;e3ejzj\.f6&Tz; THIN FI LM TRANSI STOR AND METHOD FOR MANUFACTURI NG THE SAME
*c00002* FIELD OF THE I NVENTION This invention relates to thin fg

transi stors and methods for nanufacturing same. The invention a’[lmaﬂmmmmwmmm
to array substrates and inmage di splay devices enploying the thinT1l'm
transistors, such as active matrix liquid crystal display devices af&"™"

GF THE [ NVENTI O Convent | SR LLORANSISTOMARRGY s TFTS) m‘ﬁfm

pol ycrystalline sil METH(PB'F@R'Mgﬁgﬁgﬁ?&@?@ﬁﬁ%?ﬁ%@f;s{ i 4 B@M’WMII

been used widely for pixel swtc %;
devices or the like. A typical configuration of a polysilicon TFT i %8 own
in Fig. NS Iy ercoat |layer 82 is formed on a gl ass
substrat%f%&brghghip ]EJ%EMm ned position on the surface of the
undercoat | apkis, iaveRliysi lrbkABs SeN CRIMAURTRT thAY5to88 hadf cheBbdsTHer

sem conductor, | ayer 83 includes a channel region 84, a source region_85,

and a drapRufagrbmegsamene Shurlipgentgn orlsgsradatest b afray rsuhsgraas sendei ng
di Sposedif%%eg%ltiﬁgaga@m&g" etnﬁﬁo§g‘%mfﬁb %lﬁﬂ' Al Sfrar3G \ﬂf'senfﬁéhe a%hag'tggé and

region 8 ource region and between the channel Tegion
t he dr aimategi oliq88] |dPPst@li glisplaydopkedialsai apdr egedns 8Matdrd Bigardc e

i nt er posed r ectivel h | ysil.i con sem conductor |ayer 83 is, except
for cont S?trﬁ@ﬁ%@,esﬁ%‘%m @F‘Fﬁyﬁ‘?@'z}‘fe@i nsul ati ng | ayer 88, and a gate
el ectrode 89 is disposed on the gate insulating |ayer 88 above the channel
regi on. The_source re8i on_85_and the drain region 86 respectively are

connect SBACKGREZINDLOF] EHEy BYVENTEI@Nd a drain el ectrode 91b, which are
ted t [ ' i: h . '
oSt o RARRIRIE, e, SUROREAMAGRENIED " Phee b LSLNRR:

insulating fi ' a passivation 9 or exa
provi de shean Kpelysilicony|far ithe seniwesductoe layspedtavechetreasedderledy forl | as

to the st.cuctur.e thereaboye. ferrin . Figs. 15 and 16,., a nmanufacturing
ot hoa arbE Y iFR iRk ERARS in FREE) ChATRl Gisp e dedCe RO iR at Ton | S
descri bed beAaypicabiofdfigataticinof phulgsibicdh GFT is sHewasint Bi. a. t e s f ace
of an unijfﬁ‘coat 1 .

. an undercoat layer 82 is formed on a glass substrate 81, and at a

predetermined position on the surface of the undercoat layer, a polysilicon

semiconductor layer 83 is formed. The semiconductor layer 83 includes a
channel region 84, a source region 85, and a drain region 86, the source region
85 and the drain region 86 being disposed so as to sandwich the channel region
84. Between the channel region 84 and the source region 85 and between the
channel region 84 and the drain region 86, LDD (lightly-doped drain) regions
87a and 87b are interposed respectively. The polysilicon semiconductor layer
83 is, except for contact holes, covered with a gate insulating layer 88, and a
gate electrode 89 is disposed on the gate insulating layer 88 above the channel
region. The source region 85 and the drain region 86 respectively are
connected to a source electrode 91a and a drain electrode 91b, which are
connected to the respective regions via contact holes. An interlayer insulating
film 90 and a passivation film 93 are formed, for example, to provide electrical
insulation between the respective electrodes as well as to the structure
thereabove.

Referring to Figs. 15 and 16, a manufacturing method of the thin film
transistor having the above configuration is described below.

(a) First, amorphous silicon is deposited on the surface of an undercoat

1



| ayer 82 fornmed on a substrate 81 to form an anorphous silicon |ayer (a-Si
| ayer) 100 (Fig. 16A). (b) Next, the a-Si layer 100 is irradiated with

| aser light to nelt and crystallize (to | aser anneal) the layer and is
patterned using photolithography and etching to forma patch of (isolated)
polysilicon layer (p-Si layer) 101 (Fig. 16B). (c) Subsequently, a gate

i nsul at lr@gekaamroﬁﬁed %nf arsisstearee8 1 g fobd RAt SioB héE silicoh laer(alSil
(Fig. 160). 3 gate el ectrode 89 is formed on the gate insulating
| ayer gslaxislE0Q gré A&n which later forns the channel region (Fig. 16D).
(e) Next) us t I 10 r at a
| ow dose of (lwnpgﬁ[r???yﬁ%oﬁsﬁ( r eg(gorrg? @(ﬁaf%ﬁﬁl Elgqla(b)ér}g}lghrt gt(r?q &%%gt e
subst r at eryctaltige (tohisen)anread) thelatey ardis pattenmed asingnphotoplithographyi ons

bl ow { HEn LA BB Pyt sa e REbsoRIED iy litbRurSe RshIRre) By GR Lorve

as nregi pgB).102a and 102b and the region directly below the gate el ectrode
89 serves as channel region 84 (Fig. 16E). g) Subsequent ]y, a resist
mask 30 wi t h( sathispguently.tngate e ng-ayen BBds faraedcovREngothecpatchgi on

and the dfaid gp;)?%sp& 161 py)l%ngﬁ )and doping is perforned at a high dose of

i npurity ion osphorus ions) from above (second doping).
Thus, LDD re@i)d].’lheﬁi?a md é]é’cttrhc&vlmglsafdrmed pputhiet gateonredatiagilageni88

for rred o] bot si des_of th nnel re of t | ayer, and a
source r@ regiop Which,; ‘?\teffgﬁﬁlﬂﬂt%%%hﬁm‘ Qﬁlgpr‘rg@?] tz concentration
are formed f(e)tN@ft uRidgehOphfd BRctrbdd 89186 h. méglk dbsing ishferf@eéed afmsk is

renoved,  and. a he t treatment i carrled out, for exarrp& ’% for_one hour at
a hi gh tWipealoseupk impuayuionsosior exrawple phesnharus etons)  fhomn abgye rthe

region 89,00, fne Ak adogmggﬂ'aqm %ﬁﬂte:?)?g (%1@ gaﬁé‘ngﬁri?;[)ﬁ%tsl @Sgloﬁ'BLHﬂet y ion

i npl antation are'rest (crysta y 1"ons
act i vat efbrofdgin r6gpons (df) thdertIi layer i0dr dnat;saie ﬂms ubgtomndlrleaiglserbe@o)wﬂlef or med

coveri ng the ate glegtr 89 Fj . 16 equentl cont act _hol es
T03a anqealssibed, B et 10y Phedishtiohe IPRUERT oyREons S6F2F | 31 T ayer
90 and t fszignas qozasaﬂldttlm Iaay&rths&egrﬁngdnb@ﬂy bdow (he ghierlectrods 9 i s

filled into the ¢ nt ho| es 1?3 to ks)rma source el ectrode 91a and a
drain el BRVEBAE deﬁmﬁ‘é% Rig: 16H)i1m 93 is forned so as to cover

these el ectr &ﬂ%ﬁééhaenélw)a ré[cﬂb't? masH N with Bplelnifidy $hothd YE%)on%”H{z&y I ng

polysilicon is obtained. T enpl oys pol ysil |con contaln g a large
quantit ycaﬁre$xmigbtos tlzcedowysttmorg aadnihef drmnn@gmns:ﬁnmad and dopimgaisd

E:Prg; \e/fsor ﬁlgdéﬁah §8§ ?r eaﬁ%lg?qgéé gﬁgﬁ &’g)é%fp%}?a ur eu%]aéﬁ]sgoﬁéjmmoc
OL nor e aboveeéyecasmﬂdlbpu@%/ls‘[[‘hhbj E‘E)r]]] g@omaséa amtdesmgﬁg?ﬁgrimctmwmdp?fﬁyt ﬁ; ?1 1(_'ar
the | ur I O | anl a

< per f ofasmETAton RoapEyefois POy e 5Be HhangrLre Bt ‘ ce
region, [hRrdaddn s6Gi@redsd %aeﬂuﬁaﬁl tr@él@nt% didvinis & higlp mﬁmsdyannel

region, causing large variations in the drive characteristics anong the
fabri cat @fmwn‘v@atwmere/&rmd fbﬂ?s ¢mt%ﬁhwté1¢ﬁ%ge1$]§)u cs becone nore

noticeabl e afg)ﬁ"—hTe% 3hE r@h@ %%mwaﬂr ﬂﬁ‘re\é]@lhe%hé)@é 118 ofifiUS €

serious probl®ens 11 |nage Vi ces |n & “Runber o
m ni at ur forsixasapleFie (areehtmlr ahgehigb empsiatgire o£ latlbsut 609°CSUﬂM&RYa®EtﬂIHE

| NVENTI h r sent i nvent org,.have,,f oynd that t rystal I, zati on
{enper at BPECERIh HoE PORSESFRIATeRD A P rem, Setogt RE e Bael Bt hede
sem condy¢ithe ihgefitydit fepiardtasiont ﬁﬁﬂi‘é&@ﬁedf @rystalize®)aind dhé ifpegityhave
accorrpl ished the p rese&‘t‘ i nvention. A TFT accordl ng to the present

i nvent i opDisrRte prétated Siig. d6fbased seni conduct or | ayer having a channel
region, a SOQgCﬁe&E%‘P%té&ng@r ﬂis’i‘ftlgtﬂgggf %@ h)gsefdc} annef"?regg ARz dae

drain regi on being 'disposed S0 as cht on a~source
el ect r odeleetrede§oc@igyl@dhnect ed to the source region a drain el ectrode

el ectricall o) ct ed t he .drai,n,re and te el ectrode insul ated
fromthe soﬁpgeg‘éﬁ%e&“re  Ptase hples gi(g]aec‘i“rdo?i]e(g%ﬂ?éequrmg S S®8eri zed
in that theuebuWheSinte&dhpsr diRdlithes WrirD0 204 Ohe gaty Bisulatifg 1agdrd88 (Fig.

160).




The present invention also provides a nmethod for manufacturing the TFT. The
manuf acturing nmethod includes the steps of: formng a silicon-based 3

sem conductor |ayer, inplanting inmpurity ions into at |east regions of the
silicon-based sem conductor |layer that are to be fornmed into the source
region and the drain region, and heating the silicon-based sem conduct or

llayer to cry§y giHenze @ﬁeﬂa@%tﬁﬂed{)qm& QRe %onith& ﬁblésC‘PO?,bb%Sﬁﬁﬁ%msG@%UCt or
| ayer. The nethod is characterized in that a silicide is formed in the

sour ce relgtiondeddatand drddain elegtende 9|1h rends i [nasetvasioneln 43 isdeomedao | ayer
bytheh p. Wien a silicide is forned in a

| ayer gf%d P(ﬂreg,‘[fb 8‘92 elaﬁoragﬁt@%gllﬁg?de serves as crystal seeds while

cryst aI | i zatThas phochﬂﬂﬂmﬂteaﬁﬁ@ttﬁ, (TFY>tahploziig golpdiliche isi bbeonedased

sem con yer. and exa restoration qf cpryst aI .def ects,. can
be perfgrrﬁé"d'fg& 12‘{1%?%6?%109 E“l{‘%ahé’égec‘é\‘l%ﬂﬂ 8 é CW@&% red.
Hence, THEnga@r bﬁxef aBhieGiRebthP %¥Qﬁ\%<§ FRbFEhre Wxhit® NS nghdéle\éé‘ron

charactefistics than conventional the present specification, the
t er m " si miobditynafskhitossaverahbundroed tmayfs: is intended to mean a

semi conduct of, Liweqeqont BLIV R SLILEOR » S3BRCLA I A,RCDE GRAGHERRSC| dver 11

whi ch the tota" anount i"con and ‘ger m&ni um I's a congener  of

si | i con, mio%e 568 Bfquitrel %)(@fy%alhIZe rfabﬁva&%tlﬂé @E&Rxﬂﬂc@i Chry eirHaftolRANENGS
Fi g. 1|saflowcharﬁlllustr | ng an_ exanpl e of a man actum met hod
for a tWRPRILRIR JmelanigtionT W heh ic iEhg temeepriawefeat 1y I 15k gs.

2A 1o 2Ly, &?@rrﬁé&sﬁxéﬁﬁbhﬁ'ﬂfhoﬂé @H‘&t hlﬁé’ﬁééﬁ‘i %@aﬁﬁéﬁ 1&*1%6%@%&56@&3?@&*‘“

shown in Fig. 1 1n nore are cross-sectional” views
i |1 ust r atheng@rainmsegiphe dnsl 241D ere@‘lortsﬁéeltdarmf@ﬁﬁtmaum@o rbehchamradvwegion Fi gs.

1 and 2 o] S I n

nodi fi edc{‘%?gﬁ II%A%% %#%ﬁ%f éc?%r ﬁﬁg‘;émegﬁk & ﬁ%éi%ﬁaﬁégﬂelqgﬁﬁgé@%i g. 5
is a floWFdkart illustrati ng further another nodified exanple of the

manuf act ur i t ho shovvn | and i s a,.graph shawi.ng the
Tt onehi pEBE NG drieg fiaacteRicSbetate gRotgoaRFalle At

TFT. Fi 9§re mifidGuriZedr eI‘lQél‘éf(ﬁceS qhki @éﬁhn&h@%n' Lhusd rséhbﬁg pﬁbl&ﬁ@tﬂﬂer
nodi fi ed exanpl e of the manuf acturi ng met hod shown in Figs. and 2. Figs.

8A t o 80mage disnlay sdevi¢esntl whiehsa laraes nnmbenof: smlmatun@sn@d FBds fared
arranged on a single substrate.

SUMMARY OF THE INVENTION

The present inventors have found that the crystallization temperature
can be reduced when a silicide is formed in a silicon-based semiconductor layer
during a heat treatment for the layer, and thus, have accomplished the present
invention.

