilm or a microcrystalline semiconductor £film.

Since the base films 202 and 203 and the a-Si f£film 204 can be

formed by the same deposition method, they may alternatively

be formed successively. By not exposing the base films to

the atmosphere after they are formed, it is possible to

prevent the contamination of the surface of the base films,

thereby reducing the characteristics variations among TFTs

produced and the fluctuations in the threshold voltage. This

state is shown in FIG. 2A.

[0127] Then, as in the first preferred embodiment, the a-Si

film 204 is subjected to a dehydrogenation process, and then
irradiated with laser light 205 as illustrated in FIG. 2B so
as to instantaneously melt and then crystallize the a-Si film
204. Thus, the a-Si film 204 is turned into a crystalline
silicon film 204a. The laser light used in this step may be

XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec)
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sem conductor filmor a mcrocrystalline sem conductor film Since the base
films 202 and 203 and the a-Si film 204 can be forned by the sane
deposition nmethod, they may alternatively be fornmed successively. By not
exposing the base filns to the atnosphere after they are forned, it is
possible to prevent the contam nation of the surface of the base filns,

er eby 1.60Ug PO Lhg har AELEK T SLLGS NAkALI 05 AR TFT3 pradugeguand the
{1 uct ust Ceneth EREPRr ke o v3 ¢ BRI L, RS

fluctuations Tn t res age.” fthis ate 1's shown in A
0127] Th ip th ' . f d enbodj t, the a-Si fi 204 _i
b et ed U abeeh TR SubAEEF SRE GFSRREE, Hh ERERCS: PaoPBFeduHTARS adhr

light 205 as illustrated in FIG 2B so as to instantaneously nelt and then
cryst al | ithe rysfagdilifgqdnsidgeonmifiislm (343 SiLasem bbaht semithed frem a
crystalline silicon film 204a. The |aser light used in this step may be
XeC exciargradeas erayiiaw el £ nfio bus8@8bymanp wipdd caldtdys t4on rniseltd a6lineakr F
exci mer | aser (wavelength: 248 nm). In this step, surface irregularities

/ridges ahapergetadntd heopmr Aacelohgattbad ®Genn agdtzaesh sthé coirfaten @p4a.
Laser light emtted from a laser cavity is focused by an optical system

into a |ifiRAr sudlapate0 2611 0sdOrRAN &HRNIaLST thad® SPet &PyLPg1suzéace of
the substrate 201 so that the substrate is crystallized across the entire

surface eranl Bt PEhDS-3CWEAY Whddlfor | B5°helEM i LR R t ha

i's substantia

laser beam in the direction that is substantially
perpendicular to the longitudinal direction of the beam spot.
The substrate surface is preferably scanned so that adjacent
beam traces have an overlap therebetween and any point on the
surface of the a-Si film 204 is scanned with laser 1light a
plurality of times, thereby improving the uniformity. 1In the
present preferred embodiment, the laser 1light irradiation
step was performed with an energy density of about 350 mJ / cm?
to about 500 mJ/cm® (e.g., about 420 mJ/cm?) so that any
point on the surface of the a-Si film 204 receives 10 to 40
shots (e.g., 20 shots) of laser 1light irradiation, thereby
obtaining a crystalline silicon film having crystal grain
diameters of about 200 nm to about 500 nm with an average
grain diameter of about 300 nm. It is preferred that the
average surface roughness Ra of the crystalline silicon film
104b is about 4 nm to about 9 nm (about 6 nm in the present
preferred embodiment). Moreover, it 1is preferred that the

inclination angle of the protruding portion (ridge) in the
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perpendi cular to the |longitudinal direction of the beam spot. The substrate
surface is preferably scanned so that adjacent beamtraces have an overl ap
t her ebet ween and any point on the surface of the a-Si film 204 is scanned
with laser light a plurality of tines, thereby inproving the uniformty. In
the present preferred enbodinent, the laser light irradiation step was

performne ' . L Ly .of 0 / . o) 0 cn®
(e.qg., a%ﬂé%%ﬂﬁfg@%ﬁgg@?%%t °§n§ﬁgp:)éht§§%r]f %%ngsul?]f%%%poﬂjfrﬁeggﬂf‘ film
204 receiyes 10 to 4 hot s . Q. 0 sho f.laser |ight irradiatjon,
Cher ehy I8 A 7R90 AcPPotn 11e Xa | MeRE TP RabeRy ASsit thafh Sb!

di aneters of about 200 nmto about 500 nmwith an average grain dianmeter of
about 300nthet Presgnés amedennesdt emrodieRahe sdbracseughbeRt rgedf the
crystalline silicon film 104b is about 4 nmto about 9 nm (about 6 nmin
the presdm tpaefested amjodbeentdG NEssovepr iYVOs paekerras medil t he

I nclination angle of the protruding portion (ridge) in the 62 surface

i rregul ardstdimenf 1deecr yss al désersbédcoabdvém i s The tbeysaageightabaut 30
to about 70 (about 40 to about 50 in the present preferred enbodi nent). The

laser |i g¥ndSetbngd Natdi Aot ERMAREAPR oYARIRS &I OFhe VS¥ebBR e pRerielkbaas
exci mer | aser as described above. The crystallization conditions are not

i mited 1o hostf e DT GG b8 S AfinSd DU ALy PR dELRT M ned

appropri ate y Tor eac

specific application.

[0128] Then, as illustrated in FIG. 2C, the crystalline
silicon film 204a is divided into pieces of a predetermined
shape, thereby forming island-shaped semiconductor layers

206n and 206p.

[0129] Boron (B) may be added, as an impurity element
giving p-type conductivity, to the entire surface of the
island-shaped semiconductor 1layers 206n and 206p, each of
which is used to form a TFT, at a concentration of about
1x10'%/cm® to about 5x10'’/cm® for the purpose of controlling
the threshold voltage. Boron may be added by an ion doping
method, or may alternatively be added to the amorphous
silicon film when the amorphous silicon film is deposited.
Alternatively, a low concentration of boron may be added only
to the semiconductor layer 206n of the n-channel TFT, while
covering the semiconductor layer 206p of the p-channel TFT

with a photoresist, for the purpose of controlling the

63



specific application. [0128] Then, as illustrated in FIG 2C, the
crystalline silicon film204a is divided into pieces of a predeterm ned
shape, thereby form ng island-shaped sem conductor |ayers 206n and 206p.
[0129] Boron (B) may be added, as an inpurity elenment giving p-type
conductivity, to the entire surface of the island-shaped sem conduct or

| ayers 2%&@&%?@6901%3%@ P 1L ehe YsEhdhd Or 2. TFTa1 @lofgh the

concentrati on of about x1016/ c to about 5x1017/cnB for the purpose of

control li .the thre volt age. y h e n._ion_.dopi ng

met hod, o$&1n%§/l°a tg%n:[{]olq'&/og? yggg g’(fdeggﬁgg?%g'ar%gcrp %ug)r%}sfl"a%r@gn W‘?fn fhen
the anorphous silicon filmis deposited. Alternatively, a |ow ¢concentration
of bor on FRIVHRPUIRN ohfYeTt ¥itthe RIMAT oAGSGHotREZSE 0 JobrPBPVifed nSChannel
TFT, while covering the sem conductor |ayer 206p of the p-channel TFT wth
a phot or €ghat | ther threghppdscvoltagnt rafl | ithe t hecharnephr ERB| Wildl t Rge of
only the n-channel TFT. Although the addition of boron may be optional, it

i s preferwkthithada predervernimedtoangayer with boron added thereto is
provided so that the threshold voltage of the n-channel TFT will be wthin
a predeterm ned range. [0130] Then, a silicon-containing insulating film as
a gate i[0830]at i nghfel,m 307silscbdnraedtadnanghi themesatbhgabfiltm, as a

gate insulating f£ilm 207, is formed to a thickness of about
10 nm to about 150 nm by a plasma CVD method or a sputtering
method. For example, a silicon oxide film may be formed to a
thickness of about 100 nm. The gate insulating f£film 207 may
alternatively be any other suitable silicon-containing
insulating film and may be a single-layer film or a multi-

layer f£ilm.

[0131] Then, a conductive film (A) 208 and a conductive
film (B) 209 are deposited for forming a gate electrode. 1In
the present preferred embodiment, the conductive layer (A)
208 is preferably formed from a conductive metal nitride film
and the conductive layer (B) 209 is preferably formed from a
metal £ilm. The material of the conductive layer (B) 209 may
be an element selected from tantalum (Ta), titanium (Ti),
molybdenum (Mo) and tungsten (W), an alloy including one of
these elements as its main component, or an alloy of these
elements (typically, an Mo-W alloy or an Mo-Ta alloy), and

the material of the conductive layer (A) 208 may be tantalum
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10 nmto about 150 nm by a plasnma CVD nethod or a sputtering nethod. For
exanple, a silicon oxide filmmay be formed to a thickness of about 100 nm
The gate insulating film207 may alternatively be any other suitable
silicon-containing insulating filmand may be a single-layer filmor a
multi- layer film [0131] Then, a conductive film (A) 208 and a conductive

film(B) e Peprs! { ednhOtehONTHRA R 930 &l eLt4Pfem hPtrille RTERGN

preferred enbodi nent, the conductive layer (A) 208 1s preferably forned

froma condugcti | nigrdde fi and ti I r. ( S
preferabld}df@%’hﬁégdg?%@h altﬁgr%relt% H"{’m TheA'Irr'rg%éI?ngfqy%f h\é%éar?céﬁ' uc |V(§9l ayer
(B) 209 ma be an e| enent I ed fromtantalum (Ta), titanium (Ti),

ol ybden ARdst B 1erge: b (308 “Tckif, BRharbannatonelars . Fatenabiien s
as its main conponent, or_an alloy of these elenents (typically, an M-W

al | oy or shligides an¢wolyhdenymeshhieidas- of ThaecenAdgsiveelrygsr (BA) 208
may be tantalum 64 nitride (TaN), tungsten nitride (WN), titaniumnitride
(TiN) or20®|paheieenab by thasiea (M) implit et iaconeentiratiahsfor reeliednducti ve
| ayer (A) 208 include tungsten silicides, titanium silicides and nol ybdenum

silicidesa Tb® Gezdydante. ayeartBruld@dyprefterwhby dedsrablew tHaur icthy
concentration for realizing a |low resistance. Particularly, it was

?ef‘i r?g'ﬂ%ﬁf&’én 86N c oY EER1 SONRES 4BEHPN3¥RSpALEET 180sPPMyekh! @8R gsehh
ungs

(W), for example, a resistivity value of about 20 pQcm or
less was realized by setting the oxygen concentration to

about 30 ppm or less.

[0132] The thickness of the conductive layer (A) 208 may be
about 10 nm to about 50 nm (preferably, about 20 nm to about
30 nm), and the thickness of the conductive layer (B) 209 may
be about 200 nm to about 400 nm (preferably, about 250 nm to
about 350 nm). In the present preferred embodiment, a
tantalum nitride (TaN) film having a thickness of about 30 nm
and a tungsten (W) film having a thickness of about 350 nm
were formed by a sputtering method as the conductive layer
(A) 208 and the conductive layer (B) 209, respectively. In
the sputtering deposition process, it 1is possible to relax
the internal stress of the film being formed to prevent
delamination of the film by adding an appropriate amount of
Xe or Kr to the Ar sputtering gas. This state is shown in

FIG. 2D.
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(W, for exanple, a resistivity value of about 20 pQcmor |ess was realized
by setting the oxygen concentration to about 30 ppmor |less. [0132] The

t hi ckness of the conductive |ayer (A 208 may be about 10 nmto about 50 nm
(preferably, about 20 nmto about 30 nnm), and the thickness of the
conductive layer (B) 209 may be about 200 nmto about 400 nm (preferably,

about 25 to t 3 pre pyef er, lJEen
tantalun1%|t i de ?$§HW f§$n$ﬂ%3Fﬁga§Q§hF€k§§§%'o?Eabéﬁgﬂﬁgﬁﬁﬁg%§d53°ﬂ

t ungst en i . m havi a thickness_of abopt 350 nm were.formed b

Sputter | AMALI e Hrteha A EvA TEvef b TB8aPERG e EoRABERFYER ayer
(B) 209, respectively. In the sguttering deposition process, it is possible
to rel ax fahefPHAERGa LSt rEREe 0P LERETPARMANY nHRe0ORLE tbLRP efEFANDRiNG

del ami nation of the film by adding an appropriate amount of Xe or Kr to the
Ar sputt éddingg 5. edeh sTETat e Iins thifowwresent|mreerreéd ¢onedimantn, the
illustrated in FIG 2E, resist masks 210n and 210p are fornmed, and a first

et chi ng @Fiaesss dtehierd opretessor was npeg fiormedat andeact fodetandttheéngat e
line (scanning line) of each TFT. In the present preferred enbodi nent, the

first et dydus tHGfLSS WBpeReETCRTRY UNERE 185t eldithg CPRdels@NSwas
Specifically, the first etching process was perfornmed by an I CP

(I'nducti \i?éxyfo% e%fl gﬁmaicgt leﬂguctively Coupled Plasma) etching
method using etching gases of CF,, Cl, and O, at a flow rate
ratio of 25/25/10 (sccm) and by creating a plasma by
supplying an RF (13.56 MHz) power of 500 W through a coil
electrode at a pressure of 1 Pa. Also to the substrate
(sample stage), an RF (13.56 MHz) power of 150 W is supplied,
thereby substantially applying a negative self-bias voltage.
Under these first etching conditions, the W film was etched
to taper the edge portions of the conductive layer (B) 209.
Thus, the conductive layer (B) 209 is patterned into pieces

212n and 212p.

[0134] Then, a second etching process was performed under
the second etching conditions without removing the masks 210n
and 210p. Specifically, the second etching process was
performed for about 30 seconds by using etching gases of CF,
and Cl, at a flow rate ratio of 30/30 (sccm) and by creating
a plasma by supplying an RF (13.56 MHz) power of 500 W
through a coil electrode at a pressure of 1 Pa. Also to the

substrate, an RF (13.56 MHz) power of 20 W is supplied,

66



met hod using etching gases of CF4, Cl2 and 02 at a flowrate ratio of

25/ 25/ 10 (sccn) and by creating a plasma by supplying an RF (13.56 MHz)
power of 500 Wthrough a coil electrode at a pressure of 1 Pa. Also to the
substrate (sanple stage), an RF (13.56 MHz) power of 150 Wis supplied,

t hereby substantially applying a negative self-bias voltage. Under these

first etc W {i s .etc 4. & r. .t he ed ortlons
of the co{r}loé] Ig?g g‘fé@/gaﬁfﬁ?ﬁgﬁ ppkl'ﬁ]us %’Eﬂ:&' Cti gffatf/]e'?s(gf %
patterned into pieces 12n and, 212 0134 The a second, e rocess
was per f orHERF u coPﬂ‘écgé'&Sn%lé{“cRiAﬁ &#ﬂjfﬁm Nt h%ﬁlteFEﬁﬁa g‘dg

masks 210n and 210p. SpeC|f|caIIX the second etching process was

per f or nedth®r sgeend FFddauhdsorditiipng dichd nBiggdeatgosgeren@fclfiat a
flowrate ratio of 30/30 (sccm) and by creating a plasma by supplying an RF
(13.56 MémdpGher ofTHXMJGN theoedgichingoipretess r odbeatcenquetstoe efdfiml Pa.
Also to the substrate, an RF (13.56 MHz) power of 20 Wis supplied, 66

thereby subpt aosi dld yappdynmed anBegaptiiecesserit®i afdv@itigoewhod8usdgele
conductive film (A (TaN film 208 is etched under the second etchi ng

condi ti Onga¢d Qlﬁbx%ﬁdwpméflﬂétgﬁ adgdesl%s TAHOUEN gidie €4 CchbB

process, the conductive film (A) 208 is patterned into pieces 211n and 211p

whose edg&&, ] hai(ﬁlé'&l@aéé‘rié‘c&&l?ﬁ'm%ief‘ legl es of about 800 to about

[0135] Then, as illustrated in FIG. 3A, an n-type impurity
element 213 1is added without removing the masks 210n and
210p, thereby forming n-type impurity regions 214 and 215.
The n-type impurity element may be phosphorus (P) or arsenic
(As). In the present preferred embodiment, an ion doping
process was performed with phosphine (PH;) so as to add
phosphorus (P). In this process, the acceleration voltage is
set to about 50 kV to about 80 kV (e.g., about 70 kV), and
the dose is set to about 1 x 10" cm? to about 8 x 10 cm™
(e.g., about 2 x 10 cm™?). 1In this step, regions of the
island-shaped semiconductor layers 206n and 206p covered with
the TaN films 211ln and 211p and the W films 212n and 212p,
which function as doping masks, are not doped with a high

concentration of phosphorus 213.

[0136] Then, a third etching process is performed without
rémoving the masks 210n and 210p. Specifically, the third

etching process is performed by using etching gases of CFyu,
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900. This state is shown in FIG 2F. [0135) Then, as illustrated in FIG 3A
an n-type inpurity elenent 213 is added wi thout renoving the nmasks 210n and
210p, thereby formng n-type inpurity regions 214 and 215. The n-type
impurity el enment may be phosphorus (P) or arsenic (As). In the present
preferred enbodi nent, an ion doping process was perfornmed with phosphi ne
(PH3) so t d osph ( I LS o] e elerat ko

vol t age iés)lsz sag?&lt gza%(%thSS&té% tl?taebog?{:gg Iﬁ(gSéé?/ggoJ%Q%gl)W?ﬂ%ngy t he
dose is set to about 1 1 -2 1.0 about 8 5 -2 e.g., about 2
<1015 crmpRrfRghpe’ Brp 0TGP oMy BREEE | s AP e e Rasetdr

| ayers 206n and 206p covered with the TaN filnms 211n _and 211p and the W
films 2128efdF2dop,at wit cPTaFEfY N %fs dopPRg nkbRIePYr e SHBEt@BHa Mt h a
hi gh concentration of phosphorus 213. [0136] Then, a third etching process
is perforapplwindowt negapivieg skdfpbdlas 2vohtagd.210dn@pecithecalthgrdt he
third etching process is perforned by using etching gases of CF4, 67 Cl2
and 02 atetchimy cai@itidone, oth@0W204 Phs(2L2n) andd2hgp auppkpilegtaveRly
(13.56 MHz) power of 500 Wthrough a coil electrode at a pressure of 1 Pa,

t hereby sdipshadt walkhy ardPPh Véderdppegatin/ergel f phodeskol tage. rhldes 1fe
third etching conditions, the Wtilnms 212n and 212p are selectively etched

wi th a“fiﬂf9t588y21h8 %mésﬂgfxé¥@he&heaHaNoBhyﬂihe W films 212n and

212p are etched laterally, thereby forming W films 216n and
216p. As a result, each edge of the etched W films 216n and
216p has a side surface inclination angle of about 80° to
about 90°. Thus, gate electrodes 216n/211n and 216p/211p are
obtained, as illustrated in FIG. 3B, each having a layered

and stepped structure including a W £film and a TaN film.

[0137] Then, a low concentration of n-type impurity element
217 is added to the semiconductor layer. Another doping
process 1is performed using, as a mask, the upper conductive
films (W films) 216n and 216p of the gate electrode obtained
through a plurality of etching processes as described above
so that even the underlying semiconductor layer is doped with
an n-type impurity element 1in regions where the lower
conductive films (TaN films) 211n and 211p are exposed,
thereby formiﬂg lightly-doped n-type impurity regions 218 and
219. In the present preferred embodiment, phosphine (PH;3) is
used as the doping gas, the acceleration voltage is set to

about 80 kV to about 100 kV (e.g., about 90 kV), and the dose
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211n and 211p are not etched, and only the Wfilnms 212n and 212p are etched
| aterally, thereby formng Wfilnms 216n and 216p. As a result, each edge of
the etched Wfilnms 216n and 216p has a side surface inclination angle of
about 80 to about 90. Thus, gate el ectrodes 216n/211n and 216p/211p are
obtained, as illustrated in FIG 3B, each having a | ayered and stepped

structured neludicgg hold | 503 gnd &y Tadh f hbBlel EhA ot ThEM f?]!&!'v, about
to e sem conduct or

concentration of n-type i1npurity elenent 217 is adde

| ayer. AnQi-hau Ri\Ng rocess J.s. perforne L h S th er
camanet R &8 (’Wfi'ﬁq‘n%")%gjiet%‘la%asﬁ%p 8 H84E 3a 208, 8; Fog. I5aHRRSL
through a plurality, of etching_ processes as described above so that even

t he undeﬁ%%ﬂﬁfsﬁﬁﬁ&ﬁﬁﬁﬁﬁftﬁrlé?@?ri§°é&p&§\HQQ1n%ﬁP?ﬂQ?beTFﬁpGPPFylélenent
in regions where the lower conductive films (TaN filns) 211n and 211p are
exposed, cavefrebywibhnithg np@en campretive ypalnmblr iftiimle @b ofigthad

219. In the present preferred enbodi nent, phosphine (PH3) is wused as the
dopi ng gamtd helaxctsdds aandni s ahd ag@opsd selthophabphor8s w¥lflolakbewmt b£00 kV
(e.g., about 90 kV), and the dose 68 is set to about 5x1012 CM -2 to about

5x1014 CMhe €RaBnel abeytionlo¥0tthd"Mi 2¢hand&1 opgl.t hiTheSt®Pgicn r 29808£220n
of the island- shaped sem conductor |ayer 206n of the n-channel TFT that is

covered wid té’@ni%ﬁiu&l%@”%é}?@rfiil‘d@ﬂ WdvdrM whlih Obnlile t8' e16leet rode
and is not doped with phosphorus will Tater be
conductive film (TaN film) 211ln of the gate electrode is
present will later be the LDD region, and the region 214 that
is not masked with the lower conductive film 211n will later
be the source/drain region. The concentration of the
impurity (phosphorus (P)) of the source/drain region 214 may
be about 1x10%° /cm® to about 1x10%'/cm?. Moreover, the

impurity concentration of the LDD region 218 may be about

5%10'7/cm® to about 5x10%°/cm’.

