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invention relates generally to manuf actwmmm‘mmwm nduct or devi ces)
particularly highly mniaturized sem co es having ultra-shall ow
junction depths. BACKGROUND ART The senucondssedsor manufacturing techni ques
undergo constant chall enges as design features continue to plunge deeper
into the subY®e¥a44 egi me, as in fabricating devices h&OTH§p2a082fesi gn rul e

of about 0.12 micron and under. The accurate formation of ultra-shallow
junction depths (X~) haXRhEREAJORBHEIZING IMPLANTAZRON; fj ci ent manner poses a
particul arly chal I'engi ng probl em Preanorphi zation techni ques, as by ion

i mpl ant i ng TECHNICALFIER) ) or gerrmanium (Ge), to define the contours of

sourcel drai n 1 exgi g ilEniONreldidd ghkPdN AR InankutBdRki R Mdohdldior doicks, @@y hiagy have been

el oyed ¢ Qb BAlA G BANDEL LRSS AbaANkeduce transTent enhanced

di ffusion , to reduce e activation tenperature. Such

pr eanor phi zati on SPE technl gues, however, are not w thout disadvant ageous
conmsequenc BACKGRAUNR i mpl anted Si and Ge ions tend to mi grate beyond
t he i ntended sdlh¢se:e¢oehua¢rm1anu®g¢rwschrﬁcss widérgorggpstannchylleraes as design Ehtgescantnut 0 as

i mpl ant at i @plusgt dea@Ght@nhe subickon ¥, Ese.at&lwu@aaxcdawvingae&galmiewabwnizn@mi.t

extrenely SHdEJdL-rCHL Lo (RG] oF Alaendl& ,Ln@t%n bRy AR PN SR Qneeéffél'é.ﬁ
extenS|ons% design rules plunge into the deep

sub- ni cr on™"&H ‘43“‘Eaﬁ'cu?a\éyhciq'ﬁrgl"g?r%}fmt h) i e distance between junctions
across the chanffarerhizajes ‘(fé'g‘l“&ss“é’yd?“l ipignting siifonEsT grrmaniyay Belcig |defiog e as t he
channel | errgtbdns df surcegichingezipnst pooradivpent idil@@iommd anneatiig thave Mart amplated waadicathe oNs | n
junction penrnlindiectiiid ke tra@iSnt WriRdnbed biff DB TED)) afid 18 ¥GHufelitd BOAG QGBI sicender i t
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sem conducvlwshﬂllevysewce@nmtmldnmz.édovtﬁm}de | ayer which constitutes the "body"

of the transi staslihe ddsign SiekCungd@lto 1BCIEpGdSnicrdn Mddgel e byianfieh BaEthSi.el, Histdnktabiwéicher e i s no
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i sol ati on pmssteaxsieibite datigagrobdemy! oyi ng an SO substrate, certain electrical N
el ements of t he&osinighblistiicodaniniRoPdEOI) tybed BEabsed0 8¢ evoR@ehd REicallf kapaby reduci ng
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what is retieiidcathe biiehés clober @ink\GbrebyO6lciR itk @6 Lif. sOIRAktE LR Lne didaniig@kES A
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transi ent bi fe can occur rasit ar transi stor
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devi ces havi ng Taac ek, aboweved, tdisadvaiagt |atwdagt Lupot erdpging BOEs@siaks & @xicattng a need:
for ef Il Ci @RfontiRbNUOG AGMablcQisfaRMde & Mhalis BRHAE Q)QH@bbﬁﬂgQBdtyd@e%(té"Cﬁo'?exWJ itngfl t
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met hod of ffuf acturing a sem conductor device haV| ng an SO structure with
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+Addi'ti onal advantages and other features of the present invention will be
set forth in the description which follows and, in part, wll becomg MAY 200
apparent to those having ordinary skill in the art upon exam nation of the
following or may be 1earned fromthe practice of the present invention. The
advant ages of the present invention may be realized and obtained as
particularly pointed out in the appended clains. According to the present