A TFT according to the present invention includes: a silicon-based
semiconductor layer having a channel region, a source region, and a drain
region, the source region and the drain region being disposed so as to sandwich
the channel region; a source electrode electrically connected to the source
region; a drain electrode electrically connected to the drain region; and a gate
electrode insulated from the source electrode and the drain electrode. The
TFT is characterized in that the source region and the drain region contain a
silicide.

The present invention also provides a method for manufacturing the TFT.

The manufacturing method includes the steps of: forming a silicon-based
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4  exanple of the manufacturing nethod shown in Figs. 1 and 2. Fig. 9is a
graph showi ng the rel ati onship between thickness of the channel region and
current value of a TFT. Fig. 10 is a graph showi ng the relationship between
t hi ckness of the source region and the drain region and current val ue of
the TFT. Fig. 11 is a cross-sectional view show ng an exanple of a TFT

accordi ngeﬂl&ohaacwlew& hﬂb@éﬁhﬁ@ inh @ity d0h§ 1ﬁt6r£t5§ea%‘%ciég9&§é of| €
showi ng anot her exanpl e TET according to the present invention. Fig.

13 is a 8ilicen: @é@du%mpowwgm nféwye&reaﬁ@d@mﬁ?rn@e«hm%ﬂw sQUITETegvBor di ng
to the pﬁﬁﬁ%ﬁ]ﬂ%ﬁ”%@@n] a'ng P%étlhgharet %n%&ste'doga{llco&ﬁ%c% fayel to

convent i ona ovm ng an éxa
conventi cxf}ata]mﬁeuziiad:éastl mgaom‘ﬁbhodf ths sahd'd-h'FbEsegk sei’tﬁé\)ﬂ(hlclﬁr] lay@ The

cross-sectipn views illustrati e.conyenti.gnal met hod shown
in nore ﬁ? s thracie;n%ﬁ%aha F‘ﬁ%bdeplét%&"r‘?d 17 esowa%%oafanéin th equ. d
crystal Hta%ﬁ' %&?iﬁ tite %ﬁ@bﬂéﬂaﬁgd%efﬂz onﬁ{uctt&elé&reﬁﬁr%e' l‘ﬂé/ﬁ;‘ik?g %lﬁnrfg the 18

shows a wiring pattern in one exanple of an organi ¢ EL display device
enpl oyi nheatifgsterd. t he present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS RRref err. f e T T

I nvention ar@rhoensélf’?g% HEQ?A G’Qfl'ﬁ‘es‘)lslil rcon- ase%t%gr#'%)dﬁc ¢ 819 gYé may be
of pol ycayirpstal r?ed;slwlm@ o(rpsﬂa?]z]szdtmmlp)omedsay T(h:caméﬁgiﬂ, eryﬁmldna&rod of
germanlu en the latter t he .case, It referable that the source
egi on afte PR SR GA LGOS 1YY Rdofon AR BB e PhErBhanne)

regi on i gefactd, chA%e ﬂ)@s‘f@[med at baewel 'ﬁgmﬁb%wﬁﬁb‘tﬁ‘ah%&ﬁl RidRNy 1k Of
t he source reglon and drai n region. I's desirable that the

concent r eeqwWredf E@ﬂﬂ%ﬁmﬁ'ﬁ ¢ambe fﬁbmﬁ@teddlhmélawgﬁm@ﬂ@mama@ons an drivegi on
S fromgh%; gstggs ?Cnvh@l%n%i)qﬁ%tratlon of Geisless than 1 at% the
effects | eve ée

are not “sufficient, whereas if the
concent r at i oln ¢he (ﬁew&tg;;m_ait‘matiolmamhsaeﬁh%ﬂﬂmfneba@d semivanduutcﬁdayeg| on
and so f{)sr t1rr11te|n a8 mean P %g;nalgl)IYductor Clgygll %g;[ltaslln%{]é fslll(l;(?or};[ | %/specga.lf1 de S
semiconductor layer in which the total amount of silicon and germanium,

which is a congener of silicon, is 50 atomic % (at%) or more.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart illustrating an example of a manufacturing method
for a thin film transistor (TFT) according to the present invention.

Figs. 2A to 2L are cross-sectional views illustrating the manufacturing
method shown in Fig. 1 in more detail.

Figs. 3A to 3C are cross-sectional views illustrating a modified example of
the manufacturing method shown in Figs. 1 and 2;

Figs. 4A to 4H are cross-sectional views illustrating another modified
example of the manufacturing method shown in Figs. 1 and 2.

Fig. 5 is a flow chart illustrating further another modified example of the
manufacturing method shown in Figs. 1 and 2.

Fig. 6 is a graph showing the relationship between heat treatment
temperature for and ON current in a TFT.

Figs. 7 A to 7D are cross-sectional views illustrating yet another modified
example of the manufacturing method shown in Figs. 1 and 2.

Figs. 8A to 8C are cross-sectional views illustrating still another modified
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the TFT characteristics significantly. A nore preferable range of the
concentration of Ge is from20 at%to 60 at% It is preferable that the
sem conductor |ayer containing silicon and germaniumis a silicon gernmani um
| ayer, or nore specifically, a polycrystalline silicon germaniumlayer. It
is preferable that a silicide is fornmed at |east in the source region at
the int eéié’rﬁ?lé/\bﬂéhetllﬁ%nﬁfé&{tﬁﬁh@ %%EE%%&SH gHFiEQ.? dhaion region at the

interface wwth the drain el ectrode. iéide 1s formed at the

interfaces tBig.hdss al grantbdbowingethmmelationsbip diedmween thickeess ofiethe

sem cond l.ayer n ain electrodes are reduced. The
reducti o%ﬁélgﬁ?lﬁgé}%ln%g%thlgegﬁgi%gﬁggsa?rsl‘d[éf fective in increasing the ON
currents. f | nFighi 80 ciasx,griapﬁi shm'ﬁfgfelthbl &}&ﬁﬂislﬁpsbéﬂv@de@e thigkhess Eﬁrﬁlﬁd at
any interfaces except. at the interface of the sour region to the source
el ect r od¥PHKE rﬁgm_t“h%l_‘d ?h%ﬂ*@@ere@m %S&Pﬁeﬁltr‘@g}l%ﬁ%%ée ﬁ%@- drain el ectrode.
The purpose pfy thii§ d &ob@ sBEtShEAtvib RSHIRinG Wl mﬁre%ﬂwmeé&bwn {3 order
to suppress the OFF current, it is preferable that a silicide I's not forned
in the pdra prasendinvéndigource region and the drain region that are in
contact w thythe,ghannel reaqion r the LDD.regions). |ln particul when
both the sou]r?ge }gg‘lsoﬁ %rr?ag"?’ﬁ%“%‘ﬁ% Xler‘%gﬁ NEEnfaPHIEE ??%'E‘Riedr? ﬁzrﬁgni um
t he resiatcandimegval the esenemvedtin.t han that of the silicon layer, and

t her ef ore, re careful considerﬁti,on of the portions in whifﬁr; F silicide
is to be for 1% 15, ac@esgsgctional; wew: shewing get prethercexampleept pefFén

i ncl udesgcoppgihd fRKER ﬁﬂe@@ﬂtirﬂf‘enttﬂ}rﬁkness direction of the silicon-based

sem conductor layer, a portion that is thinner than any portions of the
source regi oRigardd istecrgssrisactienalonewdta conveational §IHT. ci de. According to

this prefera anpl e, ingrease in. the OFF current.caused by.th
formation ofﬁgsieligi cr;{igdg‘i i@8¥u%pP§§s§‘¥W% adi Ff%rﬁ,pi‘?to saplcg?‘é?’ﬁﬂ)?léﬁt hat ,
when t akenanifactwridenicdthed fiess THT. ecti on of the silicon-based seni conductor
| ayer, the thickness of the portions of fhe source region and the . drain
region that Eipricdetd 160 e aéOSS'ssef@enﬁL]va%wgi@afféa,tm&@rq Genventional
regi on i pekhs@shawRahiFien 1538 imeresdddaiickness of from40 nmto 70 nm

I

According to this preferable exanple, a TFT that exhibits a sufficiently
hi gh ON cur rBit ldhshews af Wirgng patiernon arrexampbnof adiquifliaystplalisplay. The

silicon- ] f i ncl ude regions, for exanple
LDD regig%@?gﬁglmgﬁg%ﬁ%?é%e@gﬁ%%@% :E%#hi gher than that of 6 t he
channel regiBig.l8 showera windngtguterof il bae sxamgde rofgirporgantictEl dspliay

regi on, thase regi ons i bet ween. t he channel region and the source
regi on aﬁi%l“ﬁ%Fﬂﬂ’gﬂmgé{)@ﬁﬁn%&%er%@ﬁ%pmﬁnfwg'dr ain region. On side faces
of the gate electrode, insulative sidewalls my be fornmed. These side walls
preferablé e disposed so _as to be in contact with at |east a pair of

d
opposi ngD ¥%’t N@FtWEF@:@E%EWQWWN%mI | s are effective in

reducing th r : , Sielih pzed for
exanpl e, vmgfn)gt:tglé&g’l éslﬁg?]((i:léﬂ- %gs\efkfg?\lgaq‘%g%r&c of t%gé 8%%2’%?%% ?itngéhﬁggeasljet hat
are in cdiscassedbelowt he side walls is, for exanple, 2 ~. mor |ess,
particularly em.it ts 1,~ m.or less it is preferabl.e that.,the sidewalls
are forned argﬁ%ésgjclf;?lbbas%%g%l.lwl‘h%u‘i?ﬁl é@hegsgxa&f E? H)ga 2?138%%?]41,“\/\5 °Paki ng
t he si dg(ﬁo&ﬁ?ﬁc@i) M‘lien&abg{lﬁiﬁfé_ﬂi@ﬁﬁfa&?hgmanimﬁl OWI_feiPﬂ:ije lflttbﬁli*s hih@;mess
nmeasured in the in-plane direction of the si]icon sem conductor |ayer) nmay
be pref cFaish It 15 prefirghle that t Urc pgian an thg drain Feeion @qx@aﬁbaﬁmg
process, ahd | a t i d -hased: 1 Qspé;luct S
heat ed t%h%o?érnlgégfﬁaﬁhgﬁg%e %%ﬁle?htééglgt?ng ?’g?rr%glr gturé igitﬁgiauan%lge t han
450C, ungemeaniodn gedeersstherbajidigap ofibe seunse regivnrand the drainsregiemsi ti on

t enper at ur est (f o _ex I 500C or | Quwer.) can_ be used he substrate

t her ef ore, i%e%?pgﬁglirgtg%pﬁ%a&u@}es c@g%elﬁﬁatb%%ﬁ‘o%ﬁ%}xw?aé By 8% Cnot ed
t hat therdggy®rand thd dedint Peibeads iffgmt e apwr @t 80 atdes IOtheabht@tratibi of
limted, but t emperat ure (1{%3 0C or _hi gheg is.desirable in terns of the
ori ent at %8s S@r‘%ﬁ‘ailqtz/ht? effegfs aghaeyedhbynaddingete s vyt sptiigent,
prefera i : ! 1 e i L,on
Phat whon o nesn Ig sbAChEAin TR O BREPETNDD 0 VAP PLERCTL fNsic,

seni condesgion drad)eo fortheinghrease considerably,nwhicke mmighp significantlyt désradei nner
than any portions of the source region and the drain region that conprise
the silicide. In addition, the nethod durther may include a step of formng
an insulative side wall on a side face of the gate electrode. In a

manuf acturi ng met hod of the present invention, it is preferable that




prior to the step of heating, a step of formng a netal |ayer contacting
the silicon-based sem conductor |ayer is perforned, and in the step of
heating, a silicide is forned froma netal contained in the netal |ayer and
silicon contained in the silicon-based sem conductor layer. In this case,

it is preferable that prior to the step of formng a netal |ayer, a step of
form ng gfe TFTi RRHFAitbriStitaY SienificdbK) FOVRLrdIpRefBPilleORaRfe t B the
silicon-based sem conductaor layer further is provided, and in the step of
formi ng epneentiraticy el Grednérone 28l atPaie0iad’ or ned so that the metal layer is
in contact V‘tt”ﬂst;{l%f@%ié‘%a]‘é Ad'%e 1kbﬁ&uclﬂai‘51% eF E0ift B{héoﬂy%h t hat
is not covered W he 1 nsu |ng ayer. heprposeo ISIStO orma
si | i ci degatm aneaetieansiiech gesnbnong. lajar, addhodreosyeaically, taheolyesistallineour ce
(or a dra'.nénel ectrode ymay be fornmed so as to be in contact with the sane
regi on V\ﬂl‘r‘: EREMAPIWM JaXBEr has been fornmed. In a manufacturing net hod
accordi ng t of¢!i8QrefeRaBIY that eHicRIb isfolfkedla 164G i @R QurbEabgid)atdhet ep of
inmplanting nmetal jons into the silicon-based sem conductor |ayer may be
provi dediderfapatwidhsthe source; elecgpdearid am theedrainaregionatathe inkerfidei con
cont &l negi il Gk deeRolas SWIRATh SARANE! Tohfd e diSntblrcalidared

sem conduc rrred on a Substra i'S not” neceSsarily
f ormed deleetrolys, othet bmtmab&bsmtmcdsubeﬂmenbdmé rsenncbmiucmr laytar andtthieayer

formed over the I at Pr ef er abl hous I r.that is forrred
hnd | erSEPye . Rl SEain: eldntiero e RS0 bactucBi: e snta

i's pref epapétankitis tdfectivieS i ihbratsiiop the wa&{rﬁ&@tsby Tnf ﬂtlseéa?é@h@ 1s| aser
anneal i ng before the step of heating, for exanple, prior to the Step of

i mpl ant i preferahleithgt powkicidane mot ﬁqmmﬂd @t namsmaeléawmmpbat the énterfase
crystal I tzf’ﬁé QB % %@1&{ t8% in]%(:go%r@% Pe}]&rt?cﬁiécﬁﬂ |t ale hﬁ%?facg (fl}gt; f t he

silicon- ased sem corrduct or ayer ecorres anor pho hi s
case, theegioystoathaefrain ®leéctrode sDhe qnmp(egemf tnd ishto graventr elye dDFEr e

