2 3 JUN 2006 SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present
invention relates to a sem conductor device using a crystalline

sem conductor filmthat contains silicon and to a nethod of narfuf aldit 186 ng
the seniconduct'or device. Specifically, the present invention relates to a

orerrod 10 S AICHEYPYCTORDEVICE AN N OO SERATIPACTURAVERL,:

contains silicon-and to a nethod of TEEWANEriNng the sem conduct or
device. 2. Description of the Related Art In recent years, the technique of
maki ng a sem conductor circuit from T TFTs 15 forned on an insulating
substrate such as a glass gybstrate has ra;%| dly progressed and is utilized
to manufacture active mat rPRUKGRQUNL OFE wN BEYNces and ot her

el ectroopti,c e actlve mat ri x Ilqﬁld'crystal di splay device is a
nmonol i t hi ]1 ?Eﬂ%)"ftﬁ%iqvqnt spI ay device in which a pixel matrix circuit

and a driver ci o dreddift iRV @aRMH Alatkdo %@éﬁll.%&ttﬁ}crt@t&ev;a%sﬁgoavsry%ﬁﬂw que
is also utilized to 20 devel op a system on panel incorporating |ogic
circuits suemieamducyorctitmetiiit @ontiinge gilicon andreoor ynathod witt maanthcaurtigo ke
generating circuit. Drlver circuits_ and logic circuits as above need to
operate at sRIdeoIslstar.  derries- efors@ecifthlﬂé’a ppIPI@E‘?IFtat]@V?%U%ef%iﬁteéndpph?bus
silicon filmfor enm_conduct or er.ves. n.act a of
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~glass substrate as’ a substrate on which TFTs are fornmed because of

-1 mexpensi vaoesacthaddbfanhowatenjper tht semiqumhess dppdd. cable to a gl ass

substrate is actively being devel oped. One of the | ow tenperature process
t echni ques t hat have been developed is 30 a technique for formng a

crystallin i G f|| substrate, which is 2 3 JUN 2006
di scl osed &rﬁ%eé ﬁgfﬁ%ﬁte?a/&%‘%)%iatl on Laid-open No. Hei "7-130652.
According to t he Ih%&ﬂt%grs%?e%bmqub Bt (ki Ry RIst HALS Rikct M CiRE RBRHEFTs

silicon film
15 formed on an insulating substrate such as a glass substrate has rapidly progressed

and is utilized to manufacture active matrix liquid crystal display devices and other
electrooptical devices. An active mairix liquid crystal display device is a
monolithic liquid crystal display device in which a pixel matrix circuit and a driver
circuit are placed on the same substrate. The above technique is also utilized to
20 develop a system on panel incorporating logic circuits such as a y correction circuit,

“a memory circuit, and a clock generating circuit. _
Driver circuits and logic circuits as above need to operate at high speed.
Therefore, it is inappropriate to use an amorphous silicon film for the
semiconductor layer that serves as an active layer of a TFT of these circuits. TFIs
25 whose active layers are polycrystalline silicon films are thus becoming the
mainstream. There is a need for a glass substrate as a substrate on which TFTs are
formed because of its inexpensiveness, and a low temperature process applicable to

a glass substrate is actively being developed.

One of the low temperature process techniques that have been developed is

30 a technique for forming a crystalline silicon film on a glass substrate, which is
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is provided with a catalytic elenent that accelerates crystallization and
the anorphous silicon filmis then crystallized by heat treatnent. This
crystallization 5 techni que makes it possible to | ower the tenpgg%ﬁumsat
whi ch an anorphous silicon filmis crystallized and shorten th

crystallization tine. The technique allows a glass substrate with a | ow

heat resi st % g ac lliRge.silico filimon jts.
surface, p[ggér}?ﬁsgéd?hglaggatpgm%gé egfa)\%é;né\r*{ﬂ%%ﬁ%a aui—l%)g?r Q\T%- oIlflelcrg"s@?%P?ne
silicon filAedordifighe-théQediiigud e6dMibEan Ahe SUYBERIIH, 2h %%@h?ﬂ?%i@'ﬁ'&@#sﬁim
silicon filmuses as the catalytic elenent N (nickel), cobalt), or
the like. Thep@rvml@, wittkena usaalyitie alenidsE, theat cagisteaahies nerystdliizoionf iahth the

obt ai ned by thlﬁ cryﬁi alljzation technjque can affect electric o
char act er i {RERhgugSitisppfeim iy (regrerysiallived by heat srsptment. hdhipesmtainationed
that thec.c [ nt r fning i he crystalline silicon film.
segregat%sqg@rﬁé{#eglglﬁ:l(gﬁypqsﬁ%i@ bor :laﬂvﬁert}gﬁh%ﬂpvaéﬂa a%ﬁ’ Clt $L 2G5 ‘Hoﬁ%%‘ﬂ“ry
region in i Ly t S Serv : of
a weak cur \rﬂeur‘lrtpmstg%éat}gg&gﬁﬁaesglggk?\r}ggicﬁggggﬁgﬁg)ﬁ%éﬁé cﬁrﬁ? gﬁ%@lﬂﬁfléggﬁﬁh
Then, a tegimisqubsahtegetiteniloy heatc@btarice aoehdreniany achatpgshine! shent
has been deyel oped (See Japanese Patent Application Laid-open No. Hei

10- 125926) filrhps igeturiace nepanded Hhageicte gmpleyment ¢f glast sthsénate of eryriadiine
treatment at;.800& or. er and is not applicable to a glass substrate
havi ng a | SRR AR LS e Al t hough the technique is capable of

| over I ngothe cr ysial | ke SerRRialivie hATaBhHOISIEoS TR At R the
silicon filmthan the hedat resistance tenperature of a glass substrate,

't Be tenper atatrlgticeldment e (tiekélnoCof(cobdlnl vt itee HkeneMhehYoiehevieachiridomes i s
no | ower than 800C to make it 25 practically inpossible to apply the | ow

t enper at ur el IpFot exystaling gilicopalilan pbiained bgrihist crystallizgtias seelubigue sne affect

Agai hi Kk d, hi ghl y. effici | yti | ql
Fchni que I HEe GyerspacEntrapuiy guElie FEYapkhéte. oo prraatibn
Lai d-open hg,; gl c%i‘a‘lgéé7e§9meﬁ9“r%%ﬂlﬁ tftih e ctrgé% ’an%“?ﬂﬁ%ﬁcfilrﬁegergéfé' dipg 30
publication, catalytit elenents 1n a g%t ering subject rtegion (a ggon

that i sipotirrdgaladlylidNa208@m dopedary ddd eh/ot@ERrdin Bbe®AY BRtbnAirCHHich the
elenent) are thermally diffused and noved to a gettering region, and the
catal yti c alatHphe slement: sppregaies eem@sias a heak path of a weak current to cause an

- eruptive increase in OFF current in the TFT. Then, a technique of gettering a

catalytic element by a halogen element has been developed (See Japanese Patent

Application Laid-open No. Hei 10-125926). This gettering technique requires

20 high temperature heat treatment at 800°C or higher and is not appliéable to a glass

substrate having a low he'at resistance. Although the technique is capable of

lowering the cryétallizatibn temperature for obtéining a crystalline silicon film than

the heat resistance temperature of a glass substrate, the temperature during

gettering of catalytic element by the technique is no lower than 800°C to make it

25 practically impossible to apply the low temperature process using a catalytic
element to a glass substrate,

Against this background, a highly efficient catalytic element gettering

technique has been developed and disclosed in Japanese Patent Application

Laid-open No. Hei 11-054760. According to the technique described in the

30 publication, catalytic elements in a gettering subject region (a region that is not
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gettering region by a Goup 13 elenent (typically boron (B)) and a G oup 15
el emrent (typically, phosphorus (P)). This techni que consists of the
followng 5 three steps. The first step is to obtain a crystall3negysidy con
filmby crystallizing an anorphous silicon filmusing a catalytic el enent.
The second step is to forma gettering region by selectively doping the

crystallin {4l iqﬁﬂ‘ i £2h 1 |l e t, (typical B) ;an G oup
15 el enment etzc'fﬁyé& ﬁ%ﬂl %/ ). W‘I]ﬁee%m rrl gl@tde% qu’“P ﬁ&leﬁ%‘%@ 85t Q{Wagyeﬁgﬁ‘éﬁq s
in a getterdmimevbilesty Jee@tian rkpiod, 8l kRS bHAIRUMICMChA AE hen ga%ﬂga'i the
di ffusi-on induced by heat treatnent for gettering. In applying the agove
gettering tgadlemingueegion yproCemyp df elmehadtypicaity dordiF[B)) hed @ dGmeupht e
maj or appli cation nodes. gi ven bel ow, According to Application Mde. 1, a
gettering sﬁ‘ﬁfﬁﬂ@B{ GY@@?B@W irhosphewsoff)) -1 5 Tibie Iterdinggy s comsisisonbthe dplipageg
f or med fgorfhfneecsr%gst alline silicon filmand conposed of a source region,
drain regi on, and channel region of a TFT. Aregion in the periphery of

the gettering subfRetir§edicpnisi fo HBtLRtd %%izgfam%egn%ﬂ HithPHR BrysfHIRFRel3n
el enment (typically B) that inparts the p-type conductivity ancYa Grogp 15

el ement ('t ypnordhoys Bjlicdmafilmngxing & tdielynict sipmeatndlied isvddnd, stepes ebyfolror 1 ng
a 20 gettering region. Then, heat treatnment is conducted for getteri n%.
Accor di ng tESUAHIBE E41aroRy KBlgstivelytdapiagithe eryséfiinn sdicoa @y syigh ki Geoug (3 con
filmexcept_,a chapnel region is ettering region..|ln.other rds, a

sour ce regi%ﬁmeﬁﬁ yB“&PﬁW?’é‘&i%ﬁF(ﬁ%& reé‘“g‘%S?lE&%PW@py& anhfg‘es Fﬁdg%}ﬁﬁdﬁtt%r

| ayer make hBoe 5t Pid Py bfd ibf IR Je@bd BBl
conprised of: %1 stae%E Ogﬁ%e;nﬁlgggagegtgﬁggss:ugfé c%au&%%ﬁg e{g‘%rg%t%e%aibt ser%%@ as
t He channeltheagalodiffuficnhiediiedd bf hest trdwement Yot @ticking. si | i con filmis formed
using a catal ytic el enent (élef ore the sem conductor layer is forned); a
dopi ng step usi ndnbiplyiagcthe @hoys gstteringticchnigys tak|prog)sstdfananwisgirmg he

o iype conther ity 2188 Cave Ab Slerent (gL sally P that Limarts the
LB gt L el bR AT EiA O 0P 3P
regi on LBcliudesiigy pardemiobnddigos dayere (688D Nframd adiceystalligi SificoMPflmcahiion
Mode 2 can have a | arger

composed of a source region, drain region, and channel region of a TFT. A region

in the periphery of the gettering subject region is selectively doped with both a

Group 13 element (typically B) that imparts the p-type conductivity and a Group 15

clement (typically P) that imparts the n-type conductivity, thereby forming a

20 gettering region. Then, heat treatment is conducted for gettering.

According to Application Mode 2, the entire region of a crystalline silicon
film except a channel region is a gettering region. In other Wofds, a source region
and a drain region, and regions other than a semiconductor layer make the gettering
region. Specifically, this application mode is comprised of: a step of forming a

25 resist mask on a region that serves as the channel region of the TFT after the
crystalline silicon film is formed using a catalytic element (before the
semiconductor layer is formed); a doping step using both a Group 13 element
(typically B) that imparts the p-type conductivity and a Group 15 element (typically
P) that imparts the n-type conductivity; a step of removing the resist mask; and a

30 gettering step for gettering the catalytic element from the region serving as the
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gettering region as conpared to Application Mdde 1. According to
Application Mbde 3, a channel region in a sem conductor 5 |ayer h@ d%s
formed froma crystalline silicon filmis a Bettering subject relg}té [
whereas a source region and a drain region in the sem conductor |ayer al one
make a gettering region. Inpurity elements in the source region and drain

[egi on doublifinBP rGbA oA SRAI GRAmERCCISERN el ABRLL GRILEN IRAR TS

conprised of: a st rmn e sefm con

crystal |l i neofSithd gotrdel tapidis dner dedn Uﬁgﬂﬁl,aA?ggézﬁkﬁi Wibde & eARNHaveda SltaF%éﬁo‘;

formng a gate electrode; a step of doping sem conductor layer w

Group 13 elgatning(regpircad cympyrediatApplpation Modep-type conductivity and a

G 15 el t (typi [ P) that i ts th -1 ductivity whil

ssing the gate el Aeiie It AbpHeRon Ve« heTaBuRLEaier o apmlcorHaCal
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region is confined to the sem conductor layer and is sna ace

area as corngadreenhgt wgippl i hapurety clbindats2in emoucad fegiolVageé ddainseivat doutsib
| ess effective in gettering the catalytic elenment in the channel region.
On the ot hels ERAKENZAMITesat inecNirpdlyathinepphieation mode iecemppised of:rt stepwéi ng

a gettering.source for formi ettering region with the .inmpurity.dopin

ot or ! R The Sl leBhTidPe Rt ! WP ey RBie A 1S 3/ 0RBkg deins & O

advant aggous s 1Rk MPlk Q4 t u APk [ Wapels .

oy oo O gL TRR) of oD SEPHmidPPy | £AL ADHBUE 7, 4EP| O St the

canveni ent sendcosdfabr ldyewents a Gvoap Bopleitt i(Gpically B’ﬁdﬁt%ﬂp‘ért@ﬁﬁé PySei N
t

- manufacture of an n-channel TFT and a p-channel TFT, e catalytic el enent
gettering efomdgrenidy and aa chsriel 1y ejemant {typoddly i) the bmphunnidle nfype

than in the p-channel . TFT. .Th r obl em of lication Mbde 3 regardin t he
| ow getteri c}dé‘f:ﬁ}”&}’m@ Bying phe gagiplRimde sy m‘d?]tf t(bgoraégmqalé FepigRaa
bel ow. Sem t.OL: ' = : - .

Goped 30 WheREHELAEIGA GG Sbp DR OEIAAGlvalink TRy EARARS sl dle Shfrce
conduct 1 8i trggitn hed dsaingregich 3nd WndR0Ge@alE gelieGhs Phlesamdytitasksnent in the

Thereafter, the sem conductor |ayer of the p-channel TFT ‘alone is doped

with a p-tyjhannabiagiey tkioaghrieat isgatmepiar tSinehehep geypdng region is confined to

“the semiconductor layer and is smaller in surface area as compared to Application

Mode 2, Application Mode 3 is that much less effective in gettering the catalytic

element in the channel region. On the other hand, Application Mode 3 integrates

- 20 the step of introducing a gettering source for forming a gettering region with the

impurity doping step for forming a source region and a drain region and is therefore
advantageous in improving throughput. |

Application Mode 3 improves the degree of integration of TFT as well as

throughput and is therefore convenient and useful. However, when Application

25 Mode 3 is employed in manufacture of an n-channel TFT and a p-channel TFT, the

catalytic element gettering efficiency in a channel region is lower in the n-channel

TFT than in the p-channel TFT. The problem of Application Mode 3 regarding

the low gettering efficiency of the n-channel TFT will be described in detail below.

Semiconductor layers of the n-channel TFT and p-channel TFT are doped

30 with an n-type impurity element that imparts the n-type conductivity while using
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conductivity in an anmount | arge enough to convert the |ayer's conductivity
while wusing the gate electrode as a mask. Thus fornmed are source regions
and drain 5 regions of the n-channel TFT and p-channel TFT. The2 32’“@%@
region and drain_region of the p-channel TFT therefore contain®arn”¢el Prent
that inparts the n-type conductivity and an el enent that inparts the

p-type condpgfei MektYoddst & HRKa ﬂELg:ta eF,%gﬁs%?m'cgﬁ&ﬁéstéﬁ[l%)é@?foggéhggp% gmaerlai N

anount of n-type inpurity. -On the e

region of tHEThabdmnieldoped witht ai p-19pk VingdsurtyesRMent Ohlah iy dARaFHS -
n-type conductivity. During the ge?ttglrji ng tregt ment thata dOLPba| es aspt%e
i npurity i oFPREEICYHY igran pewnefarge tdnoughttal gunivertethertaper’s ronthectbhignndlile
region of the pschannel TFT is gettered by the elenent that inparts the

n-type cond%flg\fil’?ﬁat%ﬁh:ectnf?éiee"l‘se ask.nalhpmbarmed e sputoppegiuldud idyiiny
and is centaiyr j ing the nt—of n-type inpurity.. The
catal yti % efé nent b?%ﬁ{ﬁgéﬂr%ﬂ g%la%ﬁglcgﬁ(g H‘%ﬁnngkmg opheeﬁowgﬁ?ff’gpglp 6%‘# td)él?‘é‘d
solely by thgi&l efend ptéRineMret i M 0
confirnmed tfh%% t he gept eri ﬁg effi giieté%?)l}@itgﬁﬁ%ﬁg%]%g# g{r?rt Xgﬂpgﬁ%ﬁﬁétnﬁgﬁ%

i mpart s t hecondugprity omduart elanantahat anpate thenp-typatondmaiis Wit thetandSunt

conductivity. and is contained in a concentration exceeding the
concent r at i SnPEYPLEMRUT eX¢6esing the paornpaf n-iyppdmwurity.geOnetherghehhandyhen

th tteri ists . | el f,th I hat | ts t

- type. condigeiootes Bt T Taist el ahtnd REciFnGal 157 Co'aiopaly Rp oy
11- 054760) . thhp 1Aphes tPﬁPhQ§Pe ¥nfasiianne! Iaﬂ:ﬂg the ganénﬁ QF&&&E@P&# Ahbfes
consisting of the element "that inparts the n=typ condactiVvi y alone’l's

‘inferior toasaimpuiignoelactiFition tteatmenythetafabitknelynent getiechdmel 28zion of
catalytic el ement of its channel region. Wien the effect of gettering
catal ytic cthemsahannel Iichangettereddnothy elemsneé thati impantsnthe ety camRinctivgy i n

-ch |, TFL, tterjing.in the n-ch | ,TET . | d. be insyfficient d
PRt e S e S R T

ray be rECEREAryYD tHBAGE g nth 49767 Ny
eoar di ng orrer g ol T ray R T o | IR G AE kAl i I AR

process15 ZIBIJulN (RO@6herahigid) ipreeltersd eflelyeby ehé e hé©athae inpaSYUVMARY: Yok
THE | NVENTI ON ..
“conductivity.

It has been confirmed that the geftering efficiency is higher when an
element that imparts the n-type conductivity and an element that imparts the p-type
conductivity and is contained in a concentration exceeding the concentration of

20 n-type impurity both participate in gettering than when the gettering source consists
solely of the element that imparts the n-type conductivity (Sce'Japanese Patent
Application Laid-open No. Hei 11-054760). In other words, an n-channel TFT
with the gettering source consisting of the element that imparts the n-type
conductivity alone is inferior to a p-channel TFT in terms of cfficiency in gettering

25 catalytic element of its channel region.

When the effect of gettering catalytic element in a channel region is lower
in an n-channel TFT than in a p-channel TFT, gettering in the n-channel TFT could
be insufficient and it may be necessary to change gettering treatment conditions so
as to avoid insufficient gettering. Therefore, it can be said that the problem

30 regarding gettering efficiency of an n-channel TFT is accompanied with a process
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The present invention has been nmade in view of the above, and an object of
5 the present invention is therefore to solve the above problens in..prior
art. 'More specifically, an object of the present invention is to solve the
problemof inferior efficiency in gettering of catalytic elenment 23 jay 2006
channel region of an n-channel TF T to the gettering efficiency in a

p- channel TFT. Anot her object of the present invention is to solve a
process margin problem of gettering treatnment which o0 acconpanies the
getteringnﬁéﬁ{5&@mgyopg@@&ﬁﬂguéﬁmkmeture of n-channel TFT] First, means to
sol ve the problens of prior art will be described fromthe aspect of the
structure of n-channel TFT. It has been disclosed in Japanese Patent

Application Laid-open No. i 3 q ‘);ﬂqxn fye presence of both an
el ement that inparts the Vi el ement that inparts
the p-type congyeliilchyiBfliGPRARbASHnkae f vRANGEMLRALaRikiamganicdiudn the
concentration of the n-type inpurity in a getterln%3 regigon is effective in
i mpr ovingh¢ peesggt lvehtign ¢f flieeiforcyo solke tixtbboapiodEat UdPES! afthe M€t er i ng
efficiency of when a gettering region has both an elene | ts 20
t he n-typspe@iﬁn@lllliﬁ‘.tﬂwi)[w?d(ﬂfE%@eﬁ‘?ﬁ}dpi’?%or’aﬁdmasﬁq‘é? é‘h@eﬂ{gbtl‘%{gf"tfi "#}p@r 's the
p-type copductivit -tvpe. i L : I SGl o€ QR GLen@BsTEOUt -a
proper - Ce%ﬁggﬁwglg%ﬁ(r&lﬁn%fgwf‘% i ﬁ%%e)\ﬂt #g_ggﬁgﬁ%gtr?%??ng efficiency. The
concl usi %%h@ﬁetie’%h‘l@”ﬁﬁc@féyaﬁl § gp-chavmel THETL.f | Asvtheombjassidnthiesprchent a
preferable catalytic element gettering 25 effi ct:i ency. i s _obt ai ned, b -
setting tiheemtase iofto awled @nprceshanaigtp aroklemh o 2¢HEhee HS%@EF@EWFE{?
((1(:9)yp| cally P) and of an el eg‘/rigt. t hat ib rts the p-type conductivity
(Typi &8l |agcEppppieh ezt g FTHASRERRICNY or hi gher in a dopi ng devi ce when
the congentrati o) ytic element (typically Ni) is 1 x 1019 to 2 x
1019 at of@}rtélﬁgl&é%g Jhsag1(%:1'%)1?%1?5:]0ncI usion is that a preferable c éral thir?c
el ement (typi calitsy, Mkdnsget sadvé te frobddms of eniey artswdbpﬁi%é%f‘tl‘ﬁﬁa 8@/? g the
dose of an elenent that inparts th -type 6 2 3 JUN 2006 conductivity
(typi cal |asp8)t addhestreguesyo ‘&Pﬁé‘}neﬁﬁgﬁ:the dose of an element that inparts
the n-type conduectivity Ltypi.gak)| toolich@orB Lizidvepent A@diedose i s
sui t abl e consi gg P e?%ed(l %&rﬁgéggil i%ﬁ%cseapgtehh%pp P .

15 11-054760 that the presence of both an element that imparts the n-type conductivity

and an element that imparts the p-type conductivity and contained In a

concentration larger than the concentration of the n-type impurity in a gettering

region is effective in improving the gettering efficiency. The publication studies

the gettering efficiency of when a gettering region has both an clement that imparts

"} 20 the n-type conductivity (n-type impurity) and an element that imparts the p-type

conductivity (p-type impurity), and discloses conclusions about a proper

concentrﬁtion fange for improving the gettering efficiency. The conclusions are

summarized as follows. |

The first conclusion is that a preferable catalytic element getiering

25 efficiency is obtained by setting the dose of an element that imparts the n-type

conductivity (typically P) and of an element that imparts the p-type conductivity
(typically B) both to 1 x 10 atoms/cm® or higher in a doping device when the
concentration of catalytic element (typically Ni) is 1 x 10™ to 2 x 10" atoms/cm®. The
second conclusion is that a preferable catalytic element (typically Ni) gettering

a0 efficiency is obtained by setiing the dose of an element that imparts the p-type

6



Fromthe first conclusion and the second conclusion, an appropriate range

5 of the dose of elenment that inpakts the n-typesconducti vitya(typically P)
is1x 10'"" To 1 x 1016 atons/cn2, and an appropriate range of thf d@@el 05
of elenent that inparts the p-type conductivity (typically B) is 1 >-\5 1ﬂ
to 3 x 1016 atons/cnR. When an elenent that inparts the p-type
conductivity and an elenent that inparts the n-type conductivity are used
in the above ranges of dose and the conditions in the second 10 concl usion
are net, taeadgeitibr i(vgiceflyi B) eyl tarwrblergampthonelie dise abow ezlstnanty tttows
that an n-channel TFT, whose source regi and drain,region contain only _
an el errent“qpﬁgf %{1%-614"}’?% @Hi”%lvtl&ypéy%l(?ﬂ@%%?i @‘i“?ﬁat Ha¥ ar{mq?sn?aé%“rro(&os&e‘tgi ering

ef fici encyyithhi@ C@h@g&@ﬁhg 'E}?egﬂn%ﬂuét?vﬁﬁe gettering efficiency of a p-channel
TFT whose source region’and drain region contain an elenment that 15 inparts

t he n-type condlictivhe Yiranchnahiselneahthet deabnd npaciusiothen pppippeiatoradget i vi ty

with the cqoncentratjon of the p-type inpurity higher than the.concentration
of the °notyRedpsamek ¢lemenichat k@%@ﬁ%@eﬂgp@@mﬁ@mw Gmt@awaﬂsﬂﬁﬁﬁ?or-

getterin ffickency ,Jnat - T i i i I t he
source r gB? gﬁ( L@d GP@%{FW ’r%ﬁ% %F\gg%%gh}eyégpk ?)g}t@%P 68%? fglfa }7%}6‘@ ;‘@f@ﬁgﬁs

cont ai ni NgeantypeasRalcivigi(typiazay By i20 xt 103 fo-3 ¥ 10 catomisim® Whereard an

el ement that i'nparts the p-type conductivity with._  the concentration of the

p-type i npinmen} thitgrmarts ikmp e eyrbishvitaandpnsiemend thatigppartisipanitype | n

hi h i ffici [ h | ion of th
I s ocou bR S e SR Bl TR B R SHRORE  hEgne’ e
q&@rd@dbetter for the highly

‘get t erj 9 chbfAuSBn ard efARO gé‘ﬂté}ﬂ{gy@ffﬁ_ién%?%ﬁﬁ ba!
efficient gettering regionin principal. It is necessary to formas |arge
‘a highly effici®ht ahevt stidygshoesi duat as n-plossieblId Tiwltusa sohececmgiomend of t he
sem conductar | ayer that is conposed of the channel region, the source
regi on, aftf'PHEEIRAFMIHB TGN a0 %mﬁ‘i“g‘ﬁliaﬁfﬂﬁf’?fitﬂ -yt F%‘F(?“r‘f VHEGISNABN t he

whol e has; - Ey - G i,V] i rat i-ap: =t
Mpur y Pleiof aEkBs AGMRL W7t yRl Baioh 17 BETERRHAE (O REAP®, pan
t he conceptdhahh@nTOT by ourgurdglion tahdt diaifpaeégion tdmtain- &y eéergandet i vity

in the region. Wien the highly efficient gettering regionis provided in a
part of5 t HBP&suUthea-Emgi condueidV it aichan elgment g1t ipags Higaprivgie cpmyluctivity

with the concentration of the p-type impurity higher than the concentration of the

n-type impurity. One measure to counter the problem -Qf mferior gettering

efficiency in the n-channel TFT is to provide in a part of the source region and

drain region a highly efficient gettering region containing an element that imparts

} 20 the n-type conductivity and an element that imparts the p-type conductivity with

the concentration of the p-type impurity higher than the concentration of the n-type
umnpurity. |

In this countermeasure, the gettering efficiency in the channel region of the

n-channel TFT basically depends on the area of the highly efficient gettering region.