[0138] Then, as illustrated in FIG. 3C, after the resist
masks 210n and 210p are removed, another resist mask 221 is
formed so as to partially cover the semiconductor layer of
the n-channel TFT. Then, the semiconductor layer 206p of the
p-channel TFT is doped with a p-type impurity element (boron
(B) in the present preferred embodiment) 222 so as to cancel
the previously-added n-type impurity (phosphorus) and invert
the polarity thereof ("counter doping”), thereby forming p-
type impurity regions 223 and 224. Diborane (B;H¢) is used

as the doping gas, the acceleration voltage is set to about
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t he channel region of the n-channel TFT. The region 218 of the
sem conduct or | ayer 206n over which only the | ower conductive film (TaN

film 211n of the gate electrode is present will |ater be the LDD region,
and the region 214 that 1is not nasked with the |ower conductive film 211n
will later be the source/drain region. The concentration of the inpurity

(phosphorgis yP)do aludie &@we(éirgl N £59L0N0 @ 1Ry MY anbeuAboghsdX 4020ekeTE L0

about 1x1021/cnB. Moreover, the npurlty concen atlon o] region

?%?ug?¥a?§d |gUt é?xé%§7gﬁ?2 es???agi%%ks gglgﬁéb gplﬁig HBved,

anot her resist mask 221 js forned sgQ as to partlally cover the .
sen1conduétorqQ£ﬂHQQﬁth%$esﬁeEhaﬁnBFQ?F?Onﬂ%§¥rQH%9 i RAERRt 522 AFer

206p of the p-channel TFT is doped with a p-type inpurity el enent (boron
(B) in tHapkanted pdaterrethenbawigiom ) 223 soofs tthecanéslandhghaped
previ ousl y-added n-type inpurity (phosphorus) and invert the polarity

t her eof (demmicdrsiuctopt ndayert a6y ofortengppehanpeli MRT i thategioHnro?23 and
224, Diborane (B2H6) is used as the doping gas, the acceleration voltage is

set to abhRidked9wHbh kihé 018kevt cBAdk¥t(@ed filaPqutaBG Kil) 2DOpt 6L €Ree is
set to about 5x1015 CM 2 to about 2x1016 CM -2 (e.g., about 1x1016 cm 2)

Thr ough i Stefec@-dUgh CNEeNtrat | fhgPhnDOs2Y 29211S 1khpBLantgd tRLO the

region 2 of the |sland shaped

source/drain region of the p-channel TFT. Moreover, in the
region 224 over which only the lower conductive film (TaN
film) 211p of the gate electrode is present, the doping ion
range is extended by the thickness of the TaN film, and the
amount of boron to be actually implanted into the region 224
is smaller than in the source/drain regions 223, whereby the
region 224 will later be the LDD region of the p-channel TFT.
Moreover, a region 220p that is covered with the upper
conductive film (W film) 216p of the gate electrode and is
not doped with boron will later be the channel region of the
p-channel TFT. The concentration of the impurity
(phosphorus) of the source/drain region 223 may be about
1x10%2°/cm® to about 1x102'/cm®. Moreover, the doping process
may be performed in two separate steps using different
acceleration voltages for the source/drain region and for the
LDD region. 1In this process, the semiconductor layer of the
n-channel TFT, which is covered with the mask 221, is not at

all doped with boron 222. Thus, an n-channel TFT and a p-
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sem conductor | ayer 206p of the p-channel TFT that is not nmasked with the

| ower conductive film(TaN filn) 211p of the gate electrode, and the region
223 will later be the source/drain region of the p-channel TFT. Mboreover,
in the region 224 over which only the | ower conductive film(TaN film
211p of the gate electrode is present, the doping ion range is extended by

the thic I | t of boron to be actually
inplanteﬁﬂgﬁﬁgg%H@ﬁfé%?gkgéééioégg%ngf?%ggﬁﬁgh in the source/drain regions

223, whereby the region 224 wll later be the LDD regi on of the p-channel

TFT. Mor r, a I on t |.S; &pver ' t he r ndugtive
film (Wfﬁﬁ?y@ 216|E)ﬁ‘§l t hezté‘g"toe 2‘[%&‘{1?% an%p?ﬁé&gﬁ%t d%gﬁggw- tﬁgborghew’ N

| ater be the.chqﬂnel region of _the %zch%ngfl EFT. The, con entra%ion.of t he
i mpuri ty SUPMEEPRSTLY) BRYERE 858 BEFAVETE O egi UM 2 ACHRY A hECALBEEP 1S
1x1020/cnB to about 1x1021/cnB. Moreover, the doping process may be

per f or nedPEHEFRES e 2F at BSERSpsaWsi AR RFenfUTRAEE) er at FBA v5%ﬁ£§‘é§ for
the source/drain region and for the LDD region. In this process, the

seni conduanngal tyerpxdcese ig-pévhohedFm ahnghrpgepoasdmedpherk whesaask
221, is not at all doped with boron 222. Thus, an n-channel TFT and a p- 70
channel Tdxygam leonmentread dnogésheibol®139] phlenort Hegspiprefeehblent s

added to the sem conductor |ayers are activated. This activation step is
about 0.1 ppm or less) at a temperature of approximately
400°C to 700°C (typically about 500°C to about 550°C). In
the present preferred embodiment, the activation process was
performed by annealing at about 550°C for approximately 4
hours. Note that a laser annealing method or a rapid thermal

annealing (RTA) method may be used as well as the thermal

annealing method.

[0140] Then, the mask 221 is removed, and an interlayer
insulating film is formed. A silicon nitride film, a silicon
oxide fi;m or a silicon nitride oxide film is preferably
formed to a thickness of about 300 to about 1000 nm. In the
present preferred embodiment, a silicon nitride £ilm 225
having a thickness of about 200 nm and a silicon oxide £film
226 having a thickness of about 700 nm were deposited on one
another, thereby providing a two-layer f£ilm. The deposition
process 1is performed by a plasma CVD method to continuously
form the silicon nitride £ilm using SiH, and NH; as material

gases, and the silicon oxide film using TEOS and O, as
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performed by using an annealing furnace. The thermal annealing process is
performed in a nitrogen atnosphere whose oxygen concentration is about 1
ppmor |ess (preferably, about 0.1 ppmor less) at a tenperature of
approximately 400C to 700C (typically about 500C to about 550C). In the
present preferred enbodi ment, the activation process was perfornmed by
anneal i ng at about 550C for_approximately 4 hours. Note that a | aser

anneal i ng"¥RTRL ofagefapi daqfelems t%nﬁéXP e e TR Yen rByUb8tEBed as
well as the thermal annealing nethod. [0140] Then, the mask 221 is renoved,
and an infkkmajsr nathsimitag ftid nthisf obwdd. may spllitegnativelye ¥e | ARYa
silicon oxide filmor a silicon nitride oxide filmis preferably forned to
a t hi cknessheaf sbbtiabB80stidiaboutoh®@@ndmg limstiiat ipreesiiikm pard emagdbe
enbodi nent, a silicon nitride film225 having a thickness of about 200 nm

and a silacom@rs deaét nFildbohayimgleit bagknessimf about 700 nm were
deposited on one another, thereby providing a two-layer film The

deposition process is performed by a plasma CVD nethod to continuously

formthe @i4ijcon miHer deahdtieHSs heatSi e MicbiN31as pdirRrnla #8saboudnd the
silicon oxide f|In1u5|ng TECS and 02 as 71 material gases. Needl ess to say,

the interigyes +8SHbaLENG 00 Id BdrS A9yt | M 180 JeQed1S ndills &Y a steP
alternatively be any other suitable silicon-containing insulating fiTmand

may be of hydrogenating the semiconductor layer. This step is

performed for terminating and inactivating dangling bonds
that deteriorate the TFT characteristics by supplying
hydrogen atoms to the interface between the active region and
the gate insulating £film. In the present preferred
embodiment, a heat treatment was performed in a nitrogen
atmosphere containing about 3% of hydrogen at approximately
410°C for about 1 hour. When a sufficient amount of hydrogen
is contained in the interlayer insulating film (particularly
the silicon nitride f£ilm 225), the effect can be obtained
also by performing the heat treatment in a nitrogen
atmosphere. Other hydrogenation processes that can be used
include a plasma hydrogenation process (using hydrogen

excited by a plasma).

[0142] Then, contact holes are made in the interlayer
insulating film, and an electrode/line 227 of the TFT is
formed by using a metal film, e.g., a two-layer film of

titanium nitride and aluminum. The titanium nitride f£ilm is
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a single-layer filmor a nulti-layer film [0141] Then, another heat
treatnent is perfornmed at about 300C to about 500C for about 1 to several
hours as a step of hydrogenating the sem conductor |ayer. This step is
performed for term nating and inactivating dangling bonds that deteriorate
the TFT characteristics by supplying hydrogen atoms to the interface

between the active region and the gate .i,nsu fil the res nt
et orr o RASESFehiing todn bravantidid ik Wi refion P alnhiRgBLintd
at nosphere contalnlngpgbout 3% of hydrogen at approxi mately 4100 for about

1 hour. VW& &eBdrPREMSHOTantANRT of HydiHdeh £B @&ﬂ%ﬁ%ﬂ&?|PF??@§$nﬂ€rlayer

insulating film(particularly the silicon nitride film225), the effect can
be obt ai eirfetmed bptpeabartn 350t Be flvaat appraximately d nlilwnogemhereby
at nosphere. O her hydrogenation processes that can be used include a plasm

hydr ogenasbpoaimpingeas nushagnaidritgan fekai tednley skopl a@rme)). 2P442hdTlaen,
contact holes are nmade in the interlayer insulating film and an

el ectrodeflémeney @hibherilfd kfankes¥Be byrms) Ng23 R al1ihsfraked. ind
t wo- | ayer fl|ﬁ10f titaniumnitride and alum num The titaniumnitride film

is 72 apperigh T1hW bl q%%@t 'a{%n{ieorfﬁf f YO0 P 81 YT Hﬁg‘eggt Rna he

sen1conductor ayer. Final anneal’ing process I's perfor out

350C for g@géoxkﬂgte 1 ho ecggé égn/216n and 216p for providing

necessary connection between electrodes with the line 227.
Moreover, a protection film made of silicon nitride, or other
suitable material, may be further provided on each TFT for

the purpose of protecting the TFT.

[0143] TFTs produced according to the present preferred
embodiment as described above exhibited substantially no
abnormal increase in the TFT off-state leak current, which
frequently occurs in the prior art, and substantially no
characteristics deterioration was observed in tests for
determining the resistance to repeated operations, the
resistance to bias voltages and the resistance to thermal
stresses. Moreover, as a CMOS circuit having a complementary
set of an n-channel TFT and a p-channel TFT produced
according to the present preferred embodiment was used in
various circuits such as an inverter chain and a ring
oscillator, the circuits exhibited a much higher reliability

and more stable circuit characteristics over the prior art.
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obt ai ning an n-channel thin filmtransistor (TFT) 228 and a p-channel thin
filmtransistor (TFT) 229 as illustrated in FIG 3D. As necessary,
addi ti onal contact holes nay be nade over the gate el ectrodes 216n and 216p
for providing necessary connection between electrodes with the |ine 227.
Moreover, a protection filmmade of silicon nitride, or other suitable

mat et Lal pogly_be bighldiiepr Oedad 0R08RGRATHIEOFashhe BT AR glragiiect | ng

t he TFT. ] TFTS produce I ng the present preferre

d [ | bl ' L N he TFT
o 1t at PR Eof  SHPOSLHER “HRELATRAT oYy Bop S0RRERR v RERRS i th ol
substantially no haracteristics deterioratjon was observed in tests for

det er mi ni HPIHRE} e diSHANEBTTE Fepdbtdll SBEr APHRCt fiRFe r BeiBfa ttheni as
vol tages and the resistance to thermal stresses. Mreover, as a CMOS
circuit rerder ef cobpren®n®@®y%.set of an n-channel TFT and a p-channel TFT
produced according to the present preferred enbodi nent was used in various
circuits such as an inverter chain and a ring oscillator, the circuits

exhi bi t edTRI BRI CPRETHRRED r BMB@BIMENT  and nore stable circuit characteristics
over the prior art. 73 [0144] Moreover, TFTs produced according to the

present [pl45]er r e enbenicemductot udddvieey fameodefiont i vieo TFEhew tthiand

abnormal |eak current, with the defect rate being on the
preferred embodiment of the present invention and a method
for manufacturing the same will now be described. The
present preferred embodiment is also directed to a process of
producing, on a gdglass substrate, a circuit having a CMOS
structure including a complementary set of an n-channel TFT
and a p-channel TFT, which is used in a peripheral driving

circuit of an active matrix liquid crystal display device or

a general thin film integrated circuit.

[0146] FIG. 4A to FIG. 4F and FIG. 5A to FIG. 5E are cross-
sectional views sequentially illustrating steps for producing

the TFTs of the present preferred embodiment.

[0147] Referring to FIG. 4A, a low-alkali glass substrate
was used as a substrate 301. In such a case, the substrate
may be subjected to a pre-heat treatment at a temperature
that is lower than the glass deformation point by about 10°C
to about 20°C. A base film such as a silicon oxide film, a
silicon nitride film or a silicon oxide nitride film is

formed on the TFT side of the substrate 301 for preventing
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order of about 0.0001% TH RD PREFERRED EMBODI MENT [ 0145] A sem conduct or
devi ce according to the third preferred enbodi nent of the present invention
and a nmethod for manufacturing the sanme will now be described. The present
preferred enbodinent is also directed to a process of producing, on a glass
substrate, a circuit having a CMOS structure including a conplenmentary set

of "an n- ahannel £ fildioNet 2aR- ehplrehy TEromMiHe dubdisattd @1 per tRhenal
driving circuit of an active matrix liquid crystal display device or a

gener al’ idudid nbiBEegrBhe it fiidne [ 014U 1 Gn B8Pl e A0l g FRC. 5

to FIG are cross- sectional views sequentia ustrating steps for
producing,_the TFTs, of the present_ preferred enbodi ne [ Q147 ferring to
LG an g oRPUPREFPY,) 85 K EEPPal £ 1rhs Haak SL0A S0Bst BN A 3BIASPA Such
a case, the substrate nmay be subjected to a pre-heat treatnent at a

t enper at (' PaEROASUSIRGr MAAT kHe gP88E @t otii IHpAMd WP arRd 20C to

about 20C. A base filmsuch as a silicon oxide film a silicon nitride film
or a silisegrrukikRsaifiine393 |was sdeposibedopnt hheTEIrgtdbase fhams@B3trate
301 for preventing 74 the diffusion of an inpurity fromthe substrate 301.
In the iasErYy dhera eplasbadCvbninethodi hsday matdeiailt gagesf idfMSikgs
deposited, as a lower first base film 302, by a plasm
and N,O. The thickness of the silicon oxide nitride film of
the first base film 302 was set to about 25 nm to about 200
nm (e.g., about 50 nm), and the thickness of the silicon
oxide nitride film of the second base film 303 was set to
about 25 nm to about 300 nm (e.g., about 100 nm). While a
two-layer base film is preferably used 1in the present
preferred embodiment, a single-layer silicon oxide £ilm, for
example, may alternatively be used. Then, an amorphous
silicon film (a-Si film) 304 having a thickness of about 20
nm to about 150 nm (preferably about 30 nm to about 80 nm) is
formed by a known method such as a plasma CVD method. In the
present preferred embodiment, an amorphous silicon film was
formed to a thickness of about 50 nm. Moreover, the base
films 302 and 303 and the amorphous silicon film 304 may be
formed successively. By not exposing the base films to the
atmosphere after they are formed, it is possible to prevent
the contaminafion of the surface of the base films, thereby

reducing the characteristics wvariations among TFTs produced

and the fluctuations in the threshold voltage.
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CVD net hod using material gases of SiH4, NH3 and N20, and a second base
film 303 was deposited on the first base film302 simlarly by a plasma CVvD
met hod using material gases of SiH4 and N20. The thickness of the silicon
oxide nitride filmof the first base film 302 was set to about 25 nmto
about 200 nm (e.g., about 50 nm, and the thickness of the silicon oxide
nitride fy of t econg basg qfqi | S t fto ég#gﬁ n out
300 nm (e[pg.m,] abo%e?do nﬁ).%\?f\ﬁ le géﬁfpém?){-{\?af?? b%se il mtsqs?prgyéafragglgy used
inthepr@% erk di t LRILe Ll e Sid : OXI hkm for
exanpl e, y a‘ﬁ%ﬁgt{iég ?igg'%us%?. ?ﬁ%ﬁ?hgnbgﬁorphgg édét:;c?(lil]érgé(nﬂgfl énb%a- Si
film 304, havi a,thickness of about 20 nmta.gboyt, 150 nm (preferably
about SOﬁﬁn?%E%%oﬁP §§enﬁpq§?c%(ﬁ#&ﬁP%yaéginEWiﬁﬁgqéﬁ sﬁ%ﬁ EQ%QEBF sma
CVWD nethod. In the present preferred enbodi nent, an anorphous silicon film
was for fetPienh §hik&nesrd of s apbefeSab hvn OB rebyvBeret atepgré selprEedo2 and
303 and the anorphous silicon film 304 may be forned successively. By not
exposi ng fam pubekel | (il o coaltut Bsphetin af St . t hegdaf Bbf or padlafdiumns
possible to prevent the contam nation of the surface of the base filns,

t hereby (miluci hgohhe Kjar anderdogipeas (@) at i quist earmontgi vidlhs, pratdheadumand
the fluctuations in the threshold voltage. 75 [0148] Then, a snmall anpbunt of

gogat al ystrg) eneidaidm’ ey abbymbhmkeds) N 1Peapamsent) pr pigeigdmegbegi nent)

gold (Au), etc., may be used. The addition of a small amount
of nickel 306 was performed by holding a nickel solution on
the a-Si film 304, uniformly spreading the solution across
the substrate 301 by a spinner, and then drying the substrate
301. In the present preferred embodiment, nickel acetate was
used as the solute, water was used as the solvent, and the
nickel concentration in the solution was controlled to be
about 8 ppm. This state is shown in FIG. 4A. Note that
prior to this step, the surface of the a-Si film 304 may be
slightly oxidized with ozone water, or the 1like, so as to
improve the wettability of the surface of the a-Si film 304
in the spin application. The concentration of added nickel
on the surface of the a-Si film 304 in the state as
illustrated in FIG. 4A was about 4x10'” atoms/cm?, as measured
by a total reflection X-ray fluorescence (TRXRF) method.
Methods for adding a catalyst element to an amorphous silicon
film include, in addition to the method of applying a

solution containing the catalyst element, vapor-phase
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I's added to the surface of the a-Si film 304. The catalyst elenment to be
used is preferably one or nore elenent selected fromnickel (N), cobalt
(Co), tin (Sn), lead (Pb), palladium (Pd), iron (Fe) and copper (Cu).