restored |1ized) in the ste eatln T sid&0n-bas

seni condﬂé‘%ﬁ &9& NPT R or qpﬂ {:? QI‘L C'éﬁt'&n?hét is
crystal | prgfei4ble @hat BesiBadedBQlos foaied ifale tpe)rﬁaﬁé @f Imd sbﬁréel"fbg@&ﬁ aan
heating. .In this case, the crystallizatio t he whol e anorphqus _|.ayer and
the fornite dxauy ragwn) t}e@fd@rprlac@waich Wlﬁg §m haegael ﬁgg@tleﬁpr the {ddDcase

t hat the al ki.z e ROy e n on of
t he si I| gﬁ%relge ig?dr% a\%’lﬂt% \é\g@gmg ti r(r)e %Egé@ﬁatgflﬁgﬁlnéaeggﬁp gg‘%%r med
by | asercdntght siliqoadaad igenm aniumh éh e resistandenvalmei hnqometsellowersthm that

parti cul |im.tation to t ns for heating used in t ste of heatlng
o one. efotts Fien 4feeh nl \BERBRE. rpffe PR et itabite o LRafld
perfornedrhlé}pa@lmgda@tdbgmmnm@@nductor | ayer on a substrate

i npl anting i con-based, sem.conduct or

ur| nto.re |ons of i he, s
| ayer that cbr fﬁ%ﬁ%ﬁqﬂ% thAb 106 nel Fegtenainf WS GVheR takgRHORG theng a
nmetal 8 thﬁ:ﬁh’.@gs @iredion Qﬁ%heaslﬁééﬁ bQQetPfsehh&rﬁiifcft@xCFa%re‘i‘f alptiof0tRRsisof the
silicon-based sem conductor |ayer _that correspond to the source region and
the drai thinagr dthasnanyenertiens g tbtel pewnse beegden sard dbaddeaior regigar thadvi ng
the inmpu n an a al
| ayer toéé:étilént‘oﬂ F’llﬂzcga % heAg'i% gtgiag%gg]é%%%gﬁ c%gﬂter ga%eﬁéggggé]?@te
si li ci deOMF ceaent mguaedttya'lhecﬁ)mlmtmdoﬁ o silimderes auppmseedanﬂl alddition,i con

in the sem.condyc tht t ho taI i ffuses m t he
ot a1 abjod (Bratpate | P whebd takag o BFirk the SPess. rReuen ool B8N
thus for Qﬂiasnaea%balsféhﬁeona’ﬁ@ar 1496y, ftRE rehsclSidsh Cdf%esﬁéx‘tﬁﬁxsa@f ﬂwst)@tces eeds,
and crystal growth takes place. As a consequence, stal defects in _the
si | i con- tegien anshtheodoiat xegiomjbat etanpméeraeglﬂm@ﬂ%t/ nae orgyepter, and

t t d
tenpera Q{?egh%xﬂxg&ﬁ%ﬁ? ?‘351}/,1?@% hg;?@lg{ro}ﬁafé 911%55%@&[ Q‘é??roxﬁ'ﬁﬁn?t&hb' ci de

is forne e source reglion and the
drain reg'nnn,Actdoedmgnt(ﬁdusr;ﬁ:efatabte:exammdia a (‘I‘Efiét]nadexlexlbltsl a sulfficientliyod
descri bed. ab t he i erformed either
bef ore og é?@ﬁc‘t‘%nfé‘f“ C&HM%LOWM ls P&éﬁ’é&ﬁg?ﬂ&modl nment of
the present TR¥eflitibabé® sfeﬁiﬂ:&t{thﬂﬂoﬁll% ﬁh‘%h@?rnflﬁyf TReFudeOfé8ibAs, afor
silicon-based  senm conductor |ayer on a substrate i anting inpurity ions

i n regi osxample LEYY reginnsd haying ansynpusty @gnw@atiouﬁﬁghemthane@aérp in
this layer inplanting netal ions in regions that correspond to the source
region and the drain region in the layer; and heating the silicon-based
sem conductor layer in which the inpurity ions and the netal ions have been

inplanted to crystallize the sem conductor layer and to forma silicide by
reacting the netal ions and the silicon in the sem conductor |ayer.



In this method as well, a silicide is fornmed in the silicon-based

sem conduct or | ayer and the formed silicide serves as crystal seeds, and
therefore, the crystallization can be perfornmed at | ower tenperatures than
were conventionally required. In this nmethod, if the netal ion inplantation
energy is controlled, the netal ions can be inplanted into the source

regi on gRE dndl Segidit Hu@Moeratlifis ithafl oftedlehs@ideafegfotl@iid €Re drain ,
concentratjon. Thus, control of the crystallization is facilitated. In this
net hod aeging |thosearegignapravided betwaesuthe chanmel neagione aied the nsomree t her

before af t | X ddition, inpurity

i ons an%%@%‘aﬁﬁl %E@N%%hﬁ%ﬂ?%éegﬁo d;?ﬁ@h}éé ?%ﬁfél ﬁgg%ﬁl 9 I n yet another
enbodi nent @in side faceseft thengetet eleotrodbeidailhtive sjdewalls mae beefoimeded:
form ng netal |ayer on. at .least.a portion of .regions on g, ubstrate that
cor r espdER oide SRR Br e ARUIPHEA 70 RagP i RoRiagt H16h A defims eq
sem conghaet Bf opothe $Pd@Bace8 oF IHBzatERldFREGHe. | ARIse | STRERANS BYe ePREGLE Y 1 ONS
into regions silicon-based sem conductor |ayer that correspond to the

sour ce megedncamglthd ORI sunrendgi Thexatoracwhiengdeviees alre animiptimized, for

sem con f | ' t LUl i | ORS ve. Ny 1 APl 0

crystal ?’#%{éﬂ)tlﬁ’e‘%égﬁ‘i %% n%ié% o l{]egyee gﬁaénh%%/robﬁoremgép(ﬁ'ﬁ?g%f%eep%ﬁggégg#%g t he

netal camicanterd withtthe sidd alallsdy efor axdnipgle, 2ipni opdedshphbicwlaniycwhdudt or

ey n Yl B e 4 e BrbEA A B

seeds, apgvéheTREGheckddds ErthetsddéwaRs, Whek 30 Bed SR REedbf kR¥BAhte

t enperatures than were conventj onal tl\; requi red. This method i s advant ageous
a

i n that elgoredeuas. sheisdbatym daceshelthgbthickness measuredhipridei inwlanecause
t he net gl Ver A . . LS T [ 10| e r
enbodi m%%écg%ﬁt%fghtﬁt%g%n |Ilﬁl\l/(’g)hﬁf?lg‘rﬁogr llaﬁreﬁﬁrgagb é%%éa? &T%g’rl %lﬂbﬁé)trsllgﬁggglﬁ- based
sem conduamyple) dBed,5 pime si |l i con- based sem conductor layer is forned so
that a regigon that js to be fornmed.jnto the. channel region i.s thinner than
at |east a EB_rt&‘(?n %?até%%h PPCEHe F{egf%ngr&ﬁ%ﬁ%%ort:l?@tt%‘i}esoﬂﬁﬁ@' 88%bn and
the draisBmigdHdiibtod N8yer & Hehtcd 46 hét hvrEBhan 48b°CeaWhd®he heatin _
above-descri bed portion of the source region_or the drain region. W%h this

met hod, temperrEmrg s el meye thansdpQus, qenannesded \glassesnreglass substrates n a
iRl : . \ . ST t e55ed SIPRYS g
20 a0, VRt EAWHad BN Rh tohpbatihes Sof RcEnirl’ sGUT bt b\ i BEDOD T,
t he enbosedas theleghstrbted thboefore,i inexpemsivé gpratuetstdaat be proneled! edsalyer i s

i d i i t hat i t | tact amith.the ch | i th
ot o i OhhebE D ol s e, L0 BiS: of YA e SPRRera it net |
channel paeticalarly hiaiieed, buta tanpéritudés of 850Gt higlier ishRsi@blwih téind or m ng

a sili cog-gase.d sem conductor. | ayer that has a filmthickness difference,
and it °5thegEeptation o S?Xﬁtajiﬁ-‘t?lat’é’%arrpl e, a thin elmin advance and then to

f orm anot he'Fofritlhg‘ %’?agbfn %aﬁe’ﬂeaﬁ@&i,%\lﬂ% 9‘}efe_§‘£l§llel 6y V4 Iﬁgmﬁﬁﬁfe%cltﬁh‘ﬁ"g hBfHR R

source region an rain region. ternatively, I's also possible to
form feeccadimpite the present inygetion thati whenctakendalohem thickeess\directpmr t i on
of the f Af 1N i f r for the regions
o eI AGp SRAROLR oL OE e AFhoh relSR B A Bl
enbodi mthat if thihaep tkae ahyi poréiohs @f thea sstide regiomahdnhe dgageremon that ons

into regions, of .the.silicon-baged sem conduciar layer that, later forma
sour ce PRIRGISS e SLHE - TeBRUHOnhRaRSHIGH BUrthEb R AICHABHA CHIk Ohet hod,
a TFT c#brhfhg aRih§dbeidel siddMiiathon B&idOfeRftREIgafe aIWdtidde. drain region are
silicon germanium | ayers and the channel regionis a silicon |ayer. The

TFTs accor ding mamdaciwring methadoftthepreagntviaveppione it isconeferabde thas ng
devi ces C t i i Sp i QT u | inclu an
array sgﬁgﬁréabt gfl? nﬁgﬁ’ sposec‘f-ﬂlloél Jilf\%elgﬁ)\gs@?%%%é al_?%ét}%q%%lgfgﬁuaﬁﬁglﬁl Qg“’s Devi ce
silicon-based semiconductor layer is performed, and in the step of heating, a
silicide is formed from a metal contained in the metal layer and silicon
contained in the silicon-based semiconductor layer. In this case, it is

preferable that prior to the step of forming a metal layer, a step of forming an
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whi ch TFTs of the present invention are In an active matrix liquid crystal
di spl ay device 100 shown in Fig. 17, each of switching transistors 113
arranged in a matrix configuration drives a liquid crystal 114 that
corresponds to the transistor. The switching transistors |13 respectively
are connected to gate lines 111, data lines 112, and ground |ines 115. The
gate lig 1A C . ' | vi@r, Gl jt e data
e, 175 uptthelafef ARG ol RE I G HHe iffeoft Hebyl sofficomifeibh

swi t chi haydr fursher v pravidedy and i sthacstep difnfprinan g ke nymtak bayterj theentétah, good

di spl ay,characteristics,are,achi . O.ganic EL Displ Devi.ce | n

or gan & TSI TSt (B at 3D8 BREHnAYAT i qn Sontagmith the Tt o e 214
and st ofsAg@nthaded Senficondubtod 1hp0ethti iR rbtEavEred watH t}mﬂxﬁshn@ﬂinguhy@f, _
organic EL elenents 217 that correspond to these_transistors, The sw tching

transi stldves P2rRose 9fidhis \is| (o dprmcanpdicidel atorgedetermired positaers.dalm | i nes

212, an : | ' 3 aci tor
ci erent 2N HInEMOHASE 4 SulThr AHEED AATIICIAyDELRRRPIERF B

t ransi stheria @hdacttvhpheesransovegion lwheae thednetaidaydehas heem forshed| enent s
217. The organic EL Igrrents Zé{{) | so _gre %or% ected to.groynd |ines, 218.
The gate || ABe marufachiang dppliod aocorime, it THE RRCPORY UG BT Wnd ¢ he
data LiRRg &ég ﬁfﬁeﬁﬁﬁg,e%t Stbpt of anfiAhAtidel ¥RtaCiswdlihtc?¥Be f¥i€sh-bhSed
switching transi stors 214 and the storage transistors 2l5 are TFTs

accor di sgmierndycton daxen maw bet pravidedbse thatppagilicite ix fermed jfremythe

hi _ . . ¢ _ : ) . q
furt ner Theiehions A FRE SR WIS nth e ol AL BREEH sl TR, STioS€
t ransi st or s Thei sflicandzdsed! semidondiictor~lagerhmy foxmddbnr agsobhstrate. exXBogl es.
Enbodi t 1 (al) First h i 14 I -Si | havi

hi okned8V e isaPt AP S RuTEH Gr&itly o ShE Pupaacs dul ey B PG oh gl ase
subst r atagy dnddrcBAE r &ined oedtlsedulpsteamur e CVD, and a dehydrogenation

treatnent is carrjed out in a nitrogen atnosphere at_ a tenperature. of 450C
(Fig. 2~. Pre?erably, an amorphous laygr that is f(r))rmed and then rI:e'ystal]ized 1s

used for the silicon-based semiconductor layer. It is preferable that the

crystallization is performed by, for example, laser annealing before the step of
heating, for example, prior to the step of implanting impurity ions. When
impurity ions are implanted after the crystallization, crystal defects are
produced in at least a portion of the silicon-based semiconductor layer (the
layer becomes amorphous). In this case, the crystal defects in the source
region and the drain region are restored (crystallized) in the step of heating.

The silicon-based semiconductor layer may be formed into an amorphous
layer, and the crystallization of the amorphous layer may be performed in the
step of heating. In this case, the crystallization of the whole amorphous layer
and the formation of a silicide proceed in the same heating step. In the case
that the crystallization of the whole amorphous layer and the formation of the
silicide are performed at the same time, the heating may be performed by laser
light irradiation. In the present invention, there is no particular limitation to
the means for heating used in the step of heating.