25 Accordingly,malarger area is better for the highly efficient gettering region in

principal. It is necessary to form as large a highly efficient gettering region as

possible within the confines of the semiconductor layer that is composed of the

channel region, the source region, and the drain region.
The highly efficient gettering region on the whole has the p-type

30 conductivity since the concentration of p-type impurity that imparts the p-type
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unwanted pn junction is fornmed between the highly efficient geftering
region 5 because the rest of the source region and drain region has the
n-type conductivity. |If the pn junction is positioned to obstruct a
current that flows between the source region and the drain regi @j,JUN 2006
el ectric characteristics of the n-channel TFT can be affected. For that

reason, thecoiducHifty i@ igR@& Bla, th ] fof1 bRt {&F 1139 Lqp . has
to be located at a gi vengpl ace in1;%'?(ﬁoeﬂygg{l{}rb%:{%l‘?rOfefgrli:'t a}lrgﬁﬁdé@{{nﬁrgelgl:bgﬁls%ge
whi ch does méypeatomductivity il dw ofgivie Wigretie hiphegictiicahl Yettéring Segion is
necessary to avoid, placing the highly efficient gettering region in a

regi on bet vid8Nidedc Bheapart gdrthe owurgh aegios ashdennaggion ohéhs auelwanch Jih

and a cont act rtion.that is conne tgd to tﬂ% drai n regi on because the
current thalﬁnvf'g% %tJﬁBéﬁoq He 6W@e 8N n&‘ﬁlﬂg ?ﬁf’zggeﬁlt FLGT O frHRR
through shep&antadie RRF b @lﬁ\?s??’lr?e EE%{Sht:ﬂﬁi g ?%i@g(ﬁ‘ég thi BE érhggs']p‘rﬂaﬁctivity.

suitable to hold the highly e cie gettering region ext om an €énd

of the senilddhepatjanctioyés pasidoace tepdstudtna chrromt thaf flohe ARkas thde6lidcens
connected to the source region and the drain region. The highly efficient

gettering riégivnangyhedrgiar 1egiom sdeetsicachrsactanstigsot Honntchagnele TFhearhibghl y
efficient tering.reqi on as | e surface area, as ssible,. In this 20
si tuati on, Qqefheecs%dl gF%r. SEBia5 ftf;gmaiunpﬁgnhp@ﬁ%w é?é)ﬁ’églélﬁtef&é{%rge%rmg

region Overﬂeggﬁ‘lyhg§ 10 q%?](f}%ge@%%{ﬁ}ggg@?%eg iRlthd @HﬁfgeTﬁegﬁ(gr# g'ng,cirlgﬁ‘l region

phot ol i t hogr step process. r

necessaly twhigdtddeRenlaffpomeiet [0 WfTthe Yurrehth $PificNB, i i9hle¥e by & #Mid
gettering region overlaps no nore than half the contact portion at worst,
‘and to det avlating tﬂ‘lhehlgbgﬁ efifilcaling tgmtfc eingaegeninaa cegibadictw28n pordritart Fordohhe
highly efficient gettering . region. In view of the above points, the present
i nvention &ﬁawso@gmaﬁteﬁ-teﬁaﬁﬁ preeregiog anck i ¢PRRCHBOFKIN Bidk Issgpnngcted to the

sem conduct g, : I: rq - I T a p-cha TFET)
o sol ve ¢ Heet BEGFLEGREhS Bhy i &l RokR IR eken Mt Pl edlgf ARG 10
clai m ng anepigiAoRglthrfnghaheReniast foftfgisent fromthe format for 30
~claimng a sém conduct or device (conplenentary circuit) that has an
n-chann&éb 8 2 3 JUNNRODS rgasbnasibwe, phe hapivals SiEEbotd holhehappghlyatfifmient

range of sem conductor device can vary dependi.ng on the claimformat. For
i nstance, WHEIFTRE KoM ARENdigmagy sadiof diescrEgonduidoniayer @atliBn engdsgdnof

s_en‘ilconductﬁémdgf/ hfe%é;&ﬁkﬁ&?ﬁia%@ dIBcted to the source region and the drain region.

The highly efficient gettering region may be very close to a contact portion to give
~the highly efficient gettering region as large surface area as possible. In this
20 situation, there is a possibility that the highly efficient gettering region overlaps the
contact portion due to alignment error in the photolithography step of the
“ manufacturing process. Therefore, it is necessary to set the alignment accuracy
such that the highly efficient gettering region overlaps no more than half the
contact portion at worst, and to determine the design distance between a contact

25 portion and the highly efficient gettering region.
In view of the above points, the present invention provides an n-channel
TFT structured as follows and a semiconductor device (comprised of an n-channel
TFT and a p-channel TFT) to solve the problems of prior art. In patent claims, the
format for claiming an n-channel TFT alone is different from the format for

30 claiming a semiconductor device (complementary circuit) that has an n-channel
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senm conductor device in which TFTs used to construct circuits are all
n-channel 5 TFTs and a CMOS circuits in which an n-channel TFT and a
p-channel TFT are both used to construct a circuit. This is bec?g}sﬁ t@[ﬁ

cl ai m does not put any technical limtation on a p-channel TFT."On M

ot her hand, when”a seniconductor device having both an n-channel TFT and a

p- channel TFITIa8d &?%Hﬁ%ﬁel T BHM. | cpid QEIB‘pl'ic?art‘i%% ﬁﬁg?%ﬁs‘éﬁﬁ tf?:rt Sé!wFESTFT

i ncludes a CMOS 10 sem conduct or- devi ce alone. Thereéfore anne

and the semnceanrgubdpendileybnehardtaigepamadtel Wodeasmhbgdyhen tahal-th)dlﬂmeTlgI‘ A
structure of the present invention is a sem conductor device (specifically
an n-channel Oqﬂ:lﬁ)d@@mﬂ,ﬂhﬁ? appPhacawm r@@g@l@éts@mlmmd@ptoraiegmeelnph@@s animyIos | m

d t |.ect th b f nmed f
o pa P2 SeiE ARG abyiee 5oy AR LE I saa i s Iarn ot R atsn i pghgnnel
el ement thappaceel %réhfé C&yaﬁ&' lln' o ot ngRteTeLes DRl "Bl geed

above the sem conductor %?Ld gate T1nsulating %‘ I?(r%ﬁl nterpose

t her ebet vveelmthtmdsm@ﬁmmt@rm}o@ner Ttayu@q;@aawrtﬁ@ cldigfidors aitd gudaain
region to the left and right of the gate el ectrode, the source region and

the drain rtegfimnal( flimgaticwnoantar qn—chanrreégﬂ“dﬂé) b@nngh@lopﬁx&rv\hamd,amﬁm a

el enent that ts e n-type conductivit and the device s

charact eri f@&ll&rﬁﬂc{%@ %@H@es fiyiag 1?@5 ah aoelanned TFA; and dgiPorhanaek THbdst
froma cha g n p n h ar.t

- type conduatidsh YR RieERbR rartena, ke GiETBEY ke Tt Red TMs

conduct y gi ts\énﬁé@l‘f‘tﬁit‘ﬂoxcoﬂ(%@1'&ér3élbﬁé‘ reg’[‘l‘i’é}kfor@‘noiﬂhernSéHaHﬁEW?F(If bhe the

present invention is a sem conductor device 25 (specifically an n-channel

“THT) conpr issimigoradseon donide ateosepheyely, deacribedin tiefolibimigg. film a gate

el ectrode, and an interlayer insulating film the sem conductor |ayer
bei ng f or ned frorﬁétf@PS}%‘é Bf Ithe presens Jé’é’ﬁnm)lllrﬁﬁ@@F@WUFHH%FP%@BW@CEHYM

a catal ytlc accel erates Gr | i,zatiaon, the at | ectr
ei g ol mccth SiBIBAN, BERL GARERISHAER SPmitarRhdn A0t & upub BBl e LSS B
i nt er posed o3le El%%fr%@@tt\ﬂ%%mlé&?du%%‘f‘ l‘ége T grf frﬁé’&froﬂ@!'c?)‘ﬂstﬂh%@‘é'ﬂ%r{ fghon

and a draimregion to 9 23 JUN 2006 t and right of  the gate

el ectrotie, dieinsduhomighegiavidimpdof hecatilgiio el@gennthiat iacséleratoncestalitatom,
regi ons) being doped with an n-type inpurity that inparts the n-type
conduct i vi ttile gHe ¢lscEpdeneing rrslaq:% i2Rg Ve i the snEOnAyCioRager avigh etg@rwé

and having lnsulatmg film interposed therebetween, the semiconductor layer having a source

region and a drain region to the left and right of the gate electrode, the source
region and the drain region (first concentration regions) being doped with an
20 element that imparts the n-type conductivity, and the device is characterized in that
the source region and the drain region have, apart from a channel region, a region
doped with an element that imparts the n-type conductivity and with an element

that imparts the p-type conductivity (second concentration region).
Another structure of the present invention is a semiconductor device
25 (specifically an n-channel TFT) comprising a semiconductor layer, a gate insulating
film, a gate electrode, and an interlayer insulating film, the semiconductor layer
being formed from a crystalline silicon film obtained through providing of a
catalytic element that accelerates crystallization, the gate electrode being placed
above the semiconductor layer with the gate insulating film interposed

30 therebetween, the semiconductor layer having a source region and a drain region to
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pair of contact holes'that reaches the source region and the drain region,
and the 5 device is characterized in that the source region and the drain
regi on have a region doped with an element that inparts the n-tyy&eJUN 2006
conductivity and with an elenent that inparts the p-type conductivity
(second concentrdtion region), the second concentration region being

cond co  regi on con ation regior
Poros. 10 e oy /0 RER| O AR P MCHUEURIC REGLE RN oo B Brt RO Gl

device (spechddrtaltion @gkeRPbemeIdted With Gal d-tiRVIMf t-@i*ﬂg;sm' FlLigdd a
p- channel  TFT both) cog r?l)i nggfiarit and second sng%]uc ng%ct r Eat;l/%rnst nd

first and seewrdurtiviig theeindariaysd dssulativeg fidmi coerlng e ghysdecrdki agl havinpd
froma crystalline silicon . filmabtained through providing of a catalytic
el enent t haPBUefUHastOles that repelasi thetsosace fagdon japd tthe faiwereghen, gatdethe
el ectrod I:ng - i.vel ced ahove the first,and second .
sem condiut Sevicaye FRRGRIY S IRATRE PR s et i et 3BELaE0R Reve pesioun,
and Lhe deviiged sviehahaatbhe fht ifpafR! the Mifyld EOldRATLGONALGAAT ab BGhehs®
for formng an n-channel thin film" transistor an as source reglon and

drai n regi othat fimpsrtsc thec prtypat camiucagitgnGecozd @apestraidih régiog), efnieddhal
inmparts the n-type conductivity; the second sem conductor |ayer is for
form ng a pCResAtatiopdeaion heing ppsitionsd 6p asre aveisl keigg sredwichgil betweeh theai n

region (secqnd concentration regions) doped with an elenent that inparts
the n-type §%1533§PP%C&§70&% with an elenent that inparts the p-type

conductipg ty; 25 M%tl?é?“ét?@ctﬁf‘egio?nﬂ%n%régeﬂi[ rﬁn@%nﬁi}cggiigl;a tSt%?l‘liEé)Iﬁ(ﬁ}Ct(()rs deyice

sem conduct or |ayer have, apart froma channe , a region

‘concentrat i (apeciEgialy) a dopgdemehiar@reircaiteh®@ihg tAah-dhapast TFThend ot YRS annel

conduct i vi t% and with an elenment that inparts the p-type conductivity.

Anot her st r hEHUPethyfcompsishag Siesit arichsenondosemisondwason byeduand firsteanid secadel
TFT and a

(spect {152l L2 SORRLSTER SL Skl ol e an -channel TEL 2063 icon
o conductSm) SABAIUEN, SUSTEON SARIIEABER, S, peclpis,
t hr ough 1p3r owiiydtabljzanfory thafiadtyndeeebedipate élBafro@RARligs dspsctively placed above
the first and second semiconductor layers with a gate insulating film interposed
therebetween, and the device is characterized in that:
the first semiconductor layer is for forming an n-channel thin film
transistor and has a source region and drain region (first concentration regions)

20 doped with an element that imparts the n-type conductivity;

the second semiconductor layer is for forming a p-channel thin film
transistor and has a source region and drain region (second concentration regioné)
doped with an element that imparts the n-type conductivity and with an element
that imparts the p-type conductivity;

25 the source region and drain region of the first semiconductor layer have,
apart from a channel region, a region (second concentration region) doped with an
element that imparts the n-type conductivity and with an element that imparts the
p-type conductivity,

Another structure of the present invention is a semiconductor device

30 (specifically a complementary circuit having an n-channel TFT and a p-channel
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crystallization, the first and second gate el ectrodes being respectively
pl aced above 5 the first and second sem conductor |ayers with a gate
insulating filminterposed therebetween, and the device is char Z%tmiﬁﬁd
in that: the first sem conductor |ayer is for form ng an n-channél” Thi
film transistor and has a source region and .drain region (first

concentrat i RTrieghpeemprisonedirsd i Sdtopliey@ibotdirtor ARt sud gt NiddYRLond
conductivity; 10 the second sem conductor layer is fof formng a p-channel

thin film gaardediwlesathe kesicandootor dayagitemgborndrchfom egirgstallivecsitidon
concentrati fl re iQnsa 1(%Iopegewith_ n el ement that inparts the n-tyi)e
conductivitﬁrﬁn&’ R g ANQUERe RIOVIdRE  Phpar tetaliic p elgmprntc dhalu cagogiargtes

cont act hol i A i.n he, squr.ce. regions and.drain regions of
15 the. 1 st YSAEERERE, HRL R S0 KBl B R P S Pk
i nsul ati mg thii fifst thdt s@WEr SerhidBndidtd dy gt r : he
source region z;nd dra? n regi on1 olf‘1 tr}eié flﬁbg% %ggg‘l%c%%gdg%%%ﬁﬁ%yfg?? %sgﬂgeﬁ
regi on ( secihwtchetwmeemtangt thonleregiionhadiopeitediit haan el enent that inparts the

n-type conductivity and with an elenent that inparts the p-type =
conductivity, thehpedirtnsemacansiugtprpdasieri isnder dorming @ravotkinsel ngin film
sandw ched n. the contact holes. A second concentration regi on doped
wrth an ot IR ahdhop . St oo, A BERETEERD: () SLABNEIHTDR Beshi
that i npartgoddiewihtanlR8e SRAHSGE b M| / Lghly efficient
gettering reg}? on. The cgncentratqﬂgﬁﬁ%ﬁﬁ%?%ey@gﬁgpgg ‘nt after gettering
i's highao in a sehenskcontdcstrhicinidactoregiyen it hfod fdinangi 4 sg-chenagnihiat finh 25

region. In the above four structures of the present invention, different
fdrmats delSRpsigar and has ensowgepriregind wadodratie vdgiers (seednd eohaetgralicnf mgdons)

sem conduct Qr evice application ra . However, the. n-channel TFET and

t he n-chann‘gcfpeijg 1ﬁ'hnan teﬁﬁnmagé]ﬁipéag35‘6@6}5’1’8%@8%‘5{\%3§‘ b‘é({tgrﬁri glemEhe

sane StrUCtﬂH’é?imﬁé}ts{%tﬂlgﬁbeoéod&@wfﬁgéuri ng an n-channel TFT] 11 2 3 JUN
ve 't probl e

2006 Next, means to sol he of prior art is described fromthe
aspect of n-chaneltacthblesrsshaciwoly ngndidih et sodged Regibheah®dpdEh rb@bns of

claim ng an_n-channel TFT alone is different fromthe format for claimng
a seni céAdudediirst and second semiconductor layers are formed in an interlayer insulating
film that covers the first and second gate electrodes; and

the source region and drain region of the first semiconductor layer have a
region (second concentration region) doped with an element that imparts the n-type
conductivity and with an element that imparts the p-type .conductivity, the region

20 being positioned so as to avoid being sandwiched between the contact holes.
| A second concentration region doped with an element that imparts the
.- rn-type conductivity and with an element that imparts the p-type conductivity serves
as a highly efficient gettering region. The concentration of catalytic element after
gettering is higher in a second concentration region than in a first concentration
25 region. .

In the above four structures of the present invention, different formats
describe different semiconductor devices and include different semiconductor
device application ranges. However, the n-channel TFT and the n-channel TFT in
the CMOS semiconductor device have substantially the same structure.

30 [Method of manufacturing an n-chanpel TFT]
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device (conplenentary circuit) that has an n-channel TFT and a p-channel
TFT 5 both, and the application range of sem conductor device can vary
depending on the claimformat. Therefore, descriptions on manufact umengf
t he n-channel TFT and of the sem conductor device are separately given in
the following. Ciystallization techniques that utilize crystallization

lerating cat i to. f tall] ilicon fil
lassifred nto 1sur Msnear Safe B et SRR 4P & BiocuB% fitmitErabiisds.
Theref ore, @& hogiginkhudi TR rgm%&umtghﬁféthéd.seﬁgglﬁﬂ el fRMaR for AlITin IhAWM h

method in the foll owm ng descriptions on n-chan TFT manufacturing

net hod. Defi-whenmdsTBT dlongiis widifeznt grawt thenfirmad fandidiaties al sgnohiusmt hod
are clarified h?re. A longitudinal gromh nethod is a crystal growth
method in vi#FEFF (agmplegeaidryr @raubf Bek hes aannohenptlolETsard e gnchannal i BFT

iforn i ith tal vti | t, bef . th | talli i
and orysbal Ul 857 ShiaGPh Senlsesr SRRt hlchennreny drdesienenthe ™"
substrate piane)ofham tmrésa,rré,a&%cﬂpteiw oﬁmﬂag%h%ﬁne %fltbggln%ﬁdr{n@ qrf@fv/gggd

with the catalytic element. Therefo this type 1s cal ongi t'udi nal
growt h met hofdthesethicandsypeni davied arerseparatelydder il tirdiotidwdng at ©rdtaBRagoaW h
method in this specification is a crystal growh nmethod in which a part of
an anor phd§shiiapes dhat iytiizes cpvselligatiomi ageclerating | satalytiel elesrents Hoodgiman
opening region,in a.mask.insulating.filmbefare.thermal crystallization,
and cryst al pf?&{l}rgnsﬂlg%@]@gsar? ﬁiaassﬁhe[de%q) lf‘&f}%l@@tllil BIP PR gpﬁﬁg@gs[ gnéizgeral
substratg plaBR) HBiHYWEH [ j f nj.n ' rd
t he surrouﬁ%i ng reg{ ong. Ei[ﬁgfre (?f e&“é%@ﬁ% é@?eth!}ge@g)lﬂl Lgd&gaf%%g&é{)ﬁv‘@
‘growt h net Hatkraln gievehs prethbdcdhi ahe AoBbwitgd udesciptione PhEeSERhakmdieTTFDN
is a nmethod of manufacturing a sem conductor device (longitudinal growth
net hod for Wanafgying mgldl. n- channel TFT al one), conprising: a first step

o LI 1N TSRS S\ CODLALT] 90,8 HORULFLASG, SUhSL st 29 queh o
of e, Aoy 3t oo8 1 i thab e SL TR AN ABEE SO ER,
heat treat r@dtedtlre surface of an amorphous silicon film is uniformly provided with a
catalytic element before thermal crystallization and crystals grow in a longitudinal
direction (perpendicular to the substrate plane) from the surface of the amorphous
silicon film provided with the catalytic element. Therefore, this type is called a
longitudinal growth method in this specification. A method called as a lateral
20 growth method in this specification is a crystal growth method in Which a part of an
: amqrphous silicon film is provided with a catalytic element through an opening
region in a mask insulating film before Ithermal crystallization, and crystalliiation
advances in a lateral direction (parallel to the substrate plane) through thermal
diffusion from the opening region toward the surrounding regions, Therefore, this
25 type is called a lateral growth method in this specification.
A structure of the present invention is a method of manufacturing a
semiconductor device (longitudinal growth method for manufaéturing an n-channel
TFET alone), comprising:
a first step of forming an amorphous silicon film on an insulating substrate

30 such as a glass substrate;
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forma crystalline silicon film 5 a fourth step of patterning the
crystalline silicon filmto forma sem conductor |ayer; a fiftkzﬁtﬁ@ @E
formng a gate insulating filmon the sem conductor |ayer; an si‘% f‘I 12 of
formng a gate e| ectrode above the sem conductor layer wth the gate
insulating filminterposed therebetween; 10 a seventh step of form ng an

n-type inpurity regcond @bépQﬁﬁirBQidiﬁgtheséﬁ'fih‘é?ﬁgf"ﬁfeoa[mé%glf ggl%cgn\fmfrpv&%p@

inmpurity that is an elenent inparting the n-type con e using
t he gate eletdlyiodeknant thateskelemeetybtablizitiop; of formng a resist pattern

that places an openi,ng region in . the n-type inpurity region apart froma
channel region; andimbsten ofi sibhedingpthst amerphpusalieass fidm t9abeasrireatment task
to dope th -type . L;pur.j.t egion with a p-type inpurity that is an

el enent irrggirjlpi%(gryf%gi -ﬁlbﬁ%“ %lirgnductivity. Anot her structure of the
present gnvention ifsuahMetdpodofafBAURACHI | Ags@ilime b rglep
(lateral growth net hgd foréﬂ)onnnu élctunﬁ%g an ﬂ?%%ah%e{glq‘%#pug@qaltgng r?r? a
conpri si ng:semifondifctetlaperof form ng an anorphous silicon filmon an

insul ating substrate such as a _glass substrate; a second step of formng a
mask insul ating s efdiosming agabpiesiiagingfdyl on thasamnisanduespr taystnask

i | ati fil 25 .a.third .of i dj the t f t K
noul ati ng 111 m aR A Stk af iR LRt CidotdapabB b Somiigi et Ber on -
and sel ect iyVgh Ynd gg{)éli{t:li lgg%ﬁ ﬁlmgﬁge?éégédcthgge% R Lef:0 @ part of the anorphous

silicon filmthro nin I on; urth step of subjecting the

?mr phous silicon kiventhostepabf tloedimEnin tretypd0ithphmia regiosit dlyl !degirg ltheon
film 13 2 3 JUN 2006 a fifth step of renoving the mask insulating film
‘tHat has seewsepnduciomiayer withranmytype impluityitbat isfantehement iaparting dhensmpe a
stxth step gh BavEy Wil dsite eSad eldchoals bé § skl | M tO Torma
an eighth step of forming a resist pattern that places an opening region in
the n-type impurity region apart from a channel region; and

15 an ninth step of using the resist pattern as a mask to dope the n-type
impurity region with a p-type impurity that is an element imparting the p-type
conductivity.

Another structure of the present invention is a method of manufacturing a
semiconductor device (lateral growth method for manufacturing an n-channe! TFT

20 alone), comprising:

a first step of forming an amorphous silicon film on an insulating substrate
such as a glaiss sub.strat.e; | |

a second step of forming a mask insﬁlating_ film and forming an opening
region in a part of the mask iﬁsulating film;

25 a third step of providing the top face of the mask insulating film with a
catalytic element that accelerates crystallization and selectively providing the
catalytic element to a part of the amorphous silicon film through the opening
region;

a fourth step of subjecting the amorphous silicon film to heat treatment to

30 form a crystalline silicon film;
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sem conductor |layer; 5 a seventh step of formng a gate insulating filmon
the sem conductor layer; an eighth step of form ng a gate el ectrode above
t he sem conductor layer wth the gate insulating filminterpose@3 JUN 7006
therebetween; a ninth step of formng an n-type inpurity , region by doping
the sem conductor layer with an n-type inpurity that is an el enent

i nparting the n-typem étg;; %?'i'&%&ings&% iy ﬁsﬁﬁt{ﬁ%af%iltﬁgltlgﬂth%sesleﬁfetdr&df%a%ﬁ a

mask; a tenth step of formng a resist pattern aces an openi ng
region in tdeingittypidtiopwiithy cardyjtanelageat; from a channel region; and an
el eventh step of usi_nalthe resi st pattern as a nask to dope the n-type
inpurity region v tHixE psteppefi ppleiniyg t Hewr ¢rystaling exbenn i fipar to nfotrhe a
p-type 15 conduc{ii vity. Another structure of the present inventionis a
met hod of nEMUFIRYYHPhHYE: seni conduct or device (I ongitudinal growh nethod

for manugacturi n%}%veﬁﬂmeﬁ 'U%%ﬂfl%%é g&ffé: 1%1@1%1@@{1% @ﬁlzlf &Ptffé’ s%ﬁﬁggr%ucxgg ]ﬁﬁgﬁ < a

p- channel TFT bo conpfising: p ormng an a

sillicon filmon am eiphtt atdpnal sathsihsal gatcSelebrdde ab@lafie sérbhat@or dayer
second step of Erow Ing the entirety of the anorphous silicon filmw1th a

catal yti c eWihdhe gatrainsaletiopdilot imderpoyed tier¢bedwicem; a third step of
subj ecting the anorphqus sil igﬁtf(])[rfi'l mto heat treatnent to 25 formm
crystal l'ine silicbrfil} n§ter ¢ RURE el oR-THEE t BRPHINY TRSI08, V3t gloping the

silicon fil : 1 d rs. for. form.,ng an.n-channel TET and
a p- channel Oﬁgﬁ&l}ﬁﬁ%}st@gl %{fﬁgg?‘lmﬁﬁgmfl\tyg ALls, ar{]sn%}f:&[eflﬂﬂnp?rlt%ggﬁetnﬁ pe
sem condygct @induayielty vaillleudhp thd eeedtRITENY a3mgat e el ectrode above the
sem conductor layers 30 with the gate insulating filminterposed

t her ebet ween; 14 @tedil] sSp2efOdrmisgaansist patepnahaff plaotngn apeminpypgidnnipuihiet y
regi on by doping, the, senjconductor |layers with an n-type inpurity that is
an el enent TR IRy Y HELI0 aBAseire B ciannal gseigni 2rd usi ng t he gate
electrodes as a MRskjo en step of using the resist pattern as a mask to dope the n-type

impurity region with a p-type impurity that is an element imparting the p-type
15 conductivity.