Al ternatively, ruthenium (Ru), rhodium (Rh), osmum (Gs), iridium(lr),
platinum (Pt), gold (Au), etc., may be used. The addition of a small anount

of ni ckel 43061 4851 9T hHALHBASD ] tA50ad pAbkal df 14d WeBioq ! NE JaPor 1! M

304, unlfo y spreadi ng the solution ac oss t he 'su 01 by

spi nner, ryi he, _substr h pr en r
enbodi ment- nlcge?gaéeng an&‘%seﬁﬁgte% 58Fu§ 34. %ﬁg %se&tégnth
sol vent, and the njckel concentration in the solutlon was controlled to be

about 8 phn UPRds st &S| LafowhCi FOBtECIsAhaaBOPRE: ofy  the catetystst ep,
the surface of the a-Si film 304 may be slightly oxidized with ozone water,

or the |i«kementasot be iadieie and Wervalsimally asourtcs sof f §be chtelysi- Si
film304 in the spin application. The concentration of added nickel on the
surface oélément-SanfebansilPdbenatiiedstate as illustrated in FIG 4A was
about 4x1012 atonms /cnR, as measured by a total reflection X-ray
fluorescence (TRXRF) nethod. Methods for adding a catal yst elenent to an
anor phous[0349]) con THen m iancfidet imeatldittne@tremt hd snepéofloohedppiryi am a
sol ution containing the catalyst elenent, vapor-phase 76 application
met hods sigéres axnsatiergopeng. petdiodi t@oya@foratmosphere). The heat
treatment is performed at about 520°C to about 600°C for
approximately 1 to 8 hours. In the present preferred
embodiment, the heat treatment was performed at about 580°C
for approximately 1 hour. 1In this heat treatment, nickel 306
added to the surface of the a-Si f£film 304 diffuses into the
a-Si film 304 while being silicified, and the crystallization
of the a-Si f£ilm 304 proceeds using the silicide as nuclei.
As a result, the a-Si film 304 is crystallized into a
crystalline silicon f£film 304a, as illustrated in FIG. 4B.
Note that while the crystallization process 1is herein
performed in a heat treatment using a furnace, it may
alternatively be performed by an RTA (Rapid Thermal
Annealing) apparatus using a lamp, or the 1like, as a heat
source. In the obtained crystalline silicon f£ilm 304a, the
orientated crystal planes are primarily planes of 111>
crystal zone, and about 50% or more of the regions that are

oriented along the <111> crystal zone planes are regions that

are oriented along the (110) plane or the (211) plane.
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deposition nmethod and a sputtering nmethod. Wen a solution is used, it is
easy to control the anount of the catalyst elenent to be added, and very
smal | amounts of the catalyst elenent can easily be added. [0149] Then, a
first heat treatnment is perforned in an inert atnosphere (e.g., a nitrogen
at nosphere). The heat treatnent is performed at about 520C to about 600C

for, SPPRRIIRIELY 1ch 8 iwian | NadheyRt espRLaRbaLe! [efln enbgdigent » the

heat treatnment was per at about approxi mat el n
thi s heat t.reat ment nickeI%?OG added 't %he urface of _the a-gi film 304
di fuses ST NAALIE; (FRAESER whPFdeRea j°§‘is’| i it ed, *8%d R tained
crystallization _of the a-Si film 304 proceeds using_the silicide as nuclei.
As” a resFiystabline siligeRofile 3048 havie, dpmain diame{eys| PEnaPeMt| con
film304a, as illustrated in FIG 4B. Note that while the crystallization
process i3 Werike mbeek fH9 nmagm- i n a heat treatnment using a furnace, it may
alternatively be perforned by an RTA (Rapid Thermal Anneal ing) apparatus
using a lanp, or the like, as a heat source. In the obtained crystalline
silicon fI0IP0]304a Theve o6i chtlistratgdt dn pFifes 4€e phiemcriygtplades of
<111> crystal zone, and about 50% or nore of the regions that are oriented
al ong t hesxKllildon crfyidimal 32dae jp$ angsratimtrestyi eritht haksear elbghtnt3b alkkong t he
(110) plane or the (211) plane. 77

further crystallize the crystalline silicon £film 304a,

thereby improving the crystallinity thereof. In this step,

XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec)

was used as the laser light. The laser light irradiation was

performed with an energy density of about 350 mJ/cm® to about

500 mJ/cm? (e.g., about 430 mJ/cm?). The laser light was

shaped so as to form an elongated beam spot having a size of

about 150 mm by about 1 mm on the surface of the substrate

301, and the substrate 301 was scanned in the direction that

is substantially perpendicular to the longitudinal direction

of the beam spot and in a line sequential manner with a step

width of about 0.05 mm. Thus, any point on the crystalline

silicon film 304a is irradiated with laser light a total of

20 times. The crystalline silicon film 304a obtained by

solid-phase crystallization as described above is turned into

a crystalline silicon film 304b of a higher quality as the

crystal defects are reduced through the

melting/solidification process by the laser irradiation.

After the laser irradiation process, the crystal orientation
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Mor eover, the crystal domains (regions each having a substantially uniform
orientation) of the obtained crystalline silicon film 304a have domain

di aneters of about 2 pmto about 10 pm [0150] Then, as illustrated in FIG
4C, the crystalline silicon film304a is irradiated with [aser light 306 to
further crystallize the crystalline silicon film 304a, thereby inproving

the crystal | LAL! wrkhangel -clybddismd ou11 46K cafl Tigd apshadevebonat:

308 rim pulse w nsec was use as the laser The | aser |ight

about SO0 6o g °‘5W9ta%%5r*fa§o i EhRh Yol aﬁb‘*‘%e%‘-’hg” 18850 so

as to forman_el on ated eam spot havi ng a size of about 150 m"nby bout 1
nm on t hetSRdiREL THET at €1%§6f have  Reeryfarmad BpHondR” &bgnned

in the direction that | s substantially perpendicular to the |ongitudinal
di rect i ormebtingts okt Epeat han |H¥%qﬁﬁweb¥eqlﬁﬁﬁlf allrgaddatigm om $hep
w dth of about 0.05 mm Thus, any point on the crystalline silicon film
304a is isunflhce edf withke Ica‘ysrtallilg'.lne s ildiein of i1 0304bewitRhanc aystraldge ne
silicon film 304a obtained by solid-phase crystallization as descri bed

above is $uFfigdei Honghhessy/shal | one apydutcon frim Me304abeata i gher qualei ty as
the crystal defects are reduced through the nelting/solidification process

2% te Etealt ?%%nﬁaéﬁéﬁt hRfie OF! ¥hd PrdOSfiidd rF6HE1608 PEREGEs) Ghe theystal
surface irregularities of the crystalline silicon film 304Db

is preferably about 30° to about 70° (about 45° in the

present preferred embodiment).

[0151] Then, a idevice isolation process is performed by
removing unnecessary portions of the crystalline silicon film
304Db. Through this step, island-shaped crystalline silicon
films 307n and 307p are formed, as illustrated in FIG. 4D.
The island-shaped crystalline silicon £films 307n and 307p
will later be the active regions (the source/drain regions
and the channel regions) of the n-channel TFT and the p-

channel TFT, respectively.

[0152] Boron (B) may be added, as an impurity element
giving p-type conductivity, to the entire surface of the
active regions of the n-channel TFT and the p-channel TFT at
a concentration of about 1x10%%/cm® to 5x10'7/cm® for the
purpose of controlling the threshold voltage. Boron (B) may

be added by an ion doping method, or may alternatively be

79



78 of the obtained crystalline silicon film 304b remains to be

that of the

crystalline silicon film 304a before the laser irradiation. However, ridges
have been forned through the nelting/solidification process by |aser
irradiation on the surface of the crystalline silicon film 304b with an

average surface roughness Ra of about 4 nmto about 9 nm The

i nclination

angl e of t rQt r ugi rtions (ridges) in_the surface,irreqularities of
the orysfade ¥l |l PiloneBRis'  Ed9SRkeL st BHER"SEnE, SRBEPRORE  about

450 in the

present. preferred |
processi%&ﬁﬁQQQwéh%ﬁHﬁF 4%9ﬁﬁ&

enbodi ment). [0151] Then, a device isolation
'Hﬂgunnecessary portions of the crystalline

silicon film 304b. Through this step, island-shaped crystalline silicon

films 307 d 307p are forned, as illustrated in FIG 4D.  The
Qb@ﬁ B&F‘I'i R SHHIEan f PRidesEAlmnhazadng i (hicknessheothe

i sl and- st cry?

active regions %the source/drain regions and the channel regions) of the
a

n- channel@

8 fRe tR chReM&El IO nmedpbeouitvelQ0 po1dm e oRTE8pREmy be

added, as an inpurity elenent giving p-type conductivity, to the entire
surface drafferrexttemodimgronls ¥ dépositddnnes dFRJabedinselptthgnfielmTFT at
a concentration of about 1x1016/cn8 to 5x1017/cn8 for the purpose of
control | i3ug t heot Beesthwl dovert ape. disfstalBndrayilbeoaddadmzy 307 oandopi ng

nmet hod, or nay alternatively be

307p to define the active regions. The silicon oxide film

was formed by decomposing and depositing TEOS by an RF plasma

CVD method with oxygen at a substrate temperature of about

300°C to about 450°C. The gate insulating film 308 may

alternatively be any other suitable silicon-containing

insulating film and may be a single-layer film or a multi-

layer film.

[0154] Then, a conductive film (A) 309 and a conductive

film (B) 310 are deposited for forming a gate electrode. The

thickness of the conductive layer (A) 309 may be about 10 nm

to about 50 nm (preferably, about 20 nm to about 40 nm), and

the thickness of the conductive layer (B) 310 may be about

200 nm to about 500 nm (preferably, about 250 nm to about 450

nm). In the present preferred embodiment, a tantalum nitride

(TaN) film having a thickness of about 30 nm and a tungsten

(W) £ilm having a thickness of about 400 nm were formed by a

sputtering method as the conductive layer (A) 309 and the

conductive layer (B) 310, respectively. Then, resist masks
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79 added to the anorphous silicon filmwhen the anorphous silicon filmis
deposited. [0153] Then, a silicon oxide filmhaving a thickness of about 20
nmto about 150 nm (about 100 rimin the present preferred enbodinent) is
deposited, as a gate insulating film 308, so as to cover the crystalline
silicon filnms 307n and 307p to define the active regions. The silicon oxide

film was MeHaP%196CaFROF0 N enQsididy O ghYea D
met hod mn?%f%xyggn é?sagggbst?gfg'téﬁ%eratd?e of aboﬁ?e gég%F?%agggHtGZSOC

The gate C%Q?‘c‘éﬁﬁiﬁ‘ {> Q}??ﬁ 48y i‘h&@%&%h"ghyﬂ&_aﬂ}é;t her suitable

si | i con-cont arni ng n1an e a sing | ayer filmor a
mul ti- |ayer filn1 [ 0154] Then a conductlve film(A 309 and a conducti ve

film(B) @%9 q§f05|ted far féﬂﬁgé&% ated%epctrode Th o e%g ess of
tge t(::ogglu te Ig n('A) a%o 1rﬁay bteha out? 1 s[f zi‘ﬁoulpei fr‘ﬂ I Pér al(oB/,
abou mto a e ness 0 onductive |l .ayer
370"y HEOHEORE  TBO0SRHRL BLEbAHOdE0 R (1 CYSFS bl YIS abSHENSSH o A Iabou
450 nm). In the gresent preferred enbodlnent a tantalun1n|tr|de (TaN)

film havi #§ a2chi CkFess 16f tiso RTSHPHM RFREQCT oM gembadipepts | thenfirsd a

t hi ckness of about 400 nmwere fornmed by a sputtering nethod as the

conduct i vetthing prycgss wasd pheforwaduunder Fiyst eBrhing, coaddiddionss| y.

Then, resist masks
Specifically, the first etching process was performed by an
ICP (Inductively Coupled Plasma) etching method using etching
gases of CF,, Cl, and O, at a flow rate ratio of 25/25/10
(sccm) and by creating a plasma by supplying an RF (13.56
MHz) power of 500 W through a coil electrode at a pressure of
1 Pa. Also to the substrate (sample stage), an RF (13.56
MHz) power of 150 W 1is supplied, thereby substantially
applying a negative self-bias voltage. The W film is etched

under the first etching conditions so as to gently taper the

edges of conductive layers (B) 313n and 313p.

[0156] Then, a second etching process was performed under
the second etching conditions without removing the masks 311n
and 311p. Specifically, the second etching process was
performed for about 30 seconds by using etching gases of CF,
and Cl, at a flow rate ratio of 30/30 (sccm) and by creating
a plasma by supplying an RF (13.56 MHz) power of 500 W
through a coil electrode at a pressure of 1 Pa. Also to the

substrate, an RF (13.56 MHz) power of 20 W is supplied,
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80 311n and 311p are fornmed for formng the gate electrode by a patterning

process, as illustrated in FIG 4E. [0155] Then, a first etching process is

performed for formng the gate electrode and the gate line (scanning |line)

of each TFT. In the present preferred enbodinent, the first etching process
was performed under first etching conditions. Specifically, the first

et chi ng pg,0c : b .| I i yel upl

ot chi ng RPEsr ABERaRT AT Ly SeBl v RHSELYE o By BASE, SeTHBL. i
of 25/25/10 (sccm and by.creating pl sup, ing an RF_(13.56 Mz)
power of VVFH?OHQHQHC¥6VP %Fégkﬁgﬁe @ﬁﬂgigingugéxo% ftﬁg9dAP§86Fo t he
substrate (sanple stage), an RF é13356 MHz) power of 150 Wis suppli ed,

t hereby stibat Gecrad eteping i agndifdgasi Vi sal migess ybnespRerThefWiEd mis
etched wunder the first etching conditions so as to gently taper the edges
of conducand&eClayer3f{&r Bhénedicthid3prddEss,| TaenfilmseddrAd endhiBAgp

process was performed under the second etching conditions wthout renoving

t he masksaBdlformed ¥hbse SPdgésd | Ravby sildee Secfdce einbligapiofcangles
performed for about 30 seconds by using etching gases of CF4 and Cl2 at a

flow ratefaihoupfsgdd/ 89 £666F) 98nd DpngLeathhe 13 BhaHMR ikY FIURPlY Ng an RF
(13.56 WHz) power of 500 W through a coil electrode at a pressure of 1 Pa.

Also to the substrate, an RF (13.56 MHz) power of 20 Wis supplied,
[0157] Then, a third etching process 1is performed.

Specifically, the third etching process is performed by using
etching gases of CF,, Cl, and O, at a flow rate ratio of
20/20/20 (sccm) and by supplying an RF (13.56 MHz) power of
500 W through a coil electrode at a pressure of 1 Pa, thereby
substantially applying a negative self-bias voltage. Under
the third etching conditions, the W films 313n and 313p are
selectively etched with an anisotropy. In this process, the
TaN films 312n and 312p are not etched, and only the W films
313n and 313p are etched laterally, thereby forming W films
314n and 314p. As a result, each edge of the etched W films
314n and 314p has a side surface inclination angle of about
80° to about 90°. Thus, gate electrodes 314n/312n and
314p/312p are obtained, as illustrated in FIG. B5A, each
having a layered and stepped structure including a W film and
a TaN film. These three etching processes may be performed
successively in an etching apparatus. In the present
preferred embodiment, the three-step etching process was

performed continuously in an ICP etching chamber while
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81 thereby substantially applying a negative self-bias voltage. Thus, the
conductive film (A (TaN film 309 is etched under the second etching
conditions in a m xed atnosphere of CF4 and Cl2. After the etching process,
TaN filnms 312n and 312p are forned whose edges have side surface

i nclination angles of about 800 to about 90. Thi s state is shown in FIG

4F. WlS%nché@&véﬁhthn%Hﬂ&' h ré’E@ﬁfnbscBﬁ HRGERG £rffChhLCey %%ft the

third etching process is pérformed by usi ng et chi ng gases of CF4, 2 and

02 at a f|OV\‘fhé’l %é%éhagé (%29/ ZQh%eC rl aggfzgxnéuggl ?1” RF (13.56

MHz) power roug 5 corl S e Pa, thereby
substantially appl ying a negative self-bias voltage. Under the third
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and only th |I 313 313p _are etche Iaterally there fqrmngW
e SMASkRg 313D, ASh (LLHR(  SE8eh TEUGYeSH | 1h ot BEEEPH,  APET Tan and
314p has a si de surface inclination angle of about 800 to about 90. Thus,
gat e el ectpPeerhonus) 3815 difd implanBedpinte dhiai pemicaBdurtast ARYEeFsi n
FIG 5A, each having a |ayered and stepped structure including a Wfilm and
a TaN fi |37 Thesedt B@®ZP etlchi ran pricoesskepirgy e thod ousdchg sudeesgatel vy i n
an etching apparatus. In the present preferred enbodinent, the three-step
et chi ng pséDe€tBod8S 314n/312n and 314p/312p, which are in a two-layer

stepped structure, as masks. In the present preferred

embodiment, the phosphorus 315 doping process was performed

in two separate steps using different acceleration voltages

and different doses. Phosphine (PH3;) was used as the doping

gas. In the first doping step, the acceleration voltage was

set to about 40 kV to about 80 kV (e.g., about 60 kV) and the

dose was set to about 1x10'® cm™? to about 2x10'® cm™

(e.g.,
about 6x10¥® cm™?). In the second doping step, the
acceleration voltage was set to about 80 kV to about 100 kV
(e.g., about 90 kV) and the dose was set to about 5x10'? cm™
to about 5x10'* cm™? (e.g., about 1x10™ cm?). The two doping

steps may be performed successively in the same doping

chamber.

[0159] In the first doping step, a high concentration of
phosphorus is implanted into regions of the semiconductor
layers 307n and 307p that are not masked with the gate

electrodes 314n/312n and 314p/312p, thereby forming heavily-
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performed continuously in an I CP etching chanber while 82 successively
changing the etching conditions fromthe first to the second and then to
the third etching conditions. [0158] Then, as illustrated in FIG 5B, after
the resist masks 311n and 311p are renoved, an n-type inpurity
(phosphorus) 315 is inplanted into the sem conductor |ayers 307n and 307p

by an i onagigpang R0t sk Pg e edalohis @ £6t BAdeS AN/ 312N aRd BLAR3120,

which are 1'h a tmo ayer ~stepped Structure, as mas In the present
preferred t h har 15 _da . f-Qr

two separ a?énR eps @SI h%‘“?f g?ﬁn?’ng%gg gf‘at&o%@%ﬁ%‘%’é@ \Ag%dg%qlfaer%%
doses. Phosphi ne s.used as th I n In the first doping
Step. t hoLAEReFEpbPRgNO ?ﬁr%ewo R LA 03k Tn: B a0 eI IEF . g
about 60 kV) and the dose was set to about 1x1015 cm 2 to about 2x1016 Cl\/l
-2 (e.qg.,thepbouprexi0gsndnriive | fidms sdddnd @dgi ndldpepofi hdhegc@@te ati on
vol tage was set to about 80 kV to about 100 kV (e.g., about 90 kV) and the

dose was skéctoodboareSabhbéfit CMch2ougb aheuﬂoﬁnrob¢HEWGt1w¢1ﬁ}Lmsauamm
1x1014 CM2) . The two doping steps nay be perfornmed successively in the

same dopi 8gd chapper. theteBy | Horhénk r 3t gheNivR@cPedP, nd thipdh Gefirafityat i on
of phosphorus is inplanted into regions of the sem conductor |ayers 307n

and 307p {8gioRLke 319t JRS P W t Rnt K@ P& ond doping step, phosphorus
does not reach regions of the semiconductor layers where the
semiconductor layers are masked with the wupper conductive
films 314n and 314p of the gate electrode, and such regions
of the semiconductor layers are not doped. As a result, the
region 316 of the semiconductor layer 307n of the n-channel
TFT that is doped with a high concentration of phosphorus
will later be the source/drain region, and region 317 that is
doped with a low concentration of phosphorus will later be
the LDD region. Moreover, a region 318n that is masked with
the upper conductive film 314n of the gate electrode and is
not doped with phosphorus will later be the channel region.
At this point, the semiconductor layer 307p of the p-channel
TFT is also doped with phosphorus. In the present preferred
embodiment, the LDD region 317 is formed so as to overlap the
lower portion of the gate electrode. In this way, it is
possible to considerably improve the hot carrier resistanee
and to improve the reliability of the TFT. Moreover, while

the doping step with a low acceleration voltage and a high
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el ectrodes 314n/312n and 314p/ 312p, thereby form ng heavily- 83 doped n-type
I mpurity regions 316 and 319. In the second doping step, a | ow
concentration of phosphorus is inplanted into regions of the sem conductor

| ayers 307n and 307p where the upper conductive filnms 314n and 314p of the
gate electrode are absent, through the | ower conductive filns 312n and

312p, thegspx FOFMEBgml hghh! KedoREY-Bob¥RC redRUN L% peedofeddEiratd i320. In
t he second dopi ng step, phosphorus™ does not ‘reach regions of the
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| ater be the LDD region. Mdreover, a region 318n that is masked with the
upper condeparatefidtemsl4anofthdepyasent| aqurebeeradd embodigendopedt wiitsh
phosphorus will |ater be the channel region. At this point, the

sem condupbesibagerc30Fpraf thiee weghlnadopdd Tregiahs artibpeHewiltightly -
phosphorus. In the present preferred enbodinment, the LDD region 317 is

formed soggpelo Qéﬁﬁbﬁp the a'°§§hgﬂ8fthgbiﬁb t e @At §ye! @i dteihi S
way, it is " possible to considerably inprove the hot carrier resistance
adjusting the acceleration voltage and the dose and utilizing

the difference in ion range corresponding to the thickness of

the lower conductive film of the gate electrode.