i nvention, tWofig8eigoi ng and ot her advant ages are achi ®¢&¥si2nospart by a

met hod of nmanufacturing a sem conductor device, the nmethod conprising:
fornmng a B‘SFPWE&W-TF%MWW (SO) structure comprising: a lower silicon
substrate; a -bumnadehtageefid reescntigyenticnisameited of hppufasyiing p yepticenduciarigvi hevinpmer | ayer
of cryst al so1aectré WithGAtedMathddyieMsil at i ng | ayer; ion inplanting xenon (Xe)

into the upper sSimet &OMRialedY BE prkstht iinlidn s ALRE BN Sach B il b 1aBlice X 1 €ndi ng
froman upper, surface. Levard. the burded Lnsylablng ayer: 1on inplanting
dopant inpurities to Form sourcel drain ext ensi on | n‘ﬁl ants and sourcel drain
i mpl ants; and At pdijrages and oy Patres o€ raprseVneBigr wll/be ek foRP BT d9EPBhs and
sour ce/ dr awichfeigprsemisin pagndll teqymeapgasitad thopehaving prdinagnsigH in e ersupenegpmrtion gEtipodi nent s
of the premming bitseitlidaea 160 IPpricieR off tRpRAeR Grvedion STk adSdnlagE btk Gresédt fnfentddn Si | | CON
oxi de buri ggd yi Raibkh & bihed RAYaRcdiart] bk ST AMpheisda Kems@t an i npl antati on dosage
of about 1 x10 to Iam ation eneray of about

aboyt Sx10~4. 1 ons/cn? n i
T eV to about ATERREYe e Bt B B s fuafu Al MBS IR, 0
anneal i ng tranmfataigreenitqidugior divicn e fthod eypenising; foeping g filiggr ppcinsulator (SOD spsieit  550C t o
about 600Gemprising @ toiver aiticon LesupteseYurikd insutptingleye prsthegebstragaad an uipper layey o coyesdlie ai n
regi ons, asidod @ tHe@GNAGGT 1@kt o BrpadiBy f3kv0 (P&) 1B Qe QFpse slictd SaPdl 1dXYrmX4e arhdBious
i mpl ant at i QRon FREROLRRE krom H uphdd Surlle Qar tine| bRNE THadiAF) 1hyeS liod Gpahédf Mhp@ t he
sour ce dr aj ., 64 E03! N2 RE L@luet ol Il Bk ARS RRHE GELALALT, LEGL Qs and al so
i ncl ude revaai)[ e spacer lfec'h_nl q,ﬂes erern fhe™sour ce drain regrons are
formed pri ¥FeqEineHRs O OBFHRR BB EHETEITE e MBI tEFESspect of the present
invention is a Embdimees obfhe preseny ireention pamprige farming i ¥ eberere with aghdigdn oxide bprdsd et hod
Cconpr i si Nginsufating Vayediidadmpgeting B&at BiSiepRME06 Ibssde ohfoue B sl md dbaut x40 Obnse€ ma@inn di mer
(Xe2' ~; i NppRitub\Qerky @ aBSRZ Kevi D06 KNS LEMbbAnRRs SIEHY FQRRHIhRA covpfast rate to
form an anpeLAQUs, LEGLAR of RS ol vl Bl dsFR) AN Lhd\ssHERARbw IBRLI] ki 1ntO the
anor phous reqi 5(1 {0 Tormsource/draln extensi ons and squrce drai n inplants;
and anneal FHEHS SHREPT AP eHECCULPLET ¢ 4 FrEL R HOPBHS MECSH Y &8 8r ai n
regi ons, atfulaggorr gRmpboditpeats pf theoprestib ingerisp inlerlg Joriniagy the prurctistiroesiensiopst esiori tac| ude
anal yzi ng @mfiigts tounéairdinoegioloadalsa ncludg eheete spuek ehagubsrvaatin thgpolrdadraiXegons beam ,
t her ef r om aehadiibRNtSortudil@eRbRSENt i nvention conprise ion inplanting the