In one embodiment of the present invention, the following steps are
performed: forming a silicon-based semiconductor layer on a substrate;
implanting impurity ions into regions of the silicon-based semiconductor layer

that correspond to the source region and the drain region; forming a metal
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(b 1) Next, the a-Si layer 3 is nelted and crystallized (turned into
polysilicon) by |aser annealing using an excinmer |laser with Xed) KrF, or
the like as an excited gas, and thereafter, a patch-shaped polysilicon

| ayer (p-Si layer) 4 is formed at a predeterm ned position by
photolithography and etching (Fig. 2B). (c 1) Subsequently, a SiCa |ayer

havi ng aajdy 64NASRadt o Qrtloﬂnof $BE WRaRs ¢F @Rl ?eg18ﬁ§|o§tthagsﬂlé&?f’ba§ed' S
formed so as to cover t p-Si | ayer 4}(1F|g 2C). (dl) Then MoWal oy is

f or med |Sﬁnnc@rl@qtphéa/srargth@ttcnmﬁn@aé toft atsgurcezlm:@@@n rﬁhef@almamm@ by a

sputteri S I

i's forrreglqlo ﬁggof}}e[ Eglé:r%gbl\{ﬁy gné ltcoﬁl)iﬁétog slﬁié)’& g%‘gﬁg hgﬁ%ﬁ?‘ghggtlnoged

]E hat, i nnmlan@d)f:héﬂem Ngﬂ\]{ladmgyn @nltaytewﬂl ﬁieél pettal Bayefr toacrgschliza/blé al | oy,
or exa e used for t egateeetroe Next, usin e gate

el ectr oggl@%ga%e‘ﬁﬁgﬁm%dﬁc%rt i]f’}S’rﬁS E)‘T“nﬁ *‘-’lﬂé&gﬁr%Y d8agking a t@Earrpl e,

phosphorcys t4iad if'thel BlAThRL: Ald %Qgﬁﬁoﬁfm@hé skfizod oy Tiyes, the portion

directly below the gate electrode 6 is made 1nto a channel region 7, which
i s not dopedVitht rthlsrrpuethqdestheanuetadedﬁmesouﬁmmxbh@dmngah Aayethdanshe r egi on

7 are e in re an whi.ch a o] th imurities (Fig.
25 © ( TfediitbRsdit seRgtiucle: ARY Eiior RN Gficort oG Ml R bkl (U
the surflpes tie fhrenédgilivide Weireds Iaat@ystalrsfeetdte;e amdueg&tabgtmtlaﬁdk‘ebe
drain re|0n| formed, and a sec a%% Ul‘ltés%ﬁlnl(ig arri.ed ut. For
exanpl e P %‘Fﬁospﬁ%ﬁj@‘i‘%e&% ?’H’ﬁF thesulee Paﬁe Femie Ct9hus,

t he reg'lQ?ér EQﬁtb@%ﬁoE’@&%v@ﬁp&p leréxh térﬁBUféth)feé Qﬁﬁna%ew%oﬁ{réﬁﬁohﬂwr' ty

dopi ng but not at the second inpurity doping are regions having a
i mpur i t yeawirednt M@neonel( rﬁ1n¢Qag4 sitisideDis fexgnethdn gheavigimity )ofviher eulsfame

regions 1L hal oAVEs bt the Wrhih FBYE! e CortdcLPEdstaliGe thh 8L ¢
E con Ty é(% Bi g

|npur|ty opr hy. an i mpur ping are tegrons having a
i mpur i t)be(mdﬁneeﬂratl on (n+ regions a source region 10 and a drain regl on

11) (Fig. 2F (gl) ..Th af.t t he resi.st mask.is fenoved, .the g
i nsul ating Ik wethor desqbed abee. rtga.lmpl%ta&%ﬂal o ERRNEH 1?%@?‘%’ % is

et ched tﬁérﬁiﬁﬁ%’iﬁei@ﬁéf b@fb%e@f' aft*é? th ToaR8EioR of the ndtdl Efyeredi on 10 and the
drain region 11 (Fig. 2G . The portions to_be etched are preferably the

same portiodd amothie esplatimentail theeprasanbinvensias thei foblowing sepwiaser i bed
| at er -t 0 ct drain
el ect r odetiophisd: BaifE OF | iHO8 b ABEA e REnRALEE LEVET GO Sk,

tit ani uiiplanting2immmdtyl dnshaw regjons that komespaid dbdhe sb&rcmeglenfandred by,
for exanple utterl rocess (Fi,g. 2 dt should b ted that, in
b nce. oftberirath F8sfonnshts e Tidolanttlie Hekiljobs 10 Fhend that srtesniid of

for exanpl ﬁhe Gobatd region e thé i dvaidubsaen et lthe l%yb? tanur bahtmgt the

per f or med.,. Lpg@ﬂanpl e, 450C for ag&lit ope hour. e tltanl m in

the tit 2 chont Laseneins yipels t egmwaﬁaw%ae
From t h%ﬂs hfa%%e i 'aﬂ’ﬂécf‘f'éjcﬁ}slt?%{rl thd é&ﬁﬂbnaﬁéeofugf ahaacalﬂaml a

silicide) 1s forne and wmth t nmed titani um si e serving as

cryst al silieide bytteactivgitbereial dons apdthe silicondn %@mcemdwpﬂooduayeay t he
inmpurity io 1Y ze eaf t e. ani um
film that Eas E‘ glﬁlgglﬁ& eiécf\é“&h: sgr 'Jr-%g(%ed i ?%mé%\&am déb(a% osf)ﬁ}é( m%lFeé&

heat ed $ehf1uom@uaor dlaybevamd) thet éomeedtsilicidel sadvest ad Mi¢gstalhseadspoand ons
containlgg SI|IC de (silicide p%’[l 3a and 13b arefﬂimadin
the vicit %’%06?’ 10g% Cah P& H§ é“&egg% oWgr dyneratiyresi Matkgi on
11 (Fi 9.wede) coﬂ\Fen%ﬂﬂxléhH reiied Thhatis AbHHAUGD thdenstall ligh Q&ﬁlﬁhiét’i’éﬁ 13a

and 13b are depicted_as if they have expli cit boundary linesin .
t he bourrdergy lis mtmﬂqdhéhslmetﬂld@npmm bedmplantest intecdes spurop xﬂge@n

dependi n t eqr t I4f I m is also
applies qq})&)f}h B’f%ﬁl% en QI (ﬂ%lr ‘igﬁ% (P% Q%S%H%Oglgﬁgn%gﬁogm rlm
serving o@ﬁtmlolflﬁhéi:i‘ aIIMammhatfaﬂgth@yler 14, is forned so as to cover the
gate el ectr (Fl?t %ﬂ g\\{ej]; (iont act hgles 16a and 16b are forned
through the Tonhis Ayerhadn s t g+p 28L3HeR QN JRRUBHY 35S FJA%nPe ¢ he
gate i ngydrffrndél bAKGE befdrEiod- afﬂé the formatlon of the metal layer. In addition,

impurity ions and metal ions may be implanted at the same time.
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2K). (11) Subsequently, a titanium alum numfilm (thickness: 80 nml 4000
nm, serving as the source electrode 17a and the drain electrode 17b is
formed, and further, a silicon nitride film (thickness: 500 nn) serving as
a p assivation film18, is fornmed (Fig. 2L). Thereafter, a heat treatnent
is perfornmed in a hydrogen atnosphere or a nitrogen atnosphere at about

350C for abowf yoNen e erh D&M EWIAbO B8 presdrttinQeHEi8H, thé Polldieinp0siepk! | con
and the interface between the polysilicon and the gate insulating |ayer.

Thus, a ameTperfomnedh ferming ar metaklayar emmtt leastiraipertieni efnregension a

silicide_j hned of -4 ri;hed .eal). to_~.1)
is gi vensqb%tﬁ%.aﬂl%? cﬂ%fgéwg(%’ﬁ ﬁ%%%h&%%éﬁ %‘ﬁg%ag‘g%- g‘é@@ﬁ’l g%raa é’lgeBs

cont ai nssiicon basédisemiciriducoriigger 86 adr@i ojverethicomdthhlayer; implantiagt wth
t he source (qr drai.n) elect rogfﬁoanﬁ%%egceéﬁg;iore exhi tfi ts | ow cont a&t

resi st art@EPHREY 100§ 1gH0 ERELONF SEHoN” condyetordayer-thaticarrespanidn s
carried @4l Jphikée Reidd | ShdCths BRLAY ria%iﬁ)ﬁ?dan&hﬁeéﬁﬁ@ertﬁé UEiicBh-Haigq heat
treatment can be lowered. Furthernore, LDD regions are provided to prevent
t he occusenzigerdut¢tonolayear it ewbicht tihe eppurnity ciasisnhavel hesn limplanted $houl d

be noted_thatq.th n of 1 tens, i&._not himtedt .hat,, descr i bed
obove. - raYoEiRE Pue ST Bhod PR eital forRip sl B defchiBBne TREC T
fil ][r) iaﬁmam iiﬁff{lﬁrmbtﬁ l_agzepaﬂdit}gplsﬂiaoyl ﬂpﬂi'd 'd@mhui\;%hétogiaférso_ possi bl e
to formthe a ayer, prioJy to.t segon opl.ng en doping Is

per f or med afﬁh‘lﬁme%ﬁfiaﬂs Y_Vﬁge? 3}15‘315_%11_ ,mqchjﬁl_ ﬁb‘i%ﬁy%@ﬁ@a‘irﬂé iEHOWER et al
| ayer ( {alagigiile Rith IfothldCaNcRle JaVAI by ciistalbddds A (RERAEre 206 the

uniformty of the titaniumsilici ortions 1I's thus I nproved. Enbodi nen t

2 In therpstalbnatienbaannehe, Harfamed hatstleper (dempeyatwes athampemfesened in
asiml %n@?@?&ﬁégﬁ?o'z a@ﬂ&é‘&”t 114§ ea{ﬂegﬁodl and 3?1%:%nﬁée)ou§'ex{n GhpgS! St

mask 30 1S e openings th correspon surfaces of the
regi ons min@butrasiezed TS tie bedaberataliwith high phecidionai becaage the meidl a
second in’g)rurit. dgsg){l%]g i S Peéﬂf‘or .d.ﬂg\pe resist mask 30 is fornmed so as to
cover tHaYgRMALR GLe% 1S IPRMEGIH MY ARG be carried out by, for exanple,
i mpl anting pROSRBOANSthie® "EMBbdin €86 fOthel pledéhttisvdntidliUsn e WBlY oS a
channel region”7, LDD regions 9a and 9b, a source region 10, and_a 14

drai n r dgrming i gliconghaned Qq:ngtpngnyt.or(lgxpr,sihsas@dlxsren?nqs,edvﬁetlmgndumvi ng
the r ?Sﬁ&eﬁ’?ss i‘orﬁ?%d 85 iaht h%ﬁitoﬂ{ HANSYS R ﬁltP '{Bke%yaﬁﬂ'e% Eéégibﬂ%a”t 'ng
titaniumrtrons In I S nanner, ctitaniumions are Inplanted in sane

r egi ons tddnhbe theygi ainkeaist avporctiion mf wrachyofi tins régivas thab forms dthecsmhrca t he

second dopin t regi ons that | r form,t he source region, gnd the drain
oo o) R A GBS el | hhon.o a0 it A fimed fu R Jadst thie
net al ts Sézb‘difeg&esé@ﬂb@litp(ﬁftidd)ﬁ @kghe rﬁﬁmf@ gcugi@fl &lFittH(_a d¥Bin ré@%)h. T{Wﬁ]}l tHis
resi st mas S ve a a heat.trea nt is carried out, for

exanpl e_,mﬁlgh%géh? C&@ﬁ%}lﬁﬁntéﬁ!ﬁﬁo 144‘0‘&&35 Mt?é‘PP§?f’fsleéon and titaniumions
react with epghs GhNRITET of Be PRLSAR HS8hEANIS Rkdiekablle thECRNiRAARSE 11,

forming titaniumsilicide portions 13a and 13b, and the sem conductor |ayer
t hat hasdisposadesamsripéfotes bbyint ¢ontastpwith yhe whanogl megion. c Acsordihglyedn ( Fi g.

3C). Thereaf he st (kL) t 11 S i t..1 ax rried out
(see Fi g%a.C%l&:% é‘}l.go%{ﬁgﬁtsaaelsﬁ)ﬂbfﬁ %Hﬂv}éhﬁ;t]ﬁep % E%%@ge Hi‘%ﬁ ghe %Sa][c ®r ai n
regi on cgnfoinedairsial irig'idﬁ ﬂhatdbzmitn'gd cpllll)iact hﬁthrﬁ%meahaxﬁﬂmmmt or :cthei s not
necessary tq expose f source (or drajn) region for the purpose of formng
a netal ‘%{‘&Vglrlo&s Evs %&J@Péeéﬁﬂe%égg‘épytbp?&rltsi Hfsitb £oRiget ﬁ‘@tgﬁlt?‘lea“j@‘&naind

t her ef orgeidie manufacturing process is sinplified. In addition) by

controlling the netal ion inplantation energy, nmetal ions can be inplanted
into the souFkere(ismagpattivulaeljimgtataon fo tlee nrasbiod dpr foravingaa silicdadased

concentration , t f t tal lqa; i.0 e
facilita g@%opgﬁgﬁrggg%%%% aagﬁaef{h?%kl?%ts a(*]ﬁlegénﬁs/‘:% ydblé%%rppqgglﬁ#gégpri or
to It he Sib@ﬁl’,ldoﬁfc exdrapleatal hin dilm m;udirz]zhyc_d ax:i@théii _t@fom’% hnethe]r filne oﬁlgcomg
inplantation of inpurity iong a t i mpl antation.o tal . ions npy be
carried B\ r%&w%g? §§H§s¥%¥%a‘%ﬁéﬁeli ﬁ‘_é%?“a%(éo‘guf?_ﬁl ragion) andnd) draiR J68IGR. an
advant agg]tksn Aiv@y R dsdlsd PatsileOdUpkin® Tof bkAnp RN GY thisk 19§&:285 §dvance,

Enbodi ment 3 .
and then to remove a portion of the formed film from a region of the layer
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(a3) First, on a SiCa layer (undercoat layer) 2 forned on a gl ass substrate
1, patches of a netal layer (a titaniumfilm 12a and 12b having a

t hi ckness of 20 nmare forned by a sputtering process at positions that
correspond to the 15 source region and the drain region that are to be
formed in a later step. Also in this step, in place of the titaniumfilm

it is pasebpt forttheufichd thelafdr foimed soRicalegiiCinda &@RAlrbgidn. ni ckel
(Fig. 4A~. 15)tbS) Ngxt, on the nmetal |ayer (titaniumelm 12) %fr? anor phous

silicon | aydn till gnothgrembgdimentoeiridie presant Mvepttas aostepeiimpdgntings na