[0160] Then, as illustrated in FIG. 5C, a photoresist
doping mask 321 is provided so as to cover the entire
semiconductor layer 307n of the n-channel TFT. Then, an
impurity giving p-type conductivity (boron) 322 is implanted
into the semiconductor layer 307p of the p-channel TFT by an
ion doping method using the resist mask 321 and the gate
electrode 314p/312p of the p-channel TFT as masks. Diborane
(BHs) is used as the doping gas, the acceleration voltage is
set to about 60 kV to about 90 kV (e.g., about 75 kV), and
the dose is set to about 5x10'° cm™? to about 2x10'® cm™ (e.g.,
about 1x10'® cm™?). Through this step, a high concentration
of boron 322 is implanted into a region 323 of the island-
shaped semiconductor layer 307p of the p-channel TFT that is
not masked with the lower conductive film (TaN film) 312p of

the gate electrode so as to cancel the previously-added n-
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and to inprove the reliability of the TFT. Mreover, while the doping step
with a | ow accel eration voltage and a high 84 dose for formng a
heavi | y-doped region is performed first in the present preferred

enbodi ment, the doping step for formng a lightly-doped region may
alternatively be perforned first. Moreover, while the doping process is

per f or medeype t Wﬁlpui‘@.ﬂ%" A FhSEFRSThE) t BRI Bseatt PrakersSthePpdithRReori t 1S
e

possible to formthe avi |l y-doped region and the lightly- doped region in a

si ngl e dopi WOr ly. dj AWals Gel e Lan I e and
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t hi ckness_ of tPﬁrlomer conduct'v§¥5iln10ﬁ t he gqﬁg,eLe rode. [0160] Then,
as illustTRET s T88°R ﬁﬁ t orSsi R C %%ﬁ?%g sk 3 rFQVS ovittd¥o as
to cover the entire sem conductor |ayer 307n of the n-channel TFT. Then, an
i mpurity TN ﬁzﬁyp%v%n&’ﬁ‘éﬁl\/i‘??ll(b&%)lmri sopgyciAived £1Heo (TRY

sem conduct or | ayer 307p of the p-channel TFT by an ion doping nmethod using
the resi stilmkk232p afid thee gate edpotrerdde iB®14yeExyt of théredppéhgnden TFT
as nmasks. Di borane (B2H6) is used as the doping gas, the acceleration
vol t age isanget ikoeatendedl HyV tloe abhiitkAOskVofe.the TANUEiTib, k¥hd &hd t he
dose is set to about 5x1015 cm-2 to about 2x1016 cn®2 (e.g., about 1x1016

cm 2) . Thipeeit t BESberBR, td Wdlaanten} raipPantdd PREONtBE2rk§ibiP k24t ed

into a region 323 of the island-
is smaller than in the source/drain regions 323, whereby the
region 324 will later be the LDD region of the p-channel TFT.
Moreover, a region 318p that is covered with the upper
conductive f£ilm (W £ilm) 314p of the gate electrode and is
not doped with boron will later be the channel region of the
p-channel TFT. Moreover, the doping process may be performed
in two separate steps using different acceleration voltages
for the source/drain region and for the LDD region. In this
process, the semiconductor layer 307n of the n-channel TFT,
which is entirely covered with the mask 321, is not at all

doped with boron 322. Thus, an n-channel TFT and a p-channel

TFT can be produced together.

[0161] As described above, an n-type impurity and a p-type
impurity are implanted while each region that does not need
to be doped with the impurity is covered with a photoresist,
whereby the impurity elements are selectively implanted to
form an n-type impurity region and a p-type impurity region.

Note that n-type and p-type impurity elements are preferably
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shaped sem conductor |ayer 307p of the p-channel TFT that is not masked
with the | ower conductive film(TaN filn) 312p of the gate electrode so as
to cancel the previously-added n- 85 type inpurity (phosphorus) and invert
the polarity thereof ("counter doping”), and the region 323 will later be
the source/drain region of the p-channel TFT. Moreover, in a region 324

over whi cq@ddYy1ihhenioveraeendycth¥esbnliBbhdabtol halesl iR hd Bt
el ectrode is present, the doping ion range is extended by the thickness of

the TaN [it8teRPa! Ripopiiiale Ofcihor 88ab0 % aftakinatll A ehyigt duiihe

region 324" 1s snmaller than in the source/drain regions ereb
region 324 wll_1later ge theﬁbDD region ofttge p-%hannel TET. Mbreqver, a
regi on 318}t haP®i s SBVEFRINGH: h PRETABPAAtetEnduPive FACH (WARSSHES14p of
the gate electrode and is not doped with boron will |ater be the channel
regi on of BPPELCELEABANel TFT. Mreover, the doping process may be performed
in two separate steps using different acceleration voltages for the
source/drain region and for the LDD region. In this process, the
seni conduldds?] | ayerhegn7 mbEex hehe- Epahfk| mask 32hiehIpBoFsd.r & PesORs ed
with the mask 321, is not at all doped with boron 322. Thus, an n-channel
TFT and aheathimealtmentT isnrpeef predcéd @ogdnant aDNesphaseddecli-bed
above, an n-type inpurity and a p-type inpurity are inplanted while each
regi on t hattdogennatmoasptere) . In the present preferred embodiment,
the heat treatment is performed at about 520°C to about 600°C
for about 30 minutes to about 8 hours. In this heat
treatment step, phosphorus implanted into the source/drain
region in each of the semiconductor layer 307n of the n-
channel TFT and the semiconductor layer 307p of the p-channel
TFT increases the solid solubility of the region for nickel,
so that nickel is moved from the channel regions 318n and
318p to the LDD regions 317 and 324 and then into the
source/drain regions 316 and 323 as indicated by arrow 325,

thereby performing a gettering process, as illustrated in

FIG. 5D.

[0163] In the gettering process, first, nickel present in
the form of solid solution in the channel regions 318n and
318p and the LDD regions 317 and 324 is moved 1into the
source/drain regions 316 and 323. As a result, the nickel
concentration is decreased in the channel regions, whereby Ni

silicide masses remaining therein start dissolving in the
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to be doped with the inpurity is covered with a photoresist, whereby the
Impurity elenents are selectively inplanted to forman n-type inpurity

region and a p-type inpurity region. Note that n-type and p-type inpurity
el enents are preferably 86 added in this order to the sem conductor | ayer
in the present preferred enbodinent, the order is not limted to this but

nmay be deigsfAEdréPPERS! | atBEN, feneeﬁém§pa<ilsfsbgveapnlll @dbmen ark0kGdb Then,
after the resist mask 321 is renoved, a second heat treatnent is per f or med

in an '”355\;%2, PgPS et e ( (Sofiree drHihr%SEoﬁE”ﬁiﬁhﬁhﬁ) 328" ! BGRTRanY,

preferre di nment, e heat treatment 1s perfornmed at about 520Cto

about 60 fo 0 m_nut es oyt this_heat treatjrent
Step, phd S SLL 8RR A0S ILIULES L SO e S oML oblahlh o hERbnl ST
sem conductor | ayer 307n of the re-_channel TFT and _the sem conductor_ | ayer

307p of tHRepCeREGRREFAtELR |GfcrBALLL-EALUELPR 4 GG 118 yabPot FEIMEGTon T or

ni ckel, so that ni ckel is noved fromthe channel regions 318n and 318p to
the LDD rdg)i nsreayl tind singegmiekeh dist gnevibng sdivtee/ thei §ouagieddradne and
323 as indicated by arrow 325, thereby performng a gettering process, as
i1 lustrateegions FI316 5Cand 013833, | ntHehe myetkedr | rypnueocasstidn rsits  @bolad]
present in the formof solid solution in the channel regions 318n and

1x10'°/cm® or more in the source/drain regions 316 and 323.

[0164] This heat treatment step also activates the n-type
impurity (phosphorus) doped into the source/drain region 316
and the LDD region 317 of the n-channel TFT and the p-type
impurity (boron) doped into the source/drain region 323 and
the LDD region 324 of the p-channel TFT. As a result, the
sheet resistance value of the source/drain region 316 of the
n-channel TFT was about 500 () /square to about 800 {/square,
and the sheet resistance value of the source/drain region 323
of the p-channel TFT was about 1 kf{/square to about 1.5
k{2/square. Moreover, the sheet resistance value of the LDD
region 317 of the n-channel TFT was about 30 k{Q/square to
about 50 k€ /square, and the sheet resistance value of the
LDD region 324 of the p-channel TFT was about 10 Q/square to

about 20 k{/square.

[0165] Then, as illustrated in FIG. B5E, an interlayer
insulating £ilm is formed. A silicon nitride f£ilm, a silicon

oxide film or a silicon nitride oxide f£ilm is formed to a
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318p and the LDD regions 317 and 324 is noved into the source/drain regions
316 and 323. As a result, the nickel concentration is decreased in the
channel regions, whereby Ni silicide nasses renmining therein start

di ssolving in the 87 channel regions. Then, the newy dissolved Ni atons
are also noved into the source/drain regions 316 and 323. Eventually, N

si licide fResRse 8 otCHBYRY 10@MHhe & 1666 OBR. (R981ckASyCORERA ati on

of solid-solution nickel is also reduced. As a result, “Since nickel

ViR 05! M OUBeShOBRLT 1069, ARy 210 a3l STA {Beclslel peapaget o

i's about of nore in the's

[01641 Thi

rain regions

s. heat treatnent .step al,sqo actjivate e n-type .| rit
(phosphorﬂ@?°§bﬂ%ﬂ£in?osﬁhécgauﬂ&ﬁﬁﬁQﬁr#%%ﬂﬁi%gga Vl%%datﬁbgggﬁeﬁégpéh 317
of the n-channel TFT and the p-type inpurity (boron% doped into the

8

sour ce/ dralPPut edPBnnm2angn@ siHdqam qxifiefBim 327t

vinghanASLckIeSsAs a

result, the sheet resistance value of the source/drain region 316 of the

n- channel of Flahwast abft B0 @etequdeposbtafoudn 80the) /agoptdres;,

dhertefipy sheet

resi stance val ue of the source/drain region 323 of the p-channel TFT was
about 1 kp¥suuairgt caabews -layer KW BIpar e. THY e@epos iltieos healodeds stiance
val ue of the LDD region 317 of the n-channel TFT was about 30 kU square to

about 50 kiksapaes. tANdat pAaSRREt CVES BtdRe ¥4 WontinudRis kD580 @he324 Of

t he p-channel TFT was about 10 Q /square to

silicon nitride film using SiH, and NH; as material gases,

and the silicon oxide film using TEOS and O, as material

gases. Needless to say, the inorganic interlayer insulating
film may alternatively be any other suitable silicon-
containing insulating film and may be a single-layer film or

a multi-layer f£ilm.

[0166] Then, another heat treatment is performed at about
300°C to about 500°C for 1 to several hours as a step of
hydrogenating the semiconductor layer. This step is
performed for terminating and inactivating dangling bonds
that deteriorate the TFT characteristics by supplying
hydrogen atoms to the interface between the active region and
the gate insulating £film. In the present preferred
embodiment, a heat treatment was performed in a nitrogen
atmosphere containing about 3% of hydrogen at about 410°C for
approximately 1 hour. When a sufficient amount of hydrogen
is contained in the interlayer insulating film (particularly

the silicon nitride film 326), the effect can be obtained
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about 20 kU square. [01651 Then, as illustrated in FIG 5E, an interlayer
insulating filmis formed. A silicon nitride film a silicon oxide filmor
a silicon nitride oxide filmis formed to a 88 thickness of about 400 nmto
about 1500 nm (typically, about 600 nmto about 1000 nm. In the present
preferred enbodinment, a silicon nitride film 326 having a thickness of

about 2005156 aBY a pHddAMAMY Oend | | ALdR7 RaWdttent! hifkness nQlrabaut 700
nm wer e deposited on one another, thereby providing a two-layer fil'm The

deposi 1 ouREOERstel S AMEOTIFEL BYedsPL AR TR OUBLIRENIA Caft bBUMMY form

the silicon nitride filmusin an as material gases, an

silicon oxid I I m usi TECS.and 02 as_ aterial ases. Needl ess to say,
The | nor GLAFLR: oPi aPRBSmRs LI SAeT T} {hoy LR ef Aat L #8H O be PR oGeRo:
suitable silicon- containing insulating filmand may be a single-layer film
or a mul 8¥ciE§@rbYi PAASPB166] Then, another heat treatnent is perforned at
about 300C to about 500C for 1 to several hours as a step of hydrogenating
t he sem conductor |ayer. This step is perforned for termnating and

i nact i vat i087dangl ThRp borkpRtagiat hekes | 3La e Rade TAR cifieacddtesliayerny

suppl ying hydrogen atons to the interface between the active region and
the gate insulating ffikm. | andheapr ed@ntyeds/diingd 328 of the TFT is

formed by using a metal film, e.g., a two-layer film of
titanium nitride and aluminum. The titanium nitride film is
a barrier film for preventing the diffusion of aluminum into
the semiconductor layer. Finally, an annealing process is
performed at about 350°C for approximately 1 hour, thereby
obtaining an n-channel thin film transistor (TFT) 329 and a
p-channel thin f£ilm transistor (TFT) 330 as illustrated in
FIG. 5E. As necessary, additional contact holes may be made
over the gate electrodes 314n and 314p for providing
necessary connection between electrodes with the line 328.
Moreover, a protection film made of silicon nitride, or other
suitable material like, may be further provided on each TFT

for the purpose of protecting the TFT.

[0168] An n-channel TFT and a p-channel TFT produced
according to the preferred embodiment as described above
exhibited very desirable characteristics with high field-
effect mobilities of about 250 cm?/Vs to about 30 cm?/Vs and

about 120 cm?/Vs to about 15 cm?/Vs, respectively, and with
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enbodi ment, a heat treatnent was perforned in a nitrogen atnosphere

cont ai ni ng about 3% of hydrogen at about 410C for approximately 1 hour.
When a sufficient anobunt of hydrogen is contained in the interlayer
insulating film(particularly the silicon nitride film 326), the effect can
be obtained 89 also by performng the heat treatnent in a nitrogen

at nospher e rLE5R81 aNY YGRS ONoPr 06Beaes thatycanple ussshti nchude g plasma
hydr ogenati on process (using hydrogen excited by plasma). [01671 Then,

contact h e i inger R I '..'mﬁPq .
el ectrode %?é%ééggggg't h&%‘?g'flg?‘% l;fyﬁts%i %hgg%r{é%gl S maq{ek.lgél,lya
two-layer film of itaniumnitri and al ym num, The titaniummnitride film
o a bar BPCPORSFRALOLARFBRER Mg thfre TATF P BTA0E del ety WHeD

sem conductor layer. Finally, an annealing process is perfornmed at about
350C for GPPEABRRERYel9CAURDUD t ReeBTrieht &4fingahf nsebhakartiahiv Ma m
transistor (TFT) 329 and a p-channel thin filmtransistor (TFT) 330 as

i |l ustratebdaractprGstiEs Adeterdogatyonaddiasi owdiseawedactitholtesttany flmgr nade
over the gate electrodes 314n and 314p for providing necessary connection

bet ween efeecermiAasny t khiehe Hdgissthtfce Mdd eOx¥@peaeflr Obpetradiond, m raade of
silicon nitride, or other suitable material |ike, may be further provided

on each TELsik@hnthe t¥IrBRag AfoPFESt ARG tH8e TREsistance to thermal
stresses. Moreover, as a CMOS circuit having a complementary
set of an n-channel TFT and a p-channel TFT produced
according to the present preferred embodiment was used in
various circuits such as an inverter chain and a ring
oscillator, the circuits exhibited a much higher reliability
and more stable circuit characteristics as compared to the

prior art.

[0169] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of about 0.0001%.

FOURTH PREFERRED EMBODIMENT

[0170] A semiconductor device according to the fourth
preferred embodiment of the present invention and a

method for manufacturing the same will now be described. The

present preferred embodiment is also directed to a process of

producing, on a glass substrate, a circuit having a CMOS
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[0168] An n-channel TFT and a p-channel TFT produced according to the
preferred enbodi nent as descri bed above exhibited very desirable
characteristics with high field- effect nobilities of about 250 cn2/Vs to
about 30 cn/Vs and about 120 cn/Vs to about 15 cnR/Vs, respectively, and
with 90 threshold voltages of about 1 V and about -1.5 V, respectively.

Mor eover , s thgs€udE Ton€XhaPhbed s Adthdtdyy BeralRordml nisgagAse ikt he

TFT off-state | eak current, "which Tfrequently occurs in the prior art, and
substantiéﬂéy'gﬁLcﬁ 2ftpfpstics deterioration was observed in tests for
determ ni ng the’r stancé to repeated operations, the resistance to bias
vol tages and the resistance to thernal stresses. Mreover, as a CMOS

circuit b0 a I r set. 0 =Cchapn a - el TFT
producedqﬁgz ordi%gﬁﬁoq?ﬁgaﬁﬂﬁg%hté%wéﬁgp$g%'e?%og%nggg'ng %ggd%?%ggvarious
circuits such, as an | nverter chEln fnd_glrigg oscilkator the circuyits
exhi bi t ed®SCTERP2hi TheVs (2eTUBR FH e} 1Y ahd I HEFRaLE88) 8tEPPc GO PRIAYELES sti cs
as conpared to the prior art. 0169% Mor eover, TFTs produced according to
the presetite PFES c?f cth@nPBRSeR Rt PraEeHEEE oBPOALB&NEef ective TFTs with an
abnormal leak current, with the defect rate being on the order of about

0.0001% FOURTH PREFERRED ENMBODI MENT
[0172] Referring to FIG. 6A, a base film such as a silicon

oxide film, a silicon nitride film or a silicon oxide nitride
film is formed on the TFT side of a low-alkali glass
substrate 401 for preventing the diffusion of an impurity
from the substrate 401. In the present preferred embodiment,
a silicon nitride film was deposited as a lower first base
film 402, and a silicon oxide film was deposited as a second
base film 403 on the first base f£ilm 402. The silicon oxide
nitride films of the first base film 402 and the second base
film 403 were formed successively by a plasma CVD method both
to a thickness of about 100 nm, for example. Then, an
amorphous silicon film (a-Si film) 404 having a thickness of
about 20 nm to about 100 nm (e.g., about 50 nm) is formed.
The base films 402 and 403 and the a-Si film 404 may be

formed successively.

[0173] Then, a small amount of a catalyst element (nickel
in the present preferred embodiment) 406 is added to the
surface of the a-Si film 404. The addition of a small amount

of nickel 406 was performed by holding a nickel solution on
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[0170] A sem conductor device according to the fourth preferred enbodi nent
of the present invention and a nethod for manufacturing the sanme wl|
be described. The present preferred enbodinment is also directed to a
process of producing, on a glass substrate, a circuit having a CMOS 91

structure including a conplenentary set of an n-channel

now

TFT and a p-channel

TFT. [017d4e FhGsi6A i1 F4b4 , 6@rambinlls FPréadbh§ tHe 8616t 0686- ageolsisonal

views sequentially illustrating steps for producing the TFTs of the present
DFEferredtﬁ%“%ﬁ%é%%&te[9&12$YF€f§Pihﬂ9rtOaEthh@ﬁ d%y9ﬁ§9t5b|@h%%%Qa%% a
silicon oxide film a silicon nitride Imor a SI|ICOﬂ OXIde nitride film
S forned | ub

preventlng r%? €LS| 985 t pkgﬁﬁ?%éﬁ E??%ﬁ?@ﬁe% stra e%%%fa% wfse
present pref rred enbodlnent # %on nitride f|In1 osited as a

| over firR¥eheiably; PRfdoss aﬂbe asg PE€onVatede WaT RT& S i PE§%a&Sa
second base film403 on the first base film402. The silicon OXIde nitride

filnms of the Feleenbasandi the4d2ckad FRBCSBESAJLIBASAD fthemsedRtiene YRS ned

successively by a plasma CVD net hod bot h

for exanptentiitithedato deorgpbowt §8i ppoon fThis (at8itef illgr)sHeWn hani §gGa
t hi ckness of about 20 nmto about 100 nm (e.g., about 50 nn) is forned.
The base éA] NnsTHE2candeh®@Taridnt F aadied ilieKdY omythe surface of the

a-Si film 404 in the state as illustrated in FIG. 6A was
about 4x10'? atoms/cm?, as measured by a total reflection X-

ray fluorescence (TRXRF) method.