Another structure of the present invention is a method of manufacturing a
semiconductor device (longitudinal growth method for manufacturing a
complementary circuit that has an n-channel TFT and a p-channel TFT both),
comprising:

20 a first step of forming an amorphous silicon film on an insulating substrate
such as a glass substrate;

a second step of.pro-viding the entirety of the amorphdus silicbn fiirn with a
catalytic element that accelerates crystallization;

a third step of subjecting the amorphous silicon film to heat treatment to

25 form a crystalline silicon film;

a fourth step of patterning the crystalline silicon film to form
semiconductor layers for forming an n-channel TET and a p-channel TFT;

a fifth step of forming a gate insulating film on the semiconductor layer;

an sixth step of forming a gate electrode above the semiconductor layers

30 with the gate insulating film interposed therebetween;
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an eighth step of formng a resist pattern that places an opening region in
5 the n-type inpurity region for form ng the n-channel TFT apart froma
channel region, and sets the entire region of the sem conduct o? | ﬁelf] f or
formng the p-channel TFT as an opening region; and an ninth s épﬁ]f %si ng
the resist pattefn as a nask to dope the n-type inpurity region with a

p-type inmpurity t LSiha I J: ing th -t.ype 10 conductivity.
Anot her structur edq§%v%llitg gtre§S§@F#&%% %nlp?g}ea%rlr}@tu ft"l%"g rgglorlﬂa’r:%’f %8?8}3 r'}éga
sen conductsmidendedof latees awlritlgfdm\/\httyﬁEtih%rft?rthﬁﬁwfaﬁcél'éﬁieﬂg ifhparting the
conpl enmentary circuit that has an n-channel TFT and a p-channel” TFT both),
conpri si ng:n-&yfe eandustizpy othiteousing ghagaterede ghmles asialmaskn fil m on an

i nsul ating substrate, 15 suchfniias a gl ass, substrate; a second step of .
formng a mask i fUFEHh§ePi MACRRANE 3riesish PAHeTspbAl RiRces BiMENINE Eegiam in of

t he maskgi |.ating:fi i r . of orovidin top, f.ace of, t he
mask i nsal a ?n%tt*%gﬁ%lb\nh% gegtlgllzlatfgf ;@ﬁgm% g%eﬁ’t(;htaﬂ'a% ’;E?e?p_éﬁtaif@@ a channel
crystal | i zakepiyh, anfll seisegicd ¥glide PEABhdbNEhd NEmidshRRtAH YaIIy!eP.t%!r %&?%%ﬁ
part of the amorphous silicon filmthrough the opening egion; a rt
step of sulpj-ebénmed KHEasawophoing regldncandfi I mto heat treatnment to forma
crystalline silicon film a fifth step of renoving the mask insulating film
that has served &8 BUHBsKOP 20f HSingngepresist dpatigrdast hanask 40 ydope Hicenddpe a
sixth step .of terning .t.he crystallin ilicon filmto.formsem conductor
| ayers for lﬁ}ﬂlﬁﬁ&gregho -%thﬁn@t %WHﬁ%slb@tcﬁa%eqle@?ﬂ{ PP e BridBe of
formngig g@ﬁ@uicﬂ§ﬂ$,‘ati ng filmon the sem conductor |ayer; an eighth step
of formng a gate electrode above the sem conductor |layers 30 with the

‘gate insul ating fAhothensenpaseds tiepsietnkerntidd i@ a Indiidld 2006agufacnirhgstep
of formng an n-type inpuri t?/. regi on by doping the sem conductor |ayers
with an n-t%?ﬁécm%\mfmt gevigat(laterah grasvénmethg r npnglacheingna eppwlementary

conduct i vi tc}ircvl\fni'fi tlh%t Hz?s' ngnzcrfl%n glt"FF'?la%%tarS-dc anfel W(S)h{), comprising:
a first step of forming an amorp'hous silicon film on an insulating substrate
15 such as a glass substrate; |
a second step of forming a mask insulating film and forming an opening
region in a part of the mask insulating film;
a third step of providing the top face of the mask insulating film with a
catalytic element that accelerates crystallization and selectively providing the
20 catalytic element to a part of the amorphous silicon film through the opening
region; | |
| a fourth step of subjeéting the amorphoﬁs silicon film to heat treatment to
form a crystalline silicon film;
a fifth step of removing the mask insulating film that has served as a mask
25 during providing of the catalytic element;
a sixth step of patterning the crystalline silicon film to form semiconductor
layers for forming an n-channel TFT and a p-channel TFT;
a seventh step of forming a gate insulating film on the semiconductor layer;
an eighth step of forming a gate electrode above the semiconductor layers

-30 with the gate insulating film interposed therebetween;
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atenth step of formng a resist pattern that places an opening region in
the 5 n-type inpurity region for form ng the n-channel TFT apar% f Eﬁo
channel region, and sets the entire region of the sem conductor Isamﬂ r
form ng the p-channel TFT as an opening region; and an el eventh step of
using the resist pattern as a mask to dope the n-type inpurity region with

a p-type inmpuritys tifath | §efnof! Mg | Maﬁltk]?‘tgffnﬁﬁuﬂzt égéon.lggcgiﬁﬁpg HELY.

In the above manufacturing nethods, differe ormat cri ent

sem conductsemidendwater daybrs nelthdm difyberiempuritgmhaorisuet efenteNiiggarting the
application ranges, However, the n-channel TFT and the n-channel TFT in

the CMDS seiRSsRISHICHV I avhileusing the sacadecradesty asubdtantial |y the same
nmet hod. 15 [ Suppl e enent ation i uncl earﬂﬁoi nts. in

Above. descr| pt | ol Grh 5B SIctoF ot A deSALP RN B B PR aPHOTEGF i Chahfe)
TFT. (1) sDafiilhd 198y REXS AR ISPRALAAITT LA 18RESIALAALE QRio?

silicon tilmfiaving a“cr inty I's obtain y utilrzifig a

crystal | i zadrdsetagredriratregionaditat yémicopldaoRitlays f6afdradna e yshahhél"BET
silicon filmand is distinguished froma usual polycrystalline silicon

film The ayasep¢ningaegiohiaath filmis distinguished froma usual
polycrystalline silicon film bhecause it is characterized in that its

grains are orient@yelayenthsierli wiing thedesigh palienas ammask ihdepqhithertypeel d
> i Ll . ol _ . 1 : il
Catal yt 1o ity "Rhich, 4R BEAE GRS B B b dPmsf? ipalfiod Bleupyiope

el enent got hainc@@qeitgr ate crystallization are described in Japanese Patent
Application Laid-open No. Hei 11-054760. Since the present invention
i ncl udes the use lof theattzivet manefastenmg naethedyp| differéno fornsagi describnelifferent

catalytic 30 el enents. catalytic elenment is an el enent used in providing
for crystalsrfinilicﬁgg%mi oylegs mﬁd&g&f&rsn% S§MIGINCr| deVigy parpdication

catal i1 SLIER: SpRERAER (L PhafpL PP solls ShBeHEm FE e s,
one el ementsesgicaadgetof HORCE At ARAME E@eaI bsRINGARDBe samsaREhdut 1t is
15 [Supplement]
' Supplementation is made on unclear points in the above descriptions of the
structure and manufacturing method of n-channel TFT.
(1) Definition of crystalline silicon film
In this specification, a silicon. film having a crystallinity which is obtained
20 by utilizing a crystallization accelerating catalytic element is called a crystalline
silicon film and is distinguished from a usual polycrystalline silicon film. The
'crysta-iline silicon film is distinguished frorh a usual polycrystalline silicon film
because it is characterized in that its grains are oriented in substantially one
direction and it has higher field effect mobility than a usual polycrystalline silicon
25 film,
| (2) Catalytic element having a crystallization accelerating effect
Catalytic elements that accelerate crystallization are described in Japanese
- Patent Application Laid-open No. Hei 11-054760. Since the present invention
includes the use of catalytic element, an explanation is given anew on catalytic

30 elements. A catalytic element is an element used in providing for crystallizing an
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possi ble to enpl oy a conbination of two or nore catalytic elenents. It has
been 5 found that N is the nost suitable catalytic el enent out of the
-above catalytic elenents. (3) Cettering source consisting of ar} ejBng
that inparts the n-type conductivity Using a gate electrode as a mask, a
sem conductor |ayer (including a  sem conductor |layer for formng an

Gopod i th B R o papic EEty B ek BTyl GRMEupaii N °

doped wi th an el enent I nparts the n=type  con
sour ce) . ThimckdlpnPdt (padladairhgdPeriphtiny ,icnipt(ebﬁyeriq‘l,nﬁui $ olﬁ?,l &5d oflef fiRdD
the group consisting of P (phosphorus), (arsenic), Sb %an i mony), and
Bi (bi snut hPspally,sonex elempad shtactsd friom lilses abeen cakyiontledgead thatedbis itt ke
nost .suitabl e ttering source considering the effect as a gettering source
15 (JapanesBOBMIEP ARRIOY b TBRINAN- QYD Rb Ma%E Cat] B teusns.( 4Jt Tasthesni ng
sour ce CQRNSESEN f ' I the p-type ductivit An

ol erent _ehaioyihtha? NF e hETERY SRl WA Ge (b PRELI0F cpvFs ety
an p-type i@edfentyy and is selected fromthe group consisting of B (boron),
Al (alumnum, G (gallium, In (indium, and Tl (thallium. It has been
20 acknow edgddetterig ®irse thusistieg of an chthentgkittierjany thonrtgpe condicdriiyng
the effect as a gettering source_ (Japanese Patent, Application Laid-open
No. Hei  11-054760%SINERREEABEEORIEN O OFTSE DRSEISEEICHY {3181 ddrebguigy iang

o channei  TRPTCTdyCR IR b iR Rind, BERLorPRBe, TERHETS Bttt T for 20
are pl anoviﬁjﬁﬁliﬁgpwﬁlﬁhﬁi&ﬂﬂmtﬂ’? af aspaneaientn efedMmhivt ilddrG g;fht I-type

gettering region in an n-channel TFT, FIGs. 3A to 3F are section

.showi ng a peanskssivity(egitetidg sabrog).owiThis denreat hod)llaf ammRypadinpuritg aad is
sem conduct-or deyi ce that has an n-channel TFT and a 17 2 3 JUN 1006

p- channel Tiele@et Aromthgsgroyp consisting af Bdphpsmhwrus) dns(asiesid)ngb {andegasnt

SLePe. g B IS § ool L RS R AR SRR

most suitable gettering source considering the effect as a gettering source

15 (Japanese Patent Application Laid-open No. Hei 11-054760).
(4) Gettering source consisting of an element that imparts the p-type conductivity
An element that imparts the p-type conductivity (gettering source) is called
an p-type impurnty and is selected from the group consisting of B (boron), Al
(aluminum), Ga (gallium), In (indium), and Tl (thallium). Tt has been
20 acknowledged that B is the most suitable gettering source considering the effect as

a gettering source (J apanese Patent Application Laid-open No. Hei 11-054760).

BRIEF DESCRIPTION QF THE DRAWINGS

In the accompanying drawings:

25 FiGs. 1A and 1B are a sectional view and plan view of an n-channel TFT
that has a highly efficient gettering region;
FI1Gs. 2A to 2D are plan views showing examples of arrangement of highly
efficient gettering region in an n-channel TFT;
FIGs. 3A to 3F are sectional views showing a process (longitudinal growth

30 method) of manufacturing a semiconductor device that has an n-channel TFT and a
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5 FIG. 5A to 5F are sectional views show ng a process (lateral growth

nmet hod) of manufacturing a sem conductor device that has an n-channel TFT
and a p-channel TFT both; FIGs. 6A to 6F are sectional views shé’v@iﬂljdﬂﬂﬁ
process (longitudinal growh nethod) of manufacturing a sem conductor
device fromcrystal growth to 10 formation of a gettering subject region;
FIGs. 7A td3-¢hﬁm@'l'pﬁgﬁh0th;ews showi ng the sem conductor device manufacture
process (longitu

gélg%l owt p'gget hod) .of FIGs. 6A to 6F, FIGs. 8A and 8B are
sectional views -n‘g&atop ¢4 SEUARMUV Y UshayIng Fulsequeat riepsi %o |thqui d
crystal di deyi-ce. Fl n B.are sectional views show ng a
process of S[%Jg%sfsa@gr %gslgatﬁ gf:ff?{?ghaﬁé&?&wlpg&U?G&HIEP%‘LK&PI éFg‘ﬁFéga%%? ae;

FI Gs. 10A anghd®R1ATeEr 8860 RBRdnnk] 9T BH@W ng a process of  manufacturing
an active matrix liquid crystal display dévice, FIGs. 11A and 11B are

sectionab views dSHGW. rfgA atopSBcasssaftiondD viewsi fshotwitig rlgpmeagtqlateramﬁgrbkbth
liquid crystal display device, FIGs. 12A and 12B are sectional views
showi ng a prededs obmanwdacinaBg dricmjcandugier devigathathap pgui-ghames 4T aadpl ay

device; FIG i apn .view of an n-channel TFT that has a highly
efficient ggﬁ%@eﬁgfbﬁ n, 25 FIGs. 14A to 14F are schematic di agrans of

devi ces showi ng GRIDEASIPEE Rl SCUIcHA GieAURIRAL Mibled (b IREYSHIn

di spl ay device incorporate erein;, FIGs. enmat

di agranms ofmeids esf shanhfigtiekanpd esecmicoaliecbr odiviceaftopirestysi t Broavthi qui d
crystal display device incorporated therein;, and FIGs. 16A to 16C are
schemat 18 doagatas odf ghéieripgsubjahiregjosxanpl es of 30 el ectroni ¢ equi pnent

Wi.th liquid | di | devi i ted th in. .18 2 3 JUN 2006
v e o d il lepay dew concarporie theoin 102 5 Sl zone
enbodi ment err ngtffo agﬁﬁ?'b:np s@%n@i&ﬁ?}ﬂg;f g%wﬁlefﬂe WEHGsdgX G hat - 5 can

sol ve the em o nferior ncy 1n gettering a catalytic el enent
In a FIGs. 8A and 8B are sectional views showing a process of manufacturing

an active matrix liquid crystal display device;
15 FIGs. 9A and 9B are sectional views showing a process of manufacturing
an active matrix liquid crystal display device;
FIGs. 10A and iOB are sectional views showing a process of
manufacturing an active matrix liquid crystal display device;
FIGs. 11A and 11B are sectional views showing a process of
20 manufacturing an active matrix liquid crystal display device;
FIGs. 12A and 12B are sectional views showing a process of
-Hmanuf-acturing an active matrix liqﬁi& crystal display device; |
FIG. 13 is a plan view of an n-channel TFT that has a highly efficient
gettering region;
25 FIGs. 14A to 14F are schematic diagrams of devices showing examples of
electronic equipment with a liquid crystal display device incorporated therein;
FIGs. 15A to 15D are schematic diagrams of devices showing examples of
electronic equipment with a liquid crystal display device incorporated therein; and
FIGs. 16A to 16C are schematic diagrams of devices showing examples of

30 electronic equipment with a liquid crystal display device incorporated therein.
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channel region of an n-channel TFT to the gettering efficiency in a
p-channel TFT. The description is given with reference to FIG. 1A to 2D.
FIG 1A is a sectional view of an n-channel TFT. Silicon oxyni trif@m’f@
deposited on a gl,ass substrate 101 to have a thickness of 100 nr% - Pom a
base 10 film 102. An n-channel TFT is fornmed on the base film 102. The
n-channel TFT on the base film 102 is conposed of a sem conductor |ayer, a
gate insulating film 108, and a gate el ectrode 109 which are | ayered with
the seni conduct BETAN&D DESCRIPHEONOF B ErP RBEERRED A B BIVENES as t he

top | ayer. e, semc uct | ayer is a crystalline silicon filmwth a
| BESTRSTALIT

t hi ckness o nsulating 15 film 108 is a silicon oxide film

ith a thick : te electrode 109 is formed from.a high
hel 11 g poi - et s TP IR Fes B 1o dmplo SmiBiliied! S Gechdm
The sem GoneiCt@lve! Y QrobRr @ ihfdAded i yChYstiflldans i€ Ylerhbhim:£9d

r a%élg I{d’
may be formed of other materials as | ong as the” obtal nedC sem conduct or

| ayer has achomyst sigiomiof yn i26haitne] 98T tothdugdteeinpaytitichoy ied j-chanee! TFT.
crystalline_silicon filmhas a, channel region 103 that I1s a substantially
intrinsic rE@? gRSCIption s gavereyitbreferency . 190t 2Rd drain region (n'

i 105 t hat h -t ducti vit d ighly. .efficient., .
(oS o) 0P et RIS bRl SAVEY B O g S RSN
regi on 103 dgpoRRsd tdnongdadsi @ibkirRe! mw%agétaﬁ%ﬁ(}e 58 %@'gorhiolg t%gforgggfﬁa%e%

region 104 and the drain region 105 are to t t an

channel 1pegiibn 10203. Aifhechagidl yTET fis cloemed gat tley base el 003. 106candhificiar e
on the outer _sides of the source and drain regions. (See FIG 1A) The

.sdur ce regi bRL 1outhenbrseHalm 8P s coginpsed O aascanidopdurtor tdyeR ¢ pate insulating
n-type inmpugtity kLN a,dose o T 015.1ions/cn2. The highly. efficient

get %lgri ngp éfén ﬁé’gr Bl 3135’26 SLF&%TG‘?)@ eV lﬁlj‘e%fe\/ll?ft'q{e‘fl"’flﬁhﬂlqg? isoRdygteE layer
impurity i 0 0, i -l time
t he sour ce%sggfiéoﬁgti%% %ng téﬂ%%}c)igfi% Fle] lrejgégC ;ﬁ%ﬁ@ 1%561%1188“%%%% Twl?e[ ﬁélﬂfco%%ﬂ‘étor
Ther eaf t er , laytreisha ghysyaltihié istlieit fidatwRhiNthicleds®0s 5 emdopEst phichinBulatifgt

is a p-type.inmpurity in a dose |arge enough to invert the conductivity,
speci fi &l I1§lm 108 ig"a giicongngde film pddea thickngsy) of51 ¢ mm.ef Thergats chwtoddar y
lon mass SPfifd LG %r%lml\/%) hirggsrlfxle{tlsnga%ginst hlgg{gl film (typically a W film) with a
thickness of 400 nm. The semiconductor layer is not limited to a crystalline
silicon film and may be formed of other materials as long as the obtained
semiconductor layer has a crystallinity.
20 The semiconductor layer formed from a crystalline silicon film has a
channel region 103 that is a substantially intrinsic region, a source region (n”
region) 104 and drain region (n* region) 105 that have the n-type conductivity; and
highly efficient gettering regions 106 and 107 having the p-type conductivity. The
channel region 103 is positioned right below the gate electrode 109. The source
25 region 104 and the drain region 105 are to the left and right of the channel region
103. The highly efficient gettering regions 106 and 107 are on the outer sides of
the source and drain regions. (See FIG. 1A)
- The source region 104 and the drain region 105 are doped with P that is an
n-type impurity in a dose of 1.7 x 10" ions/cm® The highly efficient gettering
30 regions 106 and 107 are doped with P that is an n-type impurity in a dose of 1.7 x
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about the relation between the set dose in a doping device and the
concentration of inpurities in the crystalline silicon filmwhen the
crystalline silicon filmis doped with P and B. A sanple for thqg_#]Usz]ﬁ
spectroscopy is prepared by formng a crystalline silicon filmwth a

t hi ckness of 50 nm (the sane thickness as the crystalline silicon 10 film
of this enbodi nent node) on a glass substrate and doping the filmwith P
and B each in a dogse of 3 x 1015 ions/cn2 at an accel eration voltage of 10
kV using al0 dogisigndevihesanBanpkdbe tshussepegipar ke areCehicwiral MBionAs0Raresul t,
it has bee onfir b | M5, that the _crystalline silicon filmis doped
vi th aboutdoped Hgh gﬁ%ﬁ%ﬂ?@whsp“@#yrﬁfﬁéﬁ%g@fﬂf&&s@m RAoPed eV iHe Bk
concent r atyi 4 r AN . i hgon fi IS - t .

at ons/ crrB.th%In I{;;Srhsfpﬁlpte abrﬁlz%gjgblyngé% ? ggéfre%ﬁ%n eé&léﬁ e&iéﬁg%{l trfﬁ%s Orgtguég‘s’ e

resul ts aspBeifivalipls xi 10 hamsheen (8eé FiGegayhat. the crystalline silicon
filmis doped with about 1 x 1075 atons/cn2 of B in terns of dose and that
t he peaR concentattlsrencs, seeondasysioal mpstespsictrosepyf(SIMS) sesisuare 3hrwn020

at ons/ cnB. t hi.s odi nent de,.the crystallin ilicon filmi

coped i ¢ 1001 1R gelliudTEPELTBY seTBOR: rt A Spfink deieciamet g PR EsE o 2. 5
x 101" i ongpeifes iPANS HisialGhd HecaR i r@ddean by
dose and th_é) pegilconcerj{’rtsraati on iCn '?%gl E%Flg‘?ttgf?wﬁéﬁlé?‘% %ﬁ?gﬁf??ﬁﬁﬁsm éieﬂ

obt ai ned BWitlpPowdrBi oA saniple for thef specedsdopyris prepacal by faniog atdrgstalkimeut 0. 6
x 1015 atons/c of .Pin.terms of dose.is 25 contained and that the peak
p;ncent rats{[‘S n?}fﬂlnfi’“’ilglaa CHness ??§Omgth§tséﬁ%$/tg’d:§?‘eﬁstasi the crystadhipe glicp8m t he
C

cul a4 i t : : B4 - { i
cont ai ]’r?‘léed?grglld t ét tﬁ%dlgleegﬁﬁédo%igﬁﬁgl?? %)%I%trgg aﬁg Jabﬁ)t[o% % @lr?(qﬁﬁgg afd
at ons/ cnBB Teh inhwslosd bfiGtune isascadnduataceleaition whtgeofad RV @eid ¥e

| ayer of the. n-channel TFT. The seniconductor |ayer is obtained by
pat t er ni n§ORINgGr Jasties-| | pamples thus peentred rereivrabIVS. f dxsmadesiit, dopiandean

anor phous _sj }.i fi i a thigkness 20.2 3 JUN 2006 of 50.n skth a
rystarl; SOy B Marfe S B RefAfn I fPrE LB 0T Agldt he
anmor phousatoinhd/edh of M i teemb edtddseemidreit thé\peak dongkitration iar e eystaiheof
catalytic elements used during crystalljzation is contained in the

semi corfdugiienn fimayigraborte? cafl b’ yatpRisiare it Mimsiaylianaoysly pefermed epeft
such as ﬁev%ﬁlscglr%%n@e' SaBPLURY 4" B Nan8TP Adh AT BefP6nfirmdiE ik, hbement

as a catalytic e '
crystalline silicon film is doped with about 1 x 10" atoms/cm?® of B in terms of dose

and that the peak concentration in the crystalline silicon film is about 2 x 10%

atoms/cm®.

20 In this embodiment mode, the crystalline silicon film is doped with P in a

dose of 1.7 x 10" jons/cm’ and with B in a dose of 2.5 x 10" ions/cm™

Consulting the above SiMS results, the concentration by dose and the peak

concentration in the crystalline silicon film are obtained by proportion. "It is

inferred from the calculation that about 0.6 x 10" atoms/cm? of P in terms of dose is

25 contained and that the peak concentration of P is about 1.1 x 10 atoms/cm®. It is

inferred from the calculation that about 0.8 x 10" atoms/cm? of B in terms of dose is
contained and that the peak concentration of B is about 1.7 x 10%° atoms/cm®,

The thus structured semiconductor layer serves as an active layer of the

n-channel TFT. The semiconductor layer is obtained by patterning a crystalline

30 silicon film that is formed by doping an amorphous silicon film having a thickness
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forns a deep level in a silicon filmto trap carriers. Wen a crystalline
silicon filmobtained by using a netal elenent as a catal ytic el enent
forms a seniconductor layer of a TFT; the netal elenment can affekc3 JUN 2006
el ectric characteristics and reliability of the TFT. Therefore, it is
necessary to renove the catalytic 10 elenent quickly after crystallization

or reduce t | : nt _.that does not .influence.the
TFT el ectriAﬁ?@%%@egIgﬁl&qgﬁ%%nggsaege%gahgec%{%@\%g BWPE?n%t gyFowectng
cont ai ni ng thetdinftphdat dicd fiim YPhcal TRAEhEN, ansl i -

i npurity, namely, p:hhe highly efficient gettering @é%fﬁ%?% %%ggn%ﬁ%‘}t e
pl aced aparcatdlyomeléraonts| useelgioring 08 ystallizaeios eigi aongnet oh e ta@yRbndafior

ot her words, outgrrlde of the source region 104 and drain region 105. During
heat treat K" f oS sASEyLic\element emplyedsisiemeta elemeniguiahess Ny ortGe  Ni

catal yti el n i. i.n. the, channel region 103,i nmoved t hr ough, t her mal

di 1 usi off 1% et;ﬁgeio&%%ﬂ:tglse‘?‘?P8$‘éIﬁ‘?“%g‘é‘ng-lri %g“%ez | JrDeRhas aneptaipicr gement
tteri ) N fici . : ) - ef fi.clent

Lot teri ng Ohig df Bedhfer@l fih & Sicon iitih 10! 36 SRIRf OWiadea Yy k! SliChET

to an anpurfilnt habtatieels notusth@chr neail elémehuence tdagalylETekmddie fefhd ci ent
gettering action. (See FIG 1A) A first interlayer insulating film 110 that
is a silicofmsssfuciedlayer phawi kR the metat kivseent sn 18t ch eldotri¢ chamdtepistiche

surface of the n-c¢channel TFT second . interlayer insulating film 111 that
|”s] a][\_ acryl¥ Fj«?@i%ﬂ%ﬁl P tt}\ﬁ’tr‘_ﬁFﬁ tﬁ?‘@(ﬁ%‘é’éﬂs 115 TECHH P HO| EMATY ﬂé?]?@&f?)’%‘ﬂ

e fir i % ) .. us
ihe gar 20 SREREUECKLISHE SRR B HAUBe i, INAPHE ikt o™ Ao
110 are pi ehsatedbesince ¢nflaaicehbt €FT Mebadcallyr i l(@ed FI(?.SIA}Z and 113 are forned

so as to bury the contact holes. The netal wiring line 112 is electrically
connected to ~t hBassdraethegboye pointphamegiont ¢antaeing both Phthatiinenladyps

el ectrical l.y connect o. .30 the drain region 105 See FIG. 1A 21 2 3
SR 2006 Ad SRR Bo Lt o b ORE Ramris nameln e Befhaeicenl gotsies

) Tty e ) b h ' . Ot
nthe i oRrgRaPPs danh7 A8 ECKEAEHO i) IRy 163 30 o et ohfTRbE Y
the p-type lepndustothet ywordbeoutsidie ofi gl yo8té irez@nt 108t RS IdRgInT RGNS (506

and 107 are_provided in a part of the 5 source region 104 and drdin region
105 of t he DPuipshaal trqptmeny fiommparifynactivation as Wel? as for gettering, the catalytic
element Ni in the channel region 103 is moved through thermal diffusion to the
highly efficient gettering regions 106 and 107 for gettering owing to the efficient
gettering action of the highly efficient gettering regions 106 and 107. Ni in the
20 channel region 103 is reduced to an amount that does not electrically influence the
TET by the efficient gettering action.  (See FIG. 1A) _

A first interlayer insulating film 110 that is a silicon oxynitride film with a
thickness of 150 nm is formed on the surface of the n-channel TFT. A second
interlayer insulating film 111 that is an acrylic resin film with a thickness of 1.6 um

25 is laid on top of the first interlayer insulating film to form a laminate. The
laminate plus the gate insulating film 108 below the first interlayer insulating film
110 are pierced by contact holes. Metal wiring linesl112 and 113 are formed so as
to bury the contact holes. The metal wiring line 112 is electrically connected to
the source region 104 whereas the metal wiring line 113 is electrically connected to

30 the drain region 105. (See FIG. 1A)
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junction is formed between the highly efficient gettering regions and the
rest of the source region and drain region having the n-type @R@ ctivity.
If the pn junction is positioned to obstruct a current thatzzrﬁ hJBoetween
t he source region 104 and the drain region 105, electric characteristics
of the n-channel® TFT can be affected. 10 For that reason, the highly

efficient getteriAghaebecomsled@idandhe 0cdiamtionDB thhORas §diypk iﬁlp@l@ﬁ%tig on
that does not obstruct a current flow ng between the source °"region 104 and
the drain ridghemthapshe sane¢njratipnpofsP tthainis tanat-tyimesnmarityhinabk haghlywtfieint

flowing through the metal wiring |ine 1 ted to th i
104 and t éBHGRDEHBERE Al OGWRRd G711V 1o EGRRE HECOEPS Ao HCvAT oGt bAn
105. (S . ] . i t.h -ch | TET. |
used Lo dernrdiphy Bl e B e on, f-2by 'O PR o By ofER” °

same as 6hasardd) régiens €04 | giRldraivi eWieh 1% o1 gRaARSlandET TIH! GinvWted
shown in FIG 1B, the highly efficient gettering regions 106 and 107 ere

both the n-juppeon igpforineyd tmtdepn thypkighipeifidigntAtteriagpegvantandrike pasidfithaed

so as to avoid obstructlgjg a current flow ng through a  contact portion
112a that iSOUESHTF@AeRaAnd slraingregyy bavipgdhea-tvpa canduethvitught dhe paritaetion

i 11 d i i 105, l.
it er st dds PFEPRES o BB CE b ferkab BEWA PR Ru iR M anddhe
to 2D are plrath Yé8¥e 1S, rblé&ﬁ@“@iarl&@ﬁstiéh@":‘tﬂ@ RIS caf b @FRRARTENT

of highly efficient gettering regions apart from channel regions in

seni contioctitnr thay eesson, nthe hegbkarffideshganerimg ftGon2 A0hiagh! YR fhfiveienbe
_ggtteri ng regi ons 203a ., .and 204a where an n-type irTHuri_ty and a p-type
dnpurity arl@CHed Rt gy pegHen dhat deescnahgabeuakia hurreel Howong Setvasedethessurce

