;i j kl e3eSPd| 6T}0 B duv pap AN EPI TAXI AL S| LI CON WAFER W TH | NTRI NSI C
GETTERI NG AND A METHOD FOR THE PREPARATI ON THEREOF BACKGROUND OF THE

"I NVENTI ON The present invention generally relates to the pre@)ﬁr&iN @093 of

_ sem conducWér0084998t eri al substrates, especially silicon waf BESUSRMRBH ar e

used in-the manufacture [ C compon rticularly, the
present invention relat HB[W@“@@H‘MWW e crystammmm""“m’“m er and a nethod
for the preparation the . I'S waf er conpri seg. @ Surface havi ng an

epitaxial silicon |ayer dep8€'®ed thereon, and foFm& an ideal, nonuniform

dept h distri by yxﬁ@wsmmgwémﬁﬁavﬁwmxﬁeéwf@ﬁfrgpg; cyeles
.crystal silicon, m‘ﬁm%@%@g%rgﬁgﬁn@?l a %qﬁ%o@ﬁm@ésses used to

fabricate sem conductor el ectronic conponents, is conmonly prepared by
using the Czochral ski ("Cz") process. Using this nethod, polycrystalline
silicon ("polysilicon") is charged to a crucible and nelted, a seed crystal
i s brought BAGKGROMMDIOKHE INVENTEION| t en silicon, and a single crystal is
grown by slow extractiqgn. The fi iqn.of the crystal .to be forned
during the ext r SbE PR ehlgn Ay PRIAAR % peepRpii Bt Simibhalfiet e heck
i's conpl et matdriabsubsaams, espeiallyitliwnwsifads, Whickatausgath the Matfatseryg t he
pulling rate and/or the melt tenmperature until the desired or target

di anet er i sleplEpnempaneais iMericiRagicukatlya thsqugseat inyertionrplates|to ¢ingle has an

appr oxi mat I I i QkLi . ul |
ot e and t RetE ARSI bt b EhRlnciitol e pRGR R MerRd THILORleL hOBplOE o1
| evel . Neasgurfdee hevidg ah epitexigrsilidon 1prep dessitedibierdoaf aideforhe ag ideal, bbg- i s
enptied of molten silicon, the crystal diameter is reduced gradually to
form an enHpiéspedeptty gistution of ey seAPrecaritatgsslurisg ihesy treafeeabeicits afhe
cryst pu . I ; i ble. When the dianeter
becom?ts) sn%%SFﬁt%?§gﬁ8%é%%%lﬁ§ggl?$?fagfl%a?tsutﬂttﬁggg&séggpar ated fromthe nelt. A
number of def ec8aglecrystalsilécons whichlis Hiel startimg matemal fortnsst progsdsas ugedawt h

chanber as the crystal .cools after solidifi.cation. Such defects arise, in
part, due f nfﬁéS%w@eﬂ OT FECHQMCSOFRONERLS,dS COMMOBNIIRPHEE PHHSBENE t he

sol ubi lityeLi j - Qo (RS b i t i . ; st al
At ce vASANEragig G pdeRs, AR e BB g e ot oun
from a nel is chemed ypa caiclbje grdowalted, alseetcrpstelds brapighbingo contadievith the6 JUN 2003

WO 001,34999 ECT/,hJ899/27359 Eﬂot her. type gf intrinsic p,i)i n{. defect. .It has
been $HggeBOUEh RSN EAE SOISE SHEFE| i HR DL SREGHTPRY S Ton B NEHRREOR8Tnt
def ects i nyloheysplikd GQ%I‘ﬁchdQHE%{i/}géiﬁx?c@&n;%rB@esE'isr@thﬁ n&d. | Ahdrifsabdim and, if

these concentrations reach a | critical supersaturation in the
syst em andof the neekais complatd, thehdiametenbf thefeeystad i enlanged by idesredsngthgh, a

ti . | ' £) wll likel .. _The. densi f
aaal omor at BUUFAF AAPCF Ferm Bperee RIS dront ok PeeiamantparaITy i t hi n
the range AfcyfiR@dal inakn BB/ oMBe tHsADGHIchhad Bn Asprbximihéll @ohdiaRiamétes are