[0174] Then, a heat treatment is performed in an inert
atmosphere (e.g., a nitrogen atmosphere). The heat treatment
is performed at about 520°C to about 600°C for approximately
1 to 8 hours. In the present preferred embodiment, the heat
treatment was performed at about 550°C for approximately 4
hours. In this heat treatment, nickel 406 added to the
surface of the a-Si film 404 diffuses into the a-Si film 404
while being silicified, and the crystallization of the a-Si
film 404 proceeds using the silicide as nuclei. As a result,
the a-Si film 404 is crystallized into a crystalline silicon
film 404a, as illustrated in FIG. 6B. In the obtained
crystalline silicon film 404a, the orientated crystal planes
are primarily planes of <111> crystal zone, and about 50% or
more of the regions that are oriented along the <111> crystal

zone planes are regions that are oriented along the (110)

93
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formed successively. [0173] Then, a small anount of a catal yst el enent
(nickel in the present preferred enbodinent) 406 is added to the surface

of the a-S

fi

| m404. The addition of a snmall ampbunt of nickel 406 was

performed by holding a nickel solution on 92 the a-Si film404, uniformy
spreading the solution across the substrate 401 by a spinner, and then

drying thg) 84051t €ne40d211) bhGnk' €SeMorIRi | €€ns paRA . ddhialiels
preferably used as the solute, water was preferably used as

{he sol vepteqRBAiet BER! 59 nEOU SN AN 1Ay NEn PLLL' 80,8R% 2ca0R)" gl ed Lo

acet ate was

hiI's "st a [

€ concentration of added

ni ckel on the surface_of the =S film404 in_the state as illustrated in
FIG 6A wHe aBBl[:?lﬁﬁioﬁrXFBﬁg}&ﬁE, TRELE e By 4045, ahaver | SOMRIR X,
ray fluorescence (TRXRF%?nethod. 0174] Then, a heat treatnent is perforned

in an i negiamgtasspatre

Btg2 nR ket 2BYBR 4PnB®phere). The heat treatnent

Is perfornmed at about 520C to about 600C for approximately 1 to 8 hours. In

t he present
550C for HJ

75

eferred enbodi nent, the heat treatnent was perforned at about
xi mekR8Y., 4 asnobtdustratads Heat' IGreabfentthe cxastadd ingded to

the surface of the a-Si film404 diffuses into the a-Si film404 while
bei ng sil$&tlicen, Ghknt H94@r yisal irpadiabedf witdh al8iserf i Lhghd4 40 Dcdeds
using the silicide as nuclei. As a result,

further crystallize the crystalline silicon film 404a,

thereby improving the crystallinity thereof. In this step,

XeCl excimer laser (wavelength: 308 nm, pulse width: 40 nsec)

was used as the laser light. The laser light irradiation was

performed with an energy density of about 400 mJ/cm’. The

laser light was shaped so as to form an elongated beam spot

having a size of about 150 mm by about 1 mm, and the

substrate was scanned in the direction that is substantially

perpendicular to the longitudinal direction of the beam spot

and in a line sequential manner with a step width of about

0.05 mm. Thus, any point on the crystalline silicon film

404a is irradiated with laser light a total of 20 times. The

crystalline silicon film 404a obtained by solid-phase

crystallization as described above is turned into a

crystalline silicon film 404b of a higher quality as the

crystal defects are reduced through the

melting/solidification process by the laser irradiation.

After the laser irradiation process, the crystal orientation

of the obtained crystalline silicon film 404b remains to be

94



the a-Si film404 is crystallized into a crystalline silicon film404a, as
illustrated in FIG 6B. In the obtained crystalline silicon film 404a, the
orientated crystal planes are prinmarily planes of <111> crystal zone, and
about 50% or nore of the regions that are oriented along the <111> crystal
zone planes are regions that are oriented along the (110) 93 plane or the

(211) pl apeat MBECQIRS , cEPELELYSha! sdanRiohs £{1RJUORE QrHblAViRg daser
substantially uniformorientation) of the obtained crystalline silicon film

404a have; dolw fi 3 Gh ?mt}ﬁfv%\fgr,abﬁ?&!lhgasprﬂsé\fé aBgeh g [fdfedgheRe as

illustrated in FIG 6C, the crystalline I11con film404a is irradiated

I

with laser Jight 407.to_.further crystalljze e crystalli i1icon,film
404a, trﬁﬁiﬁébgﬁ%ﬁﬁ%éﬁﬁl%%elC?yéFé%%%ﬁt?ytﬁ%gg% .X%ﬁgp ngg eﬁ%l %E&
exci mer |aser (wavel ength: 308 _nm pulse wi dth;_ 40 nseca_ was used as the
| aser |igfiTEatR Phséhe| cgustadiddearsidi Ry £Hn 1 40 dRaWhihnakn a¥REAGS
density of about 400 mlJ/cnR. The laser |ight was shaped so as to form an
el ongat edcsWekaee paroughngsfy Basiok gbosfout MO @ b§bavbut? 1nkm adBet he
substrate was scanned in the direction that is substantially perpendicul ar
to the | cmciimatbdn dangtei off dhet prdizamiispptporntons 4ridges$eduerthiea
manner with a step width of about 0.05 mm Thus, any point on the
crystal ITLm:rﬁ&éé ceRrbigulard@4asi of rthdi argdtWliinleaseilidant £81mouaubof 20
times. e

is preferably about 30° to about 70° (about 45° in the

present preferred embodiment).

[0176] Then, a device isolation process is performed by
removing unnecessary portions of the crystalline silicon film
404h. Through this step, island-shaped crystalline silicon
films 407n and 407p are formed, as illustrated in FIG. 6D.
The island-shaped crystalline silicon films 407n and 407p
will 1later be the semiconductor layers (the source/drain
regions and the channel regions) of the n-channel TFT and the

p-channel TFT, respectively.

[0177] Boron (B) may be added, as an impurity element
giving p-~type conductivity, to the entire surface of the
semiconductor layers of the n-channel TFT and the p-channel
TFT at a concentration of about 1x10**/cm® to about 5x10'7/cm?
for the purpose of controlling the threshold voltage. Boron
(B) may be added by an ion doping method, or may

alternatively be added to the amorphous silicon film when the
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crystalline silicon film404a obtained by solid-phase crystallization as
descri bed above is turned into a crystalline silicon film 404b of a higher
quality as the <crystal defects are reduced through the
melting/solidification process by the laser irradiation. After the |aser

i rradi ati on process, the crystal orientation of the obtained crystalline
silicon fghafﬁﬁgasrgﬂmiagntgimﬁ i84agkpakiekat.he crystalline silicon film
404a before the laser irradiation. However, ridges have been forned through
the nmelting/ solidification process by laser irradiation on the surface of
the crystghhgpe sitn&on & | 81 #08bnWidAi @ 8Yemadeavinl f acethoophesss dta of
about 4 nmto about 9 nm The inclination angle of the protruding portions
(ridges) LpohPe 205Unhace i 4669t abit ife ehoble Crod!t all 11 &hbi GRRdddtm 404b
is preferably about 300 to about 70 (about 45 in the present preferred

o0t mebbebdLLR] odB8RInEnd5Y 60 AbBOLILEAN BLOGCHRLS ARG i1

renovi ng unnecessary por o] e-crystal'l ine sifl'icon
this step, |sland-shaped crystalline silicon, fil 407n d 407p ar.e
formed GA0BY| 36 AR AP | SOPFE: ThE. Seme e ket er $008: Arie BB -con

films 407n and 407p wll later be the sem conductor |ayers (the
sour ce/ dr BRAn. r agreRdughdvenéidmaifdl 408gpadsp sondNEtiven THEN the

p- channel TFT, respectively. .
are deposited for forming a gate electrode. In the present

preferred embodiment, a tantalum nitride (TaN) film having a
thickness of about 30 nm and a tungsten (W) £film having a
thickness of about 400 nm were formed by a sputtering method
as the conductive layer (A) 409 and the conductive layer (B)
410, respectively. Then, resist masks 411n and 41lp are
formed for forming the gate electrode by a patterning

process, as illustrated in FIG. 6E.

[0179] Then, a first etching process is performed for
forming the gate electrode and the gate line (scanning line)
of each TFT. Also in the present preferred embodiment, a
three-step etching process was performed by an ICP
(Inductively Coupled Plasma) etching method in a manner
similar to that of the third preferred embodiment. First, as
illustrated in FIG. 6F, the W film is etched in the first
etching process so as to gently taper the edges of conductive
layers (B) 413n and 413p. Then, in a second etching process,

the conductive film (A) (TaN film) is etched so as to form
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[0177] Boron (B) may be added, as an inpurity elenent giving p-type
conductivity, to the entire surface of the sem conductor |ayers of the
n-channel TFT and the p-channel TFT at a concentration of about 1x1016/cnB
to about 5x1017/cnB for the purpose of controlling the threshold voltage.
Boron (B) nmay be added by an ion doping nethod, or may alternatively be

added to 4 ou i f V\:Bﬁ.n: | degmis
deposi ted Olggirpéllheﬁl% Sl coinﬁtg fél%]mehdq% ng a |§<?eéss%gl about 20
nmto about abou 100.n t he, present terred enbodi ment) is
deposi t ed "% l%agé?é ?rﬁg Pat ?ﬁ-gg}’f’}lﬁt Q§O to 8B gt 3%cdver t he seni conduct or

| ayers 407n and 407p. Then, a conductive film (A 409 and a conductive film

(B) 410 dep ted for rmn ate_el ectrode. he esent
pr ef erreoﬁi odi né#ﬁ R} ?aﬁﬁ‘%‘@n%%’%ﬁ% PFIRESPi M t%‘?/lf tﬁPcIHP@é:s of
about 30 nmand a tungsten fi I m having a _ thi ckness of about 400 nm were
formed bythesput f&imig 4tthodndadiin éﬁﬁdﬁ%%t:'r‘éw CAFPhEGo whbh ¢ RE
conductlve | ayer (B) 410, r_espectlvely Then, resist masks 411n and 411p
are forneel$eErepym n§nt hblgapﬁoéﬁéétr ste B'?Nafﬂémseﬁmzm angk 3d&ps args
illustrated in FIG 6E. [0179] Then, a first etching process is perforned
for formoy eltehgst.,c ahdcbndge tred WheEidatse 413 @adantil3m hreeketahfedach
TFT. Also in the present preferred enbodi nent, a
laterally, thereby forming W films 414n and 414p whose edges
have side surface inclination angles of about 80° to about
90° . Thus, gate electrodes 414n/412n and 414p/412p are
obtained, as illustrated in FIG. 6G, each having a layered

and stepped structure including a W £film and a TaN film.

[0181] Then, after the resist masks 411n and 411p are
removed, a photoresist doping mask 415 with an even thicker
side wall is provided so as to cover the gate electrode
414p/412p in the p-channel TFT, with only a peripheral
portion of the semiconductor layer 307p being exposed, as
illustrated in FIG. 7A. Then, an n-type impurity
(phosphorus) 416 is implanted into the semiconductor layers
407n and 407p by an ion doping method using the gate
electrode 414n/412n, which 1is in a two-layer stepped
structure, and the resist mask 415 as masks. Also in the
present preferred embodiment, the phosphorus 416 doping
process was performed in two separate steps using different

acceleration voltages and different doses. The doping
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three-step etching process was perforned by an ICP (Inductively Couple
Plasma) etching nmethod in a manner simlar to that of the third prefer
enbodiment. First, as illustrated in FIG 6F, the Wfilmis etched in

first etching process so as to gently taper the edges of conductive

(B) 413n

and 413p. Then, in a second etching process, the conductive f

d

red
t he
ayers
ilm

(A) (TaN ptb8dsi S walsChedr8Orm&d t antieirM s 36 1aN Ebhas t4628 afyl ¢#AdBe WeEse

edges have side surface inclination angles of about 80 to about 90. [O

Then, a tpﬁ

413p are
films 31
et ched

film [018a} waskedavith the Baseselpaskedgl #d4add12mp therehye fPrEH NG
phot oresi st dopi ng mask 415 with an even thicker side wall is provided
as to cover helawidat-cdloglest tm otigpe 41hipi4i2y imrediven p4tAanneln TEhe wedonshl y a
peri pheral portion of the sem conductor |ayer 307p bei ng exposed, as

i Il ustrat@adpifigFl Step/ pheephafuB-type hfiplanittd through the lower

conductive film 412n of the gate electrode into a region
where the upper conductive film 414n of the gate electrode is
absent, thereby forming a lightly-doped n-type impurity
region 418. In the second doping step, phosphorus does not
reach regions of the semiconductor layers where the
semiconductor layers are masked with the upper conductive
film 414n of the gate electrode, and such regions of the
semiconductor layers are not doped. As a result, in the
semiconductor layer 407n of the n-channel TFT, a portion of
the region 417 that is heavily doped with phosphorus will
later be the source/drain region, and a region 418 that is
lightly doped with phosphorus will later be the LDD region.
Moreover, a region 419n that is masked with the upper
conductive film 414n of the gate electrode and is not doped
with phosphorus will later be the channel region. On the
other hand, in the semiconductor layer 407p of the p-channel
TFT, a region that is covered with the resist mask 415 is not

doped with phosphorus, and only a region 420 that is not
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diRiEHi PFePeReES dnp R8Nt ®d 5P that £ithe Wobiihgs «AE3N and

se%ectlvely etched with an anisotropy. In this procéss, the TaN

Pt i e e R P ot e s

side surface jnclination angles of about 80 to about
el ect r ode®f 412/ FeP3 CRRGUELRY) ARV A0 T % HRY, Nas

each having a | ayered
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(phosphorus) 416 is inplanted into the sem conductor |ayers 407n and 407p
by an ion doping nethod using the gate electrode 414n/412n, which is in a
two-| ayer stepped structure, and the resist mask 415 as masks. Also in the
present preferred enbodi ment, the phosphorus 416 doping process was
performed in two separate steps using different acceleration voltages and

di fferentmslness. wiltd 0o NetesIStPIMESSS 498S Der operd wider phblphaikus.
conditions to those of the third preferred enbodinment. In the first doping

step, a ﬂﬂcﬁh%”EﬁﬂéréiiaB” thp%?za:}%‘}{ Llfzd Sof MPh&NLEM1EBhAUBLHRINATe Of the

sem conduct or yer 407n of t channel TFT that 1s not nmasked mntﬁ t he
gate electro 414n/412n,, t e formn a,heavj | y-do n- e. inpurity
regi on 41# fqﬁet e cglea({'(fhé& ﬁ%@. %éas‘ftejps, gﬁ8¥b§}8r oqésdd i‘ﬁgﬂénpéégf)ﬁronﬁﬁh t he
| ower conductive film412n of the gate el ectrode into a region where the
upper cortititti bater | he 4the gettreipd: regiept P6d&hpsP-gBaBReL TELrebyPfor ni ng
a lightly-doped n-type inpurity region 418. In the second doping step,
phosphor ueorfeet nation ea€htheginortynsf impuriely cohemerbr (Ph9sphowrisd e inhe
sem conductor |ayers are nasked with the upper conductive film414n of the
gate el ecth@dereghdnsucklregiamds of20 heis seabouhdudxan'i/aper star eaboutdoped.
As a result, in the semconductor |ayer 407n of the n-channel TFT, a
portion ofx16%¢chegi on fidfeblal,i s tiRaVidonspesatidm PEOSPBREUS nWithbe
impurity element (phosphorus) in the LDD region 418 of the n-
channel TFT is in the range of about 1x10'"/cm® to about
1x10%°/cm®, within which the region functions as an LDD

region.

[0182] Then, after the photoresist mask 415 is removed, the
lower conductive films (TaN films) 412n and 412p are etched
using the upper conductive films (W films) 414n and 414p of
the gate electrode as masks. The etching process was
performed for about 30 seconds by an ICP etching method using
etching gases of CF, and Cl, at a flow rate ratio of 30/30
(sccm) and by creating a plasma by supplying an RF (13.56
MHz) power of 500 W through a coil electrode at a pressure of
1 Pa. Also to the substrate, an RF (13.56 MHz) power of 20 W
is supplied, thereby substantially applying a negative self-
bias voltage. Thus, only portions of the TaN films 412n and
412p that are not masked with the W films 414n and 414p are
selectively etched away. After the etching process, TaN

films 421n and 421p are formed whose edges have side surface

99



| ater be the source/drain region, and a region 418 that is lightly doped
w th phosphorus will |ater be the LDD region. Moreover, a region 419n that
is masked with the upper conductive film414n of the gate electrode and is
not doped w th phosphorus will later be the channel region. On the other
hand, in the sem conductor |ayer 407p of the p-channel TFT, a region that

I s cover eghdi{dhttih r 884Bés MBEKandati $0P0ko FHMRMA Wdh, PhpaPEOLHaLeaRd ONlY
a region 420 that is not 98 masked with the resist mask 415 is doped with

phosphor EﬁchownThiﬂuglfﬂGt hizg St Bﬁéué he;peghan S\%I%tgh&f% ﬁerﬁ&f%-du?b?ﬁ bayer

of the p annel TFT that 'is avi |y doped phosphor us I ater be

ot ty B BB E R o PR P, b A% OHNGE 4o FESoBeay oud VP

1x1019/cnB to about 1x1021/cnB. Nbreover, the concentration of the n-type
i npurity Sisherit ¥FRsphoPEside the gake elpchrads: of SEAE ReStEHGEHER TFT
Is in the range of about 1x1017/cnB to about 1x1020/cnB, within which the
regi on furttpantigylaglyDeffegibre [Lo1SXpoMessing t shet HFDHhofSrstate nask
415 is renoved, the |ower conductive filns (TaN filns) 412n and 412p are
etched ussalg durerempper conductive films (Wfilns) 414n and 414p of the
gate el ectrode as nmasks. The etching process was perforned for about 30
seconds by an | CP etching nmethod using

[0183] Then, another photoresist doping mask 422 with a

thick side wall is provided over the semiconductor layer 407n
of the n-channel TFT so as to cover the previously-formed LDD
region 418, with only a peripheral portion of the
semiconductor layer 407n being exposed, as 1illustrated in
FIG. 7cC. At this time, no mask is provided over the
semiconductor layer 407p of the p-channel TFT, whereby the
TFT is entirely exposed. Then, an impurity giving p-type
conductivity (boron) 423 is implanted into the semiconductor
layers by an ion doping method using the resist mask 422 and
the gate electrode 414p/421p of the p-channel TFT as masks.
Diborane (B,H¢) is used as the doping gas, the acceleration
voltage is set to about 40 kV to about 80 kV (e.g., about 65
kV), and the dose is set to about 1 x 10'® cm™? to about 1 x
10'® cm? (e.g., about 7 x 10*® cm?). Through this step, a
region 426n of the n-channel TFT that is heavily doped with
boron functions as the gettering region of the n-channel TFT,
and the remainder 424 of the region that is highly doped with

phosphorus in the previous step functions as the source/drain
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etching gases of CF4 and Cl12 at a flowrate ratio of 30/30 (sccm and by
creating a plasma by supplying an RF (13.56 MHz) power of 500 Wthrough a
coil electrode at a pressure of 1 Pa. Also to the substrate, an RF (13.56
MHz) power of 20 W is supplied, thereby substantially applying a negative
self- bias voltage. Thus, only portions of the TaN filnms 412n and 412p that
are not npskegnW t hid henW fédmbedddic e 4hdRrarfo7pelotct tNel Y-ehahadiavay.
After the etching process, TaN filnms 421n and 421p are forned whose edges
have sid rface; 1994 apgl o] a 0 5, State
S shomﬁTfﬁ F?é?lgﬁ c#ﬁ&éh??&f? g an?§5§ ug?oghpggg%ggbgﬁ%%f% réBH on

n- channel TFT e LDD reqion. 418 formed.i,n the.preyious tep t ed
out si de t?@h%jét é:% ec?rggl nn§d‘chreolgjs??ugt13|pe u?gg’ﬁa\&l cu?ar? eéTefcet ° ein
suppressing the TFT of f- state | eak current. [0183] . Then anot her
photorem%iJ 4p6H2ER. rmeRd422 widoped MREIOTS| (2%l ‘I“-?-% pt8¥PTed Poverthene

sem conductor layer 407n of the n-channel TFT so as to cover the

previ ousl| yoveetdrabd negiam 213, thet p-oHignnebedFTher alMergeven. ofthehe

sem conductor |ayer 407n being exposed, as illustrated in FIG 7C At this

time, no ragkons4popvwnedhouas bben depedowdiht ar highekcohdéntafatiion of

p- channel TFT, whereby the TFT is entirely exposed. Then, an inpurity

gi ving p-pHESph&LAgYUCtisvi BYpeAORAITth 4R igvddPhaghesd | GéRcéheraeibrorduct or
boron, thereby forming a gettering region 426p of the p-
channel TFT. The concentration of the p-type impurity
element (boron) in the region 425 and the regions 426n and
426p is about 1.5x10'%/cm® to about 3x10%!/cm®. The gettering
region 426n of the n-channel TFT and the gettering region
426p of the p-channel TFT are regions that have been doped
with phosphorus 416 (in the previous step) and with boron 423

(in the current step).