[lel t - | .205a, T 30. t | es. t f
Channel rogedich 104 b BB URRinn 15opalily.choostion: hed By nplagee
corners of dybgnk eeh@ng! Bfoi 0 SRt hidd Bn@U18 e %E'@Eisto%ef[s%ﬁrcehreegion

sem conductor |ayer. “This arrangenent exanple Is identical witht

exanmpl e of Hldeamt thhaugtetheTihdtal stiowg line FBGonhtdted!to thbern asgibe 1950W(SES
FIG 2B, highly efficient gettering regions 203b and 204b are rectangl es
with thépr 5’}19}&) sides set perpendicular to a 5 gate el ectrode 205b. The

rectangles are 2R3E. 1f]§ o Sla%h\?ig&ecl)f the H-Citannel IIE’% Symbols used to denote the

respective-components in FIG. 1B are basically the same as those in the sectional
view of the n-channel TF'T (FIG. 1A). As shown in FIG. 1B, the highly efficient
gettering regions 106 and 107 where both the n-type impurity and p-type impurity
20 are present are positioned so as to avoid obstructing a current flowing through a
contact portion 112a that is connected to the source region 104 and through a
contact portion 113a that is connected to the drain region 105, namely, on the outer
sides of the contact portions 112a and 113a. (See FIG. 1B)
FIGs. 2A to 2D are plan views of n-channel TFTs, showing examples of
25 arrangement of highly efficient gettering regions apart from channel regions in
semiconductor layers.
In the example shown in FIG. 2A, highly efficient gettering regions 203a
and 204a where an n-type impurity and a p-type impurity are both present are
rectangles with their longer sides set parallel to a gate electrode 205a. The

30 rectangles are apart from a channel region in the semiconductor layer and the outer
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sem conductor | ayer and one corner of each of the rectangles coincides with
one corner of the sem conductor layer. In the exanple shown in FIG 2C,
highly efficient gettering regions 203c and 204c have a conplicdt® Jshane
obtai ned by conbining.rectangl es whose | onger sides are parallel to a gate
el ectrode -205¢c with 10 rectangl es whose | onger sides are perpendicular to

‘the gate ele@rhesdd tAOSectaigles cpiokidgonith ali€oaRatbnisr 96T theChalBRId @G RRet.N
the sem conductor |ayer and the outer corners of the polygons coincide

with the oul®is spngameendfexameplseisiiclontiodt with theeexample of shanmptiearinel TFT
characterized by.t hi.ghl y, ef fi ci ent tterin eqgions having. |l arger . area
t han those ﬁlr?“f—{?/&'% rﬁ@A 1gﬂdy1§‘8t.he(e§@énﬁllfa£‘9%mc gﬂréc%biéng Yaﬁfag’@'m tgl%geﬁBgve
arr angenent . i h Gl &F tier] . i r rranged
o Aot o  aviSEIAETAER add'0lt AR YecBldIx ith el IGhLAiL R diRe Bl RS

that is eonmaetedctiodd MOSBOUTIR redhRfted et AParE FEACH ORTnkPRefRAL i Sthe
connected to the drain region. To el aborate, the highly efficient gettering
regi ons 203aigagdegan layer RnG orAcammer af rcaghad the posinplesnmindides ddinohe

bl ock a current 2 &I ow ng between contact portions 206a ¢onnected to a

sour ce regi GRS P4 ¢ ﬁosenblgﬂlﬂ‘i&tobéﬁqrongﬂ 3he £x@smie chedn & 416 4% heghlsn
202a. Th i f4.Cd - get i ! 3 4h in 2B, are
arrgngedei rﬁefgggl 1:i ert]fse?ftn%g{egg%% n%gﬂ% %% 82: acoga}/%gan? O%I%g}‘vc\n%%g%&? V\(gljjet%}mcegﬁpgct

portions 20&imisiaMe edceshdlos whoed “‘ﬁ%?* @0ie@Mre $A4N1ANS aCONME BfdctidEE I0FRSwAR 7D
connected to a drain region 202b. e highly 25 efficient gettering regions

203c and020#¢tanglgs| whoClanger aideargge perperphisilat omshd ate eldoirodd 2050ck The

,egrrent fl owi.ng between ant act portions 206c connected to a source region
201c and cdMiE&ensene aRswsiropya channeldeapn: i hegesiror@temlayepand tiseguter

shne ae th&Isi s POTRARAMGE WP AT e C AR o BRschbe Rl (et "®
ef ficient gﬁﬁﬂs%&h?g;ilé RUHRSCtERze @36 Hd\1igHBPef %&}t%’éﬁg%ﬂ%ﬁﬁle@%ﬁs ﬁxmgl BEQET

than the highly e cient gettering regiors In F inorder t

t he gett eriarga éidn wiosaay F1GaRA hed BIRyhi (SeefFliGsl 2AttogdY eri ng regi on 203d
partiall g overl aps contact portions 206d. Basically, no problemis caused
when t héShi ghly 8%y ehithg@bpee iangneewicahsxemalesaner 2y paficical 18ptisUBE| ap

E Egt 5 t (r:]gnt al%klorﬁ%r grieoglsrar%ggad s8 nzgs ?o%%id"%‘é%t‘éﬁéﬁngi ta iClsll'I'QI?tC %\Swa}ﬁg' ge?wgglll( eth%ur €
contact portion that is connected to the source region and the contact portion that is
connected to the drain region. To elaborate, the highly efficient gettering regions
203a and 204a in FIG. 2A are arranged in positions that do not block a current

20 ﬂowing between contact portions 206a connected to a source region 20la and
contact portions 207a connected to a drain region 202a. The highly efficient
gettering regions 203b and 204b in FIG. 2B are arfanged in positions that do net
block a current flowing between contact portions 206b connected to a source region
201b and contact portions 207b connected to a drain region 202b. The highly

25 efficient gettering regions 203c¢ and 204c in FIG. 2C are arranged in positions that
do not block a current flowing between contact portions 206¢ connected to a source
region 201c and contact portions 207c connected to a drain region 202c. (See
FIGs. 2A to 2C)

FIG. 2D shows an arrangement example that is basically the same as the

30 example in FIG. 2C. In the example of FIG. 2D, highly efficient gettering regions

23




highly efficient gettering regions overlap no nore than half the contact
portions 206d and 207d at worst. Therefore, the design distances between
the contact portions 206d and 207d and the highly efficient gfgtﬁ&' E[g

regi ons 203d and 204d has to be set suitably taking into cons M6n ¢ he
~alignment accuracy of an 10 exposure device that is used in

phot ol i t hogs@RhY,$0683 a{eoévécnqraggé?ng?ﬁ*ﬁlﬁrfﬁgéﬁﬁ%ﬁtc%gls g@ﬁ?ﬂﬁﬁé ﬁ?r]gzoi%gﬁémq

efficient gettering regions ar _ _

mode. The hinghidyr &f énleinedth@gétteatierficidicyNenc iR HShRY ViR seftéridbYedibRCe
as long as a current flow ng between the source region and tﬁe drain

regi on i s nd3dppgmlbdoyedapsopentast phgionsr2Gad i Basnot!ybInoc fed)jem Tisecdusedhl y
efficient 15, getteri.ng regions may not alwa pla at the ends of the
sem conduct‘é'pg‘i1 a‘b%rmggl'ﬁ'h@ﬁ%%‘ﬂﬁ %‘?t¥eée’cg E%O%%igg‘gaﬁ“ﬁeéggﬂl]ﬁ,m%lbf ovadapibe,
hi ghly etfici teri i 8 4 ced ipn regian

adj acent tE’t o&scngt%‘%ta@:‘{:ith %@% t%ragﬁlsd’ng%%@g%d %g:fé@g ﬁgt) 1Sarﬂé&rsgé"srget t‘i“\?g? ?ugeoﬁﬁ%ctpgd
to a sourcehibAly effidiedt adkrtngdiadibng @9eAlp $2nR%e (BAPWAIL theRdatad3porft
reference nu%e?jal éOS denotresgja@gglaltle el eg%rode. f(:See FI G e20 1%) 3p0 ons

[ Enbodi nent2Mstend] 20 sit ewtrsdi nEhe¢rchmee thie slesighedistanves hedwedn the contact
manuf acturing a sem conductor device that can solve the probl em of
inferior effoanAPodmIKeLY ¢ jang thodighly-efhiciant gepanrsfegions 203FagnkR04d

The. descri Aol 1% ge skt il A, E00 fdPhbh hEARgeR Bradiy e &b

mha)

|
v

si |'i conyexyaiddsteedddibami ihud b i ase
film 302 on e?{;sl ass slubstrt as?légei%OﬁIl W?;Iﬁglg%a@%ﬁéﬁlghﬂgﬁ%%@%?g Slslp 30

:siflicon film 303 Tise posiEidhatod|ygliloreféidicno geawdng refioak nes aoolinlifed @ #dsam
24 2 3 JUN 2006 preferably 30 to 60 nm Plasma CVDis used in this
embodi ment oidés ewbpdimentiraedanol padughlyiafficient gettenimDgionheaeba providkdess
of 50 nm but | ow pressure CVD nay be used instead. During.for i on of
Che amor photte PleBE ARPREas GyCordett At Desfegn T ispiiou oo ot BT he
surface by fbeg£if6Ht bt ot i LR us
silicon fil mB303 3 ‘E&tcarfgici‘%ﬁ(‘%?@%gﬁéxt?i@ Hlzpnt leSS“‘(t%ﬁSC@d% Tt HERATRCRR
15 gettering regions may not always be placed at the ends of the semiconductor layer.
The same effect can be obtained when, for instance, highly efficient gettering
regions 803 and 804 are placed in regions adjacent to contact portions 806 and 807
that are respectively connected to a source region 801 and a drain region 802 as
shown in FIG. 13. A reference numeral 805 denotes a gate electrode. (See FIG.

20 13)

| [Embodiment Mode 2]
This embodiment mode describes a method of mahufacturing a
semiconductof device that can solve the problem of inferior efficiency in gettering
25 a catalytic element in a channel region of an n-channel TFT to the gettering
efficiency in a p-channel TFT. The description is given with reference to FIGs.
3A to 4C.
First, a silicon oxynitride film with a thickness of 100 nm is formed as a
base film 302 on a glass substrate 301 by plasma CVD. Then, an amorphous

30 silicon film 303 is immediately formed to have a thickness of 15 to 70 nm,
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crystallization, the contam nated natural oxide film 304 on the surface of
t he anorphous S|I|con film303 is renoved by treating the substrate on
whi ch the anorphous silicon film303 is formed with diluted fE2dctiNc2dci d.
Then, the 10 anorphous silicon film303 is irradiated with UV light in an
oxygen atrmsphere to forma very thin silicon oxide film 305 on the

surface of Bfkferabhe30abyod himd Bladihe @VIXidesdd iInMh3Oembadirdedtii6te @ fBfm
inproving the pernmeability of a Ni aqueous solution that is a catalytic

el ement sol thei amorphave abgm ddm é@értoblyaxseparthmtsmgf 50( Bme bt CB)WBﬁ})esﬁlﬁ"eAn
aqueous sol h} n_of, Ni a.catal ytic ele lie she entire
surface of {ﬁ eIS)MB‘T‘nB qaaonﬁfl}fmﬁ YHORD stBPF‘ ug H C%‘i fl Botdexi de
film 305,

aqueous sol AER @ﬁ@g%ﬂﬁoéﬁ% ERLb e Sitall bg 3@%2@%@ Bt Brthenye

wei ght . Bhi @S&Cﬁ\]@l’ﬁﬂ&ptl on range |s determ ned to set the Ni concentratl on
in the anorphous silicon film303 to 20 1 x 1015 to 6 x 1019 atons/cnB.
Here the Ni conce]ﬁh% atangyrphous heileoor pfibus 305 | icoarykidliizdds sett. t o Befort015

to 6 x 1019 at M8 because it is difficult to obtain the catalytic
action of NFTY %tmc Rcerntrminaded (v abroxide | falme r304h an ﬁlexsqltﬁé@ of the

at ons/ cnB. e Nfzatd o0 ks

measur enent &Sf@poq\‘é S@FWE%@% Fi SG_rerggyecg F‘ireflwil% tE%&E?%ﬁto%@Ch thﬁi
aqueous sol aahb%hcﬁ@n&aicehnﬁhﬁo399msoffohhed'&ltﬁpahm%e BYoRB! Aci@0AtFHy, the
During spin coating, the glass substrate 301 is rotated to shake exéess Ni
aqueous 1ol ampgrhoofsfsiticorf fitrm 2)3vieriyrat fated MithcOM Hglni ingad exwren3ifmosphetehie
entire surface of the anorphous silicon film 303 (the surface of the

sillicon oxiyE i veRy3tEn s beoéidfcfl)‘m PSR orrtl SQ@?CQ%@fI@& Thte varbitpiRous
silicon fil dt t treatment in 6 _nitrogen
2t rospher e SyesggeCHER 305 Hasi O%ngw‘% N AR
the™" amor prigarof ial ks ?95158%%1%“55 YRR RER AR loriy SR oL
appl ying a ($ece BlquedRis solution to the entire surface of the film 303,
crystal growth advances from5 the surface of the anorphous silicon film

303 dopé® wi th N ARcigeaus relubasef i tat Bopctrlitigi dlemiils agpliedto 8 entitee

- method is t?uerﬁlegeoorteth%%lrrllo%ghgus g 1gon lfuiimnf(b &f;e suﬁace of the silicon oxide film 305,

to be exact) by spin coating. The Ni concentration in the Ni aqueous solution is
0.1 to 50 ppm by weight, preferably 1 to 30 ppm by weight. This concentration
range is determined to set the Ni concentration in the amorphous silicon film 303 to
20 1 x 10 to 6 x 10" atoms/cm®. Here the Ni concentration in the amorphous
silicon film is set to 1 x 10" to 6 x 10" atoms/cm® because it is difficult to obtain
| the cétalytic action of Ni when the concentration thereof is lowef than 1 x 107
atoms/cm®.  The above Ni concentration is determined by the maximum
measurement value by SIMS.  (See FIG. 3B)
25 In this embodiment mode, a Ni aqueous solution containing 10 ppm of Ni
is applied by spin coating. During spin coating, the glass substrate 301 is rotated
to shake excess Ni aqueous solution off to form a very thin Ni-containing layer 306
on the entire surface of the amorphous silicon film 303 (the surface of the silicon
oxide film 305, to be exact). (See FIG. 3B)

30 Next, the amorphous silicon film 303 is subjected to heat treatment in
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method in this specification. (See FIG 3C) The above heat treatnent may be
carried out in an electric furnace at 500 to 700C, preferably 550 to 650C.
The upper limt of the heat treatnment 10 tenperature has to ?GJ ﬁ?@ t aki ng
into consideration the heat resistance of the substrate usedz. H @ case
of the glass substrate 301, for exanple, glass distortion point is about

600C and t hgt@ba [ i [ i f,cheated
2t a tomper oy open SURIA e PR30 ¢ £Br POMLRERY I cIRLARPe B BlrERAq fIRGh 5cs
substrate 3@ystaline gillkens libnes0?d 10 deaystdl gadwBNinctho®00E WHis) WRLe the

Al t hough 15 this enbodi ment node uses an electric furnace for the heat

treatment, 3ra@@NousHibeon ffm [34dpisanmbistiedgio eall trcetnotitieafidreapplyiremtandiit
T A s e, 0 S ™
t t [ f | ' S;...20 i.nsyf.ficie .
e o e SUGIRES, LI SHT B A e i

conponent s 3UR(lesgitidineld¥edtRi). | THeBefholds 1HRER e AR Bh&ﬂ;@ﬂminal growth
crystallinity is inproved by irradiating the crystalline sifTicon fTlm 307

wi th a pul seethwodiinithisispecifiqationKr FSexEiGe3C) aser (wavel engt h: 248 nn). The
exciner |aser is fsci | lated wultraviolet light and therefore instantaneous
fusing and sol i di¥*caR9vrhgat tiegbaentanay Re 2itied awdp anr¢laeftistfigmos @hpeBito

region. Thi in i nd non- ilikriumstate to .the laser

i rradiati onﬁ)soﬁ_g}’ eﬁfef?gg;l%éﬁ]dton;ﬁé@g EJ’|‘t iﬁllﬁy HBREY gyt gt BEF rﬁ?\?g tregfgent

| aser i{padimpepdtufd BRs 'BY bhesc@Maklmd bt chhsilisr gaﬁf%aﬁéﬁ }égigté}fdeugﬁ hi s
step since the laser irradiation step has an efa ect of I nproving the
efffici ency subsaateatsed. dethecasempfsheglass sabsirdte 3011 forl exanie Nglashéistortion
crystallinity. 30 Next, the crystalline silicon film307 is patterned by

nor mal 26 2WINUN 3ol 69Qotcnd Hegglaghyubsinata 3@his apticapbly staspechgr shumkniént
into a sem tor laye 308n _f.or fornmi ng,.an _n-channel . JJFT .and

s conduoSATEL #te Bl WARAAE 8 dhifhedo S B3NT, ThefeeBl afe o
sem conduct : sal i fial

whi ch are r%%%g%e%?}l glgI@Ebt ggq;fulg or i%%??%ﬁ%@gﬁeﬁgﬁgabg ¢ﬁéﬂ§h}gﬁsi hlﬂggjﬁgh
oxi de fismths feotbwelimast angdd eisensan atledtgicl flrmm@0Fobyhpl RearatréMher) Thaw

pressure CVD to _have a thickness of 100 nm (See FIG 3D)
annealing, lamp annealing, or like other heat treatment means may be employed.

" (See FIG. 3C)

The obtained crystalline silicon film 307 is irradiated with a laser to
improve the crystallinity. Heat treatment in an electric furnace only achieves
20 insufficient crystallization of the crystalline silicon film 307, and amorphous
components are scatteredly left in the film. Here, insufficient crystallinity is
improved by irradiating the crystalline silicon film 307 wifh a pulse oscillation type
KiF excimer laser (wavelength: 248 nm). The excimer laser is oscillated
ultraviolet light and therefore instantanecous fusing and solidification is repeated in
25 a laser irradiation subject region. This brings a kind of non-equilibrium state to
the laser irradiation subject region and makes it very easy for Ni to move. The
laser irradiation step may be omitted but it is preferable to include this step since
the laser irradiation step has an effect of improving the efficiency in a later

gettering step in addition to improving the crystallinity.

30 Next, the crystalline silicon film 307 is patterned by normal
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Next, a conductive filmas a gate electrode material is formed (to have a
t hi ckness of 400 nm by sputtering or CVD. The conductive filmis then
patterned by normal photolithography treatment and dry etchi ng? §rJéRtZ8tént
into a 1lo.gate el ectrode 310n for the n-channel TFT and a gate el ectrode
310p for the p-channel TFT. The gate el ectrode material used here is
pr ef erabl y ghdisiathogf ffhlyStrédtinei Qb dly &0RineCaBatmditSh I?digc%
- (550 to 650C) of | gt%?lyheat treat mer%(t forngget%eri ng gggmst/eepﬁcgs orxafagrre?
act i vat i on 3f8ni fgydoitingedre meritaane EXRipdnelsa sehiddndubeatiayaI(Spaiot forhald 8!
i ncl ude high ltin oint metals such as Ta 15 (tantal unb, Mo
(mol ybdenurf-chanmed (T hni Thy suddaces pgdhe spmiconilucior biyersndUsy and@3d8p have
siticides t re ¢ ounds .of high nmeltin i,nt .netgls and silicon, an
pol ycryst al %laéﬁ‘%ﬁ?lnfl@% (?1’35? ﬁgmﬁh&’%h@l @Iﬁeregﬁ“%-atti?’p@hé%a TIQAGY tregppent.
enbodi negt THmde &P ; i | ICk ee
: bO¥RIck AN il b3Y Fge%ér theR1doCHIE S0y g&ggfégtv@

- FIG 3E) The gate electrodes 310n an as masks the
20 seni condudbar plesstat CWDLth HivehidhidksieanoN100 pen.i N8Iy, 3DHpi ng
conditions include setting the acceleration voltage to 60 to 100 kV and
the dose to 1.7 Negia qomdyridve filmTey o gsite ehastupolpi mgteriabas femed ffogave a
concentration.inpuri.t egi ons (n' regions) 2n_and 313n t hat. have {he
n-type conotﬁ%ﬁking?sc ffa%géfm%ﬁrﬁpﬁtegggoﬂfc Viigi ¢ g %tﬁﬁa%lﬁnré?gitbﬁ?
and a subst ' [ NS j f.URCi 1,0 e
region are I?agl% %Igééi ?‘X I{Eﬁgiag?riﬁ%ggﬁg%g{égﬁI]tg%/&é?ﬁgbélﬁaf%& élgt#@%ntgezﬁﬁgﬁp% g
n-channgt Tdafe dtt@rodeodtentfoatthennichipuidlt YETegh@Ns gafe el@@iodd sl 11 2pr and
:3é3p t hat have the n-type conducti V:‘t;tél and a substantially intrinsic

'rdgi on 311p-channel f THdt i ol site adént maggiialn uaed Hawenisd préfesbdh a Hecat
doping treatnent in the sem conductor |ayer 308p for formng the p-channel
TFT. (See FF#StBEmalpriphhat apvithsiand, the @Pefﬁﬁ%fﬁégﬁoéﬂﬁﬁqﬁg}) c{ﬁ lafeschem
openi ng regi v/ $ f c r gl 1n
hthesemsanatht B £08ame By it P atRton SR PAPRREL. | J0LRHpRE
the entire dfegherheaf kﬁ@ta@enﬁlﬁwﬂﬁwcmrudeam%h 388RinkOpoidtOnBiAlg &ltd as Ta
p-channel TFT as an opening region. Then, the resist pattern 314 and the

gat e ' elBct(tadalus)opp dmaelibdenishi ibie (titTRiioay, SVuedgsisn yeskis Cr dchiopeiun)y 5
sem conductor, | ayer.s wiith B that is a p-type inpurity. Dopjng conditions
i ncl ude sé?‘?ﬁaLﬁ tdesaad 126¢ &Pﬁﬁ’ﬁ’u\lﬂgﬁtogg@ggdnwﬂgopqlﬁb mefalsnd pidicgBsentlo

2.5 x 1075 ﬂ09§éJy§{£%ine silicon having the n-type or p-type conductivity. This embodiment
mode employs a metal film (W) with a thickness of 400 nm. (See FIG. 3E)

d

The gate electrodes 310n and 310p are used as masks to dope the
20 semiconductor layers with P that is an n-type impurity. Doping conditions include
setting the acceleration voltage to 60 to 100 kV and the dose to 1.7 x 10" jons/cm®.
Through the doping treatfnent, high concentration impurity regions (n* regions)
312n and 313n that have the n-type conductivity and function as a source region
and a drain region, and a substantially intrinsic region 311n that functions as a
25 channel region are formed in the semiconductor layer 308n for forming the
n-channel TFT. High concentration impurity regions (n* regions) 312p and 313p
that have the n-type conductivity and a substantially intrinsic region 311p that
functions as a channel region are formed through the doping treatment in the
semiconductor layer 308p for forming the p-channel TFT. (See FIG. 3E)

30 Formed next is a resist pattern 314 that places an opening region at an end
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Through the doping treatnent, the conductivity of the n-type inpurity
regions 312p and 313p for formng the p-channel TFT is inverted to form
hi gh concentration inpurity regions (p' regions) 319p and 32@[5 Hlvilisg t he
p-type conductivity. At 10 the sanme time the p-type inpurity regions 319p
and 320p are forned, the opening region of the resist pattern 314 that is

pl aced apardpait froni fhe chaanelalkegiond Om B1h8 skficddi@caR ThRI BISALBF fh Yk BO8N
of the n-channel TFT is used as a nask to form high concentration inpurity

regi ons (p DcbanaHsTFE1and sets Susmntizyiregjonhef the ypmicoaddotot i kit 308Sei®r

FI G 3F) 15. The hi,gh concent ion inpurity regiqps (p' regions) 319p and
320p 1 or e RGP REREAT e b2t 9B OPCBIEACEITN ¢ o1 Bie oo PAREHCE L oA
as a sourc regi.q ' ' hann TET. ntai ni.n he
oS, 350U oaner Bal eBANAI0D KEUET Lot PEENIBITES R0t B00 e
320p al se fysmsicomdudst iyafy withed fhgiie ratSpJaﬁsé Ripdidy! eD it COhdiERk §hélNEe N
in the substantially intrinsic region 311p 20 that is the channel region.

