METHOD FOR FORM NG A SHALLOW JUNCTI ON REG ON USI NG
DEFECT ENG NEERI NG AND LASER ANNEALI NG TECHNI CAL

FI ELD [ 0001] This invention relates, generally, to the
fabrication of netal -oxide- sem conductor (M)

devi ces and, nore particularly, to the formati on of
shall ow junctions in the source and drain regions of

el et

el ectrode that overlies the substrate. A channel
TECHRREANFIEShdes in the substrate bel ow the gate

el ectrode and between the source and drain regions.
[0001]}h oFhisinveotior celaeshgenerbby,tto tme fabrieatioroof inetab-oiide-

.channel i on, source and drain extensi on [egions
semiahelUeir (MOS) feviasd and, IQUR BRRISUIF g o BedRTmaiqrhel Sheflow
junctiohs ihhedduecebRg tFAfl egidfs afRMDSHrahdistopsiuce hot

el ectron injection, the extension regions need to
BACK@ROWNDery | ow dopant concentration and a very

shallow junction in the crystalline substrate. This
[0002)s MEsiramsistorsniypicalininchudedsouirescand deais regiens wonelysiaine

somidghgh i UpEH ka5 AR ol gk oUEARIT ROPLIARL.
chanseluegienassidés & theesubstrateomelowghe gatenelectréde arad betveen the
sour V% qéq%\évhgeogmpan_t_ HE%?&%&%{;%&G%] hgﬁ#o%ig%hgﬁ into the channel

regiof O§1REé BAY idPAIn @ktdrRfrSRdidHR 8 Fordic adj8xdrtNBé @Rannel region on
ions tend to increasé the electrical resistance,

re
either $iglg of) thregate fgcjrodec rlcaademyately redipedwot giretpndnjection, the
oxteri SBGTEBIAD e 4\ B SBpdie e nd B ugpisrgton
junctibham thenarystatline substatearihis srespepally irnpordamttasadevice dimensions

.whi ch_not un i.rably increasing the electrical
contif i oot SUSRRARS hanhiiaybebostapetalit Ang sTepla
[0003{ SCIORREtiEN BREGRRIY, Hhe soMirds iand digiRatensibrPredions need to have a
pol ysilicon gate structure by first blanket depositi n?ow

very lgw cengeniretian] Ascthe slewicetdimensigns shamk, dvowever, the
i Li , n_for.
copafPLoehl B OPN BA 4T Bl By RRER BUER o pE ergpee

electrival redistanty, tbhasiandesitabty idomasingtthe souraef arsbdraihser@sresistance
in the MOS transistor. It is therefore desirable to form shallow extension regions that
have the necessary low dopant concentration, which not undesirably increasing the
electrical resistance.

[0004] U.S. Pat. No. 5,966,605 to Ishida discloses a method for infusing dopant into
a polysilicon gate structure by first blanket depositing a dopant enriched layer over the
wafer after the polysilicon gate structure has been formed. Laser irradiation is then
applied to melt the polysilicon and thereby causing the dopant to be infused therein.

The laser energy is not sufficient to melt and cause dopant infusion into the source/drain

regions.



The [ aser energy is not sufficient to nelt and cause
dopant infusion into the source/drain regions. |
[0005] U.S. Pat. No. 6,372,585 to Yu discloses that
nitrogen, inplanted into silicon can be induced to
bond within the silicon by pul sed |aser annealing.
[0006] U S. Pat. No. 6 319 761 to Zhang et.a

di scl oses that anneal %

[0005],r WS ki No+G 3T oRE5 1 T4 disriases harnigger impianiedinto silicon
can t ihabced t@dﬁnﬂg&%%& b} Bals8Biastt HABalidd007] U S

ong, ., assigned to the
[0006) eslerd. RetsiNgr;879,761 sa Zhaeg, et airHilmhoisefsdhat annealing of ion

ol R RE A A Yea R et 'ag%tf'ﬁ%%ﬁt"é‘?%%y B"ﬁ‘v énd repairs
mplaﬁh@&bﬁé@bed regions by ion inplantation of GCe, or
depositin refractory netal |ayer, and

[0007h, U S Hate o s 365,876 40 oD opicalt APBIaRRd & thasirgpent assignee,
dlsclés%\éec{ melti ﬁ?gfnﬂma?l%g%lﬁlz%rﬁrﬂﬁg{@ﬁﬁdﬁ%ﬂté& lr%ﬁ?r&%ﬁg& d5&'ce/drain

rradi ation, causi opant atons to
reglods by firstuamorphizing thaedesignategiregiens By igrhiengamtation okGe, As, or Ar,

the refractor eacts tht urf ces .of
next §spsifid & FenlominaieLiaRr g he L oAt e Gifiard G Bfouan =
metaBlayee€i Tiee aﬁbﬁpﬁ@éd ﬁé@;lmr@%dﬁ alghteti @i |a8sr ifrB@iation, causing the
recrystallize to form active source/drain el enent s,

dOPa[‘b@fQB]S torpuichgistiibytesin thgimeltgs! regionsa Atdhe samerisngy, the
refracgﬂ) }al FedUiOGRAThE ﬁpﬂéﬁ&lrﬁ%@% r(}i; IﬂTe MRItER ahﬁ)}‘ﬁ‘hltzg@ sfl€&Pregions

drain regions and t ow source/draln
to forexa @nﬂrabslbcldle e Themeliedi soeucaldiamyragimnstben Agcryshallize to form