[0184] Then, after the resist mask 422 is removed, a heat
treatment is performed in an inert atmosphere (e.g., a
nitrogen atmosphere). In the present preferred embodiment,

an RTA (Rapid Thermal Annealing) process was used. The RTA
apparatus used was an apparatus capable of performing an
annealing process in a nitrogen atmosphere while rapidly
increasing and decreasing the temperature by blowing a high-
temperature nitrogen gas onto the surface of the substrate.
Specifically, the substrate is held at about 550°C to 750°C

for about 30 seconds to 15 minutes, more preferably at about

101



| ayers by an ion doping nmethod using the resist nmask 422 and the gate

el ectrode 414p/ 421p of the p-channel TFT as nmasks. D borane (B2H6) is used
as the doping gas, the acceleration voltage is set to about 40 kV to about
80 kV (e.g., about 65 W, and the dose is set to about 1 x 1015 CM-2 to
about 1 x 1016 cm2 (e.g., about 7 x 1015 cm 2). Through this step, a
region 426500f tle Qb@ﬂ@n“ﬂmB:TfBEataﬂ feavily qdeprsgiNitds. borpn fyactions

as the gettering region of anne TFT, and the remai nder 424 of the

regi on {hatol sl ShLY doogdothhh nBhOsPLRT Uyl gaoﬁ%sef %'songg?%egut GLi ons

as the s region the Seni conduct or

p-channel . TFT, a high_ concentration of boron i ed into a

ot her thaﬁP%PEhéﬂﬁngﬁ@ﬁ?oﬁpﬁfgﬁlﬁﬂﬁéﬁytﬁ% BéPBtEFectr3H% t&TPGFEfPE and a
doped region 425 will later be the source/drain region of the p-channel

TFT. Morebhereasheg regten and, WwhApchtpEpepasurg@ofedrRiasing hirgite are
concentration of phosphorus, is doped wth an even hi gher concentration of
boron, therebgrablyi mipostgeld@r € rgin egromei@sp (eboulie 200°dyamime| ifiFEheThe
concentration of the p-type inpurity elenment (boron) in the region 425 and

the regi opfedeaht pRreéfe#26A iembaldaient )2X 109/ €WBst Reakbottiredkmeat/ &tep,The
gettering region 426n of the n-channel TFT and the gettering region 426p

of the p-GRGEPROrdET HE bEBHPNALRA! VR BRETHARRGH ra¥ idhPNPRPHORYR 416

(in the previous step) and with boron 423
gettering region 426n formed outside the source/drain region
in the semiconductor layer 407n of the n-channel TFT increase
the so0lid solubility of the region for nickel, and also form
segregation sites for nickel. Moreover, crystal defects
created during the doping process also function as
segregation sites for nickel. Then, nickel present in the
channel region 419n, the LDD region 418 and the source/drain
region 424 is moved from the channel region to the LDD
region, the source/drain region and to the gettering region
426n as indicated by arrow 427 in FIG. 7D. Although the
source/drain region 424 doped only with phosphorus has a
gettering effect, the gettering capability of the gettering
region 426n doped with phosphorus and boron is higher,
whereby nickel is collected into the gettering region 426n.
Also in the semiconductor layer 407p of the p-channel TFT,
phosphorus and boron doped at high concentrations into the

gettering region 426p formed outside the source/drain region

provide a similar function, whereby nickel present in the
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(in the current step). [0184] Then, after the resist mask 422 is renoved, a
heat treatnent is perfornmed in an inert atnosphere (e.g., a nitrogen

at nosphere). In the present preferred enbodi ment, an RTA (Rapid Ther nal
Anneal i ng) process was used. The RTA apparatus used was an apparat us
capable of performng an annealing process in a nitrogen atnosphere while

rapidly JdHeh£Bi R8g8HH d@@Pea%hn&hteh%&ﬁm@/ditﬁre ghbeWaps ashimglea
tenperature nitrogen gas onto the surface of the substrate. Specifically,

the SUbStffgﬁ’Eﬁehgﬁ%%ﬁ%lang%gﬁfgg: ﬁeggg%?co9gggﬁﬂukeg%o?eﬁﬁﬁd%otQh£5

m nutes, nore prefer at 101 t out 70 or about 1 to 10
mnutes. In the present preferred embodi t,.an _RTA p ess s petforned
at aboutg%’%ffjf‘b& LH5EFERI AR0R 'S }ﬁr@h‘f%@?&-rﬁg &S a‘{zgfr:'e- Fﬁ@?éagﬁlﬁg rate
and the tenperature-decreasing rate are preferably about 100C/ m n or nore
(about 209RYHEHLRG PReCePHF etenPepfeFBeed enbodinent). In this heat
treatnent step, phosphorus and boron doped at high concentrations into the
getteri n&@rgﬂi on 426n formed outside the source/drain region in the

seni condu®i®! | aySinggrnnarkehe ¥t cHaNABE TtQ néheastetemicing| r@9Idomnshility
of the region for nickel, and also form segregation sites for nickel.

Mor eover ,4269 st anddef424B  Eneattdre dugehberhrgdopriagessocesthel saifledt i on

as segregation sites for nickel. Then, nickel present in the
concentration is about 1x10Y/cm® or more in the gettering

regions 426n and 426p.

[0186] This heat treatment step also activates the n-type
impurity (phosphorus) doped into the source/drain region 424
and the LDD region 418 of the n-channel TFT and the p-type
impurity (boron) doped into the source/drain region 425 of
the p-channel TFT. As a result, the sheet resistance value
of the source/drain region 424 of the n-channel TFT was about
400 Q/square to about 700 Q /square, and the sheet
resistance value of the LDD region 418 was about 30
k) /square to about 60 kQ/square. Moreover, the sheet
resistance value of the source/drain region 425 of the p-
channel TFT was about 0.7 k(/square to about 1.0 kQ/square.
With the structure of the present preferred embodiment, it
was possible to eliminate counter doping in the p-channel
TFT, thereby reducing the resistance of the source/drain
region of the p-channel TFT and improving the doping

capability.
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channel region 419n, the LDD region 418 and the source/drain region 424 is
noved fromthe channel region to the LDD region, the source/drain region
and to the gettering region 426n as indicated by arrow 427 in FIG 70.

Al t hough the source/drain region 424 doped only with phosphorus has a
gettering effect, the gettering capability of the gettering region 426n

doped w tmmosph%@% an@sboranusk rat@der in Wreceby 7gi,ckah i sneekhagked into
the gettering region 426n. Aiso in the sem conductor | ayer 407p of the

p- channel; nifh 2+ fPSPPPINS 280 kerpBgdoped B higd copesshtat b98§e!r@ta@ the
gettering region 6p formed outside the source/drain region “provid

Si il ar Tyfetd on., whey ey, pigkel REGRENt i, iy ﬂa%wagnshlegggggeépp and

the sour &7 regl on I's nove he channel” regl on

source/draln region and to the etterin e |on 426 as |nd|c ted by arrow

427, ThusDAHe 208 PBr ARG Br Gaddons Gieor 2Pipace thocEnobs

novi ng into the gettering regions 426n and 426p |n t he etter| ng@process

t he ni cke?f @heednt 780i ohmj sWebeutdarasibed nPmnr RS e anQ ﬁlﬁ»‘é:gefc CeRy

regi ons 426n and 426p. [0186] This heat treatnent step al so activates the

n-type ipmaniding paospoelayerddpidan. nt Neefidesosurtoe/shwi nthegionrganicand

the LDD region 418 of the n-channel TFT and the p-type inpurity (boron)

doped i ntintdrel Hparr can@didiat im0 eN1A2MmBf alternatively be any other
suitable silicon-containing insulating film and may be a

single-layer £ilm or a multi-layer film.

[0188] Then, another heat treatment is performed at about
300°C to about 500°C for about 1 hour. This is performed for
terminating and inactivating dangling bonds that deteriorate
the TFT characteristics by supplying hydrogen atoms to the
interface between the active region and the gate insulating
film from the interlayer insulating film (particularly the

silicon nitride film 428).

[0189] Then, contact holes are made in the interlayer
insulating film, and an electrode/line 430 of the TFT is
formed by using a metal f£film, e.g., a two-layer £film of
titanium nitride and aluminum. The titanjium nitride film is
a barrier film for prevent:i:ng the diffusion of aluminum into
the semiconductor layer. Finally, an annealing process is
performed at about 350°C for approximately 1 hour, thereby

obtaining an n-channel thin film transistor (TFT) 331 and a
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t he p-channel TFT. As a result, the sheet resistance value of the
source/drain region 424 of the n-channel TFT was about 400 @Q square to
about 700 0 /square, and the sheet resistance value of the LDD region 418
was about 30 kU square to about 60 kU square. Moreover, the sheet

resi stance val ue of the source/drain region 425 of the p- channel TFT was

about 0. 7 KK ST € +henaloim 1t9aKEJé.§HH§rG(TF'I\/)'tﬁsih%sStilJPﬁélffaQédt he
present preferred enbodi ment, it was possible to elimnate counter doplng

in the p- TRL, PL‘%E%Ean e%‘éﬁﬂﬂo&&%h é&@@%féstmgﬁw ijrgg rain

regi on of e p channe |nprovrng e dopi ng capabi [0187]
Then, as illustyated in FI 7 i nterl ayer at i f|In1| f.or med.
i the prdleh: FRercPREa  EHGERFAGRE AN ) I ni $2tRe FPFm B38VIEVA%y o

t hi ckness of about 200 nm and a silicon_oxide f|In1429 havi ng_a thickness
of about TRREFFATEr €CRSESTi0Ed RRL¥eRN afdecdrodeerBblh Fheyi Hing 430.
two-layer film Needless to say, the inorganic interlayer insulating film
may al t erMetéeoeey,. ba pngtecheen fiulmabadesofi sdhicont aifirddei,noul attiveg fil m
and may be a single-layer filmor a nmulti-layer film [0188] Then, another

heat treasuetdble patketiatd aiaybbdt fuldhert oprbeided00a fedcbTBET Ediour.
This is perforned for termnating and inactivating dangling bonds that

deteriorafife purpose of protecting the TFT.
[0190] Each TFT produced according to the present preferred
embodiment exhibits a desirable field-effect mobility as in

the third preferred embodiment.

[0191] Furthermore, in the present preferred embodiment,
the LDD region of the n-channel TFT can be formed outside the
gate electrode, which is more effective in reducing the off-
state current. Moreover, the gettering region can be formed
in the source/drain region formation step for each of the n-
channel TFT and the p-channel TFT. Therefore, it is possible
to simplify the manufacturing process while reducing the
manufacturing cost of the semiconductor device and improving

the production yield.

[0192] Moreover, TFTs produced according to the present
preferred embodiment included very few defective TFTs with an
abnormal leak current, with the defect rate being on the

order of about 0.0001%.

FIFTH PREFERRED EMBODIMENT
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the TFT characteristics by supplying hydrogen atons to the interface

bet ween the active region and the gate insulating filmfromthe interlayer
insulating film(particularly the silicon nitride film428). [0189] Then,
contact holes are nmade in the interlayer insulating film and an

el ectrode/line 430 of the TFT is formed by using a netal film e.g., a

tuo-| ayerjofadym of id tBREUEE! el Ach abiiBbAYHenthe; d | bARWERY teoda Ti1m

is a barrier filmfor preventing the diffusion of alum numinto

sem CO”dU%fp}gétéﬁ’fiaeTJ;&Ta'rLé(th@@ Z\.?é;:g@éi on‘%t glir i o el%ﬁfénocr ”Bc‘i’\r?act faLQOUt

350C for r oxi mat hour, th an n-channel thin film
transistor, (TFT) 331_and a_. 104 p-chappel Ln_filmtransistor FT) 332 as
iIIustraIé&é%%F Bt gt A@hﬂﬁﬁesggrygﬂﬁdd%FFﬁﬁalOEonFQBFt 0I8§g 5 made
over the gate_el ectrodes 421n and 421p for_providing necessary connection
bet ween fRedbmRAtwi th THe | iDkeselt IRERRRRd cpbedéBenbn Vilh nmk§e of
silicon nitride, or other suitable material, may be further provided on
each TFT describedpwipbssefergnceedia LG he8AFTo [FAM0]8BzachFIET BRodwced
according to the present preferred enbodinment exhibits a desirable
field-ef feoe. meEi ldriey @Boss-sébeibhald vilediser seguenbodl bentil u@thlting
Furthernore, in the present preferred enbodi nent, the LDD region of the

n- channel { & Tma&RReREL HPIA§UsPEpS| §8 tHE present preferred embodiment.
[0194] First, as in the first to fourth preferred
embodiments, a base film such as a silicon oxide £film, a
silicon nitride film or a silicon oxide nitride film is
formed on a substrate (a glass substrate in the present
preferred embodiment) 501 for preventing the diffusion of an
impurity from the substrate 501. In the present preferred
embodiment, a silicon nitride film was deposited as a lower
first base film 502, and a silicon oxide film was deposited
as a second base film 503 on the first base film 502. Then,
an a-Si film 504, is formed to a thickness of about 30 nm to
about 80 nm by a method similar to those of the first to
fourth preferred embodiments. In this step,: the Dbase
insulating films and the amorphous semiconductor film may be
formed successively without exposing the substrate to the

atmospheric air.

[0195] Then, a mask insulating film 505 made of silicon

oxide is formed to a thickness of about 200 nm. The mask
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gate el ectrode, which is nore effective in reducing the off- state current.
Moreover, the gettering region can be formed in the source/drain region
formation step for each of the re- channel TFT and the p-channel TFT.
Therefore, it is possible to sinplify the manufacturing process while
reduci ng the manufacturing cost of the sem conductor device and inproving

the prOdl{ﬁIétPIh'&’irﬁédflﬁ.ﬂl%%b My SRS s JETépQﬁQHgC%%OaC&% Fcilkg WRithea

present preferred enbodi nent included very few defective T with an

0. 000156 Y Hherms Eieor RRRTOL 06 [ O3] SPRe ol ot P, a8 !

enbodi rrent s di rec(%ed tl? (g %yst al l'i zat | on net hod using a catal yst el enent
that is q“é‘f’éﬁ FB8seBBf the third or fourth preferred enbodi nent.
The present pref erred enbodi nent will be described with reference to FIG

8A to FI Ato FIG BE are cro Il onal views se ntlaIIy
i |l ust raﬁpﬁgﬁ the &% dr P aRd o i]ZG enf pPEREPPEDS gtnf'ﬁ dRent .
[0194] First, as in the first to fourth preferred enbodi nents, a base film
such as aagyeees pRifheliacetabe selntdenhi eprbairing 8PodtsilPPcBRMo PV e

nitride filmis forned on a substrate (a glass substrate in the present
pr ef er r edvesihdiotli ofna ) cabalyst etemwenti pyickeldinf tbeonresean preferred

embodiment) is applied by a spin coating method, thereby
forming a catalyst element layer 506. In this step, the
catalyst element 506 selectively contacts the a-Si film 504
in the opening 500 of the mask insulating f£ilm 505, thereby

forming a catalyst-element-added region.

[0197] Moreover, while nickel is added by a spin coating
method in the present preferred embodiment, a thin film of a
catalyst element (nickel film in the present preferred
embodiment) may alternatively be formed on an a-Si film by a
vapor deposition method, a sputtering method, or other

suitable process.

[0198] Then, a heat treatment is performed at about 500°C
to about 650°C (preferably about 550°C to about 600°C) for
approximately 6 to 20 hours (preferably approximately 8 to 15
hours). In the present preferred embodiment, a heat
treatment is performed at about 580°C for approximately 10
hours. As a result, as illustrated in FIG. B8C, crystal

nuclei are formed in the catalyst-element-added region 500,
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impurity fromthe substrate 501. In the present preferred enbodinent, a
silicon nitride filmwas deposited as a lower first base film502, and a
silicon oxide filmwas deposited as a second base fil m503 on the first
base film502. Then, an a-Si film504. is forned to a thickness of about 30
nmto about 80 nmby a nethod simlar to those of the first to fourth

preferred; erbefmeid; k!ﬂﬂl‘nhii% SERE, i FSS00! '1%“!@%:%@19 EEkE&a&&‘izhﬁ?

anor phous sem conductor filmmay be fornmed successively wthout exposing

h b herd.c. air. Q19 , K i [ fi
505 made BIi Pl O S BAHIBALs TORHGR | 23N 2fess SFERBOOD 0 hmiAthe

mask 106 insulatqu film505 includes an Qpenan}SOO t.hrough which a
cat al yst SFEHEML1%eQqHeE1IPB  t hBes SRYTHIHZALHIN funkher | Prefrstadiorn FI G

BA. [0196] Then, as illustrated in FIG 8B, an aqueous solution (aqueous

ni ckel ackt@irechlenigenerahlyi panglhbbutolbbepgubeyrakei §as dndicaied| yst
el ement (nickel in the present preferred enbodinent) is applied by a spin
coat i ng ney hadrowheseby, fthvemieby afcamhhysta ebegsntllaner S$BGicom #fHilm st ep,
the catalyst elenent 506 selectively contacts the a-Si film504 in the

openi ng 5904wt wher@skthasul@tydgali| GroRin t heiel¥tibAr Mi¥ auniform

cat al yst-el enent - added region. [0197] Moreover, while nickel is added by a

Spin coalgfMroscopically. In this step, nickel 506 present above the
mask 505 is blocked by the mask film 505 and does not reach
the underlying a-Si £film. Therefore, the crystallization of
the a-Si film 504 is effected only by nickel that is
introduced in the region 500. Moreover, the region to which
the lateral growth frontline does not reach is left as an
amorphous region 504c. Depending on the layout, however, two
laterally-grown crystal regions coming from adjacent openings

may collide with each other to form a boundary therebetween,

in which case such an amorphous region may not be present.

[0199] After the silicon oxide film 505, used as a mask, is
removed, the obtained crystalline silicon film may be
irradiated with laser light as illustrated in FIG. 8D so as
to improve the crystallinity as in the third or fourth
preferred embodiment. Thus, the crystalline silicon film in
the laterally-grown crystal region 504b is further improved
in quality and forms a crystalline silicon film 5044d. At
this point, surface irregularities have been formed on the

crystalline silicon film 504b, as in the third or fourth
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method in the present preferred enbodinent, a thin filmof a catalyst

el ement (nickel filmin the present preferred enbodinent) nmay alternatively
be formed on an a-Si filmby a vapor deposition nethod, a sputtering

nmet hod, or other suitable process. [0198] Then, a heat treatnent is
perfornmed at about 500C to about 650C (preferably about 550C to about 600C)

for apprppdf@tady dnbdadfedours (preferably approximtely 8 to 15 hours).
In the present preferred enbodinment, a heat treatnent is perfornmed at about

580C for approximtely 10 hours. As a result, as illustrated in FIG 8C,
crystal rpggdie! amgdror Bk | e LR yéilfééﬁﬁfhﬁdﬁﬁdgh%g'1%%%%‘1,11;-107

and the a-Si f|In1|n the region 500 1s first crystallize into

crystall 'i&e?l Onc%??stthll ”}:égéén $64d' NG ffa%bkﬁe 15£YSt | %Eré‘a@t 191&1 the

crystalli Ceeds I1n a direction genera par al to the
substrate S nd| y.arrow 507), there or m a crysta

21T con REEEeRan CRREFLY, HESERIED 2 opolEROBRREERForl Ak n?‘JE the
macroscopically. In this step, nickel 506 present above the mask 505 is
bl ocked B%¥The mask film 505 and does not reach the underlying a-Si film
Therefore, the crystallization of the a-Si film504 is effected only by

nickel that is introduced in the region 500. Mreover, the region to which
the | at erl@20Hr ont e FEYStRllbzathor meibRd ©f cthe sprgsent preferred

embodiment may be applied to the crystallization step of the
first to fourth preferred embodiments so as to realize a TFT
having a higher current driving power and a higher

performance.

SIXTH PREFERRED EMBODIMENT

[0202] FIG. 9A and FIG. 9B are block diagrams each
illustrating a semiconductor device produced according to the
first to £fifth preferred embodiments of the present
invention. Note that FIG. 9A shows a circuit configuration
for analog driving. The semiconductor device of the present
preferred embodiment includes a source driving circuit 60, a
pixel section 61 and a gate driving circuit 62. Note that
the term "driving circuit" as used herein is a generic term
encompassing a source driving circuit and a gate driving

circuit.

[0203] The source driving circuit 60 includes a shift
register 60a, a buffer 60b and the sampling circuit (transfer

gate) 60c. The gate driving circuit 62 includes a shift
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anor phous regi on 504c. Depending on the |ayout, however, two

| ateral | y-grown crystal regions comng from adjacent openings nay collide
wi th each other to forma boundary therebetween, in which case such an
anor phous regi on may not be present. [0199] After the silicon oxide film
505, used as a mask, is renoved, the obtained crystalline silicon film my

be irradiegestantig2ladses lieghdl aghlilFlest redwd and FAGH 2O 82c.1 0 hgprove
the crystallinity as in the third or fourth preferred enbodi nent. Thus, the

crystal lifiesdddapn Gl 1@6&1 Eﬁﬁfiékercﬁzldﬁl&r OM??C%St o&f@é&”PéQ%ehs

further |nproved |n quality and fornms a crystalTine silicon film5b504d. At
this poi surf n_f ot d on the crystalline

silicon f q?n%ﬁwﬁ) rreg?%eEL%nggtogvfgﬁfﬁhregﬁ SFéferred enbodi nment .

[ 0200] Then, the crystallrne silicon filmin the laterally- grown crystal
region 5 .S etched into a,pr term ned attern t her.e for

[earon oG, o HS thﬁ Ter Pieseny ﬁ&ferfﬁdarm%‘ﬁ FRFLRBE o

t he present referred engﬁ me % g%% be aﬁglled to the crﬁ Illzatl n step
of the fRI%eltSeotion f et PEYUERBOdPneRLET8d1iLY ( 8% eBEESESa TERCPhavi ng
a higher current driving power and a higher performance. S| XTH PREFERRED
EVMBODI MENJncluding a TFT element.