relatively |ow, agglonerated intrinsic point defects are of rapidly
i ncr ed8i ngisithgogroandy qoptrabinedbe palhimaetd the meltdgapenatire #@4le are now seen as

yield-limging facto i.n I: L gaty r rely
i npact 10 %%}9%5%}”& %gf@nqegtgl\‘{élgg n{ez@eéff%t re ?&PgFﬁ&? E@%E}'@gﬁl&%?%ﬁag%ﬁ?conpl ex
and hi ghl ybéfotcaié afuRibl€ islepipitied of Gidtepailicos, th@ttyytabdialletsrad tedudedpe of def ect
is the presence of crystal originated pits ("COPs"). The source of this

type of deg@duallysotfan apgrdpencatmcadly, e epd-enng istformped Rumsreasiag thavor e
speci fical] 1) o [1£S . | t.hinya
silicon i n%%?t? ?‘ﬁgﬂf&‘f %r}d%%\%%u%gléi&pt:ﬁggﬁ'{l@lgt@ggﬁ\%(#lg%%ﬁgbgcoﬁl&%g% zlilhedr al
shape26nd endughf e tosstat id thersseparandd fRomltkasieltabout 0. 01 um When the ingot is
sliced into wafers, these voids are expﬁgﬁ_d and apptgar as pits on the

surfaces of theAvipahes of defects insinglegrystal sHicn frm B the cpdLerofdhgat e, there
generally i : | & ] g f

aggl oner at gﬁci;?clﬂ%g]?fﬁg@%?ﬁ@@%&?ﬂ%ﬁlgﬁﬁ?ﬂgﬁf |Stﬁkglt&af%)%sf %Ig%hﬂ{ nc ’g egptrtrlleat hods
whi ch f ocupresence of a akcepsi(ile, agohesnimatiow etsovieahe sxlutnitityt lvaithofineinsiepsnt y of
aggl onerated intrinsic point def eaﬁi% dn the . ingot. This fagﬁr o.acE can be
further suBtPUsdEHCH ATknONGSAs RN HchRFARiesdsiligonsSHIIpREE8ISdi t i ons

whi chqpesukiy: i td i ' hose

et hode. hat e o e s on B et o
of self interstitial dom nated material. For exanple, it has been suggested
that the nunber density of agglonerated defects can be reduced by (i}
controlling v/IGo (where v is the growh velocity and Go is the average
axi al tenperature gradient) to grow a crystal in which crystal lattice
vacancies are the dom nant intrinsic point defect, and (ii) influencing the

o, . Y M ”~ o o o, N Y I T




growing the silicon ingot at a growh rate in excess of 0.8 mmm nute, and

heat treating the wafers which are sliced fromthe ingot at th ture

in the ran%ﬂ;m;t}éoc to 1280C to reduce the defect densi tydj m9

_ region near e wafer surface. The specific treatnment needed W vary
dependi ng on the concentration and | ocation 20 of agglonerated intrinsic

point defects in the wafer. D fferent fers cut froma crystal which does

not have a uniform axial concentration of such defects nmay require

di fferent post-growth processing conditions. Further, such wafer heat

t r eat ment s otlres typglodintuiasip peuy ﬂpg,ct. Habas hasa spagasiedithat thetype and suidi ng

metallic inpuritl i t Sq kel . i ally

ef fective 1or - fr%t??sny%)fg}égsgf&?}tydsekéaFSE{Eeﬂ%{%%lgé&h% @g%egr.h%ggkht%m&r{ggippr oach to

deal i ng w kélidifieatiphadldeintiodse agieatraticiseeadhd e elif erifGdl Bhipddsdteatisn s t he

epitaxi al deposition of a thin crystalline |ayer. of silicon onto the

surface of the sysieg andthy sobrlityjof theqpiglededscts wsiEicangy digh, greastigadotansi ngl e
crystale silj f er (%8 1 c i i j o of

caui omsr at ceE el Giex Y AP Relp dEhd Tbtebted Gr AU Bkt B
deposi ti ondeReRh Qediconayestenticrally tvattin dhd nanga6f Hagebx 1BYcinfeo sst of the