CVvD - . . d hy: j i i.ed t
DO (S EAHR S5aY 0 YRei B0 oR 116 MRLARTASEN SR SANTERE Hadef UnidiS! O
| ayer I 3 latermfelrired swodce lrgg;ibfllzhi(t adlx(alin regibni Mh@ﬁm'fy be @;ﬂﬂ\)ldlbﬂk I éi%iﬂaht )

| . | n ner r. e ovi , r=, O e |, Ke, as e
oo peu Hia gl n 0k TRk b BRkicalR S nIHeR thtsofkiriretion Madhecd iy
phot ol | taeaARRY s#eEn FeshidiukagerdGhd thShaRhENredoSisk g hgekng a

t hi ckness "of 100 nm serving as a gate insulating layer 5, is forned
covering t héle SFTayaccondipgi tp the) presep) meenjion may did epphiednta $heor ned

t t hi t 5 . | . i ,
and t herolgwale el (KHOR PR MnagdABIRRY Evichsd MGSGRIO BUGRTSS
(Fi g. 4BEnchidesshaubgrdye sabstchte hat , whichpT#ds of thieephéddhdl irosentron ayrer ed

structurg of Ta and a MoWalloy, for exanple, may be used for the gate
el ectro .Sp‘(ﬁeﬁorsglﬁ%é &%ﬁ?&y using the gate electrode 6 as a mask, a first

inpurity doping is carried out. The doping nmay be carried out by, for
exanpl e, i nmplanting phosphorus ions at a dose of 5 X 101z /cnR. Thus, a
channel %gud CrystaldlesniaisDavicect |y bel ow the gate el ectrode 6, is a region

that is not ydoped, W E{fgﬂ{ LESP, Qﬁt%] e IHBRS i hannel
region are r#egﬁo%ééﬁ\; al%n Eﬁhﬁ%cg glre o%gcfi%q%%} 1?gp%r¢{%|ﬁége€ggllf4ﬂ
(93) Therachaofr ewitshingatdan3istors hld penamged irhat madrikeopfigtration drivesgaons
which later..formthe urge region and the drain region is,formed, .and a
second GRS VR 135 Sheh: GRS 1o 1B p ARG the. Ther B0 i0Eny
for exanphfisistewal ARt i'é%g ehesiphireudnnestedado ghtd Miresof11] d¥td Bikés/1987 andhus,
the regi ons that have been doped with the inpurity ions_in the first

i mpur i t \BXe8pddEnes Lot The satrelines dhb arepennacied o Argpte dnendrivefiseRit havi ng
pur 11 ; . . ; v
a lowl "i;}élr :ia\lﬁhtﬂhﬂ?é‘%'ﬂé najdon14 %t %&ﬁ]egﬂﬁ 3% d3¢a e f‘verreakaﬁg %qngt ave

been dop an inpurity’in rst inmpurity doping an
second iWieni tthedewitehine coansistoyisorid Shave nGFAs hagtordimmirtiot ythe opresentat i on

(n+ regi.ons_source ion 10 and drain reghon 11 (Fig. 4G. 16 (h3) Next,
af ter re‘H‘X@Pﬁ o ﬁ%od g’%lpiqy %@%’i&cg%{lﬁté%ﬁaﬁer@%# is carried out at a
tenperature of 450C for one hour. Thus, silicon and titaniumreact with

each other in.t ource_region 10 and the drain region 11, formng
titaniu §?4’?1€i1§§1% é”oﬂ%"l 8a and 13b (Fig. 4H). Then, the steps (j 1) to

(11) as in Egbogd] "Giplanic BE Gfsfp'lic\fddé\%e (26 dHdwn i A 2)8, BHEchidg TFT in
whi ch the source relgl on and the drain region contain a silicide is
obt ai nedranpisters Hreardstengedrarsistors 2d Snanrangedyea matrigroenfigugatiotance

by pattegn) r [ a j tt aj i - h

et | e BrgBhl HITESRERly 217 A e hond THRER, Wbl TS |

t he pr esawitclamgontansistorsf2 Idstespebivalyegre dpankcted toegdtedimasn2 Brhindidatat 1
are perfornme as sho in Fig. 5 ee Figs. 1 and 2). (f4) Next, a resist
ok | o PRI 4 AR ASB B (aaeHh Eomesonatts fies: L8 oHe aHBRe! at or
form t hecayditef dl8Mieds ANG. t MPh&listbrihgeC Ha@BistaRd 2255 8EORenhBReH! to/ tHEPI Ng
is carried out. The doping may be carried out b for exanple, inplanting

phosphorsveitehimg transisfere 244, thy nower /senzce iin@g:ZLap[ﬁm@gﬁh@ngrmc {1k

regi ons LBglentO N E NerROYLESnicCBY O dMhts 1 AR abE PoRReBled 28 RA6RMEY-
lines 218. The gate lines 211 are connected to a gate line driver circuit 201,
and the data lines 212 are connected to a data driver circuit 202. When the
switching transistors 214 and the storage transistors 215 are TFTs according

to the present invention, good display characteristics are achieved.
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(f4') Subsequently, wi thout renoving the resist mask, germaniumions are
i npl anted at a dose of, for exanple, 1 X 1016 /cnz in the sanme positions
t hat have been subjected to the second inpurity doping. Thus, gernmani um
ions are inplanted into the regions that formthe source region and the
drain region, and as a consequence, the source region and the drain region
axe formed QipcRQh¥@rdhbadinh &iftsSof 'tE@'b&%éﬁ?'lhv%tﬂﬂe&&aﬁi&hsséd‘%‘ums (gl)

to (~1) .as in Enbodinent 1 are perforned (see Figs. 2) . TFT
i n whi cthelow rafermieg rtogthm daawinge andaltakn@glt@prgat@i ftbxmﬂnoftransmtors

pol ycry Lne n inasilicide is obtained. In

t he prez(éﬁtﬂ 3% ?%#?1 Ofg]ﬁ&n?%% gIS Oﬁlg a(sn%xagpgeﬁ. region are forned
of pol ycrystal | ine silicon germani um Whl ch has a snaller band gap than

t hat of ysj.licon, and therefore) the carriers that are accunul ated bel ow
t he chanﬁ@bo teRtdoved easi | y Accordingly, a TFT having a high electron
mobility is d n%pg, at e e of
the steps IS(Hri]);tF‘i{%?manéagnorgﬂ%%ﬁgibﬂéﬁrg%d@ ngﬁP);%rh%e Idemclt :fl)gﬂgl SO
possi bl &0 nm pfarmedyen rabiQzldyer up:duemoattdayhﬁ %eum@lassrﬂwlmtmteohbgf

impurity t her mor [TRAI B3 ONs be i dater a
titani urﬁl?g RS’? P&ty ?Pré’%gswf&n t'he %Iégo%?}‘ggfvﬂ tl{gg‘n%l lﬁg and
the ger rmfmjrilumdlmrinl mitaagemgtm?@méritl@tmpml@fth% of hm?@(mn?] rze\r). of theOI
titaniumfi tl tani sjlicon effi tly. mx w a other, an
the titani ur@gh INE%‘HeLib'br% bnlaysy e3 e’éslmgftﬁgo%@leﬂ’y\ﬁ 3 &PF &Hﬁal ity.
Mor eoverpolirﬁhcﬁff)at a'lﬁseﬂﬁﬁﬁ@ﬂiﬁﬁ“&sﬁfé alB¥xcifelr rIgEé’lfﬂéﬁﬁl HeCINKFAGE theM® as

the second i tion of I npuri t ions. I n addition ger manl Um I ons may
be i npl elﬂteeasamwxcﬂed; gdse amégtlmrgafthatamﬁtcbﬁb@nédtnplmbcnmayegu(n& | f

first | ABPeRcaRonagH rn Hibdgeifia Rl Y bigontBhe P AR Bl o

b6 A e e o ot on or optal bous ao. descrsbed I o
ere .

Enbodi ment 2(6%11@?@%&3%&%%9233 AR 2 ﬁfélc BeSt P}&)ﬁ@(ﬁw ROrEAheat i ng

treat meniath eARE @ﬂgmeﬁadls%rﬂéarmsstd éb\;eh?%hIFTsl I%‘é? 4 (Figcgoy.dance wth

t he above-describ ibodi ment ( Enbodi nent 4 He a conparison was nmade
bet ween TFTSdithThiencia Mo¥y |aill@yde foxmed intela h@vmg‘neatﬂmkwsmfr&bomﬁd TFTs

t hat { t d

e cuheniol 52 SRS MBS S PR BT
fornmed clerpimgyas psgatel dloetredd Gcmfcgmethbylphdtbhm@aphylcmr& etching (Efg ng 40
at%. S the drain i,0N

cont ai n &’’si Iﬁéb&ﬂfdaﬁg-{’é’&gd m‘;‘ﬁg’a tpg’f‘cepgf% %‘ﬁg (JPY ?’@GInStrgﬁlt“c?S rast,

sanpl e 04 and alMbW allok; folr e&ﬁﬁ;ﬂ@&h@\ H@@sémfo@ftﬁetgﬁ@e dledtibdecgi on do not
contain a si,.ljcide and are for pol ycrystal l'i silicon ger.mani um

(the Ge conééﬁ)( Next.ops1Bgithg gade gf%trodga fifisea mask, g IMPUAREYCHORIRE 18our ce
region Hemﬂr a e?(ﬁhﬁﬂe dﬁh&kﬁ%o‘fﬁﬁ& dafe ﬁhglaﬁitg& ai"hddé‘gee%f £5Rke Of

pol ycrysta I ne SI It ‘can seen romt ari sons bet ween
sanpl es /méndThuandhbeI(mwn dn:nq;ﬂleda@ownth@gate Iélq:;:tr(ﬁlet Rats, nta,defmtm ag a

SI|ICIde heatin tret rapure ui.red for obt in S|red0\l
currents Le nrp'ﬂt%dfti ‘glecga%')npﬁq’tﬁs %gaﬁﬁ ghogylgps

havi ng ae:&cm(hhgm dfarﬂdw ragion57 fa@e mﬂd@mwo A~ fediens 8vednd Bbderidelatarkayer)
2 on a gstrate 1 ?é pl ﬁima CVD or reduced-pressure CVD (Fig. 7A~.
(b5) Ne mypynities (Big 2B pj ected to photolithography and etching to
remove it e’(fﬁpSulf)é'-que%lyOB%e%ﬁtfiﬁgsk?‘l?)otQ?t‘h eﬁaﬂlﬁgs)ceﬁgt borBForf@ s €Re! €0 on
and the drain region (F (b5") Subsequently, a native oxide filmon
t he sur fauéaces otfrtheare&omsayhxc éatemﬁrabthe;smmm\reﬁmmwled the dgainsiegion

dllutehdofl a| f yer, 3cghavin

t hi cknes' 8 %“’G"g‘ﬁd&#ﬁﬁ"ﬁf"e p%?ﬁa % ur‘Fa C“\F/E)r %%ﬂ?let’hi S

I ﬁyerk [ Sp}sosbiheﬁnhedormafbehnﬂlagedaduh@rdﬁaé ofSD@ 1m4acmi2t r@g&g ﬁtm?]gibﬁse. The
t hi ckness of t a- S yer_ i.s such that t ions 3a and 3b that
corresp verhee sldiﬂp@@w&lm«p%fd 1oRe aartg@rﬁnsgmﬁrﬁy OPRRE RUE ORE Akness
of 150 o2 B r@PRnd" Badilka 169 iiNES Aok Fi 0-
70) . (bgme &% hd IS a_yplfdﬁn ér@é‘ﬁme a\h gnnad cV?ysta ?Slzggn&%utr%%% into
pol ycr ys(nalryagmsl hDeD regmeaﬂaragldJ%b)ngv}mreex thercegibns &haehpmbeeng depail, KrF,
or the like as the excited gas, and thereafter, a patch-shaped p-Si |ayer 4
is foamed by photolithography and etcH2ng. This patch-shaped p-Si |ayer 4
has a relatively large thickness in the portions that |ater formthe source

region and the drain region but a relatively small thickness in the region
t hat connects the source region and the drain region (Fig. 7D).