The hi gh costiémg thet dasaldragpor ivoNageemi Ghe (P kivegidiis)dosd 1@ 2.5rd 031 Bmsfanfed
apart from,tl%e C agnel region 311n in the sem conductor . | ayer 308n of the
n- channel TEOUENHRG doping tseatisat, dba qordytly &l e mr{ipsti Mty regipanh By 2p

ef ficient i | r i N in the substantially inptrinsic
Fegi on s1reihat f Sof LB 8 pREMET THEcl bPehtE 5 SR AR Xanbsn PabiE,
pattern 3l4nmfuritee¥Rhs @M 1l Bi Op o i hekp it{,0 0
nmis fornmed Igg g flgl‘ sis @mrg??g% |%§BF?£2|M gﬂ%\?fl%hgg?s’?%eco?{d}l éﬁ%& AY

i nterl ayer thasaetiimg the |paty32 Linipurithirsgiond Gdidpentd 3afeaiesfoamet| ilwoopening
oxynitride fi|lm tf rmed, by plasma CVD. to have a thickness of 150 nm Then,
hdat treat fERIOT af thegiolsk PateT s Iahal ichlared pithiom Hie Gumact sIian Hbors o

.activatet rally the. 30 .1 | t | ement s = e inmpurit d p-type
Tpur 1) 1 TRt eV gt b Bl R el R R a0 4B e
308p. This dpRbnirhgat urit rrég'ftﬁfs”&!f RE5OUSE K97 Afd WMgn! ﬁFtﬁleeg‘—;lgﬁQt S
doubl es as gettering treatnent "for gettering unwanted catalytfc el t
(Ni) cont aicvedluctivithe SdesFht3im@l |y intrinsic regions 311n and 311p that

function as the channel regions. The unwanted catalytic elenent (Ni) 5
cont ai né8 i n t he Elifpduaht sanceniraipen | impuityetggers dp1reginms313iPn wad 320p

Functi on s (e R AHade BleoPty Y SobBUSVIRY B HYHORAARBLRY 81 Loiphen
region and drain region of the p-channel TFT. Containing the n-type impurity in
addition to the p-type impurity, the regions 319p and 320p also function as highly
efficient gettering regions for gettering Ni in the substantially intrinsic region 311p

20 that is the channel region. The high concentration impurity regions (p* regions)

) 317n and 318n formed apart from the channel region 311n in the semiconductor
layef 308n of the n-channel TFT to have'the tﬁ-type conductivity also functiori as
highly efficient gettering regions for gettering Ni in the substantially intrinsic
region 311n that is the channel region. (See FIG. 3F)

25 After the resist pattern 314 is removed, an inorganic film with a thickness
of 100 to 300 nm is formed as a first interlayer insulating film 321. The first
interlayer insulating film 321 in this embodiment mode is a silicon oxynitride film
formed by plasma CVD to have a thickness of 150 nm. Then, heat treatment is
conducted in an electric furnace at 600°C for 12 hours to activate thermally the ‘

30 impurity elements (n-type impurity and p-type impurity) implanted in the
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gettering regions 317n, 318n, 319p, and 320p for gettering. A TFT with a
crystalline silicon filmfornmed by this nethod has high field effect
mobility and shows excellent electric characteristics includi rpg ayy gggiced
OFF current value. 10 Thereafter, the sem conductor |ayers 308n and 308p
are subjected to hydrogenation treatnent in a nitrogen atnosphere

cont ai ni ng s%%i@f)ncﬂiyéibp%@r@?)ﬂéﬁ(ﬁﬁdfMSﬁZA"gﬁE%‘ej{?ta’é rehehdHiRE ndang! 49095 ds

in the sem conductor |ayers. (See FIG a transparent organirc film
is formed asf thesewpndty elemérty etoublsubatgengringi freatd2at dor tdeetefihg Sinwanted
interlayer insulating fi 321 to have a thickness of 1 to 3 um 15 The
second i nt FAtAlyHE elgBent{N L) goRtampdanthe subsiprtialhbindiindnregiode3itn and 3diyl i ¢

in fil ' - hi f. 1, . Then, t act  hol 323 f b
st it TRt kSRS AlnheP Moo e APl €5 9R2 AL bR
| nter | aysr ddiathad 1iAGhé SRR hikiSicl tefdns' ST LAY 8115 RRA! BhERGN fs! il 321
as well as a gate insulating film 309 belFow the first interlayer

insul ating dhanmeBedgiogsSare HE mo26d 4Bjouhctinauel diféusiei ab the lhighls dfoicisd
next to have a thickness of 200 to 800nm In this enbodi nrent node, a
| ami nat e ofgedterings regipe tH 74, tHi%k g5, otnd B20pnfemgetiering.- TA AFBywithl m

ith a thick .of 500 nmis f d tering.. , Then, tal w.ri

' nes s24 & SSRDReaTEgn Harhap BHorS) {Hih Ut anhieF fish it cdira: Bty and
et chi ng treﬁb@@s”%xcéﬁﬁt BLt& ig"\&ﬂa’rﬂﬁeh'sﬂ?&s im4ddiakea rrgqgge%t Yuf2APSSHRd
t hrough the contact holes 3 to the source regFon n and ‘drain region

316n fono. f'Dugrcafies e sersitandetion Flycad80810 ahi 808P k€ Subijedic@no %S\éafbg%ﬂdtiéﬁ ain
reigi on 320p for formng the p-channel TFT. (See FIG 4C) 30 [ Enbodi nent

‘Mode 3] 29 teadmEuNinCoeltEgsedhimesphiid eontatidsg ri%besf hydmighodtof10°C for an

T P o S8 L e el R nhetuan
oo ot QAR i 0 S5ol 0L A AL Bt

descri bes il BRQGnothe TARLIAG el Rs1HaB e FERAMTCHHKay AW S bEN HSPaNA
| ateral growth nmethod to crystallize an anorphous silicon film Specific.

descri plponkh®aeednsl msethaier anesulgting file 3% iw this embedence hodEliGsn &x&ylio

resin film with a thickness of 1.6 nm. Then, contact holes 323 are formed by

normal photolithography treatment and dry etching treatment in the second

interlayer insulating film 322 and the first interlayer insulating film 321 as well as a

gate insulating film 309 below the first interlayer insulating film 321. (See FIG.

20 4B)

A conductive metal film is formed next to have a thickness of 200 to

800nm. In thfs embodiment mode, a laminate éf a Ti film with a thickness of 50

nm and an AI-Ti alloy film with a thickness of 500 nm is formed by sputtering.

Then, metal wiring lines 324 are formed by normal photolithography treatment and

25 dry etching treatment. The metal wiring lines 324 are respectively connected

through the contact holes 323 to the source region 315n and drain region 316n for

forming the n-channel TFT and to the source region 319p and drain region 320p for

forming the p-channel TFT. (See FIG. 4C)

30 [Embodiment Mode 3]
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S5F. First, a silicon oxynitride filmwth a thickness of 100 nmis forned
as a 10 base film402 on a glass substrate 401 by plasma CVD. Then, an
anor phous silicon film403 is imediately forned to have a thi c%gggﬁmfﬁ 15
to 70 nm preferably 30 to 60 nm Plasma CVD is used in this enbodi nment
node to form the anorphous silicon film403 to have a thickness of 50 nm

but | ow pressure EfNddimyntoe Misckd Rnsterdibed i | nethodxiode fiphifactirfmy mad
as a mask insulating 15 film 404 on the anprphous silicon film 403 by
pl asma CVD #micondpetes sleviceoybich vsesaw dongitidiningrosvbf methadnio (SstallzGansA)

A I ' 405,.1 . d, | t of. th K. i ti i1 m404

by nor el pHGEBRRSUPaRRTET catsbit DETIMAHIOBELHTA (s B3 HGnE VAETBHER: ng
nor mal phy e eatndt e oM n

| used 20 i EN DENEe o B REAT L FmBeRI' SLEoh e DG Rl AGgS

The anor phoThis sinboddneht hivdd03cdcziRy POSREthall dthenfiaming 4 Remeasitiuttr
regi on 405. Then, the substrate is oxidized to forma very thin silicon

oxi de film dedce widchusisa taiciok gaasth miathodsthawpgtaidize tanearesupdioasl silmgindiilnnf
t he anorphoys siligcon.fi.l m403 in the openin egian 405. In thj
enbodi ment #B%‘a,hctq%écwtﬂ%ﬁsz%@if mefhod ?Fé"rﬁ“’P%%ﬁg)"gé‘fli}\/?&%’@ﬂﬁﬁﬁ‘b?éﬁi’soéﬁn@

wat er treatggnt by the spin processing nethod (single wafer method)
continued foOr a given period of tine. Batch processing ozone water

treatment using aFueshi sﬂgc@@@&[s/ﬂﬁﬁdéﬁlmiﬂy@dhﬂ‘cﬁﬁeésh@f o0 Ging 3 F&ned as a
treatnment. Alternatively, single wafer nmethod or batch processing hydrogen

per oxi dé Onabae fitmadfRon asglatesdrmpiaty dd)] by piisnsibéDr at Bhemnyenbemoxpltiwed
by 30 ozone ,%ene;%lt ed by .ultravi.ol et fl(OU\/) irradiation in an oxygen
\at/mospher e. SHiReR 3ol 403 up igpediglely foRmRdsto havh dokhighngss af (roto sHbwY i n

t he opening | ' o r I ave, the per il 1 f

catal ytic eP%?r‘gllr?? B%%ﬁﬁ? i@nhﬁ}' ;E}ﬂ 8%rﬁfly¢{}§ N usae(ﬁiu1 oﬁl ¥ g@%?’girpé%t) ]%ngttﬂeform
anor phous  Sitel £@BriHdud $f8en (H8E 465 Go RAR) a MBidkneds DF SRANRO Uit I8LUbEABuAS
the catalytic elenent solution is applied by 5 spin coating to the entire
surface of €MD mask benselansegdS i [AMsdiddn hasidedilichs fooped aga megikoms4bfiteo
sel ectively_introduce NN to the anorphous silicon film403 at the bottom

of the dFenfiiy 4ypnthuamorphpusiiikicanbbai4hby piasara EYD eadawypregsure CVD
to have a thickness of 70 nm. (See FIG. 5A)

An opening region 405 is formed in a part of the mask insulating film 404
by normal photolithography treatment and wet etching treatment. The opening
region 405 formed here is for selectively proﬁding a catalytic element (Ni is used

20 in this embodiment mode too) to the amorphous silicon film 403. The amorphous
silicon film 403 is exposed at the bottom of the opening region 405. Then, the
substrate is oxidized to fofm a.véry thin silicon oxide film 0.5 fo 5 nm in thickness
(not shown) on the exposed region of the amofphous silicon film 403 in the
opening region 405. In this embodiment mode, the oxidization treatment is

25 delivered through ozone water treatment by the spin processing method (single
wafer method) continued for a given period of time. Batch processing ozone
water treatment using a washing tank may be employed for the oxidization
treatment.  Alternatively, single wafer method or batch proceSsing hydrogen
peroxide water treatment may be employed, or the substrate may be oxidized by

30 ozone generated by ultraviolet (UV) irradiation in an oxygen atmosphere. The
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el enent solution used is a nickel acetate aqueous sol ution containing 10
ppm (by weight) of Ni. A very thin Ni-containing |layer 406 is forned

t hrough the spin 10 coating. (See FIG 513) Next, the anorpgpuiwfgﬁécon
film403 is subjected to heat treatnent in a nitrogen atnos e 600C
for eight hours fo crystallize the film403 and forma crystalline silicon

film407. L Ng,Cr | Li:zatdan. N : | Lht roduced hr qugh the

openi ng re%?ﬁ%gg Slﬁgttogi é#lﬁgefgﬂ?r(%ﬁg £ E@@Eté%i\{ﬁéggpgﬁlingnreﬁ&l td'g\%/\/dF goﬁﬁﬁ 8

sur r oundi nginfEovenic greémeslyisitalof iz aitaBRicoélchitat aBRIRMOUSHRET Y CONT id 423
progr esses V\nrfﬁ t he gjgvance o)? O!i‘ffusiwcl)n. 'Iqhe crystall @%ti o%" %ri}qolc%ilgegulgn
the | at er afoldlior)ctoi tha atdiphoiy sbicondilped(d.| efSeedFIthéByjubstrate), and this
met hod is therefg{re cglled a lateral growth nmethod in this specification.
(See FIG 5C) The obt &inedaigopssalutioneasthy edalytic elemont sajutipn axpppleet iyt h

I ' A ; L4 i ni The | i i ati |
pr oves ot TR SERREY i, (06 oALYE Retal O s R SRRy P 467 s e
embodi ment Mﬁhgﬁ@%i@h’io@ tHYEREtivASGhtboahEONi kY P %Eqﬁf&%'s@g;cgnaﬁﬁﬁ 403 at

(wavel engt h:” 24 . The exciner Faser not only Inproves

crystal | i nithy wittdmeoicthesopdringacgion 405 f Il nhid Cinibodiniing anadk afiei datalvaey
easy for Nl to nove. Therefore, the laser irradiation also has an effeéect of
25 i mprovi rideget selufienamed is @ giekekbacatgtemqueoyesobtiongcadainig 1Gppm (by
substrate is .tkrt}..?)n@i1 ated with .diluted f.I.uor]iﬁg aﬁbg tore vg t he nmask .

i nsul ati ng YT 484 Yhat> WY HUBnVGcentaaung layer 4P s dgrmed ithwughntheysrinng
N ATRBr dgngRSkstdeEaspRg film 404 is removed, the crystalline silicon
fi.lm 407 is patterned by nofmal photolithography treatnment and dry etching

‘trleatment into a lSéktseid enndpldwy silieparfikOen3f Br sftgsdtMdo aRan1ehaneE! inlGT
and a sem conductor layer 31 2 3 JUN 2006 408p for form ng a p-channel TFT.
A silicon dxirggenr atmosihere at 600 €k ferseight haod tomaystsllizothetilmst08 gat orm a

[neulati n0 LMY RYH! RRRAEID S5kt BLESTLE,OR, Helors, T orm g Lhe
20 ot IR A AT L S S By R AR AT,
steps alp substuadingllcgidnie agdnerasallietiofleser thpt hanspReud! o3 iR 488
and FIGs. 4A to 4C in Enbodi nent Mde 2.
progresses with the advance of diffusion. The crystallization proceeds in the
lateral direction(the direction parallel to the substrate), and this method is therefore
called a lateral growth method in this specification. (See FIG. 5C)
The obtained crystalline silicon film 407 is irradiated with a laser to
20 improve the crystallinity. The laser irradiation greatly improves the crystallinity
’ ~of the crystalline silicon film 407. This embodiment mode employs a pulse
osciliation typé KrF excimer laser (wavelength: 248 nm). The excimer laser not
only improves the crystallinity of the crystalline silicon film 407 but also makes it
very easy for Ni to move. Therefore, the laser irradiation also has an effect of
25 improving the efficiency in gettering by a gettering source.
The substrate is then treated with diluted fluoric acid to remove the mask
insulating film 404 that has been used as a mask for selectively providing Ni.
After the mask insulating film 404 is removed, the crystailine silicon film 407 is
patterned by normal photolithography treatment and dry etching treatment into a

30 semiconductor layer 408n for forming an n-channel TFT and a semiconductor layer
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Therefore, summari zed version thereof is given. Afilmof Wthat is a
conductive high nelting point netal is formed by 10 sputtering or CVD to
have a thickness of 400 nm The Wfilmis patterned by nornal &

photol it hography treatnment and dry etching treatnent into a gazté wg\@ﬁrode
410n for the n-channel TFT and a gate el ectrode 410p for the p-channel TFT.

Then, the gHi8p fdrdormades ptdimmed A A1 OpA &fRcdis8gida Tilm sk thféRﬁésst@moo
semi conduct or layers with Pthat is an n-type inpurity. Thus forned are

hi gh 15 cor¥Bris fatmeshas mants insulasyigofitm (409 beglasma @VIn or 4d@rpredsidp CADd
10 and o0 AR BB R B Ul bt B
. pl h 11n i
Phe- con contie defiatamheal 8 efBfe BRI RTSRIA BECSR otlet {e

entire rBagithe soffatdef BRIGUGRRALCT GBed FYG! 5PY8p for form ng the p-channel
TFT as an opening region. Then, the resist pattern 414 and the gate

el ectrode 410p deeSIChl@tlpnskﬁnmlaa& fﬁHiﬁwamg sieped ages swbstaatibldy dbpesdhe as the
sem conduct or l.ayers wﬁ&B that is a p-type inmpurity. Through the doping
treat ment, GASGHPUORHT &AL Y ALY oﬂalaﬁﬁﬁ]ﬁa}ldr Eég%n%(tﬁ 4eelgi Brhodamept M@Id@lZOp
havi ng 25 t p. n | Vit re rmed in the sem conductor | ayer
408p for foﬁr?nerﬁgotr s‘?.m%%g fianng® ere BB Tame time the hi gh

concentration i npuIrfithy of oI B8 ﬂ%m%@ﬂvégﬁg% g%@luhg admfﬁ n{e@ﬁ e}(

region of the resist pattern 414 which is romt

regi on #Q1rsputtetihg refiVibnabavera thayleresd @Endaif nithe Tire ShiafiRelis 'ﬁEﬂfetr&dUlSﬁd
) 3 a mask to form high concentration inpurity regions (p' 30 regions) 417n
‘arid 418n hdArAgl ﬂ)ﬂi@togﬂbwépbbﬁmémﬁ% @r;H) dopaghinohsatmnt d@m agabs elgetroda

§3Fd.2? ons T B E*pﬁ}? ARt %e%ldi“lﬁ‘i g%%efﬁ%&# ey A10p1 B meenpehgr .
process. i 11 oty atca T mEoas vt ?%f%?eﬁ%%“fssem Bl 3BT ce

havi ng an rse[rhamlrchictdiF]layarﬂj\xat}chﬁﬁimnelanTEnyp@tlmpumy defkiid feghebaye high -
hi ghl y eff|C|ent gettering regions where an 23 Inpurity (P) and a_
p-type }BpdonesnirEomHBPHaDhregiaseli reg@@él@?nxﬁ Thi4t¥p, and 413p having the

n-type conductivity and substantially intrinsic regions 411n and 411p. (See FIG.

5E)
Formed next is a resist pattern 414 that places an opening region at an end
apart from the channel region 411n in the semiconductor layer 408n for forming the
20 n-channel TFT, and sets the entire region of the semiconductor layer 408p for
Y forming the p-channel TFT as an opening region. Then the resist pattern 414 and
| the gate electrode 410p for the p-channel TFT are used as masks to dope the
semiconductor Iayers with B that is a p-type impurity. Through the doping
treatment, high concentration impurity regions (p* regions) 419p and 420p having
25 the p-type conductivity are formed in the semiconductor layer 408p for forming the
p-channel TFT. At the same time the high concentration impurity regions 419p
and 420p are formed, the opening region of the resist pattern 414 which is placed
apart from the channel region 411n in the semiconductor layer 408n of the
n-channel TFT is used as a mask to form high concentration impurity regions (p*

30 regions) 417n and 418n having the p-type conductivity. Conditions for doping of
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concentration inpurity regions (p+ regions) 417n and 418n having the p-type
conductivity can be forned apart fromthe channel region 411n of the
n-channel 10 TFT in the sem conductor |ayer 408n al so when thezgrﬁpga@gus
silicon filmis  crystallized by a |lateral growth nethod. Wen teral
growm h method is used to crystallize the anorphous silicon film the

seni conductthe n-gyerimpiRfn a@ﬂddp-_‘iﬂﬁp_imﬁfiﬂiﬁhfé fheCan ¥4 tife ﬁbgﬂéignéoﬂdﬁ'ti@n mer

concentration than when a |longitudinal "growh nethod is u Accordi ngly,
the use of HrabediaengModh2me(beddFI@. 3B) crystal | i zi ng the anorphous silicon
filmprovides an_effect of |loweri.ng the gettering _treatnent tenperature,
shortening the gdRicdaysigmsugtingehims, erntaginkpleneand metalywitite linas rea deen

process margi ifi.c odi nent s..of , the pr t L,pvention wl|

descri bed ifghﬂ%%gﬁ ‘fhﬁeF%‘\gvpngﬂ‘%P%f‘ﬁ‘éﬁé%%tbnﬁfﬁ% A 1% 450! ﬁ?m&%w a
[ Enbodi nenisedlicditivebdiaftivi@nha e @8 recRiltheB THI 41894 E%Hﬁﬂﬁéﬁ?‘? yihype
inpurity and a p-type inpurity are both present 1S forned 1n at |east a
part of source régi desaittd dbave) highiyorfiifieat FEerdng ragionat aliiticc agl @Ay in
a channel region alone is removed 25 by the highly efficient getterin :
action of tHPEIRganandhese-tiee Hemprsy (Bhraue a‘@@%r pregent, seaelyndiict bigh

device are terized by shortengd process chi ev by integrating a
step of intcﬁggélﬁ:faﬁbonauagpp irﬁ§10§8u&’cepef%?n o‘#]rffhgmg 23%‘% t}&"il%%ﬁd?' nd
an i nmpuri'tyodart k ] j d I N1 ag

into a si n_gloe sttgggs%%@tbﬁgfocr)t gpﬂ @%&@ﬁ%ﬁghm%@@aﬁ no??nﬁg)&n ya%'nglgl
getterihy fHYN an the demicorducoedayndd 08y alscowiich othe | arab Phome Nilicsh FRASs of

ﬁj 2 3 JUN 2006 gettering efficiency. This_ enbodi ment describes a method of
‘menuf act ur icEYptallizegd W@o}@g!trét srovadvmethaghi Whena latorali gravsh tétbod isawkedt o

Speci fical | ' t o, the method..of thi nbodi t, '

e ol e AR L g 8 TR B S OR s Gh 30g 00
source 5 IBatRN.a %ﬁf&gﬁiéj A AN 1Rl CEE&du%tinett%t LAkhng I?Hgftlﬁ“&itnal
region, and highly efficient gettering regions contalning an n-type
impurity agdowtip-mythed ipuisedy botdordaigty,f temede i 6f thRraekidher na@holiht

getterilnsq %lr.lbj ect region to getter a catalytic ] , )
ystallizing the amorphous silicon film provides an effect of lowering the gettering
freatment temperature, shortening the gettering treatment time, and the like, which
increases process margin
Specific embodiments of the present invention will be described in detail
below with reference to FIGs. 6A to 15D.
20
[Embodiment 1]
| In Embodiment Modes 2 and 3, a region where an n-type impurity and a
p-type impurity are both present is formed in at least a part of source region and
drain region of a TFT and a catalytic element in a channel region alone is removed
25 by the highly efficient gettering action of this region. These methods of
manufacturing a semiconductor device are characterized by shortened process
achieved by integrating a step of introducing a gettering source for forming a
gettering region and an impurity doping step for forming a source region and a
drain region into a single step. On the other hand, these methods can form only a

30 gettering region of limited area and have room for improvement in terms of
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elenment in the gettering subject region. Through the gettering treatnent,
the catalytic elenent in the gettering subject region can be reduced in
advance. The 1o method of this enbodinment will be described in @A@mpel ow
wth reference tog FIG. 6Ato 7C. FIGs. 6A to 6F are sectional

show ng the manufacturing process and FIG. 7A to 7C are plan views of

FI Gs. 6D tog@fring eficiencysi | Thisrembxgdintenit diestiibes wi trietlend bf akaesfacwirink0@ nm
is formed as a base film 502 on a gl.ass substrate 501 by plasna CVD. Then,
an anor phou¥TIENduetE device wRisH gan sliminglgithisalrywhaekred to have a thi ckness

of 15 to 70 nm 30t 60n Pl as S. us

enbodi nent to fo%ﬁ%cﬁégﬁk’yﬁo?%%(g L85ty nn’f“;rtﬂﬁﬁjSBgtllh mteﬂpcﬁné%%‘oﬂf
50 nm but {heWdpheeS iiico¥BuctFR) I ! r e
anor phous silnl i congfl | m 1503 % af&ra ?gil Pdm% Ciﬂgné& gjrpna : mtc@
surface By tegeosfdrett dimxygen mﬁwat’DETaﬂsrthe g&te&ﬁg%ﬁi;&t ﬁbg)oﬂhmdamiﬁ)gmpous
silicon film503 is crystallized next. Before crystallization, the

cont ani nat edfigHng rgﬁﬁeﬂﬂg dRLIPNS FPBOMIBE aﬂﬁ‘et}ﬂl@rlﬁ&ﬂéltﬁfanﬂfﬂep ’fmﬁ)mmwty both

silicon film5Q3 i edb 655111 hesub te on ic

oor phous. <TF: esmed; fi R Seriged! GEMGRe ¥ ol gl et of Brcataltifie
25 bst t t d
Caingle  veroreae ik 5‘5“’0 OHEHE [s8bjoct SRBIRI mEEﬁt‘?}@'f BeREARETRLALATE

silicon oxiegalfyticrol&@bnt tntHehgetsat g@@b;@ét ﬁe@ﬁ)rﬁfm’f pBaysusdd nCélﬂJafnk:bm 03.
The very thin silicon oxide film 505 has a function of inproving the

per-neabilPi tIyleﬁmdaof\llthléq@@bgémmtwﬂbrbet ¢escribed an detndl balow 'eflltdarrmftregob uoi on
. be appli Ther eaf t . a nickel acet
adueous ol HILBA G IS G s ITbFeReanbs bie s Shongpe ige Taruitacyring 34
2 3 JUN 20 d th t
Ogtﬁrﬁcgéseﬂﬁﬁf? Gs ‘ﬁ@ﬂ% V%r@%lﬁb@g%o(?]%ﬁ% cHWSehormed on the entire

~surface of anDrp ous silicon e surface of the silicon

oxide film 505, tRiryigasidedn oxisitddy €iln Withna MhickeéssC@MI@ R FayRId 298
(See FIG 6B) Next, t he anor phous silicon film503 is subjected to heat

treat ment ibpesa fibn rﬁQQr ogen gatsmjs.}hsmam 401 &aocla‘sma {OdP. hdlires, 2o amystlaidsi ze

the film503,.and eS|I| il m507. The optai ned
cryst al LPneSEFeR ;gqagml%é 1?96 wdpgn w{‘%‘he & HHskness of dpr v &0 BEL

crystalli n'f)r)éferﬂ?@ S()yt%t@d)lﬂnq“ UP1RMd BS ¥ SEBH NS i ment to form the

amorphous silicon film 503 to have a thickness of 50 nm, but low pressure CVD

may be used instead. Duﬁng formation of the amorphous silicon film 503, a

patural oxide film 504 is formed on the surface by the effect of oxygen in the air.
20 (Sec FIG. 6A)

The amorphous silicon fllm 503 is crystallized next. Before
crystalhzat;on the contaminated natural oxide film 504 on the surface of the
amorphous silicon film 503 is removed by treating the substrate on which the
amorphous silicon film 503 is formed with diluted fluoric acid. Then, the

25 substrate recelves ozone water treatment by the spin processing method (single
 wafer method) for a given period of time to form a very thin silicon oxide film 505
on the surface of the amorphous silicon film 503. The very thin silicon oxide film

505 has a function of improving the permeability of a Ni agueous solution that is a
catalytic element solution to be applied later by spin coating. Thereafter, a nickel

30 acetate aqueous solution containing 10 ppm (by weight) of Ni that is a catalytic
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film507 is greatly inproved by the |aser irradiation. This enbodi nent .
enploys a pulse oscillation type KrF excinmer |aser (wavel ength: 248 nm.
The exciner laser 10 not only inproves the crystallinity of th$_ ?ﬁﬁb}ﬁ' l'ine
silicon film507, but also makes it very easy for NI to nove. ﬁ IU‘f e,
the laser irradiation also has an effect of inproving the efficiency in
gettering sicmepetis epphigd dpuspi. coB@mz.F| Thus ®rmdd en thee ehdsesuifi¢adit ahe on
step, the substrate s wa Q_E% vvi{h diluted flugric acid to renove the very
Chin silicoMOsigus siiGAnsnEn 204 (i suifagenohthexsalicem pxilerfilig 5055t hy exasde

on the surf: he . stall.ine sili fidm : mask insulating film
508 with a 1?%&?%%@ IB&%U&?%&BW Iz%e{ geg'hetéefeol?s@%c@g%he mask i nsul ati ng
film508 in this ofc i TR jnae;f &, 1 to
have a, thi cknesrg@%f @F%%T%g{n%rb%??se?ﬂlgb?gﬂgllngigogaltsté’edrbma‘%g%q?gw?grn%ﬂﬁé% @/rg)t

of the nasknitrogsmlaahosygheit a6 508C ttbatourshdint 6 emgtfdzovid fitrh&sBesidform a
pattern 509 is etched avvagf b{ 20 dry etching treatnment. (See FIGs. 6D and
7A) Next, t9isstaHingt glicpméiag 397G onlke Phiassord cys@dinedsiicon £ B irrpstiatade

tteri il i th i.st t 09. k. ..Phosph
0Py opt ng" Lbddrod hd Pt i GBelRT nalhe Soreia SRt Dl TabeIEE STEn30
kV and t he g t; : i . i A
et ude. setymact hossaliyirgiered BRIhe Tieer HEERRIGE) (9B QEp6RMa MiRows
1.7 x 1015 puissobsviRation njgieeKrH‘ oxciiibrJasifadvaRALth: AS ). M Tise Exdiglerdaped

wth P and then with B. ecific doping conditions in this enbodi nent
i ncl udedOsatationdy imprawss éhe ewistaliniiplof slge crystallink silicandilohz) Hostealso miakes x

1Q15 ions/cnR for P dopi.ng and setting.the accel eratjon vagltage to,.10 kV
¢ he dodk vep 52y ST Al crhereioTe Werats radiaion d0 DaEaarRRpT30
Through th i ] US| t tering ' and B),
35 23 JUN 008" G e Ak REFTRb %Qﬁ&%@*@%ﬁ%ﬁs%rf.(?.gé?‘f%aﬁém 509 s
turned into a hi ghityr tiRflab&r @Ridigfd SepNehe’ RBIs@BteSE Qv S:PRHAY fth Bl DRuoric
concentrations of P and B. The gettering region 510 is nade anor phous by
the i on bortisad theemovk tingerydpimsilicoDroxidie fibh )5 amhderytthen nadgiebrontaaiings

covered_with th esi st pattern_.509 is 5 gettering subject region 511 to
whi ch tha gléY?reggéémsgl?rglé@a% af it crvtalbagcslicon fid@eS@ . GsA BRSRAgSYRENS The

resist pattgi spR%hh J HIOUERRs BF 39 & 286 Hifi3h Fhed 80,583, "IrRIGMsK R0 ting

film 508 in this embodiment is a silicon oxide film formed by plasma CVD to have
a thickness of 50 nm. After a resist pattern 509 is formed, a part of the mask
insulating film 508 that is not covered with the resist pattern 509 is etched away by