wafer. In additiqgn to containing the above-di scussed aggl onerated point
defects, silkyd'éney WWhide theps yalues as5e eghatively Iy, pEglomerated mginsig RNt aecal | y
contai ns vapi s Fil S~UNR -~ 999 . éllrr&g j i.ties, anmong
which is rrgllr ench'ﬁ%)d(l g’é?\r.ey‘ll\l% }s‘%{@or%tgg%n%n%&l%% org{é%gszrr%l%éf}l fca)gigg{esrb ile the
nol ten si | semrasiyseld-dintiang éttorn it deviguiabtizatonyroddsees aAll cisevestipangdcur e of
the silicon mlten mass, . oxygen. cones info .the_crystal ttjce unti] it
oachdd oo DEeH BRI BBt FRTACE B PRHBCSER GhranRis v BybeRiae || con
at the terrgﬁ,g,?ﬁsure of 5 the nolten mass and by the actual segregation

coefficient of oxygen in solidified silicon. Such concentrations are
greater than t h©nsglartiulartyyproblenetigerpeiaf defdct @ thé priesmme af ctykial t enper at ur es

typical for the proce, for, the fabrication. of electroni c devices. Thus,
as the prysp&na&ﬁm?f@@ﬁ% _B‘h hepremoHasSyRnat defentss &Fﬁgslgmqﬁmﬂiqy of
OXygen in kiticof phGaSAZalde Niyre sﬁ&iﬁczﬂi)ﬁ, WHRh &l1¢oh Bitidd Pachitiv@rl ers

contai ni ng oxygen in 10 supersaturated-concentrations. Thernal treatnent
cycl edSwhi epglamerate/withil 4 silienmpinggte they foimh rofdabdiypiatllythest veldsdavoan ¢

devi ces can_cau he preci.pitation of axygen in sjlicon fers.which are
super sat ur ggté.ﬁeqsrﬁ Sbﬁ%%ffa E%ﬁ%cﬁ sﬁ& Sl&ﬁ.‘)? ﬁﬁ%&%%‘ﬂ'%“%_%@ {0t 1§ he
preci pi t at e5cedaftolRRarBal ihksd vaids SeRRposet ahd apPesd eipity @CihRishFh®S of grat ed in
the active device region 15 of the wafer (i.e., typically near the surface)
can i npai r wafess.opkssapits areoeferted telayCOPs. Oxygen precipitates located in the
bul k of the waf

impurities that %"mpeg Vgé%egar]@oaf%?g%?é &ﬁaﬁar{p@ﬁ%ﬁ‘%#%&{ﬁ?%& Egﬂf%en

preci pot at gsagdERb@tkd iftrindR poiltldeflctst MEheVRkEApptéach hdfud® hddtSodsswigetmonl y
referred to as internal or intrinsic getterl ng ("1G"). 20 Historically,

G
el ect r oni c fafay ion enyfsidd phUimsitesinjsruse seducaile aumber danedy af agglomeragd st eps
whi ch were; i Sl b [ ' : ce of
the v or O P8 b TAHETR HReRRHCSaR of BIBE BRI RGOS 2
"denuded zeateiode having prgcl pullimpeohdideny whidh)result in thdforinatiamofvahndyhe waf er
( i1.e., the wafer bul k) containi ng}eg ﬁu”i Ci ent1 n nbeégﬁf, ox\égigﬂ
pr eci pi t at demingiedieptsuiply dakiospsliadyhang shistel Ruline GawHtipRs WRIGh resyft
exanple, i . gh-1 gk : e c
out - diZ? fus @Oﬁeggﬁht&og‘g? Hnghﬁmttggagt?ﬁ%ﬁg%&tg g%ﬁ?@'u?ga?gﬁ@fo %;B@?nn an inert
gas for a peggestdd efat die numalstr datmitytof4ghlomesated Hyfecx yerebe mpdecidibyt @ e nucl ei
formation at a | ow tenperature (600 to 750C), . and (c rowt h .of oxygen
(Si @) pr eEPHTeliney Gat(Whers gi thesrowinvelpelty b, tSdﬁﬁ%eg%ge. e, e.g., F.
Shi mura,  SeepREGheien) 1d 608 LSheh Dol eaRNRLAME vaRihcidle 807 (Acaden C
Press, Inc%{m%gn %g(ge@!td %9389) r?and thecregegrences vci tecél t herein). 06
, 1 UN 2Cn8 demirahBisadissi PatihtuBdert 2am@q8) ;fMeneingdbemtclgafiohvatevbthe advanced
el ectrani c devi ce facfurin rocesse uch as M uf act uring
proc e?@es @ 9@3@%%?955 {W ﬁ#t gFrFFéglfP's i’ycfiovﬁllné ﬁog@?@g rcnf%ﬁ?%m_g‘? %t(r:%% s
steps. At badgNiB8BoRf aolESRPTAE 58S (50P & duriah Gl Qh! fulendhidBess.
temperature procéss steps to produce a denuded zone and sufficient density
of 5 bul k PYlitd thistappemch réducessthe numbesdansity o€ agglomenated defests, doloes gott t o
render it a comercially viable product. O her current highly advanced
el ectroni c devi ce manuf acturing processes contain no out-diffusion steps at
all. Because of the problens associated with oxygen precipitates in the
active device region, therefore, these el ectronic device fabricators nust
use silicon wafers which are incapable of 10 form ng oxygen precipitates
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0 6 JUN 2D3 WO 001 34999 PCT/ US99/ 27359 6 surfaces); (b) a central plane