.1 npl n ions. After dopant inplantation, a single
aCt'VT’gglér% acﬁ% a?qgmﬁg "melts these regions and caused the
[0008PPaiftrefated USS.rP4tUNS. 6/30H 13 1ttBEChongnesll., 4 PRcesgisidisclosed in

recrystallize epitaxi al l y fromthe subjacent single

which bottt theIdese SOTGRdAIN fagians: FAChihgIANGI e ISPy RS aIn BYteNsions are

amorpge R CL i P Pl R, A obBREimpliaiin, 2 single
lasertanaepk theameltesthiege exgionsiasd casel therdopaotita distribitsh After the
anneg P46 B VEL PRUPR ol RHBRY ghiR BB R BAE BB By sifor
to formThigant @dtivatedy 9en@r@nbwawpeu¢e?©n§ Wvitdsabrapt jusctionst

ermani um The anorphizing inplantation is foll owed by
[0009h¢ rddudiatgNa: 6,897,118 to Poon et al., assigned to the present assignee,

discloses a method in which shallow junctions are formed in source and drain extension

regions by first performing and amorphizing implantation using a heavy ion such as
silicon or germanium. The amorphizing implantation is followed by introducing a
dopant, such as boron, which is activated by pulse laser annealing. The annealing is
carried out just below the melting temperature of the substrate. The annealing process
results in without altering the dopant concentration profile in the substrate.

[0010] While non-melt pulse laser annealing can be carried out to substantially avoid
dopant diffusion in the substrate, less than satisfactory dopant activation can result. To

maintain optimum electrical resistance, substantial dopant activation needs to be



dopant, such as boron, which is activated by pul se
| aser annealing. The annealing is carried out just
bel ow the nelting tenperature of the substrate. The
anneal ing process results in without altering the
dopant concentration profile in the substrate. [0010]
While non-nelt pul se | aser annealing can be carried

.0 to subs antia id dopant diff S|on i.n the .
achie§iihs ARGEAINA NG SLneHLAI I Ee e e o erd Sieliowsielih faiFication

meth&@Th WRRH!substhftialBpahfhétivafibh i BERbesd. T | cal
resi stance, substantial dopant activation needs to be

T achi eved. Accordingly, a need existed for an
SUMMARoved shal | ow j uncti on fabr| cation nethod in which

ubst anti al act t |s achi ed SUMVARY
1001915 530 Bk Mot BRRE & el o Paotnings BhgIoEE i 5dion in a
crystaiitdd $@midorBgdtbOsubstaited mciudies inttd &AM firshidns into a first region of
sem conduct or substrate includes introducing first

the sybsiyate.nBybsirate vagancies are generpied i i tishiegiosyyylerthe éirst
reglor¥ ?&ﬂgﬁlb%ﬁbﬁaﬁu&?@?%ﬁﬂe' i e?nt(e':{tiﬁ‘éll §§é@:ﬁé§r‘?re\r’§@nle%té@ﬁ1 a

Irst regionr ns substantially crysta
seconditegiat of ﬂwalsubﬁieaitee§®oed gmasamtnetﬂod uced inebersécondregion of

f.1h i ed i h
the s@siralle PR i RESeRn e Salbte, ais SR At a BrRni fon
surfacPei@sirathe stdpiratee, thus creati ng a vacancy-rich

surface region in the substrate. 012] In anot her

[0012)hdnianether eabasiment. fadnemaarf@rcfabrlwr@ a sPMiconduetopeevice
|ncIud%%‘f?ﬁﬁmgoz{‘&été%‘?éctrfo@%rﬂm@\easﬁi%kg oth (;’a‘?%sftglﬁ Qm‘iéb%ductor

surface a crystalline sem condu s rate.
substrite s fFirsbiess arelmplphwdtletm a surface regidraafdhe sgbsﬂatehstﬂgethe gate

strate usi.n ate., electrode as an |
electrifg 2 & Futi e e SpEm i s rrarei f sytacg region
and nﬁtégaltmal sptibs dreejepierdtédin smﬂeeseegm JRB8 &npladtation of first ions is
ed region. The inplantation of first ions is

car ”eé‘aﬁtftuséleh Hﬂﬁt the prfageediLresmaing sebstagially qflé??ﬁ'i'ﬂ% Second ions
[ I

ore PRYARERTAURS L MBI L3 PR 4 PR RES anc o

interstiti@l speciasssi captulremm thertwnesltregloal Sviees ard drain extension

regiofiBiefoffiet lasBoht i Bef € Pledfous Pt eS0Tl process i

carrieel tecinhedktharglysiallins semigoneationgubsteatess is carried to

[001 3ainneig Iye% Qﬁotﬁtray g’rtnglocljilrr?eent,S e‘ns me%ﬁcr)]c(ij Fo?'tfglgricséltjigatars%trr?i'conductor device
includes forming an MOS device in a crystalline semiconductor substrate. The device
includes source and drain regions in the substrate that are separated by a channel
region. A gate electrode overlies the channel region and is separated therefrom by a
gate dielectric layer. Source and drain extension regions are disposed in the substrate
adjacent to the source and drain regions respectively. In the fabrication method, a
defect engineering step includes implanting first ions into a surface region of the source
and drain regions and generating substrate vacancies in the surface region. Interstitial
species are generated in buried region of the substrate. The implantation process is

carried out such that the surface region remains substantially crystalline. Second ions

3



[0013] In yet another enbodi ment, a nethod for
fabricating a sem conductor device includes formng
an MOS device in a crystalline sem conductor
substrate. The device includes source and drain
regions in the substrate that are separated by a
channel region. A gate el ectrode overlies the channe

.region and . is separated therefrom a, gate
are B Rt AR thecHEIE0 Tagion s i oceas RIEEDUR S8 o implang daask and
capt@r@tﬂé%ﬁ@ﬁs@nﬂal‘ $belcltd i YRS blidéfFregish.acent to the source
drain regl ons respectively.” In the fabrication

ineering step includes inplanting

BR|EiFi [PE{SCiRéﬁ;'QNIQf EHEJgRéE‘é'NIC%gl on of the source and

001#] 2 B S APaB0 G B B9, S BB 0 s

and cgermemé@siom Feditrid RBricgtedon aBEordBRcs WA ahadrbodif@nt of the
| antation process is carried out such that the

mver&'em ace region remains substantially crystalline.