Thereafter, the steps (cl) to ~.1 ) as in Enbodinent 1 are perforned (see
Figs. 1 and 2). Thus, a TFT is obtained in which a silicide is contained in
the source region and the drain region that have an increased thickness. In
the present enbodi nent, the source region and the drain region have a
relatively large thickness, and therefore, a silicide is forned easily in
the sourwithr ggpanitirdid betlirienfireginpuritysdeding sndnde té@ndaimplirityde is
not present, at the junction portions that are connected to.a region

i nterpo ipgiatedieeions hapnga SRPITH Yt (OBCER EHakLane g oFREIOAE A §PYLCEi de i s

elim natlee%i(%{ ?U‘ah@?ahi*éﬁtxieg'ﬂorp?ﬂ @q?stp good junction is realized.
Moreover, “thi's configuration preven S a'si l'icide from beconm ng the source
of | eakagg gt} Hﬂtgg,b aﬁt&t ﬂfmgmsterndg}t, 1s?remwmh:ét_%ml gatethxgutﬂfnh nglayent is
suppr essed. odi nen irs an g-Si e avi n

© b EknecDbtye ety oHion skt She Braiedidy 1 T st e sty tions,
gl ass suifsthieadifrfdcddYoffthasstréd/kbgibn @ dhprdaasy regiodD I {Fig. 262 - Thieb)
the. T cgiRATEioRRde b0 eidkedonte PERLerEbLY RS BgPGARE e SOPETPERST (bRe.
the regi { : _ e

B L B e R R L L
Ther eaf tsourceclegtiode and the drdimedectrode.surf ace of the formed layer is

renmoved usi i l.ut.e drofl.uori id nd t hen dehydr.ogenation

troat ment 1 ShIE ekl 1B ROHINPE 4Bl Hats Rty bafed WS AISE Plbb R 5o
(b?') Suizlsﬂl ,?ml)ang uFB Ravihg! aygiicBnéss 6flabedt 220! zﬁﬁylaiealfbfm@dlw,ufome;ﬂ( g
I Nnto polysiiicon y Iaser anneajll ng usglin excl ner Ser enployln e ,
KrF, or $4fnplexd sputieripgnrosessyHys. 311’3- tgfegﬁ(ammae noteh that, spaplage pi's;

| ayer 4 4 . ' : ' Thd - p- Si
| ayer 4 2 AfkHTE BmPitHbS BOIBRINe A0l th e Myericl, R eidio R ROBRLE
t he souraenickgl.on and the drain region but a relatively small thickness in
t he regi on thatcpnnect he urce.region _angd th in.reqgion, (,Ehg~ 8C) .
Ther eatt or , AReSSPRREEE, HpaR iibpeinah §F aRBnhli, o8 Rplffle? R uble ook
Ei gs. TllzTiayzﬂhbb%xt q%clgmﬂi. ngHus, the tﬁ:@ﬁmlti_net_:ﬁdmti:tmm fim ﬂmﬁhs@smlfmhdijrrent
, a I1's obtal ne at .contains a silic e.. the, source r Lon an
drain reusRe raﬁperarréaée AP RSB o F XHP L _ Rsqh figanpiopn e gBod

j unct i ong epd Ak dd AfieasRe | silibRlePHs fotdel)tand WHAPKRS Sofmeln tiEaRAAA TENt S

5 and 6, it has been described that a netal layer is used to forma
silici desilibide senvisgras efysel seads the semiconductprdayer whatthas betomede is

formed by i fyn 1 OF h ] and the OFF currents were
measur eaﬁpﬁ% tl)%ghmg%ﬁhpﬁgqﬁf%%ﬁléqg C%V‘Et{aaglg%esdr'egi on in the silicon-based
seni conduct dFhémaéter] the amdtablayst Gitanivinnfilmb thae hpsasetnbeanbeaitod s
(Enmbodi nent 6), Fig. 9 sho he rel ati onshi p between the tRi ¢ckness of the
Channel TEOMAH AT At (07 o ARRERE o AARtES Lo AP ABERE of ¢ he
sour ce rReferadiek tdfeablowd N20e0i oMThadt pofiitkds Eodithinghslea i et Silacide ( 100
hown in Fig when the thickness of the chanpel region was from

. As <9
20 nm to(ssiﬂg:idmpomighs)dfp‘acandelr&bsa%mﬁ)rm wrthe vy of thaisyriaces ofithoed at
t he Sarms&drﬂ?re%ign ld:éﬁ%t%%gfﬁg\é\&ﬁ;&?ﬂ@% E?}’lshl p between the thicknesses

of the source reégion a regi on .at'_ conta_in a silicide and OFF
current s andtGhaddrEnnstedémat, dthdighk tles siladide preiloaani3a andi b3b (@re nore

preci sel .z ch el ,reqgi on,.and the L regi gRs) o+ Si.cqQnstant (50 np) . As
P honn' | ridmibled, s BHAE HaRE AER oy Bnes dh b2} AR Rt A rw bt on
ish_100 gﬂneositl'%idwbefti?{g gre fi’?tﬁx'ébé%@&ﬂﬁ&de%rpﬂeﬁﬁfdd fmgr‘ dsﬁFe_rthé &sggub@l gb%et hat
achi eved_, t he s i me. has been, confirnmed from Figs. a
Ahen t heithisiamest Bhe { MbtahatHiaRingy; GHhif s o150 MRRan (oo the HPLANGREh

t hi cknesanggdﬁg&t%yur ce region and drain region containing a silicide is

100 nm or gxeater, sufficient ON currents and sufficiently | ow OFF currents
are obt ai nedjlafben,ha milicohmxide fidins serving asiangingeddyer insulatingdayer 4 i cs
are achi.eved. rrboditmant 7 ..The_ pr setnt e i t describes an exanple in
whi ch a ‘Fe‘gﬁ%egﬁac?f oot f}é%gﬁf?s‘f ngfl?gitﬁbg'g%ﬁ' the formation of a
silicide andkiheNexty sbatddt Aasleonealaidiaeb- e forusyd tlsroaghl iledinterkiyea- Si

| ayer having varied filmthicknesses. First, an a-S | ayer Eavi ng .a.

t hi cknesidtsylatang layerobt Et]rlﬂl‘i: gs§roked00onR) andsthe sate msulatine laver 5 (Bigar) on
a gl ass substrate by plasnma CVD or reduced-pressure CVD, and a
dehydrogenation treatnment is carried ddt by annealing in a nitrogen

at nosphere at about 450C. Next, a netal layer (a titaniumfilm having a

t hi ckness of about 20 nmis formed by a sputtering process, and the
titaniumfilmis patterned so that the filmremains in the positions where
the source region and the drain region are to be forned. Subsequently, the

o ~ N . " o -



Then, the resist filmthat has been used in the etching is renoved, and

| aser annealing is perfornmed using an exciner |ayer enploying XeCl, KrF, or
the like as an exited gas. By this |laser annealing, a netal silicide
(titaniumsilicide) is formed in the a-Si layer while the layer is being
nmelted and crystallized. After this step) a gate insulating filmand so
forth mgKhe formed, fox exanple, as in the foregoing enbodi ments (For

le, th t d3 h) in E dj t. 3 d.th t i 1) t 11
O DS b s ot g Btz A6 Do Aol e
that whegbrmyas tHe 'sgﬁgceaél cirdRb air’}’fa?hd thé& de4RS ERYEDHe SI7BPis ﬁ)ﬁ:ﬁed, d

ted sil uct or 8 ous %ﬁt t he

i on-inplan I con- based sem con l'ayer 1s nade anorp
anor phoulirploer;, iacsilictanitrade fibndtkickmesgHdfsnis seevingsash lhasenyationafilm

subseque heating,s . t hi,s _hegtin tep.,as well,.the silicjde

functi ont™a¥ 3?%?% (tlﬁgegg‘r) a%?ﬁ@ﬁﬁ’o%ﬁ%ﬁé%%ﬁ‘b"éﬁaﬁrpt,?rﬁ?mﬁde Redting

t r eat nerfiydiygehiea e oWERitragen AtloSpRERS 8NhbEAPHOPE Tor aBohifefe | i ght
is irradi ate throgﬂ a netal layer or is irradiated after titaniumions

have beetouip Hitedhydtogennts dnfrpdueed agta the polgsilican comdddieointesfase i n
advance, I LI kAt i Q : r i tlial-de. When
e ot Aeieentif polyEllicoly A AL LB SRUARRNE ybA TRuGTh TETDL il

i rradi atthensoaaree iregionraattherdrdineagionotondain a sdidideisiebtasnedisi |y f or med.

Exanpl e of Fzlm Structurg in the,TF2..~ The TFT.\sh .in.Fig. 41 can be
Fabr ot od Abobpuphey Phih Bhtiadeegibpantons GBI Hds fivin Fid Gepth o
the silici deThe MHDPobtHENed¢hfuiply fHd ssoveydsseribed! dtbpdcéit@inghlsdli¢ide ign of
titaniumions. In this TET, a serﬂ'ﬁconductor | ayer, 20, a gate i nsul ating

| ayer 5,the gawkceo(Qrcdrain tesiam thately iy contactMath e agwrcer or dwaing

assi vatj j ' ' op. & r e, of: .an
5nder coa‘%le?ggg% "%ﬂx?ot?fﬁg%fog%e%ﬁgr)ggsﬁ?ngsft?:'é)g%ctl?e enggn‘cfug‘gn%lc}(i:ltggr qlgtyer 20
i s conposuutent. dMobenver) sinegithe Gyptalizatioeds diarsetl| qutbwhile 4 fsiligdeds

| ect .6 i } 0 dr ai I i
g Kb e L T
hi gh i npBatthersenee DR reionander pgdvided S phevéilt (h&Docagiedis, ofihot

regions) that are di sposed between.the channel region 7 and the source
regi on 1¢RTEET§eihergl H&rﬁéé‘ﬁlgﬂ}\%@ag%nel region 7 and the drain region 11

and have a | EWHdRINMd HobQD BRAY HAS K0Bueiidd b EhS YRR Y LitiBed 4 e €01 On

10 and the drain region 11, there are silicide portions 13a an

r espect i descyibed above. TFor exampld,iitikns peen idescribed that a 2netal dayer ked so
as to be.in. t it electr and & he (dr.ai.n .el rode
o resputdGR R & 9rbef 28 " s S RRpbERy "ouE UL 15,86
respect i padsiblarte foomntiod etkbthbldyer mdor ¢@ thegecond doping. t Whenadopinggson 11
via contact ol £5pencl g AIAUIn e, 3t 6l S L Chn P8 el 22
layer (titanium) and the silicon efficiently mix with each other, and the

uniformity of the titanium silicide portions is thus improved.

Embodiment 2

In the present embodiment, first, the steps (al) to (el) are performed in a
similar manner to Embodiment 1 (see Figs. 1 and 2).

(f2) Next, a resist mask 30 is formed to have openings that correspond to
the surfaces of the regions which later form the source region and the drain
region, and a second impurity doping is performed. The resist mask 30 is
formed so as to cover the gate electrode 6. The doping may be carried out by,
for example, implanting phosphorus ions at a dose of 1 x 10!4/cm2. Thus, as

well as a channel region 7, LDD regions 9a and 9b, a source region 10, and a
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The TFT shown in Fig. 12 has the sanme configuration as the TFT shown in
Fig. 11 except that the source region 10 and the drain region 11 have a

| arger thickness than the other regions in the silicon sem conductor |ayer
20. This TFT can be obtai ned through the manufacturing method of Enbodi nent
50r6. Enbodi nent 8 The present enbodi nent describes a TFT in which

i nsul at idygirsm@ual1I1sa1@rfanﬁbamp‘gec3,d@n side faces of the gate el ectrode. Wen
sidewal I s 2la and . 21b are arragnhged, as _showll"l1 in Fig. 13, the insulation
per f or mance &% gquerily,nithowo zemgying Jher seaisle masirBhametgl dorsm) |
OFF curr, . 1d be ks f: t .

el ect roéggélhmyggﬁ)- gﬁ?gdr}gﬁgﬁheﬁ 0 g)?gl Flg’,in%i;ﬂ,iﬁg??é? t’?ﬁ% |Ir?%?1’

i mpur i t yitdopimgjorsoane nipElastéd donthexisded irkgionavasngha régioumanswifickabout

500 nm b | asna D _and, subsequent | ani sof Lopi C et.chi silicon
oxi de 1 ATRRITEEPRS SRTP BieBnan P AT in the 38t AoBnEXthd pekians Riat et o o
the silifean theidaréd kegion hndothecdydhaleidid. St skewld 1se aosad gtht ihhslace
sidevvalli are not limted to}hea sili.con oxide fail mb,ui( {my be a | ayered film
of a si lof ébAnBuRdens, iops ghathersmetals sughiasi ebalt ermickel maysbe usedhFigase, it
I's desimapl e that the silicon oxide film which adheres well to the gate

el ectrode’and the gate insulating film is positioned, for exanple, on the
si de of the (h2t Thehethe rasist Mhek BOTissteovaveidn afidca heat treatiment abravaedd in a

simlar nper to those .descri bed.~n.Enbodi prent and excep}. that the
o ol (TRLTEE el Bt B o0 L ) BROHE s, By o Bt 9 linhd nd
ef fect qftaniimolnddrdade witls Washi sthewhig thiehevugaé eefidMgld ddeioitkd daifl in

Fig. 13) is 2 ~,mor |ess., It, shoul,d_ae not ed that the present |(£v ntion is
not | i nitesien ol bhdoumingi itweimestlicigeq PeskoRs dda r?ew{) béSRpAnddthe the
foll ow f : 1 PRl be
enpl oye%.gm}ga-ﬁdr%&éa%}]%ﬁt :h%?i%ﬁdéybéggﬁlzfg%%li%g%ﬂﬁ%stsb%gﬁgﬁt 0 n- cﬁgﬁ%&rﬁ% but
al so tocpy (FigT18Cl.hat use boron as an impurity. (3) A region having
the sane i [ i hat ..o . nel i.on

di sposed bmegﬁg{tﬁg%@%gstﬁ%@% Qﬁ@&?i#’a“g%“% ?éﬁ Q@ddﬁgegﬁzg aré féggﬁqS%%?s‘ g?\%f | as
bet ween Rige. thadng)l. rBoigm TAT ichehdelaithe sogiranrdgditb andgtlnn draiayrdgion
omtted). (4) For.the, silicon-based sem conductor |ayer, polycrystalline
silicon C@Eé%}éﬂ ﬁ\h@‘:&i’ﬁl‘&’é} ¥-be enpl oyed in place of polycrystalline
silicon or pql e yrdsahk ibcdilder?) i98 ABnéBessary to expose the source (or

drain) region for the purpose of forming a metal layer or to remove

unnecessary portions of the metal layer, and therefore, the manufacturing
process is simplified. In addition, by controlling the metal ion implantation
energy, metal ions can be implanted into the source (or drain) region at a
desired depth and at a desired concentration, and consequently, control of the
crystallization can be facilitated.

In this embodiment as well, metal ions may be implanted prior to the
second implantation of impurity ions. Alternatively, the second implantation
of impurity ions and the implantation of metal ions may be carried out at the
same time. When they are implanted simultaneously, an advantage is

attained in that production efficiency is increased.