" between and parallel to the front and back surfaces; (c) a front surface

| ayer which conprises the region of the wafer extending a di gtgagoe,2083, , of
at | east awouao3u®Ium fromthe front surface toward the cent POTYHIAES9 and
(d) a bulk layer which conprises the region of the wafer extending fromthe
central plane to the S front surface lager. This wafer is characterized in
that the wafer has a non-uniformdistribution of crystal lattice vacancies
wherein (a) the concentration of crystal lattice vacancies in the bul k

| ayer is g o ol I ' i cies in the
front surf ?gﬁ%ﬁg&é{??&ﬁ%ﬁ%{]hg@gg&;}s{qg Tklﬁglft? F%ééé\éggo rﬁlglllgéh}]ag]\%acgﬁ%gncent ration
profil e habesnampessndiameistyngeht, chie/mtsence af thesedefetawtll esntialue®s near the
central plane, and (c) 10 the concentration of crystal |attice vacancies
general |y Q8R9RuEQEe ¢4arobBL posi tion of peak density toward the front
surface of the ] rdd : f S an
epi taxial | ayer\qggﬁ)g f‘%égs(}%g ﬁ%érde{%?l?m%&ef%g%gm an@ﬁfg&g{o“ﬁhggfg@tb%?% Eﬁess of
from alSout ti®E crystel talmowmtuedes than atomt Bdonhiméminand CHfiisrauggestiorehowevdrgisa si ngl e

oy al | el " slispaeLenpfaclory Bepafie sien g aBEl eact Bec R BY a contral
pl ane bet wegm ﬁﬁ?a&lﬁﬂﬂﬁﬂ Blord ngdinfly, kh aggn ?ﬁg Ifeaag id @6 ?&&mgfb)‘n o@sfngwt

surface | ayer conpri ses ‘the region waf er extendi ng a di stance,
Dz, of at bkeasd silibawhavifg abhighrconcditatibn ofiselSintdrstitenls. olais Highhe centr al

pl ane; and (d) a bulk |ayer which conprises the regjon.of the er
ext endi ng F‘gr&)ﬁf‘?ﬁéo‘hé‘hiupgﬁeaﬁ é%g’etfg”gﬁ@n g me@%ﬁ f%%@t?ré’}‘/téarl\.ﬁ%&ﬁtst hi s
embodijgent gnd m;ﬁfé@-@gflti}t{%&oﬁle%%%@ﬁté’d Witdis§y adpgig on of crystal lattice

vacanci es wherein (a) e concentration of crystal lattice vacancies in the
bulls layer is drsssord anpreashith dedlingcwith thetpreblemfof@gglotreratedintiinsic peivtanci es

in the front.surface | ayer b he cryst al ttice v nci es have a

concent r at L& Ctﬁr”bﬁ‘ilfeé r‘ﬁ%@?dﬁé hézrb R 8%#%?1cﬁ?/sokﬁ%ogroﬁﬁuﬁﬁ%éﬂ?ée vacanci es at
or near thggglemeradd RBRR poditdefdels fubSeqdenad fig@nforabiieh Génerilystabid attice
vacanci es generally decreases fromthe position of peak density toward the