[001 icolﬂl@ I0gstrats §in 'cFG%'s?éfcggn ! é‘EQmHB F&%gl&b%%gé R8ving already

he gate €lectro S an
unde@:mel,sevegpltfatarlaatloe istapstin aiccsmﬂaocewmhrthe baelpnocess embodiment of
, regi on. BRI EF DESCRI PTION OF THE DRAW NG [ 0014] FIG 1
'”Ve’\t'sﬁum rates, in cross-section, an MOS transi stor that

[0016]C| FIdE B iB@3tF£6s, |ﬁlﬁﬁbs§fsﬁcﬂoﬁxé g8RcPENgiRBMPstep in accordance
fabricated i n accordance with an enbodi ment” of the

with thgespRediment oiths jinyantion in whialistarae@arphizing ion lmplantatlon is
carné‘n{&fts section, a sem conductor substrate having

r eady under gone several fabrication steps in
[001ZL c of Iarcie amlbhllmsteatmgetheicmaesa oé wbcahciesnandinterstitials in a

erystalfi€ Belinebior Shiestrath foliawindi s Pieiditelieh sige dlustatashipd G, 3
[0018} t FFIN& g6 ot va&aﬁdyecdrwéﬁﬁéu&nvé@u%ésﬂh illustrating the

non-anor phi zing ion inplantation is carried out;
deptt] profitg ofryacanaiep §r%at9d by diffarest Ipaﬂmﬁ@ntaﬁ@nm@dttlpoa cafried in
accorBRBE Kithsy gs e Hsadfsthé Ww@ntl%ys.t alline
semcondu or su straefoll e i nplantation
[0018) epFIiA. [6us tar @bestsectionalGrie®, |Ilu§ttﬂﬂ|h§]th§fcﬁmetﬁoh$>f gopicetand drain

exterii FegIgS N B BPABC O M ECHHEP S Al B BYSTY cr ont
[0020°N FleRI7a Mg HtENtHeC BstraNsf Fd. 16 @fidrdbing non-melt laser annealing
in accordance with an embodiment of the invention;

[0021] FIG. 8 is a comparison plot of sheet resistance versus pulse count illustrating
a comparison of sheet resistance and dopant activation for substrates processed in
accordance with an embodiment of the invention and in accordance with the prior art;
and

[0022] FIG. 9 illustrates, in cross-section, continued processing of the substrate
ilustrated in FIG. 6 with the formation of sidewall spacers in preparation for silicide

formation in accordance with an embodiment of the invention.



accordance wi th vari ous enbodi nents of the invention;
[0019] FIG 6 is a cross-sectional view illustrating
the formati on of source and drain extension regions
i n accordance with an enbodi nent of the invention;
[0020] FIG 7 illustrates the substrate of FIG 6
under goi ng non-nelt |aser annealing in accordance

DET&%B@EﬁEﬁWH@? "of sheet rosi stance versus pul se
1002426 U RN 19 oeBicf BBk aAR Ve MRS REAL T 0

orvsu rates processe
fabricmtﬂtb|ncbmoajamcehwﬂtmrealmddmmnt ofthd imeentiore MO&tramsiston10 is

accordance with the |or a 0022
formed i cvaielios semicosublarduilite LMwiidR SO AeuTAlp rgpions 14
and Telt@sRigbHA bét*eeeleétlfddés’ig éi'é?ﬁeé Bemldend et slbstRe 12 and is
formation of sidewall spacers in preparation for

separgied med%from&yreagat@rdlelactaémaﬁc ghannehregip ddiurdatlies gate
dleletlﬁfl? LA;@F gp\fﬁ Qéﬂn%ndﬁ g@t}été@e %Sé & Tér%\é lgcg%éh N&E‘e rLglon 14

i sectrona er spective
and dranarregbhdIrG 18ourtalnd damecbxtensmmmgdmsdm amd 26 aemde in
nven

f ot
semiqenEleT SHbsiate I adifoatt e Shureh teaieren cry iy Tguibss; 16,
respetfivall). SMEWA| soidefd 28 Bnd 801 N8 Posiionéd Bnlke ERIBIWSRSs of\gate
gate el ectrode 18 overlies sem conductor_ substrate 12

electr@ﬁa Ti8sandseynilie sewrce RadraBraxignsion Eagions 24 and 2bcrasppetively.

sSSP T80 E IS A BBl e BLEFLilfto 12on

overliedhemseunrcecandedraimergigaoms 144 arah di6 drespectivebi. oh siliide $egiooe36

I.and gra]i n eét gsi on regions 24 and 26 reside in
overligg GAIGRGGIPAF 18ubst rate 12 adj acent to source regions

[002414 aRcdbriance MihcdPerhBodinidti R aid MebntionSise@isaldnd drain
spacers 28 and 30 are positioned on the sidewalls of

extenginaregianscd4 k26 nckiste Wirarshallow dupctiens yserpigpAductor substrate
12. %@é‘%@?&élﬁ%ﬁing%ﬁ% 38an %%Ofr‘étdrélﬁlea fus%rﬁeé HEfele

regi ons at t e surface o
engineenng @nmﬁssdhatheranad drainextdnsont regicss Bdcandchddl to have
and

a relq?lggllyg %Geg(ﬁéﬁ anee ‘ﬁiﬂ% ggl i?/ ﬁ)l ve 1%opant sptlames gnd junction

depths (x;) on the order of about 15 nm or less. As will subsequently be described, the
defect engineering process creates a vacancy-rich surface region in which source and
drain extensions 24 and 26 are formed.