20 dry etching treatment. (See FIGs. 6D and 7A)
Next, the crystalline silicon film 507 is doped with P and B that are
getteriﬁg sources while using the resist pattern 509 és a mask. Phosphorus (P)
doping conditions include setting the acceleration voltage to 5 to 30 kV and the
dose to 1.7 x 10" jons/cm®. Boron (B) doping conditions include setting the
25 acceleration voltage to 5 to 30 kV and the dose to 1.7 x 10" ions/cm?® or more. In
this embodiment, the film is first doped with P and then with B. Specific doping
conditions in this embodiment includes setting the acceleration voltage to 10 kV
and the dose to 1.7 x 10" jons/cm” for P doping and setting the acceleration voltage
to 10 kV and the dose to 2.5 x 10" ions/cm? for B doping. (See FIGs. 6E and 7B)
30 Through the above doping treatment using the gettering sources (P and B},
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the substrate is subjected to heat treatnent for gettering in an electric
furnace to nove NI remaining in the gettering subject region 511 to the
gettering region 510 10 through thernal diffusion. In this ehBdQUNnget, heat
treatnent is conducted in a nitrogen atnosphere at 550'C for four hours as
gettering treatnent. Thereafter, the mask insulating film 508 having the
sane shape agegioe thesiistnqratdversd Sdth ale resieparnémose9 tigrtutded 18| Sthighly
“pattern 509 is renoved is used as a mask to etch the crystalline silicon
filmin thectgisiandrgaitpringgresion £d Opgortainieg dhgh gontpriraticric of B ardiBe i dde

film508 t he. f.or t d t chj is th d [ .

i 1 ot od 1 ognioting: 0T RTpiiR il amighefafy b e Fob BBt TR FLAVSRATPAE « ne
tteri bj i kgl 4d j - Of

- channel’ 121 UECqUIee AR, MAGUSERI 1S BT A BLARNRY YL SO i gl

FI Gs. 6Fsanget®sing Bubfet h@gﬂlbntSlqawr&ﬂﬁicﬁOﬂheggéttdifﬂc%ngﬁ)uﬂéeyeﬁerﬁot ohtiydutéd.t he
gettering subject 20 region 511 through thermal diffusion is further

facilitatedSseddlise6Eand @Er irradiation has already nade it easy for N
bonbar dment . ( Sed TEITGES! BRRDPC TomOER Ho: dpdeeicna R FPRCRAGER, SThe,
the Ni concgnt i IS i teri j ect regloen. ,
namel y, ¢ hePeotsHar by sl CIEg e e, W RO R S cHAR Fho SBEY Sieae o

form ng t hemveNanfghaining #Nthet ftes etGe8ionl sYeo BHelpettding RIgIbAG1Dhe
p- channel TFT. The subsequent steps foll ow thé manufacturing steps

i |1 ustraedthrongi Gsern@iD ditffudbnandn FhiGsembdeditmend,Cheat tr&tinedt ieodndvinded 2n tao

egnpl ete a sem conductor device having an n-channel TFT and a p-channel
TRT both. 30tjogepimosahgiiccatshiive £or frnrshapagi gattering\ireatmenhe LBgraghter,

‘includingt . N 2006 pconductar | ayers 512n and. 512p o he
TFTs is get{hgrlglg?%gf%lﬁéeﬁr%g&mm%‘f’%r' ﬁgsag{eeégagenasEﬁﬁoré:rs%Rg&ﬁgldg()g a‘ngr
conpl eting RnsARIMRORAUCHA ret@VpARrA 9 RASeABvEH ¢Da8EElas TE ImAAR%KoActch the
p-channel TFT both. This gettering step and the source / drain gettering
of Enbodi neatystabliee 2ilacbd fipmt m the ggetting i regidn $16psy idryt dtlehimgnufBiot umdskg
met hod of this, enbodi nent. Accordjngly, this nethod,  can reduce the N
concent Aat i Bulating Bianill uphrdihemeskrior Bigedrinticaingrite thegetaraeysyusing
subj ect egf:lfflrl"teg ]fiLudr{]c écqlds ?1%01 'Wrtﬁr?tge{tgﬁrllg (?r%a%mhgntslgnﬂe% orrlr%%%to%r tlfeage?{ering
subject region 511 that includes a semiconductor layer 512 of an n-channel TFT
and a semiconductor layer 513 of a p-channel TFT both. (See FIGs. 6F and 7C)
In the heat treatment for gettering, movement of Ni in the gettering subject
20 region 511 through thermal diffusion is further facilitated because the laser
irradiation has already made it easy for Ni to move and the gettering region 510 has
been made amorphous by ion bombardment. (See FIGs. 6F and 7C) |
Through the above manufacturing steps, the Ni concentration is reduced in
the gettering subject region 511, namely, the region including both the
25 semiconductor layer 512n for forming the n-channel TFT and the semiconductor
layer 512p for forming the p-channel TFT. The subsequent steps follow the
manufacturing steps illustrated in FIGs. 3D to 3F and FIGs. 4A to 4C in
Embodiment Mode 2 to complete a semiconductor device having an n-channel TFT
and a p-channel TFT both.

30 In the example shown in this embodiment, Ni in the region including the
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512n for form ng the n-channel TFT and the sem conductor |ayer 512p for
formng the p-channel TFT both, but only one of the n-channel TFT and
p-channel TFT 10 nay be included in the gettering subject regizcznjuﬁﬁﬁdﬁough
t he nunber of steps is increased, the manufacturing nethod of “thi

enbodi ment can réduce the Ni concentration in a channel region of a TFT

even nore QRdchA@IAbP Bybs %aﬁbla%dofﬂf%g[ﬁ??&hé nﬁpﬁﬂg&@g g{?ﬂgréa %%Eéfgc the

I
characteristics (such as field effect ity and : rrent
reliabilitymghefcting atdps of Brhbodibnent cvyieel frTcoMbldiinphe s@hR-ohdné@yed
gettering efficiency, the getterin treatnment tenperature is reduced and
gettering t@aghrt besma nshamulidnEand arpeheneelel FT hotivet Wbt gasteaingostep

ffective in enhancing the. in f. tterjng.treatment. 2Q
CEnbodi mentansd HEOREBE (A PRORERS TR ik odiBleny NhF 7 Rl lincioulie estiatieg or
vt ( ) t .
CnVLot TR R AERE ot 08 B LM, R bR ML 36CHEE ©
will be given kelew theiNhcoefamenss inoa Eh@ﬁnel%{gidh 32B. TBY Adnl ivre| aYRE

silicon oxynitride film602a with a thickness of 50 nmand a second |ayer
silicon oxygstteringesdhjteh B@Rim Gl 1 hnahishewbodasenfintR@entne aveenitondedons yea

base film§ég 0 | ass substrat 01 by plasma CyD. The first |ayer .and
second | aye?lzzd’f PQI%Q%BH&’ethFi q‘ﬁf‘?ﬂi\}fi TS:Jf f‘%‘{éhﬁ SeERpBIUGPh HRYEROL 4R forr tyﬁé'mjp%ss
substrate et S, Lor from silci |, ass, b@;}umbor il

gl ass, 30 gt?l én[‘!i’j '%g%é&gsﬁ)@ﬁt@’ g&gg%{y 8Pét0ﬁetﬁ€ir%é€an&r?l anor 6H8L%“C§;§Weégﬁ#fi | m
603a | 51501 By b3 Indluded MO Blhglfibi8sggibhl M 602 (602a and 602b) by
plasma CVD to have a thickness of 50 nm hi s enbodi ment uses plasma CVD
‘td formthe anor phbbeugdi the onmbiel {608z bBuincrdased pihessianefaCuDimmyndirodisd
instead. There 'ig . possibility of carbon, oxygen, or nitrogen in the air
M xing in dHS HEoOP tican reduderae MoronssnEalien v phanalresicn a TF lieyenn

~experienti i it as .m xed jn,causes . degr adatjon

1 char act apel A BEFECER GRUBM hTRUS R HEC ol R Re RO TRh:

i mpurity gag Mekdifddt ARbBIlAY hdCIOMHE alirteh@f AR JlRbRity1 @Bk %&&hg of the

Contam nation by inpurity gas has to be avoided as nuth as possi bl e and

the accept abcbanmguiliFtly With the more improved gettering efficiency, the gettering
treatment temperature is reduced and gettering treatment time is shortened.
Therefore, the method is also effective in enhancing the process margin for

gettering treatment.

20 [Embodiment 2]
| Embodiment 2 shows an example of applying the semiconductor device
manufacturing process of Embodiment Mode 2 to actual manufacture of an active
matrix liquid crystal display device. A defailed description will be given below
with reference to FIGs. 8A to 12B.
25 A first layer silicon oxynitride film 602a with a thickness of 50 nm and a
second layer silicon oxynitride film 602b with a thickness of 100 nm are formed as
a base film 602 on a glass substrate 601 by plasma CVD. The first layer and
second layer of the base film have different composition ratios. The glass
substrate 601 used here is formed from silica glass, barium borosilicate glass,

30 aluminoborosilicate glass, or the like. An amorphous silicon film 603a is formed

37




concentration is specifically 5 x 1017 atons/cn8 or |ower for carbon and
nitrogen 10 and 1 x 1018 atons/cnB or | ower for oxygen. (See FIG 8A) The
next step is pre-treatnent for crystallization of the anorphous silicon
film603a. Wien the substrate is retrieved froma | ow pressure ¢BH7006
~apparatus, a natural oxide film (not shown) is usually formed on the
surface of @hthepasegiious02 £602xand 602 GOBAsa CYDM anhnat £ttitinessbs 50ateg.
The natural 1(])xi de qutiil m gnot shown) 15 is renoved by washing the

cont ani nat el FRBREmINT Mses FASFEhEYE $pIfoamrthe iamerpboss silicoh falin G034 but

fluoric aci r t he amorphqus-silicon film.603a i furt her
treated wi t%wog%‘rgl%ﬂ\%/a(?gﬁp%go@ﬁ ol emtgﬁé‘gsuﬂj‘ﬁﬁeelsoaf P?ﬁ%éb@fébf’gﬁ%@?gﬂs%}’&%
film603a apdnfifRie®nai ', AV Ea] id i ' i -
have a thi cknessgﬁgf 118{1%3?15 %ﬁ%&%@ 1Ellhge'm?/ﬁe% igﬁﬂ?tﬁﬁs?ﬁdé%r?%(&?géuﬁs ?ﬁ%ﬁa{‘lﬂ%n
ef fect ob 2803arpriovis ey thperpanistdhioviedgoftha MNchagupetisy sad uhixed focidres
anor phous silicon film 603a in a |later spin coating step to nmake the film
adsorb Ni u¥figredatiop in(chasagtemsticsg)tha regultagu@bds ddicaefoon it Isaecognized that
catalytic el enment solutiqn is aﬁplied i oating., In this

. by. .
enbodi nent , BT ZARTHREE 1B 26 R 2 g‘aﬁstﬁlnﬁgﬁﬁlqnglngﬁﬁhg%g‘i‘c%&etg‘t"étaﬁﬁnﬁéﬂleﬂs

sol ution Coiﬂ’i}ﬁjr!rf]’tgr(r)@gégaspﬂﬁbé ba\(/o‘ﬂféd? Eée )Hllulg%jr %@g gﬁgﬁbl%pﬁ)lju{ %?en ny%ei)%ﬂ]e qgﬁ)tuirﬂyc»"

(See FIG 8A) | to contro cont en anor phous

silicon filcon@g@Baatio is Bedcifibaly b1 xn100hawinigch’ 8t 0Wer Y0farbes SndyHEegen.
the substrate is sypjected to 'heat treatment in an electric furnace I'n a

ni t r ogehOatdfskbhekk" atomagon’ polower frowxyge. THecealés.hdus silicon fil m 603a

4i-§ thus dehydrogepated. After the 38 2 3. JUN 2006 dehydrogenation .
‘tPeatnent, the sﬁ@%et PEFISIER 15 Risifeatnes) fon sy ediligation é’géﬁﬁémoﬁi@é‘?“ silicon

treatment ag fo | el t oHe sl l.con film
6032 and formeart; yovart ettt SRV A 1105 BRI ook fhsr
silicon filmtuG0¥idstiimr@dt she@nyid bswmllyasmeton MY Queadehst Gyahaighonkt Y.
The laser irradiation 5 greatly inproves the crystallinity of the

crystal | i nesikeqn 6bn f03arip @03mmiNktesthesubstditee nfThenpitops ozideilse (os shbivai i on
type Krg exci nmer Iaser vel eﬂqglth: 248 m . The exciner |aser not only

i mpr oved St HE TEMAYEd| bY f3sping th goptapaingted; ffacs; of ¢ amarpheessilisan fiso

.makes T Ves05585K diffedebBicRYE: THESERES of ttl{Eeallng?pEi‘[ous silicon film 603a is

further treated with ozone water to oxidize the surface of the amorphous silicon
film 603a and form a clean, very thin silicon oxide film (not shown) to have a
thickness of 0.5 to 5 nm. The very thin silicon oxide film has an effect of
20 improving the perrﬂeability of a Ni aqueous selution to the amorphous silicon film
603a in a later spin coating step to make the film adsorb Ni uniformly. (See FIG.
8A) |
A Ni aqueous solution that is a catalytic element solution is applied next by
spin coating. In this embodiment, the catalytic element solution is a nickel acetate
25 aqueous solution containing 10 ppm (by weight) of Ni and applied by spin coating.
(See FIG. BA)
In order to control the hydrogen content in the amorphous silicon film 603a
so that the film contains 5 atomic % or less hydrogen, the substrate is subjected to
heat treatment in an electric furnace in a nitrogen atmosphere at 450°C for an hour.

30 The amorphous silicon film 603a is thus dehydrogenated, After the
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irradiation also has an effect of inproving the efficiency in gettering by
a gettering 10 source. (See FIG 8B) Next, the crystalline silicon film
603b is patterned by normal photolithography treatnent and drg ?‘.@Qﬂdﬁg
treatment into sem conductor layers 604 to 608 that are to se \;

channel regions, source regions, and drain regions of TFTs. Formation of
the sem con@ﬁh:‘/tﬁhﬁgﬁai}l@ﬂstrmnlem@ thoSulairatseisfinirhediett b yulijscrdaonatotheophea

that is inmpurity ele t _(por phosphorus) doping treatnent to control
Vth of the Heatglent %5%% A%UA?QUW é%ﬁrb%@lihz@ rthe@nfqrphews shicgnt fikng 1608¢s

of 100 nmii i fi by .pl as CVD.,.so a
cover the s%nn%f géﬁgﬂact% 7 ﬁ?iﬁ% lhgﬁlﬂlﬁ{ 6@%% gg]‘fao(?b ’r’%ﬁ*n‘f%@t}é@ §Hicon film®
i nsul ati ng 03HMiPRGadihiea wﬁﬁt@tﬁseat@ctn@%t@%sc@fsta%@mt e PR F'(i'HgSﬁ’tion
| ayers 604 to 608 where natural oxide not sho are are
treated Wi tgredily uireprdvies othiec cstadliniiyr efratie ¢ﬂyetatiatwrsaiccmp<lfdﬁl f6030%. Phis
conductivefi{jmas a gate electrode material is forned on the gate

i nsul ati ng $MPadiRaY O@P]@Mﬁutatlé‘% ﬁ%@s‘éﬂua@\}) t}’mtngaftxélféﬁ’elﬁs%ﬁ‘éfaﬁ@@égﬁhaQ%sed
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mat eri al include high nelting point net Ta (tanta

(ol ybdenunirradiatidit alsarhiasah, efitct ofi igptering tﬁﬂéfmlel(@hfm%@twﬁnﬁ jfratg’ﬂttermg
silicides that are codn%ounds of high nelting point netals an licon, and

pol ycr ydQal $quses. sH[Se@ GidBhg the n-type or p- type conduct i Vi ty Thi s
-enbodi t 30 Wil t to h t hi ckness ,of
400 nmfor a 93{72‘“ e bR i o P B8 LD BBt En | Gy RS
Phot ol i t ho%lﬁﬁﬁ}it %aﬁﬁﬂntdéﬁ’ I‘Ht&ﬁngrt‘?@attﬁféﬂt ihe s %ﬁfé@nﬂgﬁ%gtlgxe

el ectrodes are per on the su ate structured as above

are gate eb®tta 6@l&sh£ Tfe t@sER0O as &hSh@él&g@zo@t@pﬁﬁlr&@feg@ém taﬁ@dﬁalﬁ&kguﬁﬁd)fan
el ectrode 622 5 that functions as a source wiring line. After the

et ching, rebF§s. phHetmatien @f the sengeandissor dayenn k4 T@uﬁ@&gmjﬁé)edfqﬂcmaﬁubﬁg
ctrades 617.to 62 Al so, | eft aft r.the dr

ot ohi ng Lar ectePalofing fitis et fle RenaPsra bl Bapiorgy dowies oo
and a r eS| Séorﬂﬁfflt\ﬁfhrb@tﬁg’ﬂﬁr L he(S%@tF‘fG.eb%St rode 622 that functions as a

A silicon oxynitride film with a thickness of 100 nm is formed as a gate

insulating film 609 by plasma CVD so as to cover the semiconductor layers 604 to

608. Before forming the gate insulating film 609, the contaminated surfaces of

20 the semiconductor layers 604 to 608 where natural oxide films (not shown) are

formed are treated with diluted fluoric acid to remove the natural oxide films. A

conductive film as a gate electrode rttateriel is formed on the gate ittsulating film

609 by sputtering or CVD. The gate electrode material used here is preferably a

heat resistant material that can withstand the temperature (550 to 650°C) of later

25 heat treatment for gettering as well as for activation of impurity elements.

Examples of the heat resistant material include high melting point metals such as

Ta (tantalum), Mo (molybdenum), Ti (titanium), W (tungsten), and Cr (chromium),

metal silicides that are compounds of high melting point metals and silicon, and

polycrystalline silicon having the n-type or p-type conductivity. This embodiment

30 employs a W film formed by sputtering to have a thickness of 400 nm for a gate
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source wiring line. The underlying gate insulating film®609 formed froma
silicon 10 oxynitride filmis thinned by the dry etching to be shaped into
a gate insulating film 623. (See FIG 10A) Leaving the resist ?gbﬁf@ s 611
to 616 in their places, the gate electrodes 617 to 620 and th% - Ee
capacitor el ectrode 621 are used as nmasks for n-type inpurity |ow
concent r at i eisctoge higmttidt. i Seedd 9t dopi ng treatnent by a doping 15

device. The first. doping treatnent enploys P as_an n-type inpurity. el enent
and the doping cgﬂ@ﬁﬁa%?%a@%rt@?ﬁmpggIaﬁéed’é}’eﬁqhh% ttF?éi¥1§§E’élf@R 4pirBingy ghteage
to 60 to 10 : 1 ions/gn®. . Thr ough
the first dglgfﬁgd%greéapﬁgﬁﬁﬁg? tg\?lv %%n%ugjr%ﬁ%ét %tglﬁéﬂétdy%%%?% ri’ﬁgpsr godpﬁcﬁlisgr n

. 520 . .
regi ons) 628afe16@Rdise17 @ G d ﬂo;zd(%@m&na@e&%e bayedimi 8P41dcRofl&2on

the outside of the gate el ectrodes to 620 and storage capacitor

el ectrodé e6tmt fumctidrs sseneowrcesyiringtiteant Afikt the dmytetclispcrasagipansmS 2 1t ©
627 functioning as chanpel regions of the TFTs are formed just bel ow the
gate el ectr gsgigts mpskguring dhe dry ewhingeisrlefigpctheans: elechindessd1F &yHdth

f f i T i f i . i 705. .
Ther efor e CATsqlIdks At dnf SyoftehBle H0E T, ik natEE" BT G0 e, st Rapesiiang
25 el ect r odglgcirsdé enmegd D rdshg f}i@t@%&%@@l&f‘ Qe ai%/ %Iec%gejéﬁtthg?flﬁi@tigjﬂg as a

storage capacitor electrode 6 See FIG I The substrate Is

washed usi ngpuceedringtiae. r élteasidygldgg patd mstkaay dilnt 589 feshst fipat & efifiton611
to 616 that have been used as masks for the dry etching. After the
renoval 10r eQK¥hitiide filinnAs thgsaed by abs drpetchitgrioe shapedgitons gatkhiinsulatieg fidm30

jsarve as magﬁ] dtﬁf‘%’ gﬁ) econd doping treatnment are formed so as to cover
‘the 40 2 3 2 n%]aﬁ ctrodes 617, 619, and 620 in n-channel TFTs 701
and 703 of a drivjpg,inEith€Ykdist’ ' ' :1% 0 X glon
707. The second dopl r%ag trea%l?reﬁfﬁt%ggfdol? glll\?li%(]gjllttﬁg}- ;ES’?B.ieaggﬂ&aE%ﬂrﬁ(g 04

an LDD stru6lTite.62¢ tuypehe snpagd typduigh dleneRizt 624 iagh udePiad dnasksciondiiefrd
as the second doping treatnment. 5 P is enployed as an n-type inguri ty and
t he dopi ng EBPRilty We copesriedionetloping thae is s Eirgrduping twsitmaneby @ §0ping

100 kV gnd the dose,tq. 1.7 x. 1015 . ions/cn?. Through the.second dopi ng

t r eat nent’, ﬂ?‘@‘ﬁe‘coﬁésﬁfrﬁtag?%lﬂgﬁ-r?%’%ni ﬁﬁﬁ?i’sy raégquﬂ—sty]e?]-lmppgéy 8&%’5)6%?71,(1

639, and 64(halishihg Thbitldhs! ErSE ThERAGUEH e VRSP M bn §8Fac R 60 0 100
kV and the dose to.3 x 10" to 3 x 10" jons/cm® Through the first doping
treatment, low concentration n-type impurity regions (n” regions) 629 to 633 are
formed in the semiconductor layers 604 to 608 on the outside of the gate electrodes

20 617 to 620 and storage capacitor electrode 621. At the same time, substantially
intrinsic regions 624 to 627 functioning as channel regions of the TFTs are formed
jusf below the gate electrodes 617 to 620. The semiconductor layer 608 is not a |
‘region for forming a TFT but a region for forming a storage capacitor 705.
Therefore, an intrinsic region 628 functioning as one of capacitor forming

25 electrodes is formed in the semiconductor layer 608 just below the storage
capacitor electrode 621.  (See FIG. 10A) |

The substrate is then washed using a dedicated releasing agent to remove

the resist patterns 611 to 616 that have been used as masks for the dry etching.
After the removal, resist patterns 634 to 636 for forming n* regions which are to

30 serve as masks during the second doping treatment are formed so as to cover the
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607 that are on the outside of the resist patterns 634 to 636. Wth the
formation of 10 the high concentration n-type inpurity regions (n' regions)
637, 639, and 640, the |ow concentration inpurity regions (rA3 gébiiohs)
629, 631, and 632 previously forned are divided into the high
concentration inpurity regions (n' regions) 637, 639, and 640 and | ow

concent r at i g ieiutrddey 61QI6N% dnd 620iiRNSLhAdR] OF 401 dHUF0S MBARife
source regions and drain regions having an LDD structure. (See 15 FIG

1013) A p- cHemle/OGFRNd70R agpixehd Fdr 704 nf zipixeliregit06787Ad fThe stondgioping
capaci tor

70 f th i | i 7 Lch he LDD
formng redf @%ngﬁ%%ﬁ '8)&()‘58% \rﬁﬁg:ﬁﬁ[% ga&ap@églﬁ’é@[ Sg‘tl é—tﬂggaﬁéiu%tligo g f%'lrjt;(g%
i . , i ly.
ro'a r eoul (E](F AR brBE ArltRAL doBhe e B RS, A GRE RIS 526

is formed imid emfﬁgradcw@kuﬁt@peIiﬁm&itﬁ%dttH@HoFmgOébndih@HQH{&ﬁ&lﬁsaﬁn%ﬁﬁe

gate el ectrode 618 'and a hi gh conCentration n-type inpurity region

regi on) 64ladcslefaiorevolitage toes(seni @bk Wuaidotheldogeto 60Bx t1Hat ions/catt. t hrough
out si de of hhe storage capacitor el ectrode 621. (See FIG 10B) Formed next
by nornal phBt %ﬁQOPHogPHWHy teAlREHe Nighr e0REEI8HOP AR EPH SITENBIY 26 gions 5B

t hat tt | d 6Q5 for.f ing.th - | TF 02 d
the sem condBREB o aybroouy P B Rmng! indhCrERipatubisEdrHEs ons bgb. and”

. . : . . _ |
i it i A e A AR G A S
f or m ngloheha-higiacortentibfids THipeantdpr@y maibrish@’ pegiehsT6T7,7630, ahldetu0,tthe

,r—gsi st patterns 645 to 653 are 30 used as masks for p-type inpurity high
‘cancent r at il6F GBPFHYrAON HADUHIY degioph iy 4e2@Bs) GR920T, t arshtod@nprayjously

‘dopi ng devige, Through £ he 1hird doping treatment. ihe .sem conduct or. |
505 for T orfrRGY e Bvidhidnter IipeERiisnRe et P LR bEaeiGE (8 B
i mpurity Whidee 43 BA03snd 1§RSEodddfudabe i@pggﬁy%gio%ﬁ AR ﬁil{sg%%iz* to 4%, 90
concentration i1npurity region (p region havi ng rhe §- ype

conduct i vi tHhussfopmiedraredoiireetlegione nindahdlicte@ionsaly8/in®@h IODIX fieuctufesi dSeof
the gate electrode 618. The high concentration inpurity region (p' region)
654 haslal rlgﬁij@@en doped with P that is an n-type inpurity. However, the

hi gn concentrat | op MM ET 8 9t B acih WhafiShd Snd B dlled Bkt

705 of the pixel region 707, which are not the LDD structure forming regions, are

doped while the gate electrode 618 and the storage capacitor electrode 621 are used

as masks for 702 and 705, respectively. As a result, a high concentration n-type

20 impurity region (n* region) 638 is formed in the semiconductor layer 605 that is on

J | the outside of the gate electrode 618 and a high concentration n-type impurity

| region (n* region) 641 is formed in the semiconductor layer 608 that is on the
outside of the storage capacitor electrode 621. (See FIG. 10B)

Formed next by normal photolithography treatment are resist patterns 645

25 to 653 that set the semiconductor layer 605 for forming the p-channel TFT 702 and

the semiconductor layer 608 for forming the storage capacitor 705 as opening

regions, and place opening regions in ends apart from the channel region 624, 626,

and 627 in the semiconductor layers 604, 606, and 607 for forming the n-channel

TFTs 701 and 703 and the pixel TFT 704. Then, the resist patterns 645 to 653 are

30 wused as masks for p-type impurity high concentration doping as the third doping
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concentration of B, at a dose of 2.5 x 1015 ions/cnR2, to have the p-type
conductivity 10 and function as a source region and drain regz'rgg. kptﬂ t he
region for formng the storage capacitor 705, a high concent W) b
impurity region (p' region) 655 having the p-type conductivity is
similarly formed in the seniconductor |ayer 608 on the outside of the

st orage capg@eithtntebectr epib2ldefisee Axnd heyi i C ;0
inpurity regions (p' §reg?g%sl)6g2654 and ggg%oélgrﬁt gl% ﬁli{'aa g?)br[jﬁﬂ% gﬁé é’n hgl SO
functi on assml@hnéuqbf lagiee 605 det famiing the gichnanélSFFH&0Rds dogedivith B thies
intrinsic re%i on 625 that functions as the channel region of the p-channel
TFT 702 an®PriyPeAEPLRLY Whdlesingana nezsh the geteralegitadsrzlés Ane result chigh

capacitor f ' . s...fSee FIG. 1 t the sane tine the high
concentrati ‘géll{qeﬂgﬁtrl:g{@%preugﬂg s gfor? ?I? eé‘?%ﬂ%%l%)ééﬁha"é‘b% éﬁ?ﬁi P8 B HERR tlf’Hg 15
-type cendfiided tohl o ti.atd | Lt r.egl :
Peg?gns)%g%ﬁtg 6%%%5%%6??5‘“8? t1 pg (?:{?)Br:] Ecﬂh?vc%#edg;‘gg%gr%é% eg%é‘?’?% éllr%dm
t he channel Thediigih dd24dent6@6on amgufify régioh @’ segioa0reduchey alray®y Hc64opeds,

g
and 607 for formng the n-channel TFTs 701 and 703 and the pixel TFT 704.
The high cW#fdeRt Hitilsnan mpbirict impeisonsHpweveredhonsph 6GBicentraten alngmirity

tain both P and.25 B and fore function.as highly efficient
gettori ng. RS ofegafl o1 hgoNiIOPRd L HE the e 9rdne, uFHem e Pt chjebns
624, 626 ' t | | ORSye (11 h '
of o hi g anelh oF B By P RSl Res el o

hi gh conoenaricatingnion 4y pesoufd tdgiyn radi di tdBion. iR réiddn 168%rmang H40
previously formed are divided into the high concentration inpurity regions
% 30 regi BAALCEBHACHOBER Hahighgcartmenpatigpémporitiunigion (y" vegdb)i @5 having
concentratign inmpurity 42 2 3 JUN.2006, regiqns, (n+ regions) 659 to 661
havi ng t he Pﬂgr@ec %%Q}J&HVWH&.SH%@@ YFﬁOén%M\)thé AFTdONNEI G day e OYR Oneths
645 to 653 : R j -t fi 9 hi ckness of 150
ﬁ@l&ﬁ%ﬂﬁgﬁorlﬂ%ébﬁ a‘é}‘i}t@r 91@6@0}1@ 9. f(%;?émp%%f%}}

nmis forned as a first terfayer 1 nsulating pl asma CVD.