Xez" into a s uQ%&tl(eﬁLsgcbt J:f Gxg’ LrUs%rit %@enﬁ)qfn ipaLJI‘LEIﬁI()é j)fl nlag Qa&ﬁrﬂpgise%ar;’d;ﬁc%{)?gegfée@ hgisl) Orl\gd by

pr eanor phi ze regions prior to ion Inplanti opan [

Bnneal i ng SR4 SRETRIE SR F PSRBT BBEe Pl L At BB s of ¢ he
present i nPEAEYEHnRIMGIRIuLRs subsRe (P o[ 2 ARHOReys IRRIgR thefeipjticy implagting fopast impugidss
substrat e fonthermgphasBeiphofagn smegiain extelisipvs andodcedeip infplamo aga@edisgno &cthatm about
250k e. g.) i Quralfidtxchfls dh®sodddQidih redird/And trbrelsdnitee dmiodpibudggion.our ce/ drai n

extensi ons and il | Dhab 591, by Real B4 AL A NOf, At @
SRR i st bl UL,

fl
t enper at ur f ut 500 abouf C.. I ong!, advant ages .
b ooent. | nUBHTPP SO TR H e BE PR 0 s APOAe P X B AR PRI (e ar
from t he fBistie &Yy SAEHbMTAcE & PHaRPhiF egop PrioniHey B RIatng depan mawtiessfolgpeddhe present
i nvent i on anwling @3 Cempdract, of HpurfiD g tdapouni§°COoEmbodithans bt pieom inpdntich anpive ®h  nDde
cont enpl at egadity xecaid dydul Giliddd fubstdRLfodhing Sdiphout iBH@NKakiRY b defiBnopkebtbr taLabbRal | zed,
_t he pr esendspk Q}é?gtaboqnobﬁto %RQMA?anQIhen%rmE so@r@e%ragll ef(tzn@irmg md s&@/@rq}n g%g}lg s) and
its several, det ald.l s are cialabl e of bgt bb AY 4004 VO 03/ U1284
PCT/ US021 183 Rt 1 B e b s L8P0 TP SSHUbue Cr espect s) al | wi t hout
departing fromAdfidonahpdianiases of ity presert ingrrtion will desprer rpadjly ppparerinie tate kiR dheamd ‘
dcscri pti aforethedoliowindxitaited dperriplied wideinieibodi®énrs af theypesentimvengdnlare@gscridedchinplytby as
restricti Vveay oBilstabonQRREk 0t Snfplacd XM INESa: td pikSent iskediéh QLGN bedeaBiedi@EaL | Cal | Yy
i | 1ust rat e, seaucnhd.al ;agia@so%hé?fandamﬁahzh%ﬂmﬁ nté”.‘%gdpil;sdj@\{gﬁlede i e BasRrEpOdi ment
of the present invention. Figs. 5 an schematically r1llTustrate sequenti al
phases of a nethod in accordance wth,another enbodi ment of the present
invention. Fig. 7 schematically illustrates an ion inplantation apparatus
suitable for use in enbodinments of the present invention. DESCRIPTI ON OF
THE | NVENTI ON The present invention provides enabling nethodol ogy for
fabricating sem conductor devices having well defined ultra-shall ow
junctions by significantly reducing vertical and |ateral straggle)
particularly in sem conductor devices having an SO substrate. The present
invention al so provides efficient nethodology for fabricating sem conductor
devi ces having well defined ultra-shallow junctions using Xe ion
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+A nmethod in accordance with an enbodi ment with the present invention is

schematically illustrated in Figs. 1 through 4 wherein simlar feauMgs200k
el enents are denoted by simlar reference nunerals. An SO substrate 101 is
formed conprising substrate 10, buried insulation |ayer 11, such as silicon
oxi de, and an upper 3 2 4 MAY Z004 WO 03/012834 PCT/ US02/ 10827
crystalline silicon |layer 12, The upper silicon layer 12 typically has a