front surf adueved byrisingdfigh temneratungi heporcatmpnts pf thetsilingnfinvafeastfommeFaf er has

an epi,taxi al_|ayer .deposi t,ed [eon. [ [ ial |layer, conprises a
U f a8 ha ot EERSR Pyt ABLEARen NG, S0 2L &1y BlrcalVF Ei oHBRTEno
greater thapvihgtie Nid/ingH at & gravbTite @flexdtsfot B8 aimMpraed, &id keat Nspect i on
tool configured to detect |ight 30 scattering events corresponding to

pol yst yr enBeapiigehewafiay Whisharastised feompiheiagatas s tapppmataisonthorange ofn - Also in
thi s enbodi t byl i i i bout
(g Sl IRIG o PROS el SRR RS Yl s W Glnaf ik Paitucao:

PCT/ US99/ 2TB& Spetifimtreatmentdictdednail]l warp deppemdints ot the comdntration aidrigtatioar yst al
silicgn wafer, the fer. conprises: (a), two j.or generall aral l el
sur f adlls (Pf.e %8,1°f{1?fé¥£r"6tﬁlp515ﬁ8“‘6g&f@‘:@&? %@c%%ffgafe@er%{ﬂa@ﬁ?rﬁ St A bet ween
and parall , ; ?ﬁﬁ’% : er
conpri si nggg?’ﬁttgpvrvggﬁod;?%g?&t}ﬁggag erng)'glféln I namgﬁ%flg’tf fgiri]égf;&egféﬂ%%éﬁgerdeu?ré t han
about 100 diffetern posthgrowtioprbcessing@orditionarKurthee, soeintvafer hpdtdreaimensiared) a

bul k | ayer c¢o i Si t he region, t.he fer extending.fromthe, central
plane to t’??iat%[i{n °Sr£]%’rl¥aé(8éhfﬂ%}3}t‘.a?%9{ "EW&BWHB@? ﬁ{n,p“gﬁ%s ’B.Eﬂ eFHICAR has a
substant i alyhierd!ahé AR WUGLR P BFEMVeT: é?f‘tyﬁgﬁopcr??ﬂ%&'ftéﬂéf%spf crystal

lattice vacancies such that upon subjecting the wafer to an oxygen
preci bt at i on héahirdapproagnto deehisg withiile problem dHaggjomdrated irtnnsialpoing t he

f 8 C. f h th 000 .G.f 6 .1 h
wat o wi I | Oclesis s e SRR dopeiivnt o Bt el Ieb ne Lo R S e Brs o
whi ch the pealingRRSysM sRcoh RAFR! AGiDrbadse prdviddshesimpit krysay SlichBwaler o near

the central plane with the concentration of the precipitates in the bulk
| ayer genehaiinga sefacsadiielyisisubstantiallyfeestof eaglomerdied ntransic paint ¢afects.ayer. In

Gepost ¢ o PREPEBR eaiibha el dob0eiDh Fiorhltel BaR 28Uty BBt 0.

to abgot 2tHe cdBfoflthe wafetir t her enbodi ment directed to a single crystal
silicon wafer, the wafer conprises: (a) two major generally parallel
surfaces (i. e.Inaddifiemio containing therppouc-gisenssedipgglemyratedipoiny deéstss al pl ane
bet ween an ral lsl. r g . ont surface
ayer  compnPaEelys sl Bnphialc e G2 s UL HRRGRY bk vBlol °T Tl

t han about 100 pmfromthe front surface toward the central plane, and (d)
a bulk layer conprising the region of the wafer extending fromthe central
plane to the front surface layer. In this enbodi nent, the bulk |ayer has a
substantially uniform oxygen concentration and a concentration of crystal