[0205] Note that a further gate driving circuit (not shown)
may alternatively be provided on the other side of the pixel

section 61 from the gate driving circuit 62.

[0206] FIG. 9B shows a circuit configuration for digital
driving. The semiconductor device of the present preferred
embodiment includes a source driving circuit 63, a pixel
section 64 and a gate driving circuit 65. For digital
driving, a latch (A) 63b and a latch (B) 63c can be provided
instead of the sampling circuit, as illustrated in FIG. 9B.
A source driving circuit 63 includes a shift register 63a,
the latch (A) 63b, the latch (B) 63c, a D/A converter 63d and
a buffer 63e. The gate driving circuit 65 includes a shift
register 65a, a level shifter 65b and a buffer 65c. As
necessary, a level shifter circuit may be provided between

the latch (B) 63c and the D/A converter 63d.

[0207] The configurations described above can be realized
by the manufacturing processes of the first to fifth

preferred embodiments above. Although only the pixel section
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[0202] FIG 9A and FIG 9B are block diagranms each illustrating a
sem conduct or devi ce produced according to the first to fifth preferred
enbodi ments of the present invention. Note that FIG 9A shows a circuit
configuration for analog driving. The sem conductor device of the present
preferred enbodi nent includes a source driving circuit 60, a piXxel section
61 and a &3¢ Hd Vidih e Uldirths Nolitd Nl 1 e detidn S0 | ¥hia0. plebclnlt’ as
used herein is a generic term enconpassing a source driving circuit and a
gate drivi | L eu] The I\ L I cui L n d shift
regi ster egf,elgf%%f %@Poégégglﬁd [%heﬁés?%grrléf |%% \éi ?‘%‘w OP%Hréaensg oefr géﬁt §§S§OC.
The gate drivin ircuit 62 1ncludes shift 109 register 62a, a |level
Loied ds

shifter 6% bRy r&rsHEBtlansmetRadssary, a level shifter circuit may be
provi ded between the sanmpling circuit and the shift register. [0204]

Mor eover, i ref odi ment, the pixel section 61

I ncl udes #%‘FI‘L&P&SI ?é&%&%ﬁx@pﬁéﬁgg%ﬁ I ncluding a TFT el enent. [0205] Note
that a further gate driving circuit (not shown) may alternatively be
provi ded @R08lhe ottherCMPSe efirchdtpi @nd sact pdxedl femtior gRredyced ng

circuit 62. [0206) FIG 9B shows a circuit configuration for digital
driving. ateoxdimgobdutherpdefierredf emhedpmentat dpserdébeddabove can be

used in an active matrix liquid crystal display device or an
organic EL display device. Thus, the present invention can
be used with any electronic devices incorporating such a
liquid crystal display device or organic EL display device in

its display section.

[0209] Such electronic devices include a video camera, a
digital camera, a projector (of a rear type or a front type),
a head mounted display (a goggle type display), a personal
computer, a portable information terminal (e.g., a mobile

computer, a portable telephone, or an electronic book), etc.

[0210] With the present invention, it is possible to form a
crystalline semiconductor film having a desirable
crystallinity using a catalyst element. Moreover, the

catalyst element can be gettered sufficiently, whereby it is
possible to improve the characteristics of an n-channel TFT
and a p-channel TFT, thus realizing a desirable CMOS driving
circuit having a high reliability and stable circuit

characteristics. Moreover, even with those TFTs whose off-
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enbodi nent includes a source driving circuit 63, a pixel section 64 and a
gate driving circuit 65. For digital driving, a latch (A) 63b and a |l atch
(B) 63c can be provided instead of the sanpling circuit, as illustrated in

FIG 9B.

A source driving circuit 63 includes a shift register 63a, the
latch (A) 63b, the latch (B) 63c, a D/A converter 63d and a buffer 63e.

gate drivifige &l e Eart8it V3RS apglhf ta

The

%ﬁ‘:gﬂ'bife%{,_ 69Rc18diRYeCla SPikkgr 65b
necessary, a level shifter circuit nay be provided

and a buffer 65a. As

bet ween d e o Q207 e

confi gur a%vly%tn(]éﬁd’ggc?%e%%gb%elr%gn ot?:apar egﬁ{%%%b?ﬁ ity l%anouéa%{‘]uralnra\% °9
processes of the first to fifth referred enbodi nents above. Although only
the pi xel SBHETR oRECHIBRand & HE PPTFHELE: FouiRakh e 19N r SERREPRS | hBe
present freferred enbodi nent, a nenory or a mcroprocessor can also be

f ormed byleaki @wrientet NBdch SEFERTH ieNEOERREPEMBED MENThE0S6IF egatien

circuit and a pixel section produced according to the preferred enbodi nents
descri bedofibahe ceatdkystusedemendn acRisvea neesidtl,i gl disr ypossiblepltay

device or an organic EL display device. Thus, the present invention can

used W t hr&dyi£é eat [IYiIGa1A\ CEBspIEPr RALAL inty GLshlay hbguudiEoymtidly .
di spl ay device or organic EL display device in its display section.

As a desirable display with no display non-uniformity is
obtained, it is possible to save the use of the light source
and thus the power consumption. Therefore, it is possible to
realize an electronic device (such as a portable telephone, a
portable electronic book and a display) with a reduced power

consumption.

[0211] As described above, the present invention can be
used in a wide variety of applications, and can be used in
any kind of electronic devices. Moreover, an electronic
device of the seventh preferred embodiment can be realized by
using a display device that is produced based on one or more

of the first to sixth preferred embodiments.

[0212] The present invention is not 1limited to those
preferred embodiments specifically set forth above, but
various modifications can be made based on the technical

concept of the present invention.

[0213] For example, the semiconductor film of the present

invention is not limited to a pure silicon film as used in
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[ 0209] Such el ectronic devices include a video canera, a digital canera, a
projector (of a rear type or a front type), a head nounted display (a
goggl e type display), a personal conputer, a portable information term nal
(e.g., a nobile conputer, a portable tel ephone, or an el ectronic book),
etc. [0210] Wth the present invention, it is possible to forma

CrySta|“ﬂh%fiﬁﬁﬁéﬁﬂé&tghbbﬂhmbhiﬂ'Hbdb@esbﬁﬁbhay<Hlﬁ€ﬁﬂdﬁi0ébytﬁénﬁ a
catal yst el enent. Moreover, the catalyst el enent can be gettered

sufficien 'yedwﬁ&ﬁxbyo»ft §&rm ﬂ§aﬁlb'§%&0g I e Eﬂés[;eg%,ggigﬂf an

n-channel TFT an channel TFT us realizing a e5|ra riving
circuit A a_ hi reliability apd,stable circuit characteristics.

Nbreovert}ajelﬂ?@g%tahgq%%egelﬂ% ﬁ%‘Bsngflf- 111 state | eak current has been a
problem including a pixel switching TFT and a TFT of a sanpling circuit of

an anal o itch section, it 055| le tq.su uppr ess | eak
current, q&%ﬁ@% isM§a|Q¥ﬁ§itEp%e &R P (%ﬁﬁﬂéiﬁiﬁiﬁﬁf%ﬂgth%n aF%P?st
element. As a result, it is possible to, realize a ,desirable dj %Pla% with no
di spl ay ﬁﬁ¥§ﬁﬂ#%ﬁ?ﬁQ% °§M¥'c%ﬁ%??%b+€lﬂgsthySﬁFFﬁ°ﬂ8u8Fgﬁléb‘m
non-uniformty is obtained, it is possible to save the use of the |ight

sour ce éﬂ@Q#ﬂﬁixvﬁlbdQ%rd@BﬁsU#ﬁh(ﬁ1hlﬂhﬂkﬁtﬁﬁﬁlﬁx lighbsethes than

realize an electronic device (such as a portable tel ephone, a portable
el ectronilademoklagtita oti spl @perngyt hbeamedandd qguvieinuously oscillating

laser such as solid-state YAG laser or Ar gas laser may be
used instead of pulsed laser. Moreover, the irradiation
conditions are not limited to those shown above, but may be
determined appropriately for each specific application in

light of the preferred embodiments described above.

[0215] Moreover, the gate electrode may alternatively have
a layered structure including three or more layers, and the
etching method for forming the gate electrode may
alternatively be an ordinary plasma etching method, instead
of an RIE method or an ICP etching method, under certain
conditions. The etching conditions are not limited to those
of the preferred embodiments above, but may be determined

appropriately for each specific application.

[0216] With the present invention, it is possible to
realize a semiconductor device in which a crystalline
semiconductor film having protruding portions on the surface

thereof is used as the semiconductor layer, and in which an
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consunption. [0211] As described above, the present invention can be used
in a wde variety of applications, and can be used in any kind of

el ectroni c devices. Mreover, an electronic device of the seventh preferred
enbodi ment can be realized by wusing a display device that is produced based
on one or nore of the first to sixth preferred enbodi nents. [0212] The

present iAwesth&D | Sndedadsd Migd tHe t Mg8e JEefaided auladi @irent is

specifically set forth above, but various nodifications can be nmade based

o 1 ST arCRSERRSS ARAA ey COkiOg ol 02 i s el 1

sem cond resent tron I's not to a pure
silicon filmas_used in 112 the ef erred enpodi t s ahove, but ma
o) ter nat | VAARERE 589 S dRe 10 RhE: AT IRFLRERY et o MT8e e rani um
film or a pure germaniumfilm [0214] MNbreover, the step of . )
nel ti ng/ sHhe di¥3qely, dFpdIaiionr randitiang &on edhpst SFVSHadd1zation
sem conductor filmmay alternatively be done with a high-intensity |ight
ot her thapro¢esercanghe seta whthgytbhawingntiocsakenddtol gonsdideratiion
| aser such as solid-state YAG |aser or Ar gas |aser may be used instead of
pul sed | aslee. dhreacer, itrreguliaaditdieison oftonthé i osemacendattbirm tleyerg t hose
shown above, but may be determ ned appropriately for each specific
appl i cat i glet&by increasing the margin for the laser irradiation
conditions. Therefore, it is possible not only to perform
the process stably but also to adjust the conditions while
focusing solely on the on-state characteristics of the TFT,
whereby it is possible to obtain a crystalline semiconductor
film of a higher quality and realize a high-performance
semiconductor device. Moreover, it is not necessary to
provide additional steps for reducing the surface
irregularities of the semiconductor layer, as in the prior
art, whereby it is possible to significantly improve the

production yield in the manufacturing process and to reduce

the manufacturing cost of the semiconductor device.

[0217] Moreover, also with a semiconductor layer that is
obtained through a crystallization process using a catalyst
element, it is possible to suppress the adverse influence of
the catalyst element, which is 1likely to remain in the
protruding portion on the surface of the semiconductor layer,
on the TFT characteristics. Therefore, it is possible to

further suppress the occurrence of a leak current and to
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light of the preferred enbodi nents descri bed above. [0215] Moreover, the
gate electrode may alternatively have a l|layered structure including three
or nore layers, and the etching nmethod for formng the gate el ectrode nmay
alternatively be an ordinary plasma etching nmethod, instead of an R E

met hod or an | CP etching nethod, under certain conditions. The etching

condi ti onsmpréy10khlel Nddeflcéd 0 rilaad11aft  hewpeebbyr exk erBoqidsiisl@beye, but
may be determ ned appropriately for each specific application. [0216] Wth

the preseniaiiRentyonyiigh-perPesiiablce { Ged & dfcfors e EREHET OhadeHigce i N
which a crystalline sem conductor filmhaving protruding portions on'the

surface th of is.used.as the semc ctor .l r, and.i i n_ 113
abnor nmal ?Féﬁ%%sei%#%ﬁﬁféh§ﬂ%§%€%tatgﬂﬁghk c&%ﬁg1eis gBP%??E %g?%%ﬁgreby

stabilizing the off-state characteristics thereof and increasing the
reliabiliY3F}Het@RF: Mreover, the laser irradiation conditions for the
crystallization process can be set, without having to take into
considerﬁhiﬁg the surface irregularities of the sem conductor |ayer,

t hereby i8¢M¥asi ndhareiffidyi n Yot hdheascPTeFeRbi atiny®ntdOdi t i bhs. 18
Therefore, it is possible not only to perform the process stably but also
to adj ustPeFeiRbmdte | Bealike| @ higRuBeREOEBRRLE SAMiFENINCEPEt €lement,
characteristics of the TFT, whereby it is possible to obtain a crystalline
sem conduandr it is possible to obtain a highly-integrated, high-

performance semiconductor device with a simple manufacturing
process. Particularly, with a liquid crystal display device,
the present invention provides an improvement in the
switching characteristics of a pixel switching TFT, which is
required for active matrix substrates, and an improvement in
the performance and the degree of integration, which is
required for TFTs of a peripheral driving circuit section.
Therefore, in a driver-monolithic active matrix substrate
having an active matrix section and a peripheral driving
circuit section formed on the same substrate, it is possible
to reduce the size of the module, improve the performance

thereof, and reduce the cost thereof.

[0219] The present invention can be wused in various
applications such as active matrix 1liquid crystal display
devices, organic EL display devices, contact image sensors,

and three-dimensional ICs.

[0220] While the present invention has been described with
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filmof a higher quality and realize a high-performance sem conductor
device. Mreover, it is not necessary to provide additional steps for
reducing the surface irregularities of the sem conductor layer, as in the
prior art, whereby it is possible to significantly inprove the production
yield in the manufacturing process and to reduce the manufacturing cost of
t he sem a@yheitortod@tieFerred? biboklimeater,, il ¥21W be appageaéndycthbskayer
that is obtained through a crystallization process using a catalyst

el ement, diliii1edP 03§l bhBet OagUPPEREE (6 A SddH | UsREAtAln t hayCabal yst

el ement, which is likely to remain in the protruding portion on the surface
of the sem t | AyeL n TE]:C C | SLI h A [ S
possibleﬁggﬁ' %#fhgé suppfgggptﬁéggcégi?eﬁg' o%géh@%aﬁégﬂgrghpgg%ﬁeng 114
i mprove t device reliability,. wher it is possihle to realize a

i o per (RS e R8RSR CPRECH LAREY 1a5tnceT; 2BRe (ARrtitet | 8Bele-wi th
little characteristics variations. [0218] Therefore, wth the present

i nvent i ocqardinglynssip| dst olnteended ihatgHhser pBPARAE] SARiHhdOGEVEE
element, and it is possible to obtain a highly-integrated, high-

per f or mardel gwad icoichlcians defy i tee winvert sompékicmnfdbttwithin phectsue
Particularly, with a liquid crystal display device, the present invention
provi des spixinpranenodpe ot hthe invention.
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swi tching characteristics of a pixel switching TFT, which is required for
active matrix substrates, and an i nprovenent in the performnce and the
degree of integration, which is required for TFTs of a peripheral driving
circuit section. Therefore, in a driver-nonolithic active matrix substrate
having an active matri x section and a peripheral driving circuit section

f or med t sjb ate, it is possible to reduce the size of the
nmodul e,wg?‘r'lf‘pﬁgvmﬂ US#%? mance thereof, and reduce the cost thereof.
[0219] The present invention can be used in various applications such as
active matrilx |i8ui ¢esriypstrsluadiogpl slevides ceSompF e ER dit¥play fded ces,

cont act, JURYE SENSOLsy adfl] AT et iensianal hCeo.[ 02201 Wilpdhe present

i nvention has been deéscri Wi espect to preferre odi nent s,
wi || behappailented Dot hose sskrtéeddgionheamdt a hdtafhe migsicirgsed igarenti on
may be . nodified in_nuneroys ys and may .assune nmany enbodi nment’s t-her
t han tﬁ8§é‘q§5é8igf ifdaf Prost 96 Oé’n&h&essc%llﬁé’&délﬁ&%. la,é((?c%r(fi“ﬁjgla&/,gai%[e i's
i nt ended elchabgbheoappendedichabns e6N8hct 8b 1t yoslf fikatdlonsf Adigidrjvention
which fall within the true spirit and scope of the invention. 116 WHAT IS
CLAI MEBhegein, A sesnaai:rc,f@w(@uctQ;{r3 dé\i ceseTHFGUSItRY a kanar fiynpludes a

protruding portion, a side surface inclination angle of the

gate electrode 1is larger than an inclination angle of the
protruding portion of the semiconductor layer, and a cCross-
section of the gate electrode includes first and second
opposing sides that are parallel to each other and a third side
that is not parallel to any other side of the cross-section of
the gate electrode.

2. A semiconductor device, comprising a thin film
transistor including a semiconductor 1layer that includes a
channel region, a source region and a drain region, a gate
insulating film provided on the semiconductor layer, and a
gate electrode for controlling a conductivity of the channel
region, wherein the semiconductor layer includes a protruding
porticon, a cross-sectional shape of the gate electrode
includes a first step portion and a second step portion
provided on the first step portion, and a side surféace
inclination angle of each of the first and second step

portions is larger than an inclination angle of the

protruding portion of the semiconductor layer.

3. The semiconductor device according to claim 2,
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transi stor including a sem conductor |ayer that includes a channel region,
a source region and a drain region, a gate insulating filmprovided on the
sem conductor |ayer, and a gate electrode for controlling a conductivity of
t he channel region, wherein a surface of the sem conductor |ayer includes a
protrudi ng portion, a side surface inclination angle of the gate electrode

is largahetdn ahd NGhtBa1QRt3RGUL Dicih@es POty U dcBARLICYA VRS £ 1MEn
sem conductor |ayer,  and a cross- section of the gate el ectrode includes

first and second _0opRoOSi n i de . . | _t Q0 99? third
si de t%ﬁ?élléeﬁotonpa a€f|%$t§093%§}5-§t%%g%r El@%ﬂ g‘%‘?h% %F%gg{ase% |%un o] éat he
gate el ectrode. 2. A sem conductor device, conprising a thin film

transi skbtMj REOYHIRA aCBemitontiEsbr confyictig FhtPudés “idtRafdel thegi on,
a source region and a drain region, a gate, insulating filmprovided on the
sem contiixsbr ¢ayductand afitmt elel detngmde ftdvancothedl | pAg Bheormereendity of
the channel region, wherein the sem conductor |ayer includes a protruding

porti oncoAdaEesvesertiimnalanghapre offitka ga@ @ledoiniddeonanektides £ifms st
step portion and a second step portion provided on the first step portion,

and a s§ S a incl i f f second ste
St&fm F‘g% F§ rsit %ldd‘asfiéncékfh&‘@éé(;%oéof EBng,tﬁggpe‘Jﬁ%ﬁ}ﬂ. p

portions Is ger than an I nat | ngle o protrudi'ng portion of
t he sem conductor layer. 3. The sem conductor device according to claim 2,

4. The semiconductor device according to c¢laim 1,
wherein a surface of the semiconductor layer includes a
plurality of protruding portions, and a side surface
inclination angle of the gate electrode is larger than an
inclination angle of any of the plurality of protruding

portions of the semiconductor layer.

5. The semiconductor device according to claim 2, .
wherein a surface of the semiconductor layer includes a
plurality of protfuding portions, a side surface inclination
of each of the first and second step portions of the gate
electrode is larger than an inclination angle of any of the

plurality of protruding portions of the semiconductor layer.
6. The semiconductor device according to claim 1,

wherein a side surface inclination angle of the gate

electrode is about 75° to about 90°.
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117 wherein the gate el ectrode includes a first conductive film provided on
the gate insulating filmand a second conductive filmprovided on the first
conductive film a width of the first conductive filmis larger than that
of the second conductive film and the first and second conductive filns
formthe first and second step portions, respectively. 4. The sem conduct or
devi ce accor di.ng Tive cl aemi tpndwedoe n dewind acecodrdhrgsetpcopdadimor 2 ,ayer
includes a plurality, of protruding portions, and a side surface

inclinanredngl & efidehes Wptsce! eab19dR tivn aPesathaAnthd NELrBat iagi angl e
of any of the plurality of protruding portions of the sem conductor |ayer.

5. The semGondueLgr (sui £6, 2069 G0 L9ee! UMD odihetel hufh suir 30 (of the
sem conductor layer includes a “pluralTty of protruding portions, a side
surface inclination of each of the first and second step portions of the
gate eP®OHPL is Iarger than an inclination angle of any of the plurality
of protruding portions of the sem conductor |ayer. 6. The sem conductor
device according to claim1, wherein a side surface inclination angle of
the gate electrode is about 75 to about 90. 118 7. The sem conductor device
according tosl aiThe, s&keecohuatdsirde Gwiace adedtr@ddhgontof eaalinof 1 he
first and

wherein an inclination angle of the protruding portion of the

semiconductor layer is about 30° to about 70°.

9. The  semiconductor device according to c¢laim 2,
wherein an inclination angle of the protruding portion of the

semiconductor layer is about 30° to about 70°.

10. The semiconductor device according to claim 1,
wherein an average height of the protruding portion is about

8 nm to about 60 nm.

11. The semiconductor device according to claim 2,
wherein an average height of the protruding portion is about

8 nm to about 60 nm.