t hi ckness ofW@p@us44 00 A to about 1000A. A gate el ect r ®d®&U302/14827 f or med on
the upper silicon layer 12 with, a gate insulating |ayer 13 therebetween.
As i1 ust r ZPEHPeH "FY%".“S ‘Ib‘,"°“§<§SPF°8n"“iWH%’F‘a"ﬁ‘F%t‘Egi i "i"é’“"%&‘r\‘& e LY P B&ror phi ze
an upper péryitedind defcripiopaeerio b redrdedm ilkstgriag in mpre chardpat 28 wstrigliver oj ecti on dept h

form ng an anor phous region 12A on each side of gate el ectrode 14.

Enbodi nent SREF DESERIDFION BRAPRAWINGAt | on i ncl ude preanor phi zi ng the upper
siljcon layer Iegst @rofgh@&pdrdatichl]y illusiracddqdential pHNOIOF £mehod in aidddiice Bith 2 0 300A, as
well as dowhhodifenfUitid Skniidatidnat i Ng | ayer 11, Subsequently, ion inplantation
of a dopant spagles. 3 GONAUR' fillreSHEN:R a0 ol 1URS HOPAR Wi oner A7 SENI ©
or phosphorus) &as |Tfusf,ra,ed y arrows 5‘5’. yplca Iy3 such i on

i mpl ant at i G EC ORI EYU™ an i npl ant ati on dosage of about Lxl O- to about
SxI O~ i ons/ cndiied? shemptisglly dipstrei¢sianiqn mlantatjon apfaragbhwitable RO e @\dmbodimerispfithe 10 KeV,
to form shaksouwesdnr ce/ drain extension inplants. Annealing is then
conducted, as at,a tenperature of about 500C to about 650C) e.g., about
5S0C t 0o abosscrGGRN, ortrae ;wvENNG € sour ce/ drai n extensions 21 and

recrystal | i ze afD5RRAMNSibRVRE Savkfehethobily fRtabriating sBcoRRAls: BRI hAh €Xt ensi on
21 extend fwru%gx] %%ﬁa-sulgtv%c%o ?% BRSSOl 2N S 1;\]5) eGPt h of about
50A to abolf SO EiBELGTER f? S Hewaly spacer & S0FEaE Y8 ed on the side
surfaces ofemjHdwtopieres Py & SPhyuoslte- The@Ri ineriap gso providespigiapehoddppi Per s 30 can
conpri se afibricpingemitangvgjordevices having welj defibed alisa-shillpy juesronpusingiXe igrimplantitioson ni t ri de.
Xe ion i npbanitaly bydsh ikBanibg 8,1 TRERAM @by fultr frévidésGah@blody yna@ingtWs 30, to form
anor phous  k&hiensSmidodddcis ddvieds Brihing MSOLEYsHhle MeksighlaRl) SdaRBNTontifg bodyeffehs, X€
mpLantati on cag, B PRLLA Bl MRAR hiG GO0k R RY &N SRl sdlipe! osed
Wth respect to g 1. _Jbse ﬂ_ently, s, 1lTustrated 1n Frg, 51 Ton

i npl ant at i WS bﬁﬁ'f%ml'@t’%d’," implanigtigfor EEREPhiERonpripr AR the ol BN R LU ce/ drai n
i mpl ant's, & EeuEseticin regigns jmotikepyn Hidt wrdinn Hawsagels oflievadtti the pompgaion ¢f highout Sx| O-
i onsl cn2 amohiamcighngpd amgd iatid sga foeXevisghyvis@kmenls Ot as 10 e N, indthabik 1601 de V.