Then, heat treat B¢ high G@ﬁtddﬂl@ﬁaﬁdniiﬁl;ﬁﬂit?ﬁ@%ibhis ¢pf %%1@&? 644 390655 oh®din
four hours to activate thermally the inmpurity elements (P and B) inplanted
in the d8nikehdlendB srd alse feoaiieon asbéhlTkificimiagettermat egivnsffor getienmaNi

v ough € neliBa (N EIn ety 6IREMEHTSA TGS o RS BROCAN g wORPHEFE
regions 624749 ofd fn itinfr HR&! FQR0R %28 Rat functions as one of the capacitor forming
electrodes. (See FIG. 11A)

At the same time the high concentration impurity regions (p* regions) 654

20 and 655 having the p-type conductivity are formed, high concentration impurity
regions (p* regions) 656 to 658 having the p-type conductivity are formed apart
from the channel region 624, 626, and 627 in the semibonductor layers 604, 606,

and 607 for forming the n-channel TFTs 701 and 703 and the pixel TFT 704. The
high concentration impurity regions (p* regions) 656 to 658 also contain both P and

25 B and therefore function as highly efficient gettering regions for gettering Ni in the
substantially intrinsic regions 624, 626 and 627 that function as the channel regions.
With the formation of the high concentration impurity regions (p* regions) 656 to
658, the high concentration n-type impurity regions (n" regions) 637, 639, and 640
previously formed are divided into the high concentration impurity regions (p*

30 regions) 656 to 658 having the p-type conductivity and high concentration impurity
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channel regions and in the intrinsic region 628 that functions as one of
the capacitor 10 formng electrodes is gettered by the above-descri bed
highly efficient gettering regions containing both P and B in t Hed JUN 2008
sem conductor |ayers 604 to 608. The  thernal activation treatnent may
precede formation of the first interlayer insulating film662. However, if
the gate elregmnscﬂn mrgiond)ed MiorGGighdving timheypatomdstizityow (haaFIG. 11A)
resi st ance, referable to formthe first interlayer insulating film
662 before 15 the‘\g"eft ih?alteﬁkshpaﬁ%ﬁeﬁﬁfi@ﬁﬁ laEC s@ni)‘é@ﬂadumh@ﬁnloa;yertgdecfdm 0

608 h
cont ai ni ng L ot (NGRISS0 N S0 1Sl nBICars Aatiet PyCsEyc At BUORIGET R6200hds
i-n th I
S o Sé‘ﬂ?ﬁ?ﬁ%ﬁ&?ﬁ*@é@%ﬁ%ﬁ g R SR P g

fi | m 6635 orfot fieuf howds tbrﬁ(ﬁlwh&yﬂferﬂnﬁﬂyhﬁé imguity Blcdbehts TRemd By onbRelied@l €S
are fornmed by normal photolit raphy treatnent and dry etching treatnent
so as to pite §@numd§@mdwarm6@3|ta;6@§ i Adis bedtritpatment 6 3hemmbl bt vitiosof
interl ayer hnsulatln f|Im as wel] as the gate gnsul ting film623

bel ow the i1 SOPUfifY e G 4t ERCIRRE HeaePtTnd ool t_ége_aa?@lt_,
connect ed ty &Qﬁa%helnzﬁheeéu%g{anﬁq%ﬁﬁﬁlﬂs&'@% i B9435 @AAHE Fhnlig 19 b ne

and to the hig oncentration regl

(See FIG XhAhnéloegittisiang Iﬂ&h@intm’léﬂc% io'n"(?ZB t@@f‘fﬁrﬂch@ﬁ@ a§6ﬁe%@ﬁﬁ@é‘aﬁl@¥tbr to
be electrically connected to the hlgh concentration inpurity regions 654,

659, antlo6dorming hbﬁctmdﬁsnlaggatherezmby ﬂ%abdihzedwmbedoimghm efieciomtt geitating s
used to form connecti.on 38 ﬁ1 ;ctr i)gs 670, 672 nd 673 and gate Vérl ng
1ine 671 of °BIAS Fopkiinmg, Py ip the PeRpicy C’FH‘ byerhBBF HereV%ptbys a

| am nat e C’ft Arpddl acpklggﬁﬁ ttﬂ%aﬁnéﬁl'rﬁéfg?(?cgﬁé &%ﬁnlfﬁﬁth%@lrsgnt@la}@ llﬁ)éql!(l{lléén

vmthathlc ness o et W r1n

664 to 669 filhesgoniRsidvan, B Betdpderctbde d? RhePRGriRd JincaRdtdiae HadtLlow
wiring line 671. The connection electrode 670 is forned such that it

el ectri cal Iheat oasissantce, 8 is ipecfekade tofienb iR ﬁlmmmtedmyﬁrrgnalslaang(ﬁﬁm:@SZ/\bcﬁomg
line with t pi.xel TFT through the jnmpurjty r (?lon 661

connecti®n tﬁ? SCtv i eﬁﬁs‘:@a@%éh? iSeEiegnduchnlay e 0¥ t@ KPS afﬁLﬁqbﬂfgﬁt%a? on
661 of the l'@’d?ﬁ%en-gﬂ;n?Q m-lél}l? iff Oangﬁﬁ;[g) Etit%osﬁfié goentgln"lsng %96 lo%cﬁ)gdrggérh Y%t

connected t |npur| y region
410°C for an hour to terminate dangling bonds in the semiconductor layers. (See

FIG. 11B)
- Next, an acrylic resin film with a thickness of 1.6 um is formed as a second
20 interlayer insulating film 663 on the first interlayer insulating film 662. Then,

contact holes are formed by normal photolithography treatment and dry etching

Sepaer

treatment so as to pierce the second interlayer insulating film 663 and the first

interlayer insulating film 662 as well as the gate insulating film 623 below the first

interlayer insulating film 662. The contact holes are connected to the gate

25 electrode 622 functioning as a source wiring line and to the high concentration
impurity regions 659 to 661 and 654 and 655. (See FIG. 124)

Conductive metal wiring lines 664 to 669 are formed next to be electrically

connected to the high concentration impurity regions 654, 659, and 660 of the

driving circuit 706. The same conductive material is used to form connection

30 electrodes 670, 672, and 673 and gate wiring line 671 of the pixel regibn 707.

43




capacitor 705. The gate wiring line 671 electrically connects the plural
gate 10 el ectrodes 620 of the pixel TFT 704 to one another. A transparent
conductive film such as an ITO (indiumtin oxide) filmis for uggave a
t hi ckness of 80 to 120 nm and. receives photolithography treat ntJ and _
etching treatnent to forma _pixel .electrode 674. The pixel electrode 674

i s el ectri chliseRbpfigensgmpleyugrminate edads filnowith sebickndss 0532 nhoahfien

: EE”L? %Zl ;?%lr% 83T il (R Riscrloo B & & rahseanioey ?%aﬁn%?%é‘rfi)%ﬁi@iggeﬁf
- 1 . - « . 6
Stor age capiert o yb809TUECRERIQ] Bioal s7IR TSP olheiRR s iifing

di spl ay devimestn Wrhekonfedticin@Bagbdd 570 id@snRA s'uE)FPtﬁétriyefewrﬁ:aﬁgg;ognectﬁ
p- channel TFT has a single drain structure can be 20 manufactur y the

above mahAuftiet derimgdpidte fisctioningasna charmewiiifg lieyiwith the gifd FETUGOYr e

of this actjve trix liquid crystal display device, a highly efficient
gettering r%&?‘%ﬁ?&%ﬂ%ﬁpﬁﬁb TEBI0R pg})e ilRsusqIpCliey ederiredey 67 5;1@ ¢lapimicatly

the sem coronielBa | o SREGRPWEIGL o6dY 6T (8P THikel TRTL 205 A IER: pdsichn”
active mat rdlxct?ddd 698iid dststatly Tospbayd %Vﬂheemiﬁ\l%?f}géﬂfne@ﬁ?)bfttﬁlka%tg%g@w \

can have inproved efficiency in gettering a cataly el enent o nnel

regi on not aphgiton 785. p-Teagatl wiFifigblihe &7l elettrécally- commaes thE pluka opigd
simpl e groc ss. Therefore, . the present invention is effective in inproving.
el ect ri £0cHAFHERSs; G @isthe pixelaEF Fi788 do oserasetherobA iregspamntopRdudiivesfitmof

Pesent 1 mosshi et S0 EAPECYn oo ion s SprngdlTo BN HERR G Rnee o 20°
uses a crysimldndnRcerRk gh@@ﬂﬁh@%g&)hgnmd%%ﬁ{ - @%t(%){hléé E20mas Weloms &)erl

nmet hod of manufacturing the sa I's applica to various acti

mat ri x | i quilectoodestodkt. 5 Tiespliesl dlevirods 6 isaedtacilly econheceal thrdhgh eher e,
t he present invention can be apg!ei_ ed to electronic equipnent in general in
various fi Q088cGHoRplegtodaH73dp the impuriy segionb i that petvas aditkpsaycdesgion as

oSBT PR S L SRTTRICRR] S S SRR S AT RISy
connected through the connection clectrode 673 to the impurity region 655 of the
storage capacitor 705. (See FIG. 12B) |

An active matrix liquid crystal display device in which an n-channel TFT

has an LDD structure and a p-channel TFT has a single drain structure can be

20 manufactured by the above manufacturing process. In the n-channel TFT having
the LDD structure of this active matrix liquid crystal display device, a highly
efficient gettering region containing an n-type impurity (P) and a p-type impurity
(B) both is formed in a semiconductor layer apart from a channel region of the
semiconductor layer, which characterizes the present invention. An active matrix

25 liquid crystal display device manufactured by this method can have improved
efficiency in gettering a catalytic element of a channel region not only in a
p-channel TFT but also in an n-channel TFT through simple process. Therefore,
the present invention is effective in improving electric characteristics such as field
cifect mobility and OFF current of an n-channel TFT and p-channel TFT.

30
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The el ectronic equi pnent are a video canera, a digital canera, a projector
(rear 10 projector or front projector), a head nounted display (goggle type
display), a ganme machine, a navigation systemfor vehicles, alpdtiigel
conputer, a portable information term nal (such as a nobile computer, a
portabl e tel ephone, and an electronic book), etc. FIG 14A shows a

per sonal coﬁﬁﬂ]b@(ﬂimf&mﬁ&h is conposed of a main body 15 1001, an inmage

i nput unit 1002, 'ﬁ&di sepl . devi.ce 1003, and a ke boar&e 1004. The resent
nvention i s appl]RGBIESCRYIDYRRHOR LIt 10 Ajcancqps o dedtn suchis & ik that) G
14B sh i , i j . i di spl
Govi oo 13 0o 5 F SRR S scBt Sty C ARGt ting SiIRb, HOWE 337 meindd 2F) Y

1105, and amahiB@eIriRe Gievbdifie umd islagﬁﬁczﬂalll@ {ORASIBNE dchVE Thh@ik 1132@%}[%9&[3' e
to the 20 display device 1102 and other circuits. FIG 14C sho a bile
conput er 5 wiisplyi deveospusletiantfagturaitheisofly Th@eflgreatheamesentuniénti@d02an so

i mage receiving unit 1203, operation switches 1204, and a dj splay device

v 3 ¢ . | .
1205. The pRRIVES: 1 plesHonsneqWPESHE ik smeral ont WeiqHsshieldy which; ks apastiyad

other circuits:. 2 . . goqol.e ;type display, smich is ¢ osed
of a main gﬂgg?{lx f‘gﬁllEj 8&1%%5&%%?&% ,dlsﬁ%y glr‘?ag uf?ﬁpFC 3?0%’?“@58 ot
present inv@ptélefrdiic RpRhedAR dckiBed HesPhath fa¥I&Re 1 3Gand LOthakC.
circuits. FIG 14E shows a player using a recording nediumin which a
program i s Theebraimadi¢ kquipnmafttae abhfcevéahed, asdigéabrainsg, negdrojedtor Thear
pl ayer is conposed 30 of a nmain bodé 1401, a display device 1402, a
speaker 18nj Projegiar onfipatpragesigna s head meyated disphaa(angeiaame displagper gamen

PLTES LR RS ot F, LB ol TP Oy SO

Internet. T i nd hS 5@, i t i i 2
and ot her o yort e oA RA LS o bR By R o SRiSRE VPR Cond 4
conposed ofelacuosiplbaykpagtel 1501, an operation panel 1502, a connecter
unit 1503, a display unit 1504, an audio output unit 1505, operation keys
1506, a power Swi EI&?; Ry phows apensenalgumpeial,twhicb(s coampsad cdrt sraiva bedgo.

The di splay; fgneh 29t ihSuCANPF605% Rpl) %SRS A0 Mnd a keyboard 1004. The
present invention is applicable to the display device 1003 and other circuits.

FIG. 14B shows a video camera, which is composed of a main body 1101,

a display device 1102, an audio input unit 1103, operation switches 1104, a battery

1105, and an image receiving unit 1106. The present invention is applicable to the

20 display device 1102 and other circuits.

FIG. 14C shows a mobile computer, which is composed of a main body
1201, a camera unit 1202, an image receiving unit 1203, operation switches 1204,
and a display device 1205. The present invention is applicable to the display
device 1205 and other circuits.

25 FIG. 14D shows a goggle type display, which is composed of a main body
1301, display devices 1302, and an arm unit 1303. The present invention is
applicable to the display devices 1302 and other circuits.
| FIG. 14E shows a player using a recording medium in which a program is
recorded (hereinafter abbreviated as recording medium). The player is composed

30 of a main body 1401, a display device 1402, a speaker unit 1403, a recording
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panel 1502 by the connector unit 1503. An angle O forned between the plane
on 10 which the display unit 1504 of the display panel 1501 is set and the
pl ane on which the operation keys 1506 of the operation panel?130R88e set
can be changed arbitrarily at the connector unit 1503. The present
invention is applicable to the display unit 1504. (See FIGs. 14A to 14F)
FIG 15A sHBediug flABA: apd sjpseatim swiickes 1402onpBisededee ases ghtthe gaeding 5
optical system an S y_dewi ce, 1601,.and. a screen 1602. Th resent
Chventi on EBEE LR R BRE I B FPRyRRRiT B ISR 2 ne fafe L HRERF and
FIG 15B s | e ' ' : [ - a
i ght  sour oo ng, BEAnel TEHR PN Tl QUERTEC AL TahE QS X500,
and a screel2lafibothEhejrpuiesent i nvention is-applicable to the display.
device 1702 and 20 other circuits. FIG 15C is a_di agram show ng an

exanpl e Bf the stiflfGtldfeshotvsthportalyhttelepbone avtiph iceampyssderh aadigptiyspingl
devi ce 1601 in FI G 15A or t i ght .optical . .system. i spl
dovi ce 1702130 R @peiadion Faiel To0hes sodreckergpmt b Sy Biamialth € ghgy o
devi ce 160 2 i i ght . Ontieal : ,
mrrors 1808tBuG S Jrtss SRRGESH iy iIdaTH poRYl SER'ISH. af ny il L
1807, di splesngderi c@sant&th 150 eThE HiplBNsamepl180eSs E8RFct@&nth thePipir@Gdh On

optical system 1810. The projection optical system 1810 is conprised of a
plurality gfanepflb@albyl theseanpcioyivded 53t h An pngleet forored eetsveefiiths péaneuen ur e

is called three-plate typ ince it | 0 three di splay devices 1808.
5 The EPgrebishine doningroinoa iy thn s ranunial BN e 1S e sutIeat WiHs
and a fil mghavi | ZI 6, 2 006 ncid PN, i lLm.f | i ng
a0d 2 f11mBBYAng Rk A0 D0 el ALMGZRRC, RSN 1 T B idhsh
15D is a dlﬁeftﬁdﬂlgm%a&oﬁﬁe%aﬁmhelma.t NELS prddehtin® chfiod He aE%)HJEﬁble 39YrEe
optical system 1801 in FIG 15C In this enbodinent, the lig source 5
opti cal sysdiephag@@it 1504 onfSesdGaf 14Artefll4Edt or 1811, a |ight source 1812,

| ens arrays 1813 and 1814, a pol arization converting el enent 1815, and a
condenser 1816. Hfe 134nthoseup deomppiaiedtosyehich shevaPeied, oh gpight sripee y

?Reef(?ggkescgtﬁ%ggsgsgﬁ%g%fae Hfspiar}vc?éviéé) 6bF aﬂg ty dck Bt £ Nepgl Bresgﬁ{ iR SRRk -
1s applicable to the display device 1601 and other circuits.
FIG. 15B shows a rear projector, which is composed of a main body 1701,
a light source optical system and display device 1702, mirrors 1703 and 1704, and
a screen 1705. The present invention is applicable to the display device 1702 and
20 other circuits.

FIG. 15C is a diagram showing an example of the structure of the light
source optical system and displéy device 1601 in FIG. 15A or the light source
optical system and display device 1702 in FIG. 15B. The light source optical
system and display device 1601 or 1702 is composed of a light source optical

25 system 1801, mirrors 1802 and 1804 to 1806, dichroic mirrors 1803, an opfical
system 1807, display devices 1808, phase difference plates 1809, and a projection
optical system 1810. The projection optical system 1810 is comprised of a
plurality of optical lenses provided with a projection lens. This structure is called

a three-plate type since it employs three display devices 1808. In the light path

30 indicated by the arrow in FIG. 15C, an optical lens and a film having polarizing

46




system may be provided with an optical lens and a film having pol ari zing
function, 10 a filmfor adjusting the phase difference, or an IR film at
di scretion. (See FIGs. 15A to 15D) FIG 16A shows an exanpl ezngUaizgﬂgl e
plate type. A light source optical systemand display device in FIG 16A
is conposed of a light source optical system 1901, a display device 1902,

a proj ecti danogn,cafilisfet adusti®9the phabcaliffbrnee 16 i R Glanaey bt akevid8Q4t
The projection optical system 1903 is conprised of a plurality of optical
| enses provligf@Etioint h a projection I ens. The light source optical system

and di spl ay devi f G. 16A can he applied to the.light source optical
Syst em and di spl Ay CHATR AR 1 AGRFER HOTORE G Prasmple@atnaiudle Thand ligh
source opti . i dhyF n Qe . Lght, .S

opti oal 20 Ssr S SPHER, SR L eide 1KE" BEYHE S AimenE, bt Ree
shown) te diRhdkysteiRd861ii8 EohPssedFbGa febBcoordiiamn appt is6adck OTB EX ARRS €
of the Iight source optical system and display device of FIG 16A. In this

exanpl e, a armyar 8'RGBnd ol &M, fa polrizdfiek congesingscleswant il¥dbeadd of cohderset or

filters to displ .color image. The |light squyrce_25 optical system and
di splay devi faf(frqa@htl%ﬁr%faﬁp%alasaﬁﬁ%gh%n & 1P bhis BeigrEan egpmpleapnd
system and .gi . ces 160 ng. ; f Bl Gs.. .15 16B. A |ight

sour ce opt |tg%ﬁ’?!§5§eé{[ gﬁ]yée{l?ll nd%snﬁjtégn@%(\}/?tgeéet ho orie%aﬁp@,atﬁgélgig so%ﬁelcg)gmgl

color fil tEHysi_e?&?na%ﬁ E@bﬁ)»ﬁﬁ@d @/iﬂyﬂﬁopﬁéﬁlﬁeﬁyﬂﬁi difR l@é’\ﬁn%g%f’ir%ng' FROSI Y
providing adisplay device 1916 with a mcrolens array 1915 and using a

di chroi to3( filmrfor adjustieg) thtJitthse alifferdnce) ar an ARdbilng medisct@i®y. aiSde F1Gs.
diichroic myrror (blue) 1914. 47 2 3 JUN 2006 A projection optical system
-;_1_§17 i's corﬂpsrf‘?lé‘é 589 a plurality of optical |lenses provided with a

proj ection | ens. | 1 gh urce. optical _.syst and displa evice of

FIG 16C can be gﬁgjﬁi]eddgtsgoﬁlﬁeaq %&ar{ﬁf)fseo%r %Igg%pﬁigteaﬁ%seys[‘Cgrlrligilrtﬁ&g'dfc.sep?pat cal
devi ces 16Qiysangl ad Gespdy Gédie id PRGANGALS Bomfos@Pbt & HehBYSIBELBAVAING s r?
coupling lens and a collimtor lens In-additron to a I'lght source can be
used as t hel90dl;, ghtdisplay céevapt | TH)2, sy srejoctigi lopthsal demtembeg Bbene, a tpimse

application_range of the sem conductor device of the present invention and
i ts manbPadifferagenlafod904. vdrie wieiectiomophicak spstem 1903 1s comprised of a

plurality of optical lenses provided with a projection lens. The light source optical
system and display device of FIG. 16A can be applied to the light source optical
system and display devices 1601 and 1702 of FIGs. 15A and 15B. The light
source optical system shown in FIG. 15D can be used for the light source optical

20 system 1901. The display device 1902 has color filters {not shown) to display
images in color.

FIG. 16B shows an application example of the light source optical system
and display device of FIG. 16A. In this example, a rotary RGB color filter disk
1905 is used instead of the color filters to display a color image. The light source

25 optical system and display device of FIG. 16B can be applied to the light source
optical system and display devices 1601 and 1702 of FIGs. 15A and 15B.

A light source optical system and display device shown in FIG. 16C is
called a color filter less single plate type. This type displays a color image by
providing a display device 1916 with a microlens array 1915 and using a dichroic

30 mirror (green) 1912, a dichroic mirror (red) 1913, and a dichroic mirror (blue) 1914,
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invention is therefore applicable to electronic equi pnrent of various fields
which 10 has an active matrix liquid crystal display device. The PE)resent

i nvention inproves the efficiency in gettering a catalytic elzhdbf 2ilh a
channel region of an n-channel TFT (which is inferior to the gettering
efficiency of a p-channel TFT), and has the followi ng effects. (Effect 1)
The presentAi Pipd¢tiosn opligals sysiemt hel hrissosmpiited of er praliat af wiptical 1&ises

- element getteri ef.ficiency .in channel regi on of an n-channel TFET to the
~ gettering e[?rf)ivbc{égngﬁ}{hofl Bf%gfé’r%ﬁ S. T%eallﬂﬁ‘ﬁ?ﬁ@}“@ﬂopéu? BistaB 1 3k display

I mpr ovi ng kG I hStl % Ik aRi .l n%-h - . T.
(Errect ) REs: o SIGTA6ELAL bE dpphied 1] e 1198 spbick Gorical By REER TR Hioels)

channel reglevicesf 1601 didchdonest FiGsi 35advwant BISOURA f QptibAVeyddE hiMeing a
gettering treatnment tenperature 20 and shortening the gettering treathient

time, an@ tdoapdingrlens Aed iamodhimator less éf dditioneto a Higknémncée pan peased asrthe gi n
of getteri gg treatnent, (Effect. 3) Inprovenent in catalytic el enent
gettering HENSCERG OB SKHERNIAlr egi on of an n-channel TFT is effective

in inproving the ! f I qui rystal displ devi.ce that is.
conposed of a pl u‘gglﬁf%éf%oe% E’I@I!)s?.’ g]g%gﬂ@l 10%%5@5%@@@‘&?%‘?@ of A
sem conductige slevdReineeRéh Sndits dnAufaéalink R AR KODEYCHAde.| aVYRE Y&t a
substrate, the crystalline sem conductor layer 5 containing a catalytic

el ement t hanventiemi és ahesfae appsicablki vatleotronic ayudpmicapoiuvatious ffidlds warich a
gate el ectrode adjacent to the crystalline sem conductor |layer with a gate

i nsul at #Ag hasianmGtivedppéseliquirareie diselay dgNeeei n the crystal line

'sem conductor |a re has at | east a.channel téegeiﬁani a pair gf . fi rsttrle i ons
‘Cdprising an n-t5ie MR | PRI To%R thE Eifiviensy SR grleng i bieraytle
conpr | SI N elefct fir & XRGndTRYEohofALARAANnANAF P (W HRfMeisAhidrllt B3hE plftefing St
regions is interposed between the channel region an one of the galr 0
second r egidfisienapdftahe cbaivesi Ta1E), efid hhethafolloefing ieffettst egi ons is
i nterposed between the channel region and the other one of the pair of
second regions, dRdfeshdy ity prescar devantion em wilve Hee prabjera afriplariarycatalgtient
Is 1to,3 télgl%%np 'g%?teeginfghgﬁic?ency in a channel region of an n-channel TFT to the
gettering efficiency of a p-channel TFT and therefore is effective in improving
electric characteristics and reliability of the n-channel TFT. (Effect 2)
Improvement in catalytic clement gettering efficiency in a channel region of an
n-channel TFT is advantageous for lowering the gettering treatment temperature
20 and shortening the gettering treatment time, and therefore the invention is effective
o in enhancing process margin of gettering treatment. (Effect 3) Improvement in
catalytic element gettering efficiency in a channel region of an n-channel TFT is
effective in improving the quality of a liquid crystal display device that is
composed of a plurality of TFTs.