[0025] FIG. 2 illustrates, in cross-section, a portion of semiconductor substrate 12
having already undergone several steps in accordance with a process embodiment of
the invention. Source and drain regions 14 and 16 are formed in a well region 38 in
semiconductor substrate 12. Isolation regions 40 and 41 plank well region 38 at the
surface of semiconductor substrate 12. In the illustrated embodiment, isolation regions
40 and 41 are shallow trench isolation regions in which an electrically insulating material
is deposited into a lined trench within semiconductor substrate 12. A suitable dielectric
material, such as silicon nitride, and the like, is conformingly deposited in the trenches

to form liners 42 and 44. An insulating dielectric material, such as silicon oxide and the
5



[0024] In accordance with an enbodi nent of the

i nvention, source and drain extension regions 24 and
26 include ultra-shallow junctions in sen conductor
substrate 12. Source and drain junctions regions 24
and 26 are created using a defect engineering process
t hat enabl es source and drain extension regions 24 and

26 to have a relatively |ow sheet resistance with
ke, iy IATKGb APRGREPris thespatRce P ceMBeoNshGIdr SHES T 12Gst hs
planrigfye®Th k) GEGREalR/is AR 0B il hE FRnots i cemiconductor
substpate cl@s dnrepdratiomfor dioadefect endgineeningpmcesgyaceordingwbianhaspect
sour ce an drain extensigns 24 and 26 are .forned.
of the GUSfori: lisetSracPdd 8748 3n Famtaioe Mecsiau ot o2
electrolesidm conduct or substrate 12 havi ng al ready
under gone several steps in accordance with a process _
[0026Inh dBiasepidanee withonenaanect ehthednvariionaayasangyrichegirtaee region
: : I ' 1. xeqi '
50 is {bRap il tbrictnd BAEPE ol 12, s G GR0 FEEIS 3, T fogmypurtace
regiod $50pé dirdt implant stepiis satdadut imehichusdlested species are introduced into

.sem conductor, substrate 12. In the illustrated , ,
somi G R eHoo Ate i Lo TSl la 6 1Reeaties PaRE avstalie lattce
of sefnicon@lictod LIBétiN8 12ediHeNAachRced i cRiatéd BY HisidRjfing/the crystalline

insulating material is deposited into a lined trench

elemeits fiom thew latisa siies and tbis ¢raating yacancias indig kong range order of
e of B ke, TR AbrerEAUEI, A L6ple b e B Gbcation

step tbareatei vaeanci4? imadrysiallidesémponductog mditeriab.c tr accordance with
'ml%q?ﬁi al fstbch ast.si [icon oxi def a@d the 5 like, .is

one ggigquuentiol 0& IpveRtian, e AmMo[f PLYUCAS} o' QeMELHD (qrare

implaptgesinfond 8ilitdn 88fhicapldastofsuBstEate ®o Hensnatd esddnicisdl. | Those skilled
isolating bodies filling the trenches in sem conductor

in thesarhwilk aprEegiate that pihepiania sRACIeDFaN e uged depending upon the

; i | i
prt SRS O RSRNEARE Ao RoRMEA Rt Qb 12
[0027]he Buriteythiel seationyeftvacasties i theesurtace[regiv6] interstitial species are
dislo C@S{h g@g %ﬁr&t%@:eg{]ﬁg?ogﬁ%rﬁ E(gcﬁ%ﬂu ];\ge%i%?%t) nr)/ 5 %elggonq \Hﬁhin semiconductor

substfts] qpeduetQitiaftypichm) Srelfdun@ait deptstin aliestrdtd 1B1delovd the
formsurface region 50, a first inplant ste

g
suraefadierl Bl 4 FlUsiFAteR aguetadcencapiEalioss P et alideghematically
illustrafés@he FEEROATM 'éc«{agénéﬁﬁéﬁ E?‘rﬁ‘&cell?ﬁgg}f‘fs% gﬁ& eriirRddRferSitRl region

or vacancies in e crystalline
52. A vacancy concentration profile 54 shows the relatively high concentration of

vacancies near the surface of semiconductor substrate 12 and a diminishing vacancy
concentration at deeper levels within semiconductor substrate 12.

[0028] In accordance with the defect engineering aspect of the invention, a second
implantation step is carried out to introduce ions that will bond with the interstitials.
Preferably, the second species are electrically neutral and will chemically or electrically
bond with the interstitial species. Preferably, electrically neutral species including one
or more of carbon or fluorine are implanted in the semiconductor substrate 12 to capture

the interstitial species generated during the formation of vacancy-rich surface region 50.
6



of sem conductor substrate 12. The vacancies are
created by dislodging the crystalline elenents from
their lattice sites and thus creating vacancies in the
| ong range order of the crystalline lattice. Mny
different ionic species can be used in the defect
generation step to create vacancies in a crystalline
sem conductor material. In accordance with

(00290 cEhenist Inalantaton Hiabkraaies VaRRIGHS IrsAEias oW iSiFe dirtor
seml&‘?{d%wrg ‘tst%‘tﬁ 1%@{hdlﬁ?§%§fﬂldll?%ﬂ/&lﬁﬁé | £ Qther Yords, implant

em con or su ate to generate vacanci es.
condititing bmjcoritmllehdeo ar/d)ld\anhdwphqamgetheaueface a¢gion béthei subistrate. By

avoidS ?1' oD ? n e i i ari% %glngerntration can
EARIENEATAR ? gf glty $*? @
be mélﬂfﬁlmm&ﬁb%ﬁéé@%g’ @ﬁ evHien res{L@l@&? elRivdlyw itset resistance. In

creation of vacancies in the surface region,

accordanee ¥ithtqng aspesteldhe dpventignsyasagerrich SPFféC% (R9iefe 80 is created
by lmgﬁagftéﬂb % 85l etfBeh Qbé\ftﬁgﬂiﬁgtor&gitﬂﬁo erﬂs/cm ?nd an

em condaduct or substrate Interstitials |ca
implaatatiohcanedgyof alept 9 to mbsub200 ke¥. Thobeskilled hethesant Wdicrecognize
FlL G il | u trate