Anneal i ng keticl RREkeCERNE 64iHEuGDant Activaddn add X RETRBN A ke Fe&ysQfiizc8 RO sHRennbQo about

65dC, to agtj, viﬂsaﬁy FOHEE & s FhiRloly LAY RASe gq%y aRds Lok BE LYSER ke GuRAPT PROUS

regi ons 12B. lT e Hse o[d Xe%‘J on | rTP| antation tor preanorphization In

fabri cati n§ LM EOHEUE BPEHLPI VIR U SO structure advant ageously
elimnates or S"YMirEHCH e Pigsent conpdse dnplapipg X iagy insoererss ?f!é@'!i@,'aytfr?g?"eﬁy

i mprovi ng deuyre@mprigihg @dobsiratet baried|inguldtitgSayervinb ds sifemtoxid, brid Ste upptragstallive feyegs. 1
through 4, mtrbeg, & Qrtknioephict! e ipe XN SalyddN Seqadn@ul foRibEFhaddhd ME aknhiifzo iR t he
sour ce/ dr Abdddubbadb R the SRWRNG Extendidis 2l ﬁch%f'aintr&ﬁnsvuﬁﬁ%g lsiQeWal%RQ@Anluﬂgate .
tenperat ur gecmle C{Idv%grlouge ac%%}{(%qgna eoaytesrgyi neirr;rxpll n(t)a%ieq: n]c Oro ngot%!aént lac Ilvat i on due
to Xe ion [APrantation. & FemVaniEe S pact P Mt e e Can e ey B ed to
form t he sBURERIESF %P4y 3G0EG? B 6391G Hird-vis Gonpsationd! A vetiqtdempesesrres of WruaOCex t ensi ons.
Such an entbodil.fa9 Arcgrdigahhanireimeed! thy presént ingttiominabde forming thejurcefirapaxiendions wher ei n
simlar fesdotfeerdidinghetdutcadaiabogpa®ent s are denoted by similar reference
nuneral s) as argpldemebaiBibe. ARtk %t.wfaﬁ,ingmyggm%oaem,@ugsm dle Jpptf OUgh 4.

Adverting to Fig.. 5, an SQ _structure. . tQ5 1S med conprising substrate
10, bur | oAU UET % Py S0t bt on iy &€ Gpoe OF pegalet BYE: 12
Gat e el ect feya the furiedinsplgingavar. 5 bripn impigiing Xe gt prf igjagtation gespee prabop(! A0 4 ahat o

i nsul at i ng5k @y @nsch3ant némpivaion@esy.of Spud kel ab@PATESVSe.gl Bhoa@KelVinabouf 10¢ med on

thé side susfaces of gate eiectrode 14 and gate insulating |ayer 13. Xe ion
ayer 12 dgwn, Cors i SARARELE Y LloARRAPLE RubERlART 3 codRRG G O 12

si dewal | s%ésblth?uéfg)thr%T T"'_(')"@fe'!aﬂ 5y % °‘(ifr"1“_’"gr?f§%§‘ﬁ't°%?yi sﬁ'ﬁl”trggg‘f)er"r‘ﬁ“esr%sur'\ (':'3?)& ain

i npl ant's afBFUHhiOhis S¥pre samprisige subpisatedf. buried insyjstiop lyer) Hesughras dlisenprids o0 & wPRsT about
650C, to formsourceldrain regions 163 Subsequently) sidewall spacers 15
are renoved, as illustrated in Fig. 6, Xe ion inplantation is again
conducted to form upper anorphous regions in upper silicon |layer 12 down to
a projection depth foll owed by dopant ion inplantation to form source/drain
extension inplants, Enbodinents of the present invention include 4 2 4
MAY 2004 WO 03/0128: 14 PCT/ US02/ 10827 form ng the anorphous regions to a
depth up to about 400A, e.g., about SOA to about 300A, as well as down to
buried insulating Layer I 1. Annealing is then conducted) as at a
tenperature of about 500C to about 650C, to activate sourceldrain
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+2 4'MAY 2004 WO 031012844 PCT/ US02/ 10827 In accordance with the enbodi nents
of the present invention) the full spectrum generated froma Xe sou? &MAYJ00k
nost distinctly obtained by operating the extraction voltage at relatively
| ow val ues of about 10 KeV to about 50 KaV or |ower. The substrate 88 shown
in Fig, 7 can be any type of conventional substrate) including a bulk
silicon substrate. The sequence of anorphizing a bulk silicon substrate
enpl oyi ng Xexo b3/oatseh f or mati on of source/ drai n ext ensi d’ﬁfglUéﬁt!ﬂﬁﬂ'égi ons can
paral l el the sequence illustrated in Fig rough 4 or seq ence