oy a " o o - o o -, = T v o




conprises first heating a surface of a wafer starting material to a

“ tenperature of at |east about 1100C in an oxidant-free at m)sp(rﬁée@oz&fm)ve
a silicon oxide layer fromthe surface. Wthin about 30 secon at* e he
surface read¥RU3MYPOC, the surface is exposed to an at mospheFETEHWPRTSP ng
silicon to deposit a silicon epitaxial layer onto 20 the surface to form an
epitaxial wafer. The epitaxial wafer is #hen heated to a soak tenperature
of at |east about 117C while exposing the epitaxial |ayer to an oxidizing
at nosphere conprising an oxidant. Afterwards, the heated epitaxial wafer is
cool ed at aimph6ti&f adbng @&sdh iahﬁﬁﬁl¥b§i’§—‘éé‘;€€£hié condifinBgsn, g8LSANPR) bedlirs ect ed
to a process for the preparation of a silicon 25 wafer conprising a surface
havi ng an epyhilgthamoltay slicer ontainediin dheaiprizcnsile.odé tis teoppratsesf ther st
heating a sypf f fer ' L a erature of at |east
about 1150Cgfhr?g§§“°gt>?flg%ér%?’-($‘y gﬁa‘}rlréossqg}%)er@ é%dgalrl }aa Cveeunéﬁgier?c?‘S%aoxi de | ayer

from the sucbaeatrairt ddtemabediby R sSRBUNG DT akygeh ih bigiconl bf 6 CeriaaliRsof1150C,
the surface is exposed to an_at nosphere conprising silicon to deposit a

si | i condepi thednalten mpes angriyghgacthplsegisantionecocHiciant of anysspiin sglidifiedaf er . The
epi t axi al [ : : ut
T75C whi | o uEBn Sudt o R Y Aol BURERBIGY Bl n SERG B
2003 PCT/ USQBth2 i@hperamieli tzpiogl fat e ppduesses dorthe Fdriog@nofoitdi@nic. deAfceer war ds,
t he heated epitaxial wafer is cool ed c?lt a rate_ of at_ |east, about 10C sec.

In an addi t iI6HBI2S STytAksieVa ot the dnqlisndnpss gRd sl dhe HROITHRYEFHI of a
silicon waf erjLRaR 5 ; i.ng; i I .Jeposited

t her eon, thgtdﬁzgraocesssrﬁ}%:l(%i 'ﬁ@é@ejgﬁ@?‘&l??%&éggéﬁ?ﬁ%égﬁﬁéﬁb%ga%hﬁayer onto a
sur f acdOof aupwsaturated chbncamtrationspi t axi al wafer. The epitaxial wafer is then

heated to a soak_ fenperature of at |east about 117SC while exposing_the
epi taxi al |ayer t cﬁﬂfﬁdﬁaﬂ?%tﬁéc%ﬁ\’fgﬁcgﬁé@wg@ pmBloygd ahths fabyigation of

Af t er war ds, jotaxid ok : i1 Least
bout 1007 5SS TRE BEFeCRin Gl BRofiialiln bE0k R ol P hAIcR wRkh B2
with a 10 pesgerspiraadiinbxynoDdpending be drdinigcamniin itteewhfef, dhepretipitatps t axi al
wafer is heated to the soak.t. rature. .l.n a, further, embodi,nment directed
to a proces§t g"r f‘i‘ﬁgﬂlp?r};‘}&?%‘f‘?]onﬁiﬁ'ﬁeﬁ PLSCiRIRES 19g2tadrn dimantive idﬁb‘_c%lre@lﬂn_f ace
havi ng 13n epf {R%idAbr (1.2Y YpifBRARh: @ shiffle§ 0 intaf RE Bp&880COMTRE UeRSe.f 1 I St
heating a wafer conprising a'surface with an epitaxial layer deposited 1 S
t hereon to &xygerkpreeippatcalasatedon thetbulle gEtheataden hawse ank cdpablsxqi deppigst he
epitaxial layer.to an.oxidi.zi at nosphere conpri si an.oxidant . The

oat od wat eRtesrER air) Pt e AT EOF o ERRE bR RS A BR R o Fhi
enbodi nment, ok&%nﬁﬁédiﬁ%&té& lot2¥€ i thasuk dfth€Wars s Vip RAetalLidebmakput 0.1 um
and less than 2.0 um_ |In another enbodinent directed to a process for the
pr epar at i onraf¢rred i dsiinigmapor intrnsic gdiepne i1kg)-a surface having an epitaxi al
| ayer posi t ed re h . rises fi de Ithng. a