trat g Befuiag iribiics s erdy Ml Ay ERpEEhG Fhofithe partouiar

spemb@%t éﬂﬁuﬂ)éntéd %Ad aANS Paiticalar stystallite stegitore dGeaticorauctor
buried interstitjal region 52. A vacan

substeigl@nt rlgthgnprgy@qr]sepas\zpesmﬂg forgubstatg ?/e\%qegathlf%ﬁontrol during
the lo%qm%ﬁ’éd Br‘bc@ vacanci es near the surface of

sem conduct or u%st rate 12 and a di m ni shing vacancy
[003@]onderatccatdame awtho\wpes embaslimenist dfithe gwentiomdoe vaeancy

gene g BRI ek ool SR oUTR g bl eapire

|mpldnlmiohnt'|a¢és@nm$>ta‘?@atkﬁ1 $taps tad bewarriey mtﬁttsfeadeﬁmlllymmlth
that will bond with the interstitials. Prefera

intermediateprorasyn@ sleps. Aitemativelyy fheyagansy gergratign anaf%niatlon step
and tﬁ@%&ﬁhéb’ca&#ur@' |ﬁ|‘ﬁidn‘t§tr8n| Mep QQH "LI)eV&atrlhed Bﬁt dimuRARdd U2

specCl es erab ectri cal y neut r al Specl es
[0031]nc| fi@. rigllasteatena pllniroé veCamxa(rttmmeotraﬂwrumrsus:dapfé\ for silicon ion

oA et B G0 U o005z

|ons/<f:rﬂF mﬁhé @[btm‘ﬁdwa’t@@ﬂfa{ar méﬁarlwléﬁ the&acaacion rexide ﬁlthlﬁQﬂﬁht 10 nm
first inplantation that creates vacancies

from g'éﬁ surtaseRfisegiepnduetar sudatiaigolidulktthe Véﬁ%%‘fyr%ﬁ”@rit.?” step,
relatl?énl_gﬁaq;ffloﬁggﬁ dﬁﬁ‘ft‘bhéfldlé/s SR tb'éﬁ%ctl\'/é]y al ge"l@ft@é points and

_ tions are controlled to avoi
creatarvacphéies.ng t he surface regl on of the substrate. By

[0032];?151!?1: styp:ﬁncg grt\'é X 88?55 gg ag% k?ﬁé‘ﬂﬁte‘a 'thé&t are electrically
neutral and that will bond electrlcally or chemically with the interstitials in buried region
52. The implant dose depends on a number of factors, including the efficiency of the
implanted species at capturing interstitials, and the amount of defects generated during
the defect generation step. In one embodiment, carbon is implanted at a dose of about
10E13 ions/cm?to about 10E15 ions/cm?. Further, fluorine is preferably implanted with
a dose of about 10E14 ions/cm? to about 10E16 ions/cm?. Both carbon and fluorine can

be implanted at an energy of about 10 to about 30 keV.
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be maintained in the surface region, which results in
relatively | ow sheet resistance. In accordance with
one aspect of the invention, vacancy-rich surface
region 50 is created by inplantation at a dose of
bet ween about 1 OE13 to about 1 OE1 5 ions/cn2 and an
i npl antation energy of about 10 to about 200 keV.
Those skilled in the art will recognize that the

[003%ar tPes YACAGTIEASAITAGH reged iz frMEdgSOutice lang srgin extension
reglogﬁ g@{éﬂﬁ% é’r%%rrf\&? aP#uiratéan FIEPECiTRE s%ﬁl'dégarid@]aﬁpéﬁgnsmn

e particular crysta ine structure of
regioe@ atecfonded toyrion gnplantadioe of 2.dopant beaciepusing gatenalectzade 18 and

offsefGidRIG Seay B P dDesean foath TR st palitk et hin®
extené®in regpneapdidionhed dly 4 eidtysPadpant speties \daperﬁtﬂﬁg upon the
generation inplantation step ¢can be carried qut befor

partiqlkgs tye ef SemicPRdUGapmalewial fomneheamicoRdUctsbstrate 12. For
exaM\R‘lB) A& ShRfbHABRRr $8BstPe 42'i8 SHtoRUS-typREHRIALd Shd Yradh

I nternedi ate processi ng steps. ternati veI
extension mgmnscppngsz@rraed@y lormmralantatloomf Soegn. Iametembodlment,

vororh g 3 8B SEBLFOEHE A s BRpB S et
AltermdtiveBe foren re-typeadevicy, itttnsotecs md@amreﬂmsi@i teigioms dambe

| antatj on at energies ran from5 to 100 keV and
form%ng Y ApiraRkeatation Q%@E@gféﬁo@ﬁﬁ ?%Ff@? -cn2. The pl ot

[003ﬂnd',&@ér€férrﬁlh6tso@rd@aérﬂf drtaYn Qitehgign\fé‘éié% b@2nHes, ‘é%on melt laser

hi n about fromthe surface of sem con uct or
annealmgspnoaess iBXartied otictoactivateythg clopaat atomssn dhg source and drain

extengf@qlgﬂo %/ &d‘ﬁg?thﬁggiiﬁt@i gS&i&&{dﬁﬁtg@ &ﬁbgt?%gtfz% subjected to

laser palse8 th&tsraiseAd 2¢mperatire of senticbridutorsubtirate 12 tem level below
ed that are electrically neutral

eci es are inplant
the ”ﬂﬂ‘ pRipt Qfithe SSBP\‘EP’@P@@H“%%W'@% or chemically with the
[003."(.»]]'(;|tO r?sbﬁlbélla%e'r %nﬁéélh@dqrb@@ééé@, is %feﬂ?ﬁy bﬁbé%ﬁt g05Rintensity

on a nunb actors i ncl g
of betwdarcatund P.4fo abaut 0.6picantt dhedpser wgf@ablmmlwrllghg ata

t
wevet B S48 A 0 PR ol SEP PR TR P o
the asar bad thesduratibaiof edcmbulaedmenefen&imhmenﬂdfﬁﬁé% inventiérg rahly a
to about 1 E15 [ ns/c u 6BO-Q r ne
single, puise S Hp ?'Eﬁﬂty\ﬂ U{a eMof 3[5\9'91@‘@&% process is
possbl%,n@éd“a”%eto@ tt?é’ﬁ&'hbép@fl\%daﬁeéé Q:F@ate@% fl'lecd’éfé&rbr@ﬂféermtq process