i |1 ustrat e@yafineiligns layer, 12, Ihq ugger siiigon ?ﬁbﬁl‘yd'cﬂ har“‘ é@'ﬁ it %é‘?ff"t ok '°fbﬁ‘é strate 88
shown i n FiAgate glectedni4ay fommedya thgrypp8QIlicog fayqn ¢ withea, Bﬂ“aﬂﬂ‘ﬂ"ﬁé?yeXé"‘zlhmb?t‘UPF As

i mpl ant at i anga@nfERiOY, &elionimplhai@Syeadicted 0 ptdmerpriogpenmnion df bipa sitidoaiyed2i n Fi gs.

1 through éov@xrbda ptoglgmreﬂapg}n{@ ahs anJon*oh@ngoﬁ-tﬁdm kddh chk Bate 5ec@dagl4bEuﬂﬁme§
conduct ed E{TP Oe¥ent I%enuon mchde pream?rphnp%jg% Wgcr ngﬁn I%(y%! 12 t(i J &)’.h uplTB) abms( 4&5\' al OV\I?F

i npl antati on €n

i npl ant at i 6‘?‘?"‘5%‘?’Ppgé“’t‘}‘ﬂé“ﬁdﬁﬁ‘l‘%1‘?‘ﬁ' irlsiretaetlyy i s d| Vi ded bet ween tvvo i ons.
Accordi ngly) i rfubseaeatmoionihplaniatiay obardprags jiqirgis sondietgd.such apan Netypedogapt, of- aidout 1 KeV
t o about 2Q0phisedrug aniatie® byl £6wsi 20.etygic@fPich e tplarkdtien i EdGEEt at biv@ataiiodn enabl es

the manuf aglout & .l lﬁ@%mm%m :!mY/angﬁYﬂ nﬁﬁeﬁxtaﬁﬁ\:’de@ﬂof%utwev§>taSoUtQ§ KivioWi th
virtual | y r? orm s?stalla»(‘; %@rce/ ram cafa'lSan lmgamlél E neaﬁnﬁ lsq}xe([l cogiuct?e(aCLYatg %gzra u%)of a%gSOq_"ﬁcur at el y

positioned a e present
i nvention & %t E?P&vf Heaé’“éfsf’ P age St H?)?f&‘laiﬁgj‘ii""f’ﬁ?‘“ ?"8Psfﬁ'sn’d “&dc'(ﬁﬁs‘é‘{"él

posi t i oned amawhoud fegienm Ao Bixpigaliydhg sauesy/digineeiiensiendd! exiend fonmdghejsyifads of uppesilicqndayey

subst r at es ihavacpgofautddX b e @bl ow j uncti on, such as | ess than about 400D,

e.g.) no great eﬂ’ubsgqhé’i\ﬁ& ﬁ&@@dﬂtspa&ﬁgﬂare & oh’t‘-ﬁ@sm@ﬁurf%& of g’@tgelbcﬁmlle WJ&%MQE‘F@ or
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tV. U, W' mdgretic 74. A mechanical obstruction within analyzer magnet 74 blocks all ions with trajectories that do not

have the proper curvature to pass through the exit end of analyzing magneﬁé 74. Therefore, only the desired
jons (Xe,*) exit analyzing magnetic 74 to form analyzed ion beam 86.