Embodiment 3
(a3) First, on a SiOz layer (undercoat layer) 2 formed on a glass substrate
1, patches of a metal layer (a titanium film) 12a and 12b having a thickness of

20 nm are formed by a sputtering process at positions that correspond to the
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(5) For the gate electrode, polycrystalline silicon germanium may be used.
I f polycrystalline silicon germaniumis used for the gate electrode, it is
possi ble that a p-type gate electrode is used for a p-type TFT and an
n-type gate electrode is used for an n-type TFT. Therefore, the threshold
vol tage can be reduced. As has been di scussed above, according to the

present dofyeNtégbn shdthd dr4la fegid®thRfaky t@bb¢aimbd eataRitbr kfep?  Also
silicon-based sem conductqr_layer. This silicide _functions_as crystal

seeds, adRdhinestar.dpaylaceef sheititenimmsBlmstnisamssible dp useyadayenofether
crystal 'rhéﬁﬂs@ﬁcﬁ%‘é’%béﬁ.”ﬂﬁﬁ@%&f@ﬁgtﬁﬁﬁ were conventionally required. As a
r

result, 'varirations in ive characPeristics are reduced even in
m ni at ur e- si(b8H NéxEs onHine epethy laygt Gitargusudiny FI%5, an rempeplaiusesilicon

Il -sized ' Lght liquid A | displ devi d ic EL
i apl ay 1886t (B laytek i rmed “one “THickRrscont By Pk RnBanan FoTheRer
forms wyedauéd 4eesdure\OVD, 0 d RedsiRy drokehtifR IPBAIRENE IR EARHE IotltiihSa

t hereof. The enbodinents disclosed in this application are to be consi dered
in all rmigrgensatazosphene at 460%e (B 4% 1initing. The scope of the

: (i PRSI | ai ; :

descri pti on CONSUER bl thE DSPERAES £ MelFed B d Byl M iied BIETD! N9

equi val grudysititomhky thsernmreradinghtsingenh egcibeerdabenemployiaseXeCl, KrF, ovhat i s
laimed js:..1. Athin hl.. mt i 5t I si ng: i b d , .

e condhig: ke 4 dhenetitel EhEnanfcergieh & P LshALEpedop ol (R 4 ifr ai n

regi on, fol@ed i SRototithe aph§ dritbetthah® (FROUCN. bei ng di sposed so as to

sandwi ch the c?annel region_.a source electrode electrically connected to
the source rdgi dhen, & §iQ2 dlachaying a| haekness ofy 100 o seying asha gAtai n

regi on d ' - ectrode and the
drain efigg??ag%gé %&gaé ?ﬁgi@g&g&&%ﬁ%ﬁ@&%ﬁﬁg%'Fdfl};grxgi)r egi on conprise a
silicide. 2.(e3hNexhi aMdWnalloyafibnds dormed do i thjckmess|odialpotf 460560 mm he
silicon-haged sem conductor .l ayer conpri,ses silicon,and gernmapi um,. 3. The
Chi 11 THY EPSSOTBPLE SACUPtRAG FepeGRaPRIITGP. 5.E4ih 1Gtpd e T PR Pigi or
and t hellﬁmbnth@hphzc‘xﬁ% re'tcflﬁ_ngi (}Ei%.OQE)l.ndItgﬁ{dmaibmhoﬁa@th?@ iﬁ{'ﬁ!&ﬁ@o)fr egi on
is asiljic yer. e in fi ransj stor_according to ¢laim

wher ei n th‘ﬁ%@&ﬁ@ﬁﬁﬁ%hﬂ%ﬂ%ﬂ%%iﬁ%dt% %WLﬁc-l@é” AR R BEPAr ai n
regi on igsdd¥ok e pafd8Bldetrodeat %0 to 80 at% 5. The thin filmtransistor

according to ang ne of the preceding clainms, wherein the silicide is
formed at | &3t Subseguentlyeusmethé gabe elastrase 6 agi omanik, a finst opncidy

el ect rOd(fopalng Al c8fried out. The doping may be carried out by, for example,
implanting phosphorus ions at a dose of 5 X 1012 /em2. Thus, a channel region
7, which is directly below the gate electrode 6, is a region that is not doped
with impurities, whereas the portions outside the channel region are n-
regions 8a and 8b, which are doped with impurities (Fig. 4F).

(g3) Then, a resist mask 30 with openings that correspond to the regions
which later form the source region and the drain region is formed, and a
second impurity doping is carried out. The doping may be carried out by, for
example, implanting phosphorus ions at a dose of 1 x 1014 /em2. Thus, the
regions that have been doped with the impurity ions in the first impurity
doping but not in the second impurity doping become regions having a low
impurity concentration (LDD regions) 9a and 9b. The regions that have been
doped with an impurity in both the first impurity doping and the second
impurity doping become regions having a high impurity concentration (n*

regions; source region 10 and drain region 11 (Fig. 43).
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interface of the drain region with the drain electrode. 6. The thin film
transi stor according to claimb5, wherein, at the interfaces of the source
region and the drain region, a silicide is not formed except at the
interface of the source region with the source el ectrode and at the
interface of the drain region with the drain electrode. The thin film

transi stor FagPNExPOaftér Asiodng thle feiist AL8SIEH Reat tRiafenthstgiledoar taken
al ong a thickness di rection gg the_silicon-based sem _conductor |ayer, the

26  chatetempenathre shsd leforonphonsn Nays.iylicon pndiHessummegactwithhan any
y e AVRITg L t ; .
2o o OB SRABERGEL S0ICH) SO SOk AL ORI BRI

silicide. ng t™0 any one o
cl ai ms, siti@deiportihes 18aleexd Boffigadthi ckness direction of the silicon-based

sem conduct | ayer, .a thigckn of rti of the sourge region and
the drain r dion BRatha b OE Tt FerhRftante afoedntiof obf ERedfBsaf ™ e
channel 4RDRPN TIENd TET & RWiEH ORe RBYTdedredriditiagldNheSd@fin fre@ibrd €oritain 0 70
nm 9. The_thin filmtransistor according to any one of the preceding

cl ai ms, awidicklenisiabdained; con- based semi conduct or | ayer conprises regions

havi ng an i FRU e [ [ I t: 0. q aﬂg,ea! .on but
| ower than t a'?ﬁ‘%)fyprtg ﬁ%msgﬁ{b?gi@ggﬁo%{b:r%&{%g agrggilﬁ i:Otla%dlle(;%lnfmt osél C%gg*ons
provi deg atedrnerg, amd thheaford, aregdoantagd ishettaimedcn tleafi tre andcntEnvean t he

channel ,regi qn and .t he drain region. . The thin filmtransistor according
to any er?e‘g@%%ﬂ%a ye‘i?ela‘i“r‘f@t‘(’ﬁeaglﬁﬁ‘,q q?lﬁ]rost'her conprising insulati.ve side
wal | s di sposed so as‘'to be in contact wwth at |east a pair of opposing side

faces of _the gate electrode. 11. The thin filmtransistor according to
cl ai m 108mprdiaent éne di stance between the side faces contacting the side

wall's is 2 Hnnﬂh%r;#egéﬁ edbodfinBRE, TRdt f Ge @ggf@g td (Jl?a% ihh}%ﬂlb%gﬂ’nent
transistor, the thin hl . mtransiStor conprising: a silicon-base
seni conduatepetfasmed has/smava ie Fagne (seedigen] aadsdur ce regi on, and a drain

Legon, 1o AR, RSN 1Atk LG 0 o AR AL PSSR A
t he sourregioneowhithaladenforneltke sbeete Rigter hndaieydednnegictd drdl ahecoidi n
regron alg{jpurity doping is carried out. The doping may be carried out by, for example,
implanting phosphorus ions at a dose of 1 X 104 /cm2. Thus, LDD regions and
the regions that form the source region and the drain region are separated.

(f4’) Subsequently, without removing the resist mask, germanium ions are
implanted at a dose of, for example, 1 x 1015 /cm?2 in the same positions that
have been subjected to the second impurity doping. Thus, germanium ions
are implanted into the regions that form the source region and the drain
region, and as a consequence, the source region and the drain region are
formed of polycrystalline silicon germanium.

Thereafter, the steps (g1) to (11) as in Embodiment 1 are performed (see
Figs. 1 and 2). Thus, a TFT in which the source region and the drain region
are formed of polycrystalline silicon germanium and contain a silicide is
obtained.

In the present embodiment, the source region and the drain region are
formed of polycrystalline silicon germanium, which has a smaller band gap
than that of polysilicon, and therefore, the carriers that are accumulated below
the channel are removed easily. Accordingly, a TFT having a high electron

mobility is provided.
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a gate electrode insulated fromthe source electrode and the drain

el ectrode the nethod conprising the steps of: formng a silicon-based

sem conductor layer inplanting inpurity ions into at |east regions of the
silicon-based 26 sem conductor |ayer that are to be forned into the
source region and the drain region and heating the silicon-based

sem conduct dn {1y preded t @nybddihldnzealas, fiRAsdquenRerdfithe stbpé e ndt llingizedbased
sem conduct or | ayer whexein a sjilici de is formed in the source regi on and

the draite tBat odescrihede ashowpcoR phsexpelg, ctndacalio Inepeibleyta Hanmeati ng
during té(}r n{h%ﬁ&h{‘gmﬁ{seppng:? tJ heeR06h d Oimgﬂ}ﬁfaﬁhwwgm??‘y&wt }%ﬂéﬂ

transi st according to ¢ aml wher el n eating s
si hcon- tﬁsﬁhemm«gcgainﬁmum Hyfsralse niwyab e impbanteBCGfosr dtmtaniumﬁlnil' hasnet hod

untr o1 n RG8. Brpion WheB RecracoBfda ait drcimp bihsi a3cha Eemmanh

ger mani Ygh ﬂxﬁplé’fi’tﬁl ﬂéo‘éafﬁéd W&HUfaéféétrUthé\Qfo@mta*ﬂioﬁh foif| tRe rtﬂ:'&%h&fhoﬁlm
according to claim12, 13 or wherein the silicon-based sem conduct or

| ayer i sifamipggand stlh@an eﬁﬁ:@ﬁnﬂm@w ¥ith paeh ethergiandctheofitanivmsilicide
il t
S COn RS SN BEAALANGIn 4 WAUERAL RO AR BRI RS (101

t hat corgﬂmmmhe minlsi andg. b6 imphantedt redd ther saareuf doteurasngthe tdecomdi | m
transi st.or ordin one of clainms 12 to 15, further conprising a

to
step of ’FH?IHP 1%0€Hgﬁpﬁ%¥\}gl%l de wall on a side face of the gate

In addition, germanium ions may be implanted also into the regions that
correspond to the LDD regions. If this is the case, germanium ions may be
implanted, for example, after the first implantation of impurity ions.

In the steps described above, a metal layer is used to form a silicide, but
the present embodiment is not limited thereto and, for example, the
implantation of metal ions as described in Embodiment 2 may be adopted.

Fig. 6 shows the relationship between heating treatment temperatures
and ON currents in the TFTs made in accordance with the above-described
embodiment (Embodiment 4). Here, a comparison was made between TFTs in
which a silicide is formed during a heat treatment and TFTs that are
heat-treated without producing a silicide.

Sample A is a TFT in which the source region and the drain region
contain a silicide and are formed of polycrystalline silicon germanium (the Ge
concentration being 40 at%). Sample B is a TFT in which the source region
and the drain region contain a silicide and are formed of polycrystalline silicon.
By contrast, sample Cis a TFT in which the source region and the drain region
do not contain a silicide and are formed of polycrystalline silicon germanium
(the Ge concentration being 40 at%). Sample D is a TFT in which the source
region and the drain region do not contain a silicide and are formed of
polycrystalline silicon. It can be seen from the comparisons between samples
A and C and between samples B and D in Fig. 6 that, by forming a silicide,
heating treatment temperatures required for obtaining desired ON currents

can be reduced.
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el ectrode. 17. The nethod for manufacturing a thin filmtransistor
according to any one of clains 12 to 16, further conprising, prior to the
step of heating, a step of formng a netal |ayer contacting the
silicon-based sem conductor |ayer, wherein in the heating step, a silicide
Is formed froma nmetal contained in the netal layer and silicon contained
I n the sEmbefimeazed sem conductor |ayer. 18. The nethod fox manufacturing

athinfilmigr i stor acgqQrding . to.claim.17) fuxther conprising, prior to
the step of éaégﬁrﬁ ann%%aﬁ_aygwgrha\angtae@lékr)lwﬁt h@wggﬁn%@f ﬁgglr ayer
cover| ngSszoTég;(%Io('uﬂ&echQt %hgﬁzﬁf’ﬁ'&i‘sae?g%%s suﬁﬁtﬁagggfrj‘{ﬁl ﬂaéxﬁ‘é{e@\iﬂ"’%ﬁr e n,

in the step o ormng a net ayer, e neta I"'s"forned so that the
met al | ced-presoumet QYD (igh7Ahe surface of the silicon-based

i cond hat d. d,with the.insul ati .. 19. Th
method for - rbRALR al i TpREh 358 HibE i e phpEutBRF Y Thd B ingat,r
cl ai ms Igbrhévelit, extcopt fdrregiviy 35 hid, 3both adlcobfespbARdIbaBe @buliRaidgivh addst ep

of i npl ari‘ti g .net al |@gs i io the silicon-based sem conductor |ayer,
wher ei n, thed¥B reglon @egnedting, a silicide is formed fromthe netal ions

and silicon @8niShiEueltly Rltive PRABADES AXBCANING Of iYW 1aglr 3dNe
nmet hod for manufacturi ng thin filmtransistor according to any  one of
cl ai ns 12nd @b1ig, reimovteldeby etchongsusing apdilute hydréftustiepcid, andpthereafigr,

I mpurity_ian a st of. crytal hizingethe silicon-based  sem conduct or | ayer
that " hasbaut Iehett PRYBEA Bt s FayE 0 SRR e ohy P BV  ne
i npur i t ypliagifa CAID. e@htnathigriayeniosubjeeteds st dbhyd@denatibs ait-4509€0in a

sem conductor |ayer i.n the_source regiqgn and_ the drain yegion is nade
anor phouRitregen atposphergy The thickness: thag-al layes i sughipahdhe regions

accor di ng, L3 oSy tRAEcHreSpctidTeo Hee Tsﬁul?& repIgH Ghd {he alt(;.;:ﬁ}l %g{drﬁgré tigiek the

silicon-based sem conductor |ayer that has been forne an anor phous
| ayer i s(thiokaxess of 160 nmpwhemgasithegtharpartions averthin §ibigknéss affi0mm)| m
the th nE| ebr ansstor 1o di aposed on the substrate. 23. An i mage diepl ay
devi ce conpr@$ndtids thd m-SillﬁSéf amsissmnteacanddbmtémm'ay(maea?imbai b 1
to 11 aspo y 1i'yxs%%|11) %Vy\rn lta(s:m' A ngrllﬁlrlrg r&gingzgn excimer laser employing XeCl, KrF, or
the like as the excited gas, and thereafter, a patch-shaped p-Si layer 4 is
formed by photolithography and etching. This patch-shaped p-Si layer 4 has
a relatively large thickness in the portions that later form the source region
and the drain region but a relatively small thickness in the region that
connects the source region and the drain region (Fig. 7D).
Thereafter, the steps (c1) to (11 ) as in Embodiment 1 are performed (see
Figs. 1 and 2). Thus, a TFT is obtained in which a silicide is contained in the
source region and the drain region that have an increased thickness.
In the present embodiment, the source region and the drain region have a
relatively large thickness, and therefore, a silicide is formed easily in the
source region and the drain region in such a manner that a silicide is not
present at the junction portions that are connected to a region interposed
between the source region and the drain region. When silicide is eliminated
from the junction portions, a good junction is realized. Moreover, this
configuration prevents a silicide from becoming the source of leakage currents,

and consequently, an increase in the OFF current is suppressed.
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the like as an excited gas, and thereafter, a patch-shaped p-Si layer 4 is formed

by photolithography and etching. This patch-shaped p-Si layer 4 has a
relatively large thickness in the portions that later form the source region and
the drain region but a relatively small thickness in the region that connects
the source region and the drain region (Fig. 8C).