' uorine can I mpl anted at an energy of abodt
descmgdmbca@ k@ltp,rnatlvely, about 200 pulses can be used at an energy of about

0.5 Jlcm?. In either case, the laser annealing produces activated source and drain
extension regions having very low leakage current levels.

[0036] As described above, the defect engineering process creates vacancies in the
crystalline lattice structure of the semiconductor substrate. The thermal activation is
efficient in activating the dopants introduced after the defect engineering process
because the dopants can easily occupy the lattice vacancies. Thus, a substantially high

percentage of the dopant atoms assume lattice positions during the annealing process



7 [0033] Once vacancy-rich surface region 50 is
fornmed, source and drain extension regions 24 and 26
are formed as illustrated in FIG 6. The source and
drain extension regions are fornmed by on inplantation
of a dopant species using gate el ectrode 18 and

of fsets sidewall spacers 46 and 48 as an inplant nask.

Th drai n extensi on regi ons can be forned
and We \%géﬂcegﬁoﬂgw%HHH@Q%B‘@&?E@%’@&@Edh%guteﬁﬁweﬂh@ermal cycles

liB@ir s§@8equehtRBrifdtictedtbgonduct or material form ng
applsem coneﬁc?or sﬂbst‘rateﬁgiz For exanple, where

[003Zkni Eiéh dutlugtrates b sompagisa? pict of sheetarsistantcy werssmpulsn count

ana Qo508 g LTRSS e BT i atensior
regnonmﬁdtﬂl’cﬁamﬂj iataceOrmee gyithadn @cﬁhbbﬁmﬁbrﬁ dﬁ@ﬁé Qtebrit nﬂfé‘hﬂom/ersus
10E15 ions/cn2. Alternativel for an n-ty

S°U“‘c?e%“<£%ra"i REeasigncegigng fahr@awdel;ata@ﬁgidaﬁlce &gthdhe pﬂ@ha%e As
||Iustﬁaf€dm?=léy Baﬂoﬂhrgﬂeéméﬁété’ﬁbeoénd)g% ‘%fcﬂb‘&tlﬁnge%ﬁmeﬁ in source

After formng source an rain extensi on
and graigi xtensian eggiormsfabrcated imetcordases withtinesiventipmr loqestcular,

ino 5G] in P S i SR A B e e
pulseFdd@nt angeead cmﬂﬂamomltrsdﬂﬁdm tagﬁvaét%gt |3\r/e;|y Mdeedted by fine 56

witha oo nSferSahraiies, Wb 56 (athass éprast Pogineeting) indicates
highefghbbit@sRedrte frodd s b?@d@ ISQ&%&@EOL’FN@H?@%S cb@\?ﬁﬁ;d with line

The pul se | aser anneal i ng processes is pre
60 (V\/cttardeif%‘d epdinegringh Aeaosdisglyy sowte laedvdrain ea«bem]or()reglar[s

e t at
fabrlci\%a?(%/&le*’\en é;tghd]a(r&%th {ﬂ%éh Elr%n%f(ﬁé)?tﬁﬁ\rb%%\@d@é%tg vatign ifthe
surfadaemgrmient thepsubstrbte. eFrey igproded ddj;ﬁarﬁtam:ﬁf/at&mﬂfsﬁrﬁtﬂcated by lower
sheof 5B A oot o S D Sesa o g of dopant
actwat@h%’iﬁebyn todigens. 0. 6 J/cn2. The single pul se process

[ 0ssSi b?)e because of the number of vacancies

[0038]; ¢ face saprceandairabexiangiareregians 24 and26 arefsmedbizdthe
|Ilustr§téﬁvé§gtrxgt§/ e {\f' asﬁ)&é(r?élyﬁoagggs/ %%éﬂg pﬁu% rg?eacgg\geg s@ o Ilastpacers
46 arldatf; respeutivélyngs mluetdated?.n auG.i 9.aTren sa)smcueamrdpm:@s@ls carried
out tqefég'g{}égracﬁg %}F?%n@@g 8Q\égr3ébggeancf ﬁg agzlftggr%{e%nltn FIG. 1.
Thos& BEill 6@ &1 theGrPWACATe SARANEEV MRRBTGHESof Sllididregions can be
formed by exposing a silicon surface to a refractory metal deposition process, then
converting the interface to a silicide material. Further, different materials and methods
can be used to form the sidewall spacers. Moreover, the dual spacer forming process is
optional and the need for an additional sidewall spacer will depend upon the lateral
distance of the source and drain extension regions along the substrate surface.