Upon entering aperture 87, analyzed ion beam 86 is accelerated by accelerator to 76 and directed
toward end station 78. It should be recognized that commercial ion implantation systems typically include
additional focusing systems to properly focus the beam after the beam exits accelerator 76. It should also be
recognized that many different types of end station configurations are possible, depending upon the particular
beam accurent capable of the ion implantation system,

Although initially accelerated by extraction electrode 81, ions can be further accelerated by accelerator
76 1o a specified energy level depending upon the desired implantation depth. Typically extraction voltages for
Xe;" range from about 10 KeV to about 80 KeV, ¢.g., about 20 KeV to about 50 KeV.

: In performing ion implantation, a substrate, such as a bulk silicon substrate 88, is placed within end
station 78 in alignment with analyzed ion beam 86. Prior to actual jon implantation, end station 78 is evacuated
s to remove ambient gases from the vicinity of silicon substrate 88. During Xe,* implantation, the analyzed ion
beam 86 exits through aperture 89 in electrode 84. Aperture 89 allows gaseous communication between end

station 78 accelerator 76,




+2 4 MAY 2004 7, A noetbod according to cdaiear ~6, ~fierein the io?éﬁﬁ?%ﬂk

consisting essentially of Xe~+is provided hy: extracting a ~tst Xe
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conpr i si r]g}unc ion, such as less than about 400A, e.g., no greater than abou 250A. The use of Xe ion implantation for

preamorphization enables superior activation of dopant impurities, thereby enhancing device liability and
improving wafer-to-wafer uniformity.

The present invention enjoys industrial applicability in the fabrication of various types of
semiconductor devices. The present invention is particularly applicable to manufacturing semiconductor devices
having submicron features.

In the previous description, numerous specific details are set forth, such as specific materials, structures,
chemicals, processes, efc., to provide a better understanding of the present invention. However, the present
invention can be practiced without resorting to the details specifically set forth. In other instances, well known
processing and materials have not been described in detail in order not to unnecessarily obscure the present
invention.

Only the preferred embodiment of the present invention and but a few examples of its versatility are
shown and described in the present disclosure. It is to be understood that the present invention is capable of use
in various other combinations and environments and is capable of changes or modifications within the scope of

the inventive concept as disclosed herein.



-farmng a gate el ectrode (14) over an upper surface of the substrate (1.0)
with a gate insulating |ayer (13) therebetween; formng sidewal | spaédt¥ 2k
S) on the side surfaces of the gate electrode; 10 inplanting the dopant
io~a i~lpa~ities into the anorphous regioa to form spaced apart
source/drain inplants; annealing to activate the source/drsmregions a~ad
recrystallise the anorphous regions; renoving the si-dewaU spacers; 3S
inplanting the Xei into the substrate to anorphi ze regi ons between sfde

surfaces of the gate el ectrode and sourceldrain regions; . innplanting the
dopant innpuritie's into the anorphi z$d regions to form sourcel drain
extension inp . and annealing at a tenperate of about 500C to about
650C to acti e 20 ~ source/dsai n extensi ons and to recrystal lise the
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ca >>>7? then implanting xenon ions (15) into the upper silicon layer to (12) form an
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?{ ﬁ? \\'p]]]1]1~(_}_ then implagiing dopagt ign dmpuritips |(20) ‘o, form souges/dpin exteasien] ca] cal cal ¢ a

U c "alc "aUlmpialsc aUjc ajc aUc aJjc aJc *a Uc "alc

na] cMa] ca] cal] calfsalcakilLal aaivies abliea beaklge igalbsalhy apghsbdddef f{ff o\

hh1i
Egg?ngngrmﬂ :NII‘ n@ﬁ%@ﬁ’]‘éﬁeﬁf%ﬂ’%ﬁﬂf’&gf@m ca] ca] caV] ca] ca] ca] ca] ca] ca] ¢
15

then implanting xenon jons (30) into the upper silicon layer to form an
" amorphous region (12B) therein extendmg from the upper surface toward the buried
insulating layer (11);

then implanting dopant ion impurities (40) to form source/drain implants
separately from the said implanting of dopant ion impurities (20) to form the