Thereafter, the steps (c1) to (11) as in Embodiment 1 are performed (see
Figs. 1 and 2). According to the present embodiment, as well as Embodiment
5, a TFT is obtained that contains a silicide in the source region and drain
region, which have an increased thickness. This TFT also has good junctions
and an increase of the OFF current is suppressed.

In Embodiments 5 and 6, it has been described that a metal layer is used
to form a silicide, but the same effects are obtained in TFTs in which a silicide
is formed by implanting metal ions.

The ON currents and the OFF currents were measured in TFTs in which
the thickness of each region in the silicon-based semiconductor layer is
controlled according to the present embodiment (Embodiment 6). Fig. 9
shows the relationship between the thickness of the channel region and ON
currents and OFF currents when the thickness of the source region and the
drain region containing a silicide is constant (100 nm). As shown in Fig. 9,
when the thickness of the channel region was from 40 nm to 70 nm, high ON

currents and low OFF currents could be achieved at the same time.

20



10 10 10Ss< 10%& ()-!DL $"10%& ()-!'@ $"109%& ()-!; L $"10%& ()-+
Y A<dY: 0" 119" " 109%& ()-!19""10%& ()-9""10%& ()-!19"10%& ()- 9"10%& ()- yf@
109%& ()-!!"E"" A#tr<dY: 0" 6L, "109%& ()-m!; L, "109% ()-m ! 6L, "109%& ()-m

L, "10%&' ()-m y*S 10%&' ()-L(10%& () - ##4$$$$$$$xmbCO" ! OL" 109& ()- 10 10
10@<s10%& ()-yY: @ 10%&' ()-L810%& ()-y 7@

109%& () - $19ARERADVERGFHORHhNLE1A0¥Rshiy hbEdkedR Yhie( thicRAbSIRYSEE (he ! rcd 0%&' ()
-1S9L" 109 ()-!S9L" 109 ()-# "' k(()e)wx6nbQQ! ! N9s' "10%& ()-9s' " 10%'1\5) -1 NOL
"100& ( yegiulanddie draimgegionothat)contann agulecide and QR currents and OIN 1| go" 1

To@<s 16BE S RESH. s ARickioRd of. s hppnel zosion, (o mpscpapeiogly. U,

10", <t themael yegiba (aridhe &DD- reffionid) s &opptan KON 0% As' shqwn in Fig.
10, when the thickness of the source region and drain region is 100 nm or
greater, high ON current and low OFF currents could be achieved at the same
time.

It has been confirmed from Figs. 9 and 10 that when the thickness of the
channel region is from 40 nm to 70 nm and the thickness of the source region
and drain region containing a silicide is 100 nm or greater, sufficient ON
currents and sufficiently low OFF currents are obtained, and thin film

transistors having good drive characteristics are achieved.

Embodiment 7

The present embodiment describes an example in which a technique of
simultaneously carrying out the formation of a silicide and the crystallization
of the a-Si layer is applied to an a-Si layer having varied film thicknesses.

First, an a-Si layer having a thickness of about 100 nm is formed over a
SiO2 layer (undercoat layer) on a glass substrate by plasma CVD or
reduced-pressure CVD, and a dehydrogenation treatment is carried out by
annealing in a nitrogen atmosphere at about 450°C. Next, a metal layer (a
titanium film) having a thickness of about 20 nm is formed by a sputtering
process, and the titanium film is patterned so that the film remains in the
positions where the source region and the drain region are to be formed.
Subsequently, the a-Si layer except the source region and the drain region is
dry-etched for about 50 nm to cause a thickness difference in this layer.

Then, the resist film that has been used in the etching is removed, and
laser annealing is performed using an excimer layer employing XeCl, KrF, or
the like as an exited gas. By this laser annealing, a metal silicide (titanium
silicide) is formed in the a-Si layer while the layer is being melted and
crystallized.

After this step, a gate insulating film and so forth may be formed, for
example, as in the foregoing embodiments (For example, the steps (d3) to (h) in
Embodiment 3 and the steps (j1) to (11) in Embodiment 1 may be performed
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crystal seeds, and therefore, the temperature of the heating treatment may be
reduced.

When, as in the present embodiment, a laser light is irradiated through a
metal layer or is irradiated after titanium ions have been implanted into the
surface layer of the semiconductor layer in advance, the laser light irradiation
causes the formation of silicide. When the metal layer and the semiconductor
layer melted by the laser light irradiation are in contact with each other, a

silicide is easily formed.

Example of Film Structure in the TFTs

The TFT shown in Fig. 11 can be fabricated according to Embodiments 1
or 2. In Embodiment 2, the depth of the silicide portion may be controlled by
controlling the implantation of titanium ions.

In this TFT, a semiconductor layer 20, a gate insulating layer 5, a gate
electrode 6, an interlayer insulating layer 14, and a passivation film 18 are
layered in this order on the surface of an undercoat layer 2 formed on a glass
substrate 1. The semiconductor layer 20 is composed of a channel region 7
positioned directly below the gate electrode 6, a source region (n* region) 10
and a drain region (n* region) 11, which are disposed so as to sandwich the
channel region 7 and have a high impurity concentration, and regions 9a and
9b (LLDD regions, n~ regions) that are disposed between the channel region 7
and the source region 10 as well as between the channel region 7 and the drain
region 11 and have a low impurity concentration.

On the surfaces of the source region 10 and the drain region 11, there are
silicide portions 13a and 13b, respectively. In this TFT, the silicide portions
13a and 13b are formed so as to be in contact with the source electrode 17a and
the drain electrode 17b respectively. A source electrode 17a and a drain
electrode 17b respectively are connected to the source region 10 and the drain

region 11 via contact holes piercing through the gate insulating layer 5 and the
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Embodiment 8

The present embodiment describes a TFT in which insulative sidewalls
are disposed on side faces of the gate electrode. When sidewalls 21a and 21b
are arranged, as shown in Fig. 13, the insulation performance improves,
making it possible to provide a TFT having a small OFF current.

The sidewalls can be formed on side faces of the gate electrode in a
self-aligned manner, for example, by, after the first impurity doping, forming a
silicon oxide film having a thickness of about 500 nm by plasma CVD and,
subsequently, anisotropically etching the silicon oxide film under conditions in
which a sufficient selective etching ratio of the silicon oxide film and
polycrystalline silicon is ensured.

The sidewalls are not limited to a silicon oxide film but may be a layered
film of a silicon oxide film and a silicon nitride film. If this is the case, it is
desirable that the silicon oxide film, which adheres well to the gate electrode
and the gate insulating film, is positioned, for example, on the side of the gate
electrode.

The TFT shown in Fig. 13 can be fabricated in a similar manner to those
described in Embodiment 1 and 2 except that the sidewalls are formed.

The sidewalls have the considerable advantageous effect of improving the
insulation when the gate length (denoted as GL in Fig. 13) is 2 pm or less.

It should be noted that the present invention is not limited to the
embodiments described above, but may be applied to the following TFTs.

(1) In place of top-gated TFTs, bottom-gated TFTs may be employed.

(2) The invention may be applied not only to n-channel TFTs but also to
p-channel TFTs that use boron as an impurity.

(8) A region having the same impurity concentration as that of the

channel region may be disposed between the channel region and the source
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10HL<10%4& (Qg) ! Hod O &iKidor{tB24d P\ Semiconductor layer, polycrystalline silicon
germanium carbide may be employed in place of polycrystalline silicon or
polycrystalline silicon germanium.

(5) For the gate electrode, polycrystalline silicon germanium may be used.
If polycrystalline silicon germanium is used for the gate electrode, it is possible
that a p-type gate electrode is used for a p-type TFT and an n-type gate
electrode is used for an n-type TFT. Therefore, the threshold voltage can be
reduced.

As has been discussed above, according to the present invention, a silicide
is formed by a heat treatment to a silicon-based semiconductor layer. This
silicide functions as crystal seeds, and therefore, the sijicon-based
semiconductor layer can be crystallized at lower temperatures than were
conventionally required. As a result, variations in drive characteristics are
reduced even in miniature-sized TFTs. Hence, by employing such TFTs,
inexpensive, small-sized, and light-weight liquid crystal display devices and
organic EL display devices can be provided.

The invention may be embodied in other forms without departing from
the spirit or essential characteristics thereof. The embodiments disclosed in
this application are to be considered in all respects as illustrative and not
limiting. The scope of the invention is indicated by the appended claims
rather than by the foregoing description, and all changes which come within
the meaning and range of equivalency of the claims are intended to be

embraced therein.
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disposed so as to sandwich the channel region;
a source electrode electrically connected to the source region;
a drain electrode electrically connected to the drain region; and
a gate electrode insulated from the source electrode and the drain
electrode;
wherein the source region and the drain region comprise a silicide.

2. The thin film transistor according to claim 1, wherein the silicon-based

semiconductor layer comprises silicon and germanium.

3. The thin film transistor according to claim 1 or 2, wherein the source region and the L

drain region comprise silicon and germanium, and the channel region is a silicon layer.

4. The thin film transistor according to claim 3, wherein the

concentration of germanium in the source region and the drain region is in the

range of 1 at% to 80 at%.

5. The thin film transistor according to any one of the preceding claims, wherein the

silicide is formed at least at an interface of the source region with the source electrode and at an

interface of the drain region with the drain electrode.

6. The thin film transistor according to claim 5, wherein, at the interfaces
of the source region and the drain region, a silicide is not formed except at the
interface of the source region with the source electrode and at the interface of

the drain region with the drain electrode.

7 The thin film transistor according to any one of the preceding claims, wherein when taken

along a thickness direction of the silicon-based semiconductor layer, the
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along a thickness direction of the silicon-based semiconductor layer, a
thickness of the portions of the source region and the drain region that
comprise the silicide are 100 nm or greater, and the channel region comprises

a portion having a thickness of from 40 nm to 70 nm.

9. The thin film transistor according to any one of the preceding claims, wherein the
silicon-based semiconductor layer comprises regions having an impurity concentration higher
than that of the channel region but lower than that of the source region and the drain region,
those regions provided between the channel region and the source region and between the

channel region and the drain region.

10.  The thin film transistor according to any one of the preceding claims, further comprising

insulative side walls disposed so as to be in contact with at least a pair of

opposing side faces of the gate electrode.

11. The thin film transistor according to claim 10, wherein the distance

between the side faces contacting the side walls is 2 pm or less.

12. A method for manufacturing a thin film transistor, the thin film
transistor comprising:

a silicon-based semiconductor layer having a channel region, a source
region, and a drain region, the source region and the drain region being
disposed so as to sandwich the channel region;

a source electrode electrically connected to the source region;

a drain electrode electrically connected to the drain region; and

a gate electrode insulated from the source electrode and the drain
electrode;
the method comprising the steps of:

forming a silicon-based semiconductor layer;

implanting impurity ions into at least regions of the silicon-based
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wherein a silicide is formed in the source region and the drain region in

the silicon-based semiconductor layer by the heating during the heating step.

13. The method for manufacturing a thin film transistor according to claim
12, wherein, in the heating step, the silicon-based semiconductor layer is

heated to 450°C or lower.

14. The method for manufacturing a thin film transistor according to claim

- 12 or 13, wherein the silicon-based semiconductor layer comprises silicon and germanium.

15. The method for manufacturing a thin film transistor according to claim
12, 13 or 14, wherein the silicon-based semiconductor layer is formed so that, when taken a
thickness direction of the silicon-based semiconductor layer, the channel region comprises a

portion that is thinner than any portions of the source region and the drain region that comprise

the silicide.

16. The method for manufacturing a thin film transistor according to any one of claims 12
to 15, further comprising a step of forming an insulative side wall on a side face of the gate

electrode.

17. The method for manufacturing a thin film transistor according to any one of claims 12
to 16, further comprising, prior to the step of heating, a step of forming a metal layer
contacting the silicon-based semiconductor layer, wherein in the heating step, a silicide is
formed from a metal contained in the metal layer and silicon contained in the silicon-based

semiconductor layer.

18. The method for manufacturing a thin film transistor according to claim
17, further comprising, prior to the step of forming a metal layer, a step of

forming an insulating layer covering a portion of the silicon-based
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19. The method for manufacturing a thin film transistor according to any one of claims 12
to 18, further comprising, prior to the step of heating, a step of implanting metal ions into the
silicon-based semiconductor layer, wherein, in the step of heating, a silicide is formed from

the metal ions and silicon contained in the silicon-based semiconductor layer.

20. The method for manufacturing a thin film transistor according to any one of claims 12
to 19, further comprising, prior to the step of implanting impurity ions, a step of crytallizing
the silicon-based semiconductor layer that has been formed into an amorphous layer, wherein,
by implanting the impurity ions, at least a portion of the crytallized silicon-based semiconductor

layer in the source region and the drain region is made amorphous.

21. The method for manufacturing a thin film transistor according to any one of claims 12
to 20, wherein in the heating step, the silicon-based semiconductor layer that has been formed

into an amorphous layer is crystallized.

22. Any array substrate comprising the thin film transistor according to any one of claims 1

to 11 and a substrate, wherein the thin film transistor is disposed on the substrate.

23. An image display device comprising the thin film transistor according to any one of

claims 1 to 11 as a pixel switching element.
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