25
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15 concentration of the n-type inpurity elenment. 2. A sem conductor device
conprising: a crystalline sem conductor |ayer over a substrate, the
crystalline sem conductor layer containing a catalytic el emené t@ﬂg
accelerates a crystallization of a sem conductor film 20 a ga é mﬁr ode
adj acent to the crystalline sem conductor layer with a gate insulating
filmintenpogedihpaeebgt ween, an interlayer insulating filmcovering at

| east the gate electrode and the crystalline sem conductor |ayer; and a
contact hole in the interlayer insulating film 25 wherein the crystalline
sem conduct ;lr Ia%/er. h g}t | east a channel region, a pair of first regions
conpri si ng X 80% fAEVICE PURRMY S 'and a pair of second regions

conpri sing  aAcrPsthlNRE sdrilebiducYor @hRABVES 2 WBSHAE he BEs@flineREmRBhaudér hidrst
regions is interposed between tHe channel region and one of the pair of
secdnd coagironga catalitic hlemsnhibat ancelepitestaarygallizativh of iarsemicoadiaersilivg and

i nterposed 30 between the channel reqgion and th t her ane of .th air of
second rogi S SREFEIE AURCEEBARE FaERBear TRaoRS oy BT LS BE FRNGHR 1o 1
to 3 tifReSinttnstied tHehdRtweenconcentration of the n-type inpurity elenment, and
wherein the contact hole is formed so as to reach the first region. 49 2 3

JUN 2006 3. whadnithoagutilor sovceslucombayies hagat kastia dhanaeldregiosee pait of
crystalégi ne sem conduct or %%ers over, a substrate, .the first and the

r ;

second BFYSERY PHEPLESHE BHATYRS GIPYLY BFEcRb ARG R R GT S°08E LIRR0SCOBPEESt t hat
acqel ersgi-8pedmparits Iehaitt) | zati on of a sem conductor film a first and a
second gate el ectrodes each adjacent to the first and the second
cryst al | i ne wheseih coe @f theopait af/Brst regiars is inferpesedriwtivesni thg chatngl fegioargrds ed
t her ebet weciﬁlFH wherein tge first %%Sttﬁl line %grri con c& or .|l ayer has gt
| east & ERAMRLPAF 85%Rnd feaions; angerqtheriong of ithnai Sh BT LSS AR MHEPYTS:
| mpur i theredeRtBAEhandéldegoR ahd HfolR@GAB A 1R PR B secblld SEUIRMS, 8dd1g @ p-type
impurity element, wherein one of the pair of first regions is interposed
bet ween t he Wragingl congeptention od theopréypst impyeitipeliement is detochtimee fighasthannd t he

of first 'ops is interposed between the channel

ot her one of 1.h Lr reai
reglgon Cé)ﬁ%cnttrﬁémg ﬁ%‘?n()tﬁ%e%p%%e%%ep'of second regi ons, and

2. A semiconductor device comprising;
a crystalline semiconductor layer over a substrate, the crystalline semiconductor layer
containing a catalytic element that accelerates a crystallization of a semiconductor film;
20 a gate electrode adjacent to the crystalline semiconductor layer with a gate insulating
film interposed therebetween,
an interlayer insulating film covering at least the gate electrode and the crystalline
semiconductor layer; and
a contact hole in the interlayer insulating film,
25 wherein the crystalline semiconductor layer has at least a channel region, a pair of
first regions comprising an n-type impurity element, and a pair of second regions comprising
a p-type impurity element,
wherein one of the pair of first regions is interposed between the channel region and
one of the pair of second regions, and the other one of the pair of first regions is interposed
30  between the channel region and the other one of the pair of second regions,
wherein a concentration of the p-type impurity element is 1 to 3 times higher than a
concentration of the n-type impurity element, and

wherein the contact hole is formed so as to reach the first region.
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wherein the second crystalline sem conductor |ayer has at |east a channel
region, a 15 third region conprising an n-type inpurity elenent and a
p-type inpurity element adjacent to the channel region. 4. Asenycggguct or
device conprising: a first and a second crystalline sem conductor |ayers
over a substrate, the first and the 20 second crystalline sem conduct or

| ayers containing a catalytic elenent that accelerates a crystallization
of a sem conductor film a first and a second gate el ectrodes each adj acent
to the first3. ands¢thieoshictondedcy straptisime semi conductor |ayers with a gate

insulating fi i nt erposed therebetween; an interlayer insulatin il m
covering gt altjérg}s?nrb; %ﬁ??‘f%@sﬁﬁﬁetsﬁ@l?éaﬁﬁ‘&‘q@Y?% P}iffrlaiysr‘l‘émai%%féﬁ{s& g‘i‘FLﬂi’@t or
layers @uchdt BSsthilingtseRibnlihiGos ¢8R cSRhiRiHR! gccta{agﬂr%safllﬁe&%taaﬁ&cemt@s hn the

1
interlayer inSulating film wherein the first crystalline sem conductor
| ayér heagstallizdtioasff aaerolvandettorrfdgi;on, a pair of first regions conprising an

n-type inpuri elenment,, and a jr of second reglons onprisin . p-type
Ut ty ol it Sndgenpri Gitn e BRSNSt cfheadgen tofi dobmd e renad peSiafik: posed
bet weenehii@naianiayers AW baddhsuldiisy fim iM&pRlmPboebe&pNd regions, and the

other one of the pair of first regions 1s interposed between the channel
regi on and twereithke ficsh erysfalliteesepucandoftos bryenblasr & déashs chavnel migion, hepagecond
crystal Ifj e seni conduct.or | ayer, has at .*e t a ch%nnel .region, 50 2 3 JUN
2006 t Hitr 45F SG5167S COMBHFSE Yt JrYRS (PR Sisrenl de Aeifr & cPe%"fb‘-af%‘Elﬁ

| MY i tenRrRAR R p-BAk AafRtitylefemddie channel region, and wherein the contact
hole is formed so"as to réach the first region. 5 5. A sem conductor device

conpri si ng: wehegeiponalof itheepaieof fshkgiensris irymposcdvietweensthb shammekregioneand

crystalli ngﬂiem.coquct@r . ayer q ont ai ni ng)éz}tlcat.al Hyﬁﬁlg el. enent tt hat

accel erdfeés " BYY St EPI2 IR B¢ SSEMT TR CIDPF PY HS' P 194t %ngs_fegctrode
adj acerfetwénithée cltanmelirdgibh BRd BRI 6F Me Jaf?Eedthll Redor@ahil | Nsul ating
filminterposed therebetween, 10 wherein the crystall1lne sem conduct or

| ayer has atwhaseigtthe sedoad meystalbgg semicanductagtlayezdiasmt laastp charineyregiom-at ype

i rity. el enent adjacent to the channel regio and a. second, regi o

corgr i i reRtop comartsfie A n1XpedMRHEN; Sl e Priyes Hepity slenpaysdiertioy

the channel region.

4. A semiconductor device comprising:
a first and a second crystalline semiconductor layers over a substrate, the first and the
20  second crystalline semiconductor layers containing a catalytic element that accelerates a
crystallization of a semiconductor film;
a first and a second gate electrodes each adjacent to the first and the second crystalline
semiconductor layers with a gate insulating film interposed therebetween;
an interlayer insulating film covering at least the first and the second crystalline
25  semiconductor layers and the first and the second gate electrodes;
a contact hole in the interlayer insulating film;
wherein the first crystalline semiconductor layer has at least a channel region, a pair
of first regions comprising an n-type impurity element, and a pair of second regiong
comprising a p-type impurity element,
30 wherein one of the pair of first regions is interposed between the channel region and
one of the pair of second regions, and the other one of the pair of first regions is interposed
between the channel region and the other one of the pair of second regions,

wherein the second crystalline semiconductor layer has at least a channel region, a
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wherein the second region contains the catalytic elenent at a higher
concentration than the first region. 15 6. A sem conductor device
conprising: a crystalline sem conductor |ayer over a substrate 3tJEﬁlﬂﬂﬁ
crystalline sem conductor |layer containing a catalytic el erren% t'hat
accelerates a crystallization of a sem conductor film a gate el ectrode
adj acent; ; dﬁ?{*‘% e sem co PRV . ln@gé ing 20
filmi Ef[né(? Ebhogrééggct er ie[?ea{tﬂwl/g , “ah in ?%ﬁlg{;eab@%{%st a%annlgl t?i@]}e%ec ov rci%%ﬂgteat

| east ttheclgand regiestandde and the crystalline sem conductor layer; and a
contact hole .n . the inter er.insylating fil wherein the crystalline
sem conduct oRersip e‘f?ggachli‘glgésd@fmﬁ E%%Wé?achlég‘]?gﬁ:‘reél"fni'rst region 25
conprising an n-type inpurity el ement adjacent to the channel region, and a
second region conprising a p-type inpurity el enent adjacent to the first
regbon, wher%i m sdrsicembotod deeige compasingi ns the catal ytic el enent at a

hi gher concentra%t'.on than the first region, and wherein the contact hole
is formed s& FESHIYNT SRICORSIGlFNT Oy e Spsirale, the cysiallipe sgmifoRuioyayice
conpr i Shfifhinifle § b4sl i@@fén?cnﬁﬁapmeﬁfafe%taa&ggtaﬁ am&%%%gaudt&yﬁhﬁ aRYer a
substrate, the first and the second crysta FI ne sem conductor | ayers

cont ai ni ng & gt elleytrode aljasmetio thé atystatlinel semidoaduciotlayd ith bigatzGfdilating

crystallization a.sem conductor film a first and a second gate
el ectr&ﬁ%n&&%e‘gh]eé‘??gﬁ‘(eef‘o the first and the second crystalline

sempconduct Qfhdran MeScrbthilind séiRicnduto 1 Afer AEs 4l1édt A Eﬁa%h&%$Gn,tMs?&%{&{ee n,

wherein the first cryStalline sem conductor layer has at Teast a channel
r egi on,compiisingtan typegimpurityoetemiest mjacnt o thy phannep wegisny astl enenondadigiment t o

t he channel. regi o and second .region,c risin p-type inpurity

el erreptcoglﬂnﬁ%%tp'ﬁjgefl??@m%tﬁgﬁm‘?“gaﬁijaﬁ%t ?MH‘G%@F&%‘%?’H “second region

contai ns t haykadial thé isbcol GOBBh @htandHhENRFaRRNGERLARAL £ RighbP8thdehRatidn St
regi on, and wherein the second crystalline sem conductor 1ayer has at | east

a chanribian the dirgnegiomd
15

6. A semiconductor device comprising:
a crystalline semiconductor layer over a substrate, the crystalline semiconductor layer
containing a catalytic element that accelerates a crystallization of a semiconductor film;
a gate electrode adjacent to the crystalline semiconductor layer with a gate insulating
20 film interposed therebetween,
an interlayer insulating film covering at least the gate electrode and the crystalline
semiconductor layer; and
a contact hole in the interlayer insulating film,
wherein the crystalline semiconductor layer has at least a channel region, a first region
25  comprising an n-type impurity element adjacent to the channel region, and a second region
comprising a p-type impurity element adjacent to the first region,
wherein the second region contains the catalytic element at a higher concentration
than the first region, and
wherein the contact hole is formed so as to reach the first region.
30
7. A semiconductor device comprising:
a first and a second crystalline semiconductor layers over a substrate, the first and the

second crystalline semiconductor layers containing a catalytic element that accelerates a
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10 a third region conprising an n-type inpurity elenent and a p-type

i mpurity elenent adjacent to the channel region. 8. A sem conductor device
conprising: a first and a second crystalline sem conduct or Iayeé? Jﬁ% a
substrate, the first and the 15 second crystalline sem conduct g@ﬁs
containing a catalytic elenent that accelerates a crystallization of a

sem co $18%atfolnl ot sBmidoh&tictélng Second gate el ectrodes each adjacent to
the first and the second crystalline sem conductor |ayers with a gate

i nsul ati ng fa finst dnet seseoombgate hlectddss wednadjsoent totthe fimy and tha sedoad icrygtatlidem
covering at l.eagst. the fLrst and the cond crystalline 20 sem conductor

| ayers % Qltnﬁ‘é&f’]i lla:g?rsgﬂ. 3 gaLe g’éﬁlﬂﬁ?ﬁ é.f[f‘énngpg rt%‘?fglé‘?twﬁ‘?’bont act hole in the
interlayer iyisbialth®8rd ichyftaliedeliBordduttof 14yt had #3LAt h'cﬁé‘m_%ﬁf@g?d?ﬂqlﬁ‘r&tor

| ayer has at |east a charinel region, a first region conprising an n-type
i npdr i trpgieh enmptisingjaacetipetioputity dimanteddjaceyi ©rthe ahahnal swiondnd regiond

i Si - t.V. i it | t i t.t he. fi i , 25
Wher i rePHle oBRGYRE egyBh Htd e AORGRERS Bt ena: a hi gher
concentr at i agheréiflafe sB&nlll fegfon’ @B tHehakAldt El@ﬁeﬁteé\tg@ﬂg@re%%@ehfrﬁﬁ)n

sem conductor_|ayer has at TI'east a channel Tegion, an third region
conpr i shathgdirstregipe andpurity el ement and a p-type inpurity el ement

adj acent to the channel .reqgjaon, and 3 erein the contact hole is forned
2o as o reatiftndhs end Faglaie SiioduribE i hish 168 BiufCsPianrad o any
ong(of LihdkiFegidn tOmBrisitk @h AltYpé RpurkReRinknt Gnh SRR inGRPRY bitARnPddidceast one
el enment sel ecgt ed frgﬂﬂ e grggpﬁlg%ns?sti ng of Fg, Col, 52 23 JUII{I 2&)06 Ni ,

Pd, Pt todhe chaneelgegion.0. A semi conductor device according to any one of
claims 1 to 8 wherein the p-type inpurity elenent conprises at |east one
el ement selected fromthe group consisting of 5 B, A, Ga, and In. 11. A

sem conduct 8. Qaegérﬁﬁomr(miemet;@mﬁﬁﬁngne of clains 1 to 8, wherein the
n-type inmpurity element conprises at | east one el enment selected fromthe

group consi st ﬁlrsgaryi a sqeond\erystghéneSigmidaqmductor layers over a substrate, the first and the

15 second crystalline semiconductor layers containing a catalytic element that accelerates a
crystallization of a semiconductor film;
a first and a second gate electrodes each adjacent to the first and the second crystalline
semiconductor layers with a gate insulating film interposed therebetween;
an interlayer insulating film covering at least the first and the second crystalline
20 semiconductor layers and the first and the second gate electrodes;
a contact hole in the interlayer insulating film;
wherein the first crystalline semiconductor layer has at least a channel region, a first
region comprising an n-type impurity element adjacent to the channel region, and a second
region comprising a p-type impurity element adjacent to the first region,
25 wherein the second region contains the catalytic element at a higher concentration
than the first region.
wherein the second crystalline semiconductor layer has at least a channel region, and
a third region comprising an n-type impurity element and a p-type impurity element adjacent
to the channel region, and

30 wherein the contact hole is formed so as to reach the first region.

9. A semiconductor device according to any one of claims 1 to 8, wherein the

catalytic element comprises at least one element selected from the group consisting of Fe, Co,
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12. A sem conductor device according to any one of clains 3 to 8, wherein a
concentration of the p-type inpurity elenment is 1 to 3 tinmes higher than a
concentration of the n-type inpurity elenent. 15 13. A sem conductor
device according to any one of claims 1 to 8, wherein the seiTqimgg or
device is at |east one selected fromthe group consisting of a personal
conput &fi, Pa, M| deandax®ra, a digital canera, a gane machine, a navigation
system a nobile conmputer, a goggle type display, a player using a
recording nmedium a portable tel ephone, and a projector. 20 14. A nethod
of manufact uryj n 1 . V] ommrising:..q..fLornmn .

sem conduct gl rd' f‘? I S%a“‘i‘%’@%ﬁ%ﬁd 'ﬁ%‘%g‘% Iafd“goor %&gv@r £H§, él?f!b g ? F lﬁl‘[él? 1g%roo g’i g’lhﬁrge ' hhg

sem confstypt dmpiisityrelethdnd cémpataalay 1dast Het@hént kblatte@ G601 BE ghﬁﬁ) ddnsisting of

crystallization of a sem conductor film 25 crystallizing the sem conductor
film prdvildEa #dtIR- t he catalytic element by a heat treatnent; etching the
crystallized sem conductor filminto a sem conductor |ayer; formng a gate
el ectrode adjacent to the sem conductor layer with a gate insulating film

i nterposed tierghehieadictdd ddwipe RGcading- oy, bRPYT iclayme 1erER! whadeth &hepai r

of first portions of the seniconductor |ayer usin% the gate electrode as a
mask; dblyPAGNRUHYtc)GrRent spmprises ablaapieine dlerent selpetrd from the gome gwosisingnel of

t he seqjg%ngafggr | ayer using a resist pattern, wherein one of the pair of
first pértrons I's interposed between a 53 2 3 JUN 2006 channel region and
ond0of the pair of second portions, and the other one of the pair of first
portions is interposed between the channel region and the other one of the
pai r of secorfd ApBEPiFUNECcton(levice AFEPTIEE t¢ GAE afer ¢ft Flgimb ths, deriyE ¢

The paicoarpip PPART oRERMAR TR £ 0% ool HBHA YR e BT o

of manuf-apt impmityelagwmt.conduct or device conprising: formng a
sem conductor filmconprising silicon over a substrate; providing the
sem conductor filmwith a catalytic elenent that accelerates a

15 13. A semiconductor device according to any one of claims 1 to 8, wherein the
semiconductor device is at least one selected from the group consisting of a personal
computer, a video camera, a digital camera, 2 game machine, a navigation system, a mobile
computer, a goggle type display, a player using a recording medium, a portable telephone,
and a projector.

20

14. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film comprising silicon over a substrate;

providing the semiconductor film with a catalytic element that accelerates a
crystallization of a semiconductor film;

25 crystallizing the semiconductor film provided with the catalytic element by a heat
treatment;

etching the crystallized semiconductor film into a semiconductor layer;
forming a gate electrode adjacent to the semiconductor layer with a gate insulating
film interposed therebetween;

30 doping an n-type impurity element into a pair of first portions of the semiconductor
layer using the gate electrode as a mask;

doping a p-type impurity element into a pair of second portions of the semiconductor

layer using a resist pattern, wherein one of the pair of first portions is interposed between a
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10 crystallization of a sem conductor film crystallizing the sem conduct or
filmprovided with the catalytic elenment by a heat treatnent; etching the
crystal lized seniconductor filminto a first sem conductor |ayer) angh &g

second sem conductor |ayer; 15 formng a first gate el ectrode and a second
gate el ectrode each adjacent to the first and second sem conductor |ayers

Wi th a pah®l keSeh ahd Bk b R pait 6F RS péIHBHE RAH WREHhe ORI SO Palt-dHRE
inmpurity element into a pair of first portions of the first Sem conductor

| ayer awetiepspaiinterposebbesvgenp the flomselofegionearsleibe mthes emic ol ritie privrofisagand usi ng
t he firs(,}t .and_second gate el ectrodes as masks; 20 doping a p-type inpurity
el ement? Fh(f%’ e pair of second portions and a pair of third portions of

the first sapmeadsebftentrali®l ofl BeNGhitAytiE slefifentdt the 'cRannél eodd b P Bett& ngt he
pair of first portions is interposed between a channel region and one of

t he Spaithe eAtalyhi¢ elgmsot wicoths paig e firdt end retsegondrpertinstblyea hivat treaghenti r st
portions is interposed between the channel region and the other one of the
pair of third portions; and 25 reducing a concentration of the catalytic

el ement in ats, |£ﬁi%§hddhﬂ‘n€d?ﬁfﬁ&ﬂidd§%eﬁﬁc&ﬁdpctﬁﬁﬂéﬁéejd’(‘ﬂlﬂlﬁ&g@at alytic el enent
into the pair of first and the third portions by a heat treatnent. 16. A

net hod of ndpuRiaeasemitpndudeniilooeenpivng siiconceves aspsisteng:  forning a

sem conduct qr. f.i onprisin iliggon over a substrate; provi di.ng the
seni conduct rm\afi{ng v%vl1 G KORe E&Léﬁ%?ft ifﬁme I“@ﬁ?er?t ¢ tﬁﬁ’?lca lement igaés a%lceierateg a
cryist aldristalizAnQf ademanéensu@hgr film crystallizing the sem conductor
filmprovided with the catalytic elenment by a heat treatnent; 54 2 3 JUN

2006 et chi ngryyidlizing dhe semicenductern Glomdoetided withrthe eatelydicsdemensiua theat
| ayer; tI’B%fl‘H%IHg a gate electrode adjacent to the sem conductor layer with a
gate insulatinhg filminterposed therebetween; doping an n-type inpurity

el ement i nt cete¢hi@ithie Ofystallized seMidondicod il HetoSe Mrsrofehicdndictop 14yay @hd Usi ng
the gate el ectrode as a mask; doping a p-type inpurity elenent into a pair

of seccdePoreienmduger kager semi conductor | ayer using a resist pattern,

wh quEi h one f%hnﬁa@% fﬂ@f éateo éleéti'd’d%tang %rsgézo%ﬁsgaiceselécrt]llo £ Qgc%eé?ij a%%ﬁtvyg @k first and

second semiconductor layers with a gate insulating film interposed therebetween;

doping an n-type impurity element into a pair of first portions of the first
semiconductor layer and a pair of second portions of the second semiconductor layer using
the first and second gate electrodes as masks;

20 doping a p-type impurity element into the pair of second portiong and a pair of third
portions of the first semiconductor layer using a resist pattern, wherein one of the pair of first
portions is interposed between a channel region and one of the pair of third portions, and the
other one of the pair of first portions is interposed between the channel region and the other
one of the pair of third portions; and

25 reducing a concentration of the catalytic element in at least the channel region by

gettering the catalytic element into the pair of first and the third portions by a heat treatment.

16. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film comprising silicon over a substrate;
30 providing the semiconductor film with a catalytic clement that accelerates a
crystallization of a semiconductor film;
crystallizing the semiconductor film provided with the catalytic element by a heat

treatment;
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channel region and one of the pair of second portions, and the other one of
the pair of first portions is interposed between the channel region and
the other one of the pair of second 10 portions; and reducing &3 JUN 2006
concentration of the catalytic elenent in the channel region by segregating
the catalytic elenent into the pair of first and the second portions by a

heat treat MRidhinglthe cfysTRIIAA e icolBid AR ntdPseénie SRR Siyel: RmHRVA Ghte
conprising: 15 form'ng a sem conductor filmconprising Silicon over a

subst r alesiroge adjatienty te Hbe ssemiicodctot daydri withwat gate iosulating ifidme irderpogedt hat
accel ergétaeg a crystallization of a sem conductor film crystallizing the
senm contdd&YBYe¥ | m provided with the catalytic el ement by a heat

treatment; ZQpRioCAl Afygeignpubive bjlehZfth 8 A ATHMNCERhiodd dMhb REMicBndicicit
sem conductor | ayer and a  second sem conductor layer; formng a first gate
el edt r dajeer asidg shesgatoeldotyaieas elmasky ode each adjacent to the first and

second sem cpnductor_ | ayers, wi.th a .gate i.nspl ati fil mjnterpose

*her ebet viee TP YR Pt PR R § il Shisqond Hrgors phfr SERRpRRutor
por ti ongye@fusine fekkbpattedn WIRHA QR WFLRS pAiR¥LirRPOrRNP A Mt@pose@ beRfbeR@r ti ONS
of the second sem conductor |ayer using the first and second gate

el ect r chernch scgiers ked onlopf iy rrimpoefi sepend pertipny, yné iteenether out of thiy @ajyaiffirssf
second portion.and a i.r of third portion.,of the first. sem conductar
Cayer UETHgpsdS igimoped Byt e ianarregior B thh otiesiope i (B PaF oL 5Ef4ons | s
i ntjer pgreegbReineen a channel region and one of the pair of third portions,
and the 30 other one of the pair of first portions is interposed between

t he channel 1eufinga egntentnationtdfdhe casplytiotlemisnt ipdhe clumnelriegion pyrsegrgeaiingand

r educi 0 ntration.of the.catalytic el.enent in at ] east the channel
oot on s CarEEAE EaRt 1R 8 e BF ARE AR tielshiecio B RS bR o Hisad FEBhedt o and ¢ he
third portions by a heat 55 2 3 JUN 2006 treatnent. 18. A nethod of

manuf act uri ng a sem conduct or devi ce according to any one of <clains 14 to
17, wher ei n t’het Bxsthodyafimanafachisig csmeqnsaetondeviceLommisvge] enent sel ect ed

fr qm St he fgﬁgfggia%gﬂl%oﬁhhtg& f?lfm E(ﬁn%r)%?%glhcc%f &er Etsubs te; and_Au. 19. A

sem conduct or ce according to a of clalns fo 17, wherein the
providing the semiconductor film with a catalytic element that accelerates a

crystallization of a semiconductor film;
crystallizing the semiconductor film provided with the catalytic element by a heat
treatment;
20 etching the crystallized semiconductor film into a first semiconductor layer and a
second semiconductor layer;
forming a first gate electrode and a second gate electrode each adjacent to the first and
second semiconductor layers with a gate insulating film interposed therebetween;
doping an n-type impurity element into a pair of first portions of the first
25  semiconductor layer and a pair of second portions of the second semiconductor layer using
the first and second gate electrodes as masks;
doping a p-type impurity element into the pair of second portion and a pair of third
portion of the first semiconductor layer using a resist pattern, wherein one of the pair of first
portions is interposed between a channel region and one of the pair of third portions, and the
30  other one of the pair of first portions is interposed between the channel region and the other
one of the pair of third portions; and
reducing a concentration of the catalytic element in at least the channel region by

segregating the catalytic element into the pair of first and the third portions by a heat

55




p-type inpurity elenent conprises at | east one elenment selected fromthe
group consisting of B, Al, Ga, and In. 10 20. A sem conductor device
according to any one of clainms 14 to 17, wherein the n-type inpurit

el ement conprises at |east one el enent selected fromthe group dbﬁéﬁiﬂm&g
of P, As, and Sb. 15 21. A nethod of manufacturing a sem conductor device
accordhﬂguﬁauany one of clains 14 to 17, wherein a dose of the p-type
impurity elenment is 1 X 1014 to 3 x 1016 atons/cnR and a dose of the
n-type inmpurity element is 1 x 1014 to 1 x 1016 atons/cnR. 22. A

sem conductor, device according to any ope of clains 14 tQ 17, wherein a
dose 20 of ket 5@%%@0? W?Wr@geﬁéﬁmlqoggactwﬁ@qu Acerding fR ANy 1RA o dose

of the digh¥ng ﬂgniraiu Gikkdin fle ic demeft &%ﬂ}ggs 2 1R BHE afldht Bedid from

sem conduct or device according to any one of clains 14 to 17, erein the
senbdcorttegtoop cdasistmg af FeaCo| i, Bn€usaideki.ed from the group 25 consi sting
of a personal conputer, a video canera, a digital camera, a gane nachine, a
navi gati on system a nobile conmputer, a goggle type display, a player using

a recording 197edistMicoRdiR®S! dRE& IRLERIPRE anyPBik Bf BLAKEEE 9 170 B herein the
p-type impurity element comprises at least one element selected from the group consisting of
B, Al, Ga, and In.
10
20. A semiconductor device according to any one of claims 14 to 17, wherein the
n-type impurity element comprises at least one element selected from the group consisting of

P, As, and Sb.

15 21. A method of manufacturing a semiconductor device according to any one of
claims 14 to 17, wherein a dose of the p-type impurity element is 1 x 10" to 3 x 10'®

atoms/cm? and a dose of the n-type impurity element is 1 x 10" to 1 x 10'® atoms/cm®.

22. A semiconductor device according to any one of claims 14 to 17, wherein a dose
20  of the p-type impurity element is 1 to 3 times higher than a dose of the n-type impurity

element.

23. A method of manufacturing a semiconductor device according to any one of

claims 14 to 17, wherein the semiconductor device is at least one selected from the group

25 consisting of a personal computer, a video camera, a digital camera, a game machine, a
navigation system, a mobile computer, a goggle type display, a player using a recording

medium, a portable telephone, and a projector.
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