20 source/drain extension implants; and
then annealing to activate source/drain regions (41) and to recrystallize the
-amorphous region (12B).
2. " A method according to claim 1, wherein the xenon ious (15, 30) are implanted
25 at an implantation dosage of about 1 x 10" to about 5 x 10" jons/cm® and an

implantation energy of about 3 KeV to about ISO'Ke"/; and
the annealing is performed at a temperature of about 500°C to about 650°C to
activate the source/drain extensions (21) and the source/drain regions (41), and to
vecrystallize the amorphous regious {124, 12B).
30
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a gate electrode (14) is formed over the upper silicon layer (12) with a gate
insulating layer (13) therebetween; and
5 sidewall spacers (30) are formed on side surfaces of the pate electrode (14)
after forming the source/drain extensions (21) and before implanting the xenon ions
(30) to form the amorphous region (12B) in the upper silicon layer adjacent the

source/drain extensions (21).

10 4. A method according to claim 1, wherein
a gate electrode (14) is formed over the upper silicon layer (12) with a gate
insulating layer (13) therebetween; and sidewall spacers (15) are formed on side
surfaces of the gate electrode (14) before implanting the dopant impurities (40) into
_ the amorphous region (12B) of the upper silicon layer to form the source/dmm
15 implants;
the sidewall spacers (15) bsing removed before implanting the xenon ions (15)
into the upper silicon layer to form the amorphous region (12A) and implanting the
dopant impurities (20) to form the source/drain extension implants, ‘

- 20 s. ' A method according to claim 1 wherein the xenon ions comprise an jon beam

consisting essentially of xenon dimer Xe,",

6. A method of manufacturing a semiconductor device, the method comprising:
providing an ion beam consisting essentially of xenon dimer Xe,";
25 then implanting the Xe," into a crystalline semiconductor substrate (10)-to
amorphize a region (124, 12B) therein;
then implanting a dopant ion impurity (20, 40) into the amorphous region to
form source/drain extension implants and source/drain implants; and
then amcealing 1o activate the source/drain extensions and source/drain

30 regions, and 1o recrystallise the amorphous region.
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annealing at a temperature of about 500°C to about 650°C to activate the
source/drain extensions and source/drain regions and to recrystallize the amorphous

10 region.

8. A method according to claim 6, wherein:
the Xe," is implanted into the crystalline substrate to form amorphous regions
extending from an upper surface of the substrate to a depth no greater than about

15 4004;
the dopant impurities are implanted into-the amorphized regions to form the

source/drain implants; and
annealing is performed at a temperature of about 500°C to about 650°C to

activate the source/drain extensions.

20
9. A method according to claim 6, further comprising forming a gate electrode
(14) over an upper surface of the substrate (10) with a gate insulating layer (13)
therebetween;
implanting the dopant ion impurities into the amorphous region to form the
25 source/drain extension implants; . _
annealing to activate the source/drain extensions and to recrystailise the
amorphous regien;
forming sidewall spacers (30) on side surfaces of the gate electrode over the
source/drain extension;
30 imeplanting the Xe;™ to fonm an amorphony region adjacent the source/drain
sxtenaion:: '
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fonmng sidewall spacers (15) on the side surfaces of the gate elecirode;
0] implanting the dopant ion impurities into the amorphous region to form spaced
apart source/drain implants;

annealing to activate the source/drain regions and recrystallise the amorphous
regions;
removing the sidewall spacers;
15 implanting the Xe;" into the substrate to amorphize regions between side
surfaces of the gate elecu'ode and source/drain regxons,
implanting the dopant impurities into the amorphized regions to form
source/dirain extension implants; and
annealing at a temperature of about 500°C to about 650°C to acﬁvate the
20 - source/drain extensions and to recrystallise the amorphous regions.
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