[0039] Thus, there has been described, a method performing a shallow junction
region in a crystalline semiconductor substrate and a method for fabricating a
semiconductor device that fully provides the advantages set forth above. Although the

invention has been described and illustrated with reference to specific illustrative
9



crystalline lattice structure of the sem conduct or
substrate. The thermal activationis efficient in
activating the dopants introduced after the defect
engi neering process because the dopants can easily
occupy the lattice vacancies. Thus, a substantially
hi gh percentage of the dopant at ons assune Iattice

S|t o) t he anne n rocess and. are
embdsfigianls oot it Sihok MATARIhHaL e Puericepalimieota Hese lustrative
embddieARY eMHoskkiE8lin W@éﬁ%ﬂll Fb‘é@bhi%@ thél VHBAS'ER modifications

fabrication steps. 37] lustrates a

can heompee wWitbauptieparting &etherseyltsm‘ MIeveetrczruSFm@mmnmmde
vt 878 P28 SR IAEILARE S TR BOUED ppocrvec

abovec tro paidicular,va mhmbgr gﬁfaawrlatmiamtﬁe tubed tv.rlbrrars}idek\)ﬁaﬂ%ﬁalcgfs on the
urce r ai ensi o s fabricate
gate PRoltide, SIARS Saitbn e )15 Sver A NP R Hepach G the

undeffYifig I@er@oﬂ'ﬁe@l’@@ lrfcﬁﬂ'eatvﬂﬂﬁ?tr%ﬁﬁv@ﬂﬂﬁﬂéreaéﬂtéu‘éﬁt\ﬁaﬂﬁtlons and

are | npr oved i n source drai n extensi on regil ons
modifigationg dhatdall withindbe geaee owiwapneaadeﬁmnms@md gquivalents thereof.
particular, line 54 (wth defect engineering)

i ndi cates hi gher dopant activation across a broad

| aser pul se count range as conpared w th dopant
activation levels indicated by Iine 56 (wthout
defect engineering). Further, line 58 (w thout defect
engi neering) indicates higher sheet resistance across
a broad | aser pul se count range as conpared with |ine
60 (with defect engineering). Accordingly, source and
drain extension regions fabricated in accordance with
the invention exhibit inproved dopant activation in
the surface region of the substrate. The inproved
dopant activation is indicated by | ower sheet

resi stance as conpared with prior art nethods across a
broad range of dopant activation annealing

condi tions. (0038] Once source and drain extension
regions 24 and 26 are forned, in the illustrated
enbodi nent, sidewall spacers 28 and 30 are formed over
sidewal | spacers 46 and 48, respectively, as
illustrated in FIG 9. Then, a silicidation process is
carried out to formrefractory-netal silicide regions
32, 34, and 36 as illustrated in FIG 1. Those
skilled in the art will appreciate that various types
of silicide regions can be forned by exposing a
silicon surface to a refractory netal deposition
process, then

10



converting the interface to a silicide material.

Further, different materials and nethods can be used

to formthe sidewal|l spacers. Moreover, the dual

spacer forming process is optional and the need for

an additional sidewall spacer will depend upon the

| ateral distance of the source and drain extension

regions along the substrate surface. [0039] Thus,
CLAIM’ire has been described, a nethod performng a

Il ow junction region in a crystalline

sem I net fi fi j

o SORANE] R g HIRG B RUBN IR 080N | rRaNRE L RRoRductor
substigiea theagethodetonprisimg:above. Al t hough the invention

has been described and illustrated with reference to

s pretvaducing firsLishs ato \adfirSt regtondifitiee sabstrate @otl gentratingsubstrate

' nded .t hat the invention be limted to.those :
vacahfbS I il i 3baloncand Yehratib Rl il sPPabS i A Shconst region,
wherdinl the figst 0ggibA @einBits S(dktamtibMNsrysafling®dhdi cations can

be made wi thout departing fromthe spirit of the

| tRIfUCH sdtBhd STk SthetsdbbAE redigh bftne bl i
and pr og@sses can be Used 10 fgl%qﬁi cate the NS dew%petu”ng the

intergyigiaksnasia$, above. In particular, a number of materials
can be used to form sidewall spacers on the gate
eMdherelitia vaganaydigh sifacegegiands cedated indinefsebsinateal | y
etchable with respect to the wunderlying |ayers.
Therefore, included wwthin the invention are all such
variations and nodifications that fall within the
s @opkheghethiod of maimdt durther coen@isingeintrodatiagtdepahiespeeafes into the

vaca P ep e ] R LR BB i,

nmet hod conprising: introducing first ions into a first
region of the substrate and generating substrate

capcies,.in the first regi.on and generatin ) ) )
?’?ft %m?&@ﬂ qf ﬁiﬁf. ' Swh?rsl%'éaté‘eﬁwwg@ﬂ% w,nslqm%mr@pﬁ intpslucing

one drinfiére df&PicOA of BBRMAMILRNDSt anti al Iy crystalline; and
i ntroduci ng second ions into the second region of the

substrate and capturing the interstitial species,
wher eby a vacancy-rich surface region is created in

t B THEIREIBHT claim 2, wherein introducing first ions comprises introducing
ions at a dose of about 10E13 to 10E15 ions per square centimeter and at an energy of
about 10 to about 200 KeV.

5. The method of claim 1, wherein introducing second ions comprises

introducing electrically neutral species.

6. The method of claim 5, wherein introducing second ions comprises
introducing species that chemically or electrically bond with the interstitial species.

11



2. The method of claim1, further conprising

i ntroduci ng dopant species into the wvacancy-rich
surface region and form ng an ultra-shallow junction
in the first region. 3. The nmethod of claim2, wherein
introducing first ions conprises introducing one or
nore of silicon or germainium 4. The nmethod of claim

7 1 D el ol dnersiriingp g Sodutd on somerises

introdtﬁd’lﬁg 08¢ of Aidré Bf E&bbhRFIRbriged at an energy of about
10 to about 200 KeV. 5. The nethod of claim 1, wherein

i ntroduci ng second ions conprises introducing
el ectrically neutral species. 6. The nmethod of claim

5,8. VR Ricthdd b Q4HEY mht%‘? %ﬁg%rlggmlﬁﬁagé}'ﬁ?ﬂeﬁﬁﬁg Ithgawatrate such

i ntroduci ng specl es y or elect
that thgrsabsirate temperaturer remainsbelopdbe azelting fpoint oflthe subsinate
HL claimb5, wherein introducing second ions conprises
mate % . .
I ntroduci ng one or nore of carbon or fluorine. 8. The
met hod of claim 1 further conprising | aser annealing
the substrate such that the substrate tenperature

el ch Patiod,for Sttt o i P ctali devifea R e BKLRRRISInG:
d$vice,
e

trgag?]ngthog Co rir?i ng: formng a gate

IYEING d It eleclie 80 Birfaceqfserysialling seatsensdvgtarisebstrate;
sybstrate; _.inplanting first ions into a surface
r 4YPI3AtIRg Tifshions jpto; 2 sPdacesiegipn ¢idhg substeateisingdie giate

electfod! &Y ifmakt A3k Qﬁ& g@ﬁéﬂdﬂﬂp %HB%ét@t\l%c‘.flﬁ&@FH £ dufrabBSegion
surface region an eneratfng Interstitral species I'n

and generatingdniessfitiohspeties i abutied agidrg eehareigitba surfecmietion

Lal | talline; inplanting second ions into
remaﬁﬁgﬁ%gﬁn |§'I¥§ralgg%l 3ing the gate electrode as a

i i sk d capturi .the interstitial species in

t TBblnd RS ins M tie Rlridd fraidh GH1R0 e Srtecledineiots 2
implane giask anddjapaeing the interstigial sheRlerh tIfs! Buriéd egidrdser

annealing the crystalline sem conductor substrate.

forming source and drain extension regions adjacent to the gate electrode; and

laser annealing the crystalline semiconductor substrate.

10. The method of claim 9, wherein implanting first ions comprises implanting
one or more of silicon or germainium.

11. The method of claim 10, wherein implanting first ions comprises implanting
ions at a dose of about 10E13 to 10E15 ions per square centimeter and at an energy of
about 10 to about 200 KeV.

12



10. The nmethod of claim9, wherein inplanting first
ions conprises inplanting one or nore of silicon or
germai nium 11. The nmethod of claim 10, wherein
inmplanting first ions conprises inplanting ions at a
dose of about 10E13 to 10E15 ions per square
centineter and at an energy of about 10 to about 200

Ke 2 12, The thod of claim9, wherein inplanting
st ‘?m‘?@%ﬂ%ﬁ%  WHEIEIIMAAHGIsecond iQng ¢amprises
intro@dithg BlecERaMY REutrdidpetie®. Met hod of claim 12, wherein
i mpl anti ng second ions conprises inplanting species

configured to chemically or electrically bond with the
interstitial species. 14. The nmethod of claim9,

St . . o t .
o ot NG £ Werp e ARG, e Bind 1dFS RRigrds
implantiagrapeciegicontiguretde eheanisadiylor ripctrmaly bead withl the dhterstitial

S ecle ser annealing, and wherein the substrate
P hperature remains below the nelting point of the

crystalline substrate material. 16. A nethod for
fabricating a sem conductor device, the nethod

conprising; farm.ng an MOS deyice in a crystalline

selft cﬂ}ﬁf@g{w @f&&lm%t@)erﬁm ting secqpdl iRNSfPraRsifese
implaiilg@ndi dF h&r@l sFearbdh dfuctinst rat e separated by a

channel region, a gate electrode overlying the

channel region and separated therefrom by a gate
dielectric |ayer, and source and drai n extension

r &, Oflfe mBtHoACrTHAIRT Q,%ﬁer?m I%V\ﬁgné\fe%ﬁ{'@ gorz@t\%%sg pul@8q laser

drain regions, respectively
annepling,tand wherpin thesupeiratertempgratuckerfeatding bglomethei meitisg ppint of

' 1di [ nting first ions into a surface region
thecb{%‘félﬂrﬁé%}%ﬁé &%ager ain regions and generating

substrate vacancies in the surface region and

generating interstitial species in a buried region,

rein the surface, regi on renmpins substanti all .
oL A Mt G R NG o S SisHe e At i comprising:

i [ [ th t | ectrod i npl ant
b%r'n%ﬁ'g raﬁ%l(gg AJeSvllcnegin a grygt%"i%eese(relwciccgnoduectg}ssu%gtrlatrg,)thaendevice

including source and drain regions in the substrate separated by a channel region, a
gate electrode overlying the channel region and separated therefrom by a gate dielectric
layer, and source and drain extension regions in the substrate adjacent to the source

and drain regions, respectively,

wherein the method further comprises performing a defect engineering step
including implanting first ions into a surface region of the source and drain regions and
generating substrate vacancies in the surface region and generating interstitial species
in a buried region, wherein the surface region remains substantially crystalline and
implanting second ions into the buried region using the gate electrode as an implant
mask and capturing the interstitial species in the buried region.
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mask and capturing the interstitial species in the
buried region. 13 17. The nmethod of claim 16 further
conprising |l aser annealing the substrate to activate
the source and drain extension regions, wherein the
substrate tenperature remains below the nelting point
of the crystalline sem conductor material. 18. The

e, of ¢l ai her co r.i.sing form S,

"3 cfhe nefoiel o b, faMBrsiBo Thek SpBeAe e STbSate to
actlvﬁﬂe&h@séﬁrcemfd?hm &AERNEN eediénd, wHereihQRE saBStRIte $&fiperature

i nt roduci ng or nore of silicon or gernmaini um and

remajng beleydhe gﬁeétmmnﬁ fribe enrptllingesemisondecier materighe or
nore of carbon or fluorine. 20. The nethod of claim
17, wherein introducing second ions conprises
introducing electrically neutral species that
c H8miTdw methed afickaimr 1 T hriher bamgrising lomtieg siliciderregions at the

surfat8 ‘?&j}igﬁ'.' 14

19. The method of claim 17, wherein introducing first ions comprises introducing
one or more of silicon or germainium and introducing second ions comprises introducing

one or more of carbon or fluorine.

20. The method of claim 17, wherein introducing second ions comprises
introducing electrically neutral species that chemically or electrically bond with the
interstitial species.
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