epi tax?gl | ayer %ﬁﬁan aq%’ﬂ%]feg%%{lgg g\é&/\/ﬁaﬁﬁ?atﬁ% r%??eﬁggeétr?ﬁyeeﬁjggl}dte{i Sg%érérﬁfan

epi taxi al wefeps whithevepidesigheal towedduice sdicbe Ahvdflg & eglorsaals thetpRtabithe of at

| east about 1175C while exposing the, epitaxial layer to an oxidizing
at mospher e B@fMichis fE8s of oxygen Preapitapscorunond yecteraad tos @pAenided FoR@f er i s

cooled at a.rat At : -Di e,_;m?' t, the
surface of t g%@é}t%téétéoﬁg%tnvgﬁg@?Bgﬁéggeeé%tggwtaﬁég(té'gi’t%h anI a ldl?a@er i's
deposi t ed onémainhg ssufficier)nunstser afioxygenayecipitaidstfos Kaptupokesg Denadéd
concentration of at |east a({) ut 0.5/cn® ﬁs nmeasured by a | aser-based auto

|
i nspec®Pon LS havs e formed: dorrampie: in g Righdewrhigh thegmal seArence sRehasdidhdi ng
| - 1 i . o 30
to polystyr gfgezi%xg-gﬂ?uslﬂ@d’ﬁ Ot ttﬁra%xgﬂt e}@gr@m@ ggwan&e& afim

I n yet anot I'ment directed to a process eparati dn of a
silicon waf ér agenipdiofianipast abomtf4loeirs) gb) ovgygan peepipitate raicidi dyreratide posloved

h h ' fi heat i hj f. fer. [
Erate ;?iogi t 0? I{eomces f(éﬁ@ F@}@?Qt anldr(g)t gro%vtaltm Iop gxyageg 'féxoaz)cgre&pltgte\s,\gt ae }rugﬁt arting
temperature (1000 to 1150°C). See, e.g., F. Shimura, Semiconductor Silicon Crystal
30 Technology, pp. 361-367 (Academic Press, Inc., San Diego CA, 1989) (and the

references cited therein).



0 6 JUN 2003 WO 00/ 34999 PCT/ US99/27359 10 | east about 1150C in an

at nosphere consisting essentially of H2 to renove a silicon Eéi@ﬁ%l er
fromthe surface. Wthin about 10 seconds after the surface Atk 150C,
_the surfac¥9¥34%%0sed to an atnosphere conprising Si HC13 t 8CA&8YR135%
silicon-epitaxial layer onto the surface to forman epitaxial wafer. The
epitaxial wafer is then heated to a soak tenperature of at |east about 1

| 75C whil e exposing the epitaxial layer to an oxidizi ng at nosphere
conprising Q2. Afterwards, the epitaxial wafer is cooled at a rate of at

| east about 20CH&sa6 réceftly,HdveveR kdt RIFBEEIE tdrc a@imHﬁu@é&%%ﬁo@&séﬁe soak
tenperature. In _this enbodinent, the epitaxial layer has a thickness of

f r om about suwh@s DRAM manafactusng PravesssdheEn begi to migimizathewse ohhighe 10

a1 5o di r actEReTaug ripie e8P BRRMen e R R Htosk s R U RIS o7yt 2

si |i con wahigh térApératueapiotéssGeeps tté pridack 4 denuded asnd dnlGudficiént degyityasdi t axi al
| ayer onto a surface of a wafer. This process conprises heating the wafer

to a seak PUkpEscaRitates, Bie taleransgsen Hisanaterial asioo dight tagsndeidt @ he heat ed waf er
; . . . . . | for
suppor ted SmBert ARadhe oL, Ot Sitfen hliah Mo RERORAl 0l 1R T S

contact w inhnifactufing peResyes dotitainthot Me-diffiediomgest #all. Bebfise betfeur es of this
invention will be in_part _apparent and in part pointed out hereinafter.
BRI EF DESORPPIFmsNsegciatpdEwithQxy BespreoipErig Hethe agthndeviqsacgipnitbere®ie.st r uct ur e

of 2 511! 1o Sk i S GO B s Bl BR0A Wb g materal

in accordance w I nvention. ure 2 shows an' oxyg

preci pot at forming oxyzenpregipirtasranyivhede