12. The semiconductor device according to claim 1,
wherein an average surface roughness of a surface of the

semiconductor layer is about 4 nm to about 30 nm.
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second step portions of the gate electrode is about 75 to about 90. 8. The
sem conduct or device according to claiml1l, wherein an inclination angle of
the protruding portion of the sem conductor |ayer is about 30 to about 70.
9. The sem conductor device according to claim?2, wherein an inclination

angle of the protruding portion of the sem conductor |ayer is about 30 to

about 70. 10.33The ngm CRRAUIRIL RN Ceaderds di A8cbPashgi Md. cihenei §, an
average height of the protruding portion is about 8 nmto about 60 nm 11.

The sem caonduct or _devi ce_ accor di to_claim 2 erein er Lght of
t he proW SEFH61pSPti%ﬁF?%g%béﬂﬁr{%%?nﬁﬁﬂgagﬁﬁJs GWang fﬁﬁﬁ?ﬁéasgﬁfcgﬁ uct or
device according to claim1, wherein an average surface roughness of a

sur f ace SEMHAPRAUHART FRNRE oS | Aherti 4 BBk 2BeRt Shy¥ut 30 nm 119 13.
The sem conduct or device according to claim2, wherein an average surface
roughness of a surface of the sem conductor |ayer is about 4 nmto about 30
nm 14. The sem conductor device according to claiml1, wherein the

sem conduct ori4 .ayahed S sedfiBhdidtbm dersided | | de€cos@ihgonduct elafiil m, and

the protruding portion is located over a boundary between crystal grains

i ncl ude¢hict it the semiconductor layer is formed from a crystalline
semiconductor film, and the protruding portion is 1located

over a boundary between crystal grains included in the

semiconductor layer.

15. The semiconductor device according to claim 14,
wherein the crystal grain boundary is a multipoint where

three or more crystal grains meet.

16. The semiconductor device according to claim 14,
wherein grain diameters of the crystal grains included in the

semiconductor layer are about 100 nm to about 1000 nm.

17. The semiconductor device according to claim 2,
wherein the semiconductor layer is formed from a crystalline

semiconductor film, and the protruding portion is located

over a boundary between crystal grains included in the

semiconductor layer.
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sem conductor |ayer. 15. The sem conductor device according to claim 14,
wherein the crystal grain boundary is a nmultipoint where three or nore
crystal grains neet. 16. The sem conductor device according to claim 14,
wherein grain dianeters of the crystal grains included in the sem conductor
| ayer are about 100 nmto about 1000 nm 17. The sem conductor device
according to dBai nTRe wshmicondued genridesridgct 8ccloaddmd s tor fddifr ok’ a
crystalline sem conductor film and the protruding portion is |ocated over

a boundagynehetiveennher yoiastglai gsainclpwetidny t hes senmnodtdpotiart | wyere 120
18. The sem conductor device according to claim17, wherein the crystal

grain boypdary 4,5 i I3 pot M YheERs kBege or nore crystal grains meet. 19.

The sem con uctor“gEV|ce according to claim17, wherein grain dianmeters of
the crystal grains included in the sem conductor |ayer are about 100 nmto
about 1000 nm 20. The sem conductor device according to claim1, wherein
the sem conductor |ayer is a cristalline .sem conduct.or |ayer E?tned hr ough

a nelting/ sol%i%difiT&gt | saMiFe oL, ndevHE o r BECOFHT Por o 1AM of hed

through the nelting/solidification process. 21. The semi conductor device
accordingh@aednmgnd;n diameters of the crystal grains included in the

semiconductor layer are about 100 nm to about 1000 nm.

20. The semiconductor device according to c¢laim 1,
wherein the semiconductor layer is a crystalline
semiconductor layer formed through a melting/solidification
process, and the protruding portion is formed through the

melting/solidification process.

21. The semiconductor device according to claim 2,
wherein the semiconductor layer is a crystalline
semiconductor layer formed through a melting/solidification

process, and the protruding portion is formed through the

melting/solidification process.

22. The semiconductor device according to claim 1,
wherein at least a portion of the semiconductor layer
includes a catalyst element capable of promoting

crystallization of an amorphous semiconductor £ilm.
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wherein the sem conductor layer is a crystalline sem conductor |ayer forned
through a nelting/solidification process, and the protruding portion is
formed through the nelting/solidification process. 22. The sem conduct or
device according to claim1, wherein at |east a portion of the

sem conductor |ayer includes a catalyst el enent capable of pronoting
crystallization of an anorphous sem conductor film 121 23. The

sem conduct or device according to claim?22, wherein the catalyst elenent is

one or nore el nt | e c A of i N tis
Ry conal 1 T8y T S or A0 b A B s 2

| 1 adi d). ' iridi , plati d
ol o ( AuioRe trp EREC AT aYR o R bet e eBPaiony eS| AERTIRC wedegitedl

| east a portion of the sem conductor |ayer includes a catalyst el enment
capabl e dfrqit obBei FFOUS yeen$i s EanFoR fofnkFkehof Bhdus SedR céﬁe&ct seatm
25. The sem conduct or device according to claim?24, wherein the catalyst
el ement i Cohe dimoléndl.entaadse( Bl ed ritleniwe grRup. cormdiumg (@&hhni ckel
(Ni), iron (Fe), cobalt (Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium
(Rh), padBchdiar PA)Pd )osmogmiums) (Osni,di imidianh, @ia)inpndtPiium q@Epper
(Cu) and gold (Au). _

copper (Cu) and gold (Au).

24. The semiconductor device according to claim 2,
wherein at least a portion of the semiconductor layer
includes a catalyst element capable of promoting

crystallization of an amorphous semiconductor f£ilm.

25. The semiconductor device according to claim 24,
wherein the catalyst element is one or more element selected
from the group consisting of nickel (Ni), iron (Fe), cobalt
(Co), tin (Sn), lead (Pb), ruthenium (Ru), rhodium (Rh),
palladium (Pd), osmium (Os), 4iridium (Ir), platinum (Pt),

copper (Cu) and gold (Au).

26. The semiconductor device according to claim 1,
wherein the semiconductor layer is a crystalline
semiconductor film made up primarily of regions that are

oriented along <111) crystal zone planes.
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26. The sem conductor device according to claim1, wherein the

sem conductor layer is a crystalline sem conductor filmmmade up primarily
of regions that are oriented along <111> crystal zone planes. 122 27. The
sem conduct or device according to claim26, wherein about 50% or nore of
the regions that are oriented along the <111> crystal zone planes are
regions that @&7% @hieentethialoodgctorlldevilcene acicoardididl) tol arwdaidB. 2®he
sem conductor device according to claim2, wherein the sem conductor |ayer

s a cryshdddiif ab6dtCeOdUCSOr mbirkMdBdendp rfidiid | yhat reag osgithakdar e
oriented al ong <111> crystal zone planes. 29. The sem conductor device

aceordi 1 160.F! e 26111 IMRLSIYPOrS0% 6By capl L gl ond ok ©

oriented al <111> crystal zone planes are regions that are oriented

along a (110 | ane or a ( pl ane. 30. T m_conduct or devi ce accordi ng
to clain&f}ekﬁﬁgféﬁﬁnﬁﬁﬁﬁiﬁ}%%éngigpg 8F 8r3?9§5 éﬁ'IV%S of the

sem conduct or | ayer are about 2 pmto about 10 pm 31. The sem conduct or

devi ce according to claim2, wherein domain dianmeters of crystal domains of
the sem conductor |ayer are about 2 pmto about 10 pm 123 32. The

seni conduct or fevi @heacsemiigapdurteni Mavice according to claim 2,

wherein the semiconductor layer is a crystalline
semiconductor f£ilm made up primarily of regions that are

oriented along <111> crystal zone planes.

29. The semiconductor device according to claim 28,
wherein about 50% or more of the regions that are oriented
along the <111> crystal zone planes are regions that are

oriented along a (110) plane or a (211) plane.

30. The semiconductor device according to claim 1,
wherein domain diameters of crystal domains of the

semiconductor layer are about 2 pm to about 10 pm.

31. The semiconductor device according to c¢laim 2,
wherein domain diameters of crystal domains of the

semiconductor layer are about 2 pm to about 10 pm.
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wherein a lightly-doped inpurity region is provided at a junction between
t he channel region and the source or drain region of the sem conductor

| ayer. 33. The sem conductor device according to claim2, wherein a

i ghtly-doped inmpurity region is provided at a junction between the channel
region and the source or drain region of the sem conductor |ayer. 34. The
seni conduct or 3devi d&eac SGHIGRP IR ASVICONASTATEHRIf i FQt SLepMpotti on
of the gate electrode is present in a lightly-doped inpurity region. 35.
The seni whadedinor adeligktbyedopgedg imperatm regiber cis provjated eladct rode
is |l ocated above the channel region, and only the first conductive film of

the gatejuabeqonodsetwedrn estBt diarthdl ghégYofopRm | ter sbyircegicn. d3ainA
met hod for manufacturing a sem conductor device, conprising the steps of:

(a) providyRgnd o¥eBHP et Qndhdfbr (PhyBElti ng and solidifying the

sem conductor filmso as to obtain a crystalline sem conductor |ayer
including a protruding portion on a surface thereof; 124 (c) formng a gate
insulating filmon the crystalline sem conductor |ayer; (d) depositing a
conductive filmon the ate insulating fil and (e atterning the
3%. % i 9 y accér&igg t cga'

conductive fiPm-toTHer mSEYHRoRBTQT o e ¥ife o im- 2,

wherein a 1lightly-doped impurity region 1is provided at a
junction between the channel region and the source or drain

region of the semiconductor layer.

34. The semiconductor device according to claim 2,
wherein the first step portion of the gate electrode is

present in a lightly-doped impurity region.

35. The semiconductor device according to claim 3,
wherein the gate electrode is located above the channel
region, and only the first conductive film of the gate

electrode is present in a lightly-doped impurity region.

36. A method for manufacturing a semiconductor device,
comprising the steps of:
(a) providing a semiconductor film;
(b) melting and solidifying the semiconductor film so as to
obtain a crystalline semiconductor layer including a protruding

portion on a surface thereof;
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controlling a conductivity of the channel region, wherein a side surface
inclination angle of the gate electrode is larger than an inclination angle
of the protruding portion on the surface of the crystalline sem conductor

| ayer, and a cross- section of the gate electrode includes first and second
opposing sides that are parallel to each other and a third side that is not

paral el Los ANy Bhiehost de of. (e Granssenlion ol bhe aate e&fggtr

The et hod manuf acturi ng a sem con device accor
wherein the eni £9 or _filmi hous _sem ¢ uctor In1 331 The
met hod for® G g%ad?%%?%gigygehléghdufPOSl eviTe? é%%bﬁl ng tof% L fPaghe
wher ei n the St ep éa%ﬁ ncludes a step of performng a first heat treatnent
on an amorPphols’ P e cofddetidy #PPmwith a catal yst el enent capabl e of
pronoti ng crgstalllzatlon t hereof being added to at |east a portion thereof
so as to cfystBfPTEeNHI |dstcarPuitiven Oflm 195 faEm afmpphBusiseiireshdbet or
film thereby prOV|d|ng a sem conductor filmincluding a crystalline
region, amPrheolling gb)coniialdes ty seép Wie mehiinmg landegbbidi fyliarpia a
sem conductor filmincluding the crystalline region so as to obtain a
sem conductode f shnfadat inotl naesora enyse ablfi née regiconelactudimgia larger
protrudi ng portion on a surface thereof. 39. The nethod for manufacturing a
sem conductiosn dewi cenclination angle of the protruding portion on the
surface of the crystalline semiconductor layer, and & cross-
section of the gate electrode includes first and second
opposing sides that are parallel to each other and a third side
that is not parallel to any other side of the cross-section of

the gate electrode.

37. The method for manufacturing a semiconductor device
according to claim 36, wherein the semiconductor film is an

amorphous semiconductor f£ilm.

38. The method for manufacturing a semiconductor device
according to claim 36, wherein the step (a) includes a step
of performing a first heat treatment on an amorphous
semiconductor film with a catalyst element <capable of
promoting crystallization thereof being added to at least a

portion thereof so as to crystallize at least a portion of
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according to claim36, wherein the step (d) includes the steps of: (d-1)
depositing a first material to forma first conductive filmon the gate
insulating film and (d-2) depositing a second naterial different fromthe
first material to forma second conductive filmon the first conductive
film 40. The method for manufacturing a sem conductor device according to
cl ai m 39, tiwher emprphoust eps¢mjcpndhgiies: aE£F¥imst Fhegelwy 1)pveviedihbng & he
second conductive filmso that the second conductive filmhas a first side
surface gemidcomduetoandisim aisedudd ngi ep Erydtallmiehivegiome fandt the
conductive filmso that the first conductive filmhas a second side surface

inclinatignaangdey anck 885N daSt gPepe- 3k Ohel AhREr 256l eGbhiMelE-BlE I g the
second con uctqvé f%#%n ichahas %gen etchgd so@thgt t he seconaﬁfgg
conductive fil m(gas the _fi,rst. side surf@ge incl it%al#'on angl so that, the

I

second condlITRAFFP M ﬁ-&éma ]t’hcilr“bdjs’?%le Gr Fadé ¢l hat %]ﬁo%nﬁf)e atsha{:to IS

| arger than the first sjde surface [nclination.angle, wherein the second
si de surfeRE*ihcI3 nateicangretand £hémt hthat sigelyderace i REViSH&lildMengl e

are each larger than the inclination angle of the protruding portion on the
surface(ﬁeqion including a protruding portion on a surface thereof.

39. The method for manufacturing a semiconductor device
according to claim 36, wherein the step (d) includes the steps
of:

(d-1) depositing a first material to form a first conductive
film on the gate insulating film; and

(d-2) depositing a second material different from the first
material to form a second conductive film on the first

conductive film.

40. The method for manufacturing a semiconductor device
according to claim 39, wherein the step (e) includes:
a first step (e-1) of etching the second conductive film so
that the second conductive film has a first side sﬁrface
inclination angle;
a second step (e-2) of etching the first conductive film so
that the first conductive film has a second side surface
inclination angle; and
a third step (e-3) of further selectively etching the second

conductive film, which has been etched so that the second

126



the crystalline sem conductor |ayer. 41. The nethod for manufacturing a
sem conduct or device according to claim40, wherein the step (e-1), the
step (e-2) and the step (e-3) of the step (e) are performed continuously
in an etching apparatus. 42. The nmethod for manufacturing a sem conductor
device according to claim40, wherein the step (e) includes, performng
bet ween tdfadsicdy viee- 2) lranHashdhst eplyst 35ide sugpacef duph i tal Qor 2 noke of
the crystalline sem conductor layer wth an inpurity el enent giving n-type
or p-typeccondatt ithiet ysecsnag coheuetéhed Sidgondasorduthive fsilda asr faee
etched first conductive filmas a mask. 43. The nmethod for manufacturing a
sem condueciddrindeMicte arpglor dhag tis clargeAOthbur tder cappri Hige ahtfdcd he
step 127 (e), a step (f) of doping a portion of the island-shaped

sem condyGi{Qri nlaa¥emh Wnlghean inpurity el ement giving n-type or p-type
conductivity using the gate electrode as a mask. 44. The nmethod for

manuf act ypj : ) Gy . fevl CC i : | .8 i
step (f)ld{HrlergI%lJl ech{a? step %E?{ﬁ%o%&gfearc%o%ﬁl{cﬂgﬂﬁ%%drgp%n%@eg'?‘ae%a\{qﬁktri%u%m{ﬁe

first cq cti il musi the secand .con tive fil e
el ect rodesqgiéé a S\{rr%s a.ce45.Lﬁ]1°rr}gmr?&lhO§1d ?agrglr?anu %ct ueraiénﬂg ?%%?‘r%%on%ﬁ%?orthdeevi ce

accordi n%.ntccli%la Iirgn44aing eerglfntliige psrtoq:%ugi)ngl r%acc!r%diegntgg the surface of

the crystalline semiconductor layer.

41. The method for manufacturing a semiconductor device
according to claim 40, wherein the step (e-1), the step (e-2)
and the step (e-3) of the step (e) are performed continuously

in an etching apparatus.

42. The method for manufacturing a semiconductor device
according to claim 40, wherein the step (e) includes,
performing between the step (e-2) and the step (e-3), a step
of doping a portion of the crystalline semiconductor layer
with an impurity element giving n-type or p-type conductivity
using the etched second conductive f£ilm and the etched first

conductive film as a mask.

43. The method for manufacturing a semiconductor device

according to claim 40, further comprising, after the step
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steps of: (f-la) doping a | ow concentration of the inpurity elenment giving
n-type or p-type conductivity through the first conductive filmusing the
second conductive film of the gate electrode as a nask; and (f-2) doping a
hi gh concentration of the inpurity element giving n-type or p-type
conductivity using the first conductive filmof the gate electrode as a

mask.  4Q.e)Theameithegl f@n mepuf@stid NG apserlieandsiet Aheleys1anacedladiet t o
cl ai m 45, mhereln the step (f-la) and the step (f-2) are perforned

| t h
ST an Sy LON CRRSENSEo e 1 (gD LhykRl, ADdsbe o oh
the first conductive filmand the second coggyctlve fllnland a, thickness
of the f YRS MRRIISELYH N uFéé‘ﬁeéﬁe\/éﬂaf eGPt Add2f BASKanuf act uri ng

a sem conductor device accprding to claim40, further conprising, after the
step (f), a step of etching away exposed regions of the first conductive
fil musing the second conductive filmof the gate electrode as a mask. 48.
The met hod for44mantth@chethnd £Eemannddetarideyiaesemteonduogoiro delvdica 36,
wherein the step (e) is perforned by an ICP etching method. 49. The nethod
for ”H”U%%adﬂdﬂﬁbatéeﬁuﬁqmﬂﬂéprwﬂéfbﬁﬁ the step (£f) includes a step
(£-1) of performing the doping step through the first
conductive film using the second conductive film of the gate

electrode as a mask.

45. The method for manufacturing a semiconductor device
according to claim 44, wherein the step (f£f) 4includes the
steps of:

(f-1la) doping a low concentration of the impurity
element giving n-type or p-type conductivity through the
first conductive film using the second conductive film
of the gate electrode as a mask:; and

(£f-2) doping a high concentration of the impurity
element giving n-type or p-type conductivity using the

first conductive film of the gate electrode as a mask.

46. The method for manufacturing a semiconductor device
according to claim 45, wherein the step (f£-la) and the step
(£-2) are performed simultaneously, and the low concentration

in the step (f-1la) and the high concentration in the step (f-
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according to claim 36, wherein the step (e) is performed by an R E nethod.
50. The nethod for manufacturing a sem conductor device according to claim
40, wherein the step (b) includes a step of irradiating the sem conductor
filmwith laser light. 51. The nethod for manufacturing a sem conductor
device according to claim50, wherein the laser light irradiation step is
per f or med)soakrkat camtri Téd onbyheaserioaeductlivicknéss 13% | tHe rafiased
with pulsed laser light a plurality of times continuously. 52. The net hod

for manutgaluELRged $8Mint ONGYE! OEthv's%%or@aCC%&mgcwvélal_em@ aeregn the
catal yst elenent is one or nore elenment selected fromthe group consisting

(Ru). r b GRERR) ST Ao Y A B Ui FLAF, FPPHEHE VG plat num

(Pt), copper (Cu) and gold (Au). 53. An electronlc devi ce, conprising the

sem conductor device according to claiml1. 54. The el ectronic device

according to claim53, further conprising a display section where an i mge

i s displayed By. Tdiengneteodefibromdnctfarc tdsving. a 5§emAgoaldaicttiaghi dediee ce,

conprising the sem conductor device according to claim?2. 56. The

el ectronaecgedifig agsokdiaieh t 0¢! afunr&iver f Won®ising, after the step
(f£), a- step of etching away exposed regions of the first
conductive film using the second conductive film of the gate

electrode as a mask.

48. The method for manufacturing a semiconductor device
according to claim 36, wherein the step (e) is performed by

an ICP etching method.

49. The method for manufacturing a semiconductor device
according to claim 36, wherein the step (e) is performed by

an RIE method.

50. The method for manufacturing a semiconductor device
according to claim 40, wherein the step (b) includes a step

of irradiating the semiconductor film with laser 1light.

51. The method for manufacturing a semiconductor device
according to claim 50, wherein the laser light irradiation

step is performed so that any point on the semiconductor film

129



conprising a display section where an imge is displayed by wusing the
sem conduct or device. 130

is irradiated with pulsed laser light a plurality of times

continuously.

52. The method for manufacturing a semiconductor device
according to claim 38, wherein the catalyst element is one or
more element selected from the group consisting of nickel
(Ni), diron (Fe), cobalt (Co), tin (Sn), lead (Pb), ruthenium
(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium

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

53. An electronic device, comprising the semiconductor

device according to claim 1.

54. The electronic device according to claim 53, further
comprising a display section where an image is displayed by

using the semiconductor device.

55. An electronic device, comprising the semiconductor

device according to claim 2.
56. The electronic device according to claim 55, further

comprising a display section where an image is displayed by

using the semiconductor device.
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