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.The pres_enkvd% t| on relates to a nmethod for processing |og,cir?‘}éj\2?)aﬁ3ggl

silicon in d Thermal Processi ng (RTP) systemto produce
resistivity p and n type regions with vglry shal | ow dopant distributions.
BACKGROUND G: THE I NVENTION 15 20 26 30 35 The mmjor problemfaced by the

treated in tho- RIBT) A mBREb e lbss IEPIR TR Sy B BRRLGRINR 0 T

| east one wall transparent to rad| ation f| om sources of radiation such as
- lanps. The object to be processed is placed in the chanber and irradi at ed

wi th radi atlﬂm&| . adl ation source so that the object is heated. The
chanmber with M mm“ ent . ecessary in the system
" provigled tha stem contr @éﬁgﬁ%ﬁi@%ﬁbﬂ which the object is
pl aced during pré Si ng. The lanps could then be placed in proximty to
the object w thout the |nt_erven| ng wi ndow. Muich progress has been nade in
ani Tor m ty DR e ERondelals F At FRShde Bn R Hor tho
resul ting rispid TaérnabBrdceesig(RTR) Isysiém topaxiticelldvh vesisiividygpsander tgpofegiansnot

been sufficient fo ut yre fromthe industry. In particular, prior
art get hods™ Vﬁ?éﬁ%}kﬂﬁﬁpa&?ﬁg@@wﬁ% ers inplanted with dopant ions to

activate the dopant ions result in the dopant ions being driven too deeply
into the wafer. No prior a sistivin~, shallow
doped areas across the waf éABW(ﬁfﬁﬁngWﬁind batch to batch.
RELATED APPLI CATI ONS Reactors based on the RTP princi ple often have the
entire crosg, section, of r c anbe en. dur.in
waf er handl lFFgmﬁ'PbEré’Qge %F%gxgﬁgeﬂiﬁtﬁ éf%’gBﬁ gﬂ?&“ﬁeggﬂ’ge t he
var ygus waf @mibslddenswaftratiehted mglse R'ahdy@aas CR'BP syhums(ganmlgxl&ﬁfc awhi ch have
signifi cantl reat i mensi o and m? thi cker than the wafers, nust
2 Al op chmber Wi ot s ong Ay toePRiage TEn #90es $ S5BR0R HEP Auced
i Et o tge chlam@@r'r}@ﬁtjmsc{bmoe@sw i¥ paandi muhe lchambhamgladramh&a wltTlﬁraaramﬁtss is
changed or erent wafe ane us e reaction
chanber i ristirediaan goure et hé ierS beSnd ThesnyMife 828 e FHiRHER L
Patent 5, 58Qal834}%otaﬁ?tlgne&siairyhhmaamxmrpeevméd tHae tips gssem;] contoisthe on, hgr eﬁy
i ncgppor at ref erenge, .teaches ortance t he and the
useQ(E))f an a‘?}&‘%@}cée’i R a&ﬁ;yec?g H?aé‘ﬁ%p "8%3?% 3@8%?‘?’@4[}1 H%n ties
|nf the pr ocplasedc;h@mtyﬂ?memﬁmb wah@ad t}m‘mmaraaﬂng Rdndde. M&émpmgtdss Eas)L tge
waf er using, a onet er ver roa p | [es LS) ta in
Pat ont . o2pserite iy g Sracies bf B B Tany i OTRREGat kRS octen,
i nvention amgifirmitpef eleillumdoting radisibnbHowetar firamiformity of the resulting

material and the control of dopant diffusion has heretofore not been sufficient for future

26
) demands from the industry. In particular, prior art methods of processing silicon wafers

implanted with dopant ions to activate the dopant ions result in the dopant ions being
driven too deeply into the wafer. No prior art processes result in low resistivity, shallow
P doped areas across the wafer, uniform from run to run and batch to batch.

30
RELATED APPLICATIONS

Reactors based on the RTP principle often have the entire cross section of one end of the
reactor chamber open during the wafer handling process. This construction has been
35 established because the various wafer holders, guard rings. and gas distribution plates,

which have significantly greater dimensions and may be thicker than the wafers. must
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- The .wafer to be heated in a conventional RTP systemtypically rests1 oriI a

plurality efoemssiz pins which hold the wafer accurately pa(rjlaéﬁ]@ggh sdhe
reflector walls of the system Prior art systems have rested the wafer on

an instrunented susceptor, typically auniformsilicon wafer. Copending
pat ent application 08/ 537,409, assigned to the 15 assignee of the present
i nvention, hereby incorporated by reference, teaches the inportance

succebt or phia éixﬁf‘o%&ﬁé £t IHeWRhBE MBSt bgggd{} egarlfseje ly agggﬁhagmf

I11-1V senmi conductors has not been as succe 1 con. e
reason for pivicessiischanged ohwhew different waker sizes|far examhyle vrghsedabe repetémsur e
of, for exa k J: . j ar i As ). The
surface reglg%gr’?%%%[)@éé{éﬁr%&lg(aﬁ%?gé eegt&gtglqﬁ%,% agélé@%éfe#%%@r@g "gﬁé’%’ﬁe y suffers.
Copendi ng p2580830,msigoed fodthe @yiBBe 0PBS present igneutiary heteby assimpraed by t he

: s . ¢ i . 4 and
Popar atus 1 orsi: ARt hESLBGE BLAE V000 aBH F e FURRRRRE RS0, )
of a |ightly wgpla, gas €loat anded¢ontiobimpueitipemeathe peoasas eltambe?. 5 by | ocal |y

heati ng the fer with ul se ight . is di,sclosed.in copendin
appl i cat i onngf%%‘ﬁma?ﬁi,O?W%?%Wnigg{’%\lsegﬁ%fméude P ghieh‘gafggEflﬁ%@gy%fne??{égﬁf%ent
i nvention abbatiep&iyl tesporiseds tiught ibYJ. SePaientri;628,A6apivhietl is apipasdtorhe and
system for RTP of rotatin obJ. ect di.s di,scl osed in goEe%ndi ng application
08/ 995, 590, A5511Eg opfhe Prasent Hygntion Aad jTheTEPYARCaIPOrated PR FFIFIENSES | gned to t he
iO aSﬁi gnengér E)ﬁa&? tPbe heditd iy estivetional RThlelyﬁbm tbfﬁib@ﬂ?%st%to@da phiratigf f ence.
met hod o of a,syhstrate Were a sma mouynt a reactive gas is
used to confiPytz Rlﬁ%WBI%ﬂM&.‘éﬁB’—fW%% qugratgfy %aé?]likgdﬂglifclieﬁF“P"swﬂﬁss%d‘tB% R
capendi ng gpgbf tﬁrﬁ%jfé@ﬁn@ﬁé&&é&%&%hﬁbyafmmiinm nted kmeptﬂukypgaauyw% whit cg
is assigned tg the assigpee.o e present. i hve ereby I ncorporate
by ref er encinifamn siligon W%PPBLCM’% @teﬂbapfg‘cwr?@é/ §8‘9’§§3’\ﬂf5‘©‘9’f§9%
PCTEP99100347ore DM IR e inbaktidI\HERDY fbboeeaed by gefefentd)kdachampat i on, a
met hod of activating shal ant material in siliconis

I Ogﬁ‘iF rg)l antﬁ do
present ed WHREPIENSE SUGESPIOF BAlFS Sep3ale oﬂ’dgﬁmaf?fei ng driven deep into the
substrate ORapfiEheioRA ProcRYAROHAII-NY sdniidtAdudfors HShdtHeen absucleseful 85 RIPlof
processes. The d(;(;))ant i on re. |tgpl ant eflg‘ into t?e, bar e, ﬁurface of tl}e
waf er, and SHEANLREHEHSG ﬁﬁBF_b“t %‘tﬂi“‘ysé“ %‘3/ _ 4 *6?" 18 V?R%P_F??ﬁqlrﬁlﬂefﬂr
surface at éxéxﬁ?ﬂé,eétﬁ’érﬂé eASA thd die Whialihunh Brsbmide {(\GaA©NThé Qurflick Y&iéhe dopant
i ong0deep into the wafe The terial l%%/ﬁthe be annealed at a tinme and

. n
t enper at ur e%??”é‘?%ﬁep{eﬁ’é{ fopasndithsraaterp 8 PHEFsa CoPRding RHent RRPRGAUON f ace

and are not 0gr4312654a8IpnYd tdihe akfighesaf tie présest BOchfic, heRBy IRbfvkiwd by Of
the inplanted, surface s | ow enough for device urr&? essmgo Rl EF DESCRI PTI ON

OF THE DRAWREISDES,Fupplies agnethpd and appatatus Japovereqal fMPor art process.
Fihg& 2 a- dAhHeFmr@?ﬂsinélmgmseitpﬁy @fatiélﬁlypddpéﬁ?félﬁ{\{cl)hﬁui tezzageﬁam@;vaﬁrg]; 3
sSNOwWs a gra 0 asuyureqQ oxl de I CKNESS,.q3S.a nctyon o enperature 1or
5 6B e RTBY dpcatbdieniig fhediater withe G50 arHE & THOIGSHHE copraiPE P RF A u

ul travi ol et OBYEH2L364Whithiis Bssdihed i@ theabsgnee oF the presdi®Wivetidd Afkhelégr am of
t he met hod of the ieg ent%?n detailing ion doses and RTP tines and
t enper at ur e$NGPPOIAL X’ﬁir ®ICtn. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

A method, apparatus, and system‘for RTP of a rotating object is disclosed in copending

application 08/953,590, filed Oct. 17, 1997, by Lerch et al., which is assigned to the
30 assignee of the present invention, is hereby incorporated by reference.

A method of RTP of a substrate where a small amount of a reactive gas is used to

control the etching of oxides or semiconductor is disclosed in copending application

08/886215, by Nenyei et al, filed July 1, 1997, which is assigned to the assignee of the

present invention is hereby incorporated by reference.
35



-Figs. 1 a-1 dillustrates sone of the steps of the prior art proces%.7 ‘HL(}UUZ
.1 a shows @oMi#8E7910, noted here as having p type naterial o ridp8e/8ii4f ace,
Jhaving a gate oxide layer 12 on the surface and a conducting gate materi al
14 formed on the surface of oxide 12. The wafer is being inplanted by
dopant ions 16, which are inplanted through the gate oxide 12 to dope the
source and drain extension regions or areas of wafer 10. The gate materi al
16 may be polysilicon or may be other material as known in the art. The
gate material 16 stops the ions 16 frombeing inplanted in the wafer
material under the gate nater$EMMARYOR THE nggmotme p type regions 13
“+formed fromthe inplant of p type dopant ions 16. (Equivalently, the wafer
surface could be p type, and n type dopant ions 1 7 ,nn 2002 WO 99/ 39379
4 FCT/ EF99/ B@8drdingctoltiis eventiph,cannetiod oHwhiveang shablon intidantepd@atedattialict ur e

~of Fig. 1 a.js;.anneal ed t . ve .t ha, 1. b the .0 en ions
fromthe oxfddszh?%vg %’ ?gnteg r‘m‘g{é%e%oeg ﬁp?x%étﬁf%& B? fjrgllt’%rﬁtb%ingnds“v’f% d%e@tmf%‘gF ncrease
t he rate of substrhigesiralre ddpahhevapoiitiap fredh tie pelrtraieoarsin paivd att peocpssey.Pkher egi ons
13 noted in Fiag{t'l b areltoo dqeﬁ}?for fufturef%erri ndu hor devices. In 5
addi tion, vaPPaigsarg wRlgRied fita fhehere sypfaceaf the veates, 20d fhen 3 Veriin o

va[) iations bi‘dtedtig'e rl]aiqma(usrgroo/h ofahéfhplameédsiridce wha Cdfmi)aaﬂu&fztn]gitiﬂrrl]d Jﬂgicﬁii%I i con
substrate 10, anh ence tg variations in the resistivity. t e

oo dhe. - TolEBRGRE dree thedDprdivSrient M e paier. Themetud s 87
shows the V\&ﬁlﬂa}]dara?&ﬁhn&s?@dd: tgﬁhpalfg_hﬁé S(ﬁtlhlbﬂ tae:caepamgbm %@hém?@me Fom the

ani sotropic etch of t oxi de, . Si de S oxi de re left on the gate
materi al 14wa§5;§aﬁﬁcq sarag%c}révegﬁ's%ﬁy e ﬁ& Wﬁjﬁ%%ﬁéa% “fedFﬂftévdWrcrL}éh%nd
drain regi onfiplhhte@fsuffh@ is low endiightbedmiepuepasds material 12 is renoved
fi~omoutside the gate region before the ions 16 are inplanted in the prior
art process of fig. 1 a-d to avoid the problem of knock on oxygen ions, the
dopari material inplant ed BRIBPOESERIPTION OPFHRIDRacwTRGSt he wafer in 15

t he annealing steps, and the amount of dopant left will be too variable to
gi ve good devices. Fig. 2 a-d illustrates sonme steps of the process of the

invention. Bigsefisd, ! hRudats s@?ﬂe@&pb@ﬂ_ﬁéfﬂﬁrﬁpfﬁé@é/.ed fromthe wafer
ever ywher e xcegfmpu_nde t he gate mat eR})a 14 before the dopant ions 16 are
[

i mpl ant ed a$'&h n 1Hpgirates Sgme sjepg g e PRGTSIHMIOE Y PEP-ayer 22 is 20 then
deposi ted OFjgrRoWn OVehowbe grhaif nsdabired oxitde thitknessiad affuidtiof of bempdigtuidhi n
prot2ttive |ayer nust be 0 Jrﬁﬁg %Eliocess where the tinme and tggﬁgrature
do not allow the doparf?r?g{ﬁgg]% a Siiggn Waiey In picygen andHpogae Vit n
processes for deposi tivighdit uBf9Wlétdightielpiseing oh ded wfer] ayer 22 are run at
too high a %i,rre and 2 g terr%?r ture to @)\éoid Sé’ﬁﬂ dQBant. moti gn. .The met hod
of the invehi§dh uses SHAVRE %&dﬁ%ﬁ?@f iTRghad A the 1 &%{E&OW&MQ% PR gRSes

nol ecul ar oxygen, or nRHGCTH Ged¥ydRMp¥atvlicfor &Xypidalangr gy source, to
produce a protective |ayer. Exanples of such reactive gases which provide a
a przhective oxide | ayer are ozone, atom c oxygen, and nol ecul ar and atonic
oxygen ions. Because t heOEPAHSERDESCRIETIGHOF TR INVENTEONOr mal oxygen,

the 30 tinme and tenperature needed to formthe protective |ayer 22 are |ess
than required for formng the layer in normal oxygen. A preferred nethod of

plr?dUC! nlg ?F}i’g@gﬁqs\lj{%}ll@st%scb?nie&)f%e it&)sfgi_gier}fr&ﬁia@ttﬁobéb@. Piaf Bf shdwisfaace with

u ravi ol e | | perrormn an . ProGgess n as conpri,.sli

frol ecul ar o%ghfo’?ﬁ?daefQ%ﬁﬁaHF’ﬁg Wlpﬁmateﬁ’ﬁ'go‘bﬁ?aﬂlﬂ'%ﬁ&r g%fgﬁé‘?’? %3%@3%3
adsd@ed on 10hsh B shidsR dnd aoadudhgdiafthateddormed of fthd surfa®s 6f B38dé BACt i ve

t han nol ecul gr oxygen.. O her preferred reacjive gases Go I se nifrogen
cont ai ni ng e‘g?fye%éa‘&mgéﬁlm%{%?fg@éd?ﬁamd%ﬁﬁéi‘ﬂacgﬁﬁﬁnmf ?IH”%ML@S&F% Fayers
are given ckide Mo RPRZNIE A% Bn RAENTOD LIpRARAE dredsibf walra0EThe e

phot of ormati on qfon Si and Si ,H.e", b% IEn lg\l BOéd., Chapter, 9 g 235, In
Advances i n RESTY HEpyRF Palysilicpn gAY BeoBPLRacEeLas Kiquikin the aidehiecsate

Pu b; é her Is rh@t?ﬁ@lri@ﬂd;tss thé li&t%%l; fr&ﬁcgamlg ﬁhfiladteamx m&%vhﬂ:atﬂawg?gm%da k}the{ gaﬂaRt ion
In ingle wafer. c] us ool ", . nes al , . 0 . Res.
Soc-” Symn. © prgensb. Fib Pars Ao Pt reeiene Sagmgd Goms e sRaan sHrgp: eq
vapor phase ddpaaion§ 16 &qRivakniiy) the iwafed sirfar coord Wap eypel atkn fypk @Bpidions by
F. dowacki et al, MRS 1997 spring neeting. The above nentioned references
are hereby incorporated by reference. The thickness of the thin protective
| ayer is preferably nore than 0.1 nmthick, nore 10 preferably nore than
0.5 nmthick, and nost preferably nore than 1 nmthick. If the |layer too
thick, too nuch of the inplanted dapant will be consuned in the growh of
the layer in an oxidative gas, and the uniformty of the sheet resistivity

will suffer. The optimal thickness of the thin protective |ayer may be
found by experinmentation by one of ordinary skill in the art for the
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1 b,and junction depth requirement. After the thin protective layer 22 is

., produced, \Wwheaowaher is annealed at a tinme and tenperature Wagggpbdenss7

i npl ant ed dopant ions 16 are activated to give the required | ow
resistivity, and where the dopant ions4do not nove further into the
material than required by junction depth requirenments; and where the dopant
ions do not evaporate 20 sufficiently to produce too great a variation in
the desi stiyidheq Hae) 1R 6RVeroNFed heMNBLE ang, bat ch.
Once the ir%}]anteem%paﬁ%%onserér eesa{f_elrg/@onalsgtg(txgwgge@f;ll:] 'ega E%E]g%l%ﬁtg
anneal i ng givcibe strugtheeofifigel b, Slearxiygen ignssiroml the orideHeaydrd@ éknegked ai” by
processes i : @ N | i .and

i ve the 2 B HpidaRCHe 3G RS RUEAE AN RGBT A riplafi; ¥ Jopfl 1Y aft”

i mpl gnt at i ohe ptypelregionsii & sotgddn Higal hane e deep. fonfutere semicanductoedavicesdirai n
regi ons hay, Lpl ‘ i i .tg activate
the sourcel® g‘rigi:%ﬁ’n‘fdrrrp gﬁggﬁﬂgrﬁ%p&eﬁfﬁg é:’gcsi%&g? g f%géagéggg@?qgﬁgi"ﬁ eegi on,
however, t eduassf didpadomaterial which ihleft sutht adiEonanbisttdte 1 lemddenct fove- i n of

the d t is not. i tj.cal t.h ti . the device. the .
e Pt el e biEthof B PR R, Bl TR R B gy v
the requir beessl g vidshomathevwafer qrokd sestivarafisr a3 amltes okidizatioguhdel i nes for

mat eri al needed in the ture. Heretofare, ch al I ow i mpl ant.s, coul d not
e Bneal cdnsougpig ettt Pilfe: JROMB o ifine I Hare B an e saltmmfipad,
resistivit yDepad: Bapih arsshowmrbemglivlplatfidto foMh BQUreOaP ARG/l /103416, 6
Table 1. Fut ugfe requi rements .far .sourcgéjg.rai n_ electrical 'uné:ti on decpth,
resistivi 4 Kifbe este ostdn myiorialchpdS Fema R FPEL HIREE P ETIE FRER Delosabe idns
resi stivit yigark WaflahRaiis thevprior hrt@roveis aifigl 1 2-H26 296idruns HRublda b Rhedkesi2 00
S2/ square+/ - 1200160, nni <400 SZlai ualr e<(§00 S2/ squar e+/ - %00 1(89 nm<500
S2/ squar e<2¥y2eplogs, the dopant mafey }C}@Pmﬁe %V@Rgraéesgg%ﬁhqﬁur 8 SLHEIVHKT Be
t hi t&ness afe andedligg kteps, @hd IR meGRt bf dphtile Wil beeso RARauE 1Bgist kbedn waf er
in oxygen and,in ozone, with and without ultraviolet |ight inpinging on the
waf er. Fi g.deXi%f-ves a bl ock diagram of the steps of a preferred process of
the inventimp, 2 Sidrildstidesonttstésios tératessutithe aiveatibn By, 4R gBaQé\Qxiidgm ant
10's BF2 ions/ sq. cm at_5 lﬁ}ev |tn step.41. The ener of the, Fffs{?%ns may
al so be 2. ARy 1grs rerieued fiomp thewalgiengiera fxcap Andsn die gale paiera) % o
gi ve the ragyidbsiht fsHd 160 Bplaned heddnalin ﬁgsi:ﬁ._tAwetytm@?wté&ide 18leeR24
reqdPres a rapid t_heC[)maI %&ces of .the wafer_in ozgne S?g)r go-sec at 500C
to provide then AeRpSHEheLEONRAOVEL (s akir sfac@s Shown ar Begptssiba T8¢ thiRon sur f ace.
The thin 2 GoRe@ierybMBustBsgirows ifd ploedsahyrecth tifriel £ @inparah@eBemat ur e of
In sonme situations, . a thin ect.jve | ayer deg)gsmed at

| ess t han 0C. rQt

room terrperag’(otw@‘eﬁlﬁl}’mﬂéo%@dﬁ%‘fe@feryﬁa{'e}?}mql&Jl%y‘?x‘fi’ﬁétl?‘hp CH¥6t ¥t i ve | ayer
may be prodapesitiy of Brdwilg BicCLEBtectivedhyes 22 ae@fin & @o@hiph: thHE Andis a pl asma
with nol ecular or atom ¢ OXé_?gn i ons, o,% a flow&?g]&ZS after Iowmfth free
at ?ﬁﬁc oxy gEMPSTagHE to AYQid Shct FQpapimotion, Themgtho ¢ inygniiof ases AR I¥e gr own
usi ng ol ecprodéduBX MR a Miste ddctite gz3!tdn rhdlediflar oXiy@En, %t ridleiarcoxygph dithher nal
anneal i ng ste&ﬁof 10 seconds at ,1050C to. aitl vg%e tprlg spurce drain

ext ensi on dYHEATR CSFEY §0YrGea IPTOdcs ampoiective dayey uch 55391V §a%es5t t i ce

sites and awRBichgsévid®RialpRotebidve dxid la}‘t‘erhﬂmaﬁ&,aibrﬂi@h@(gheﬁ,%ém&cﬁﬂar%dShOWS
the prior art deposition and ani,sotropi c etch st eQ 30 for produci nq ?qate
si dewal | s, %Fﬁﬂ"%g’gf%cnﬁf@“sagﬁc%e SRS IRE TPORSITERFIYE oA the BoHRH XV BFR) T8¢ eps

f or30he soufige/add dmiperdtiee fdeded fofofih tHRippatdtive 18ferBDRrk 1¢¥E thaghequifdRF at ur es
and inplant doses and energies is ve y%arl abltg gc?orﬁé’ng to the process
requi r enent formingithe dayez dn p PEYSFA A gredsrediethed of arqsuripeaqrpiective prde RTP
art. The i nwget@rs irpatliste iRabvefet Surfaaé Witk ultanidi&aigheWigle pRBEbRARS =3 TP
producing a thin protective |ayer vvll | al SQnPe obvj Pu? ho one skilled in
the art. progesg 1{ya|_gagggxglpéglﬂgKyg)lecu ar oxygen. The ultraviolet light may break apart

oxygen molecules adsorbed on the surface to provide atomic oxygen, which is more

35 . . ..
reactive than molecular oxygen. Other preferred reactive gases comprise nitrogen

containing gases. Detailed methods of producing such thin protective layers are given



1. A method of rapid thermal processing, RfP, of a silicon substddt &il(¥)

- for producwagslsoyer esi stivity regions (13) on the substratepcih@odstdssrate
havi ng a surface with a plurality of areas inplanted with dopant ions,

conprising the follow ng steps; a) corgacting the surface with a reactive
gas, which is nore reactive than nol ecul ar oxygen, wherein said reactive
gas is chosen fromthe group consisting of ozone, atom c oxygen, nol ecul ar

oxygén | ong,: ‘PiQBFic BKé(tGFdhdaQBﬁoﬁ)ﬂ%l E'rkd Si@:enb)f)ﬁdﬁﬁx' dOChﬂﬁ‘éx‘cb éef%‘frtlhve gas
i s nol ecul ar. oxygen_whi ch is broken d travi ol radi at ed

onto the wéfd¥eneegin Bapid Thermpalsngd h@tp@atﬁﬁlplQﬂewéslélwgereﬁcadm:@hﬁémhme (10)
with the reg %e’rl‘éﬁdsﬂ?@%?’r“@nﬁbﬂé&t |5 nbhaRit ?lraqu rﬁmﬁ wgf@r)a@%sf eby

producing a protectrve f'ayer over er surface

. evapgr at i otpad, bddpbmagmn@t aﬂ,rniﬁﬁmﬁMaweérS@JSVH@ Pm.‘li&’lg I\@tmﬂié@qmcﬂt

- anneal i ng « | h ate
for a seco%éﬁgtiyb@?ggrsfl %8‘ H?%H@%I %;? gﬁégrc !iktgﬂign suﬁ#drgg%aon 1ftru§at1§8§fﬂ lb%‘{tge t he

dopant i onstaslofdrmatlom hbyé‘hé‘é@wame@i |MRS)1967 spheg imeptingt Bt shoeas (13) is

| ess than g’eg’{‘ﬂ“e o c%%remjg%) liffl t&pﬁ }e move the inplanted dopant

ions to a tR% surface. 2. The nethod
of cl ai m 1ThefMeclaiess ofthke frinpaatedtive ldyemeprafsrahjy mordihah 8ylem tidck 'Ehaen”et hod

f cl 1 2., Wh d t i - t
Ohere ™ et e Tl o BRR Lind 808 p By B HER Ty SRS RO, | oo
tpaln a0 tnﬁmwﬁto@rthmk,aad mdelrofithe infpiansdd elebaritasillsbe sorisMmiad sn a;ngr@wmﬂtaéi on
(0] ess n

% The net nt ions
a? e n-t ypeii"‘B'Sf)H’rﬁ“ ‘?’B‘F?é’veﬁﬁﬁ a&eﬁg}?ee‘f"ﬁf%flw&v ?{lﬁl}F ﬁh?%deﬂgb‘ﬁf% ‘é”tl fr}g gﬁ}? noved in
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hi gher t haprddesses asged a6 tdtiyatef the Ts@.ﬁceh)raln implants. Figs. 2¢ and 2d give the
)25 analogous processing steps as figs. 1c and 1d for implantation of the source and drain

regions. After the source and drain regions have been implanted, the wafer is once again

annealed to activate the source/drain implantations. In the case of the source/drain

region, however, the loss of dopant from the surface, and the deeper drive-in of the

dopant is not so critical to the operation of the device as the uniformity and depth of the

30 source/drain extension areas.
Table 1 gives the requirements derived from work published by Semitech for guidelines
for material needed in the future. Heretofore, such shallow implants could not be

annealed to give sufficiently uniform results with the correct resistivity and depth.
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0 Fig. 3 shows a graph of measured oxide thickness as a function of temperature for a 60
sec RTP of a silicon wafer in oxygen and in ozone, with and without ultraviolet light
) impinging on the wafer.
Fig. 4 gives a block diagram of the steps of a preferred process of the invention. Strip
15 oxide outside of gate area in step 40, and implant 10" BF, ions/sq. cm. at 5 KeV in
step 41. The energy of the BF, ions may also be 2.2KeV or 1 KeV, and the dose of the
BF, ions may be adjusted to give the required source/drain extension resistivity
required. Step 42 requires a rapid thermal process of the wafer in ozone for 60-sec at
500C to provide a thin protective layer of oxide on the exposed silicon surface. The thin
20 protective layer is preferably deposited at a temperature of less than 600C. In some
situations, a thin protective layer deposited at room temperature may be adequate.
Alternatively, the thin protective layer may be produced by an RTP process in other
reactive gases such as a plasma with molecular or atomic oxygen ions, or a flowing
25 afterglow with free atomic oxygen atoms. Alternatively, the thin protective layer may be
) grown using molecular oxygen and ultraviolet light. Step 43 shows a rapid thermal
annealing step of 10 seconds at 1050C to activate the source drain extension dopant, and
to make sure that most dopant ions reside on lattice sites and are less mobile than the as

implanted dopant ions. Step 44 shows the prior art deposition and anisotropic etch step

30 for producing gate sidewalls, and steps 45 and 46 show the implantation and annealing
steps for the source/drain.
The precise combination of RTP times and temperatures and implant doses and energies
is very variable according to the process requirements, and is easily determined by one
of ordinary skill in the RTP art. The inventors anticipate in particular that other methods
356

of producing a thin protective layer will also be obvious to one skilled in the art.
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+10% layer over the wafer surface for preventing the evaporation of dopant
ions from the wafer surface during & subsequent annealing step;
¢) rapid thermal processing (annealing) of the substrate for a second
process time and at a temperature sufficient to activate the dopant ions
so that the sheet resistivity of the implanted areas (13) is less than 500
ohms/square and Insufficient to move the implanted dopant ions to a

depth of more than 80 nanometers from the surface.

2. The method of claim 1, wherein the protective layer is an oxide layer.

3. The method of claim 1 or 2, wherein the dopant ions are p-type dopant
ions, and wherein the implanted dopants ions are moved in step c) to a
depth of less than 40 nanometers, and wherein the sheet resistivity has a

16 variation of less than 1%.

4. The method of claim 1 or 2, wherein the dopant ions are n-type dopant
ions, and wherein the implanted dopants ions are moved in step c) to a
depth of less than 40 nanometers, and wherein the sheet resistivity of the
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0 *
HS%E () +Ions/ 0a1n2 4 %?gl% ’(he ng\ n?DE dG_r':ants ions are moved In step ¢) to a
depth of less than 60 nanometers, and wherein the sheet resistivity of the
implanted areas is less than 400 ohms/square with a 1o variation of less

than 1%. -

6. The method of claim 1 or 2, wherein the dopant ions are p-type dopant
ions, wherein the sheet resistivity of the implanted areas Is less than 400
ohms/square with a 1o variation of less than 1%.

7. The method of claim 1 or 2, wherein the dopant ions are n-type dopant
ions, wherein the sheet resistivity of the implanted areas is less than 200

ohms/square with a 1o varlation of less than 1%.

8. The methad of any one of the preceding claims, wherein the protective
layer Is deposited at a tempereature of less than 600°C.

9. The method of claim 8, wherein the temperature of step ¢) is higher than
the temperature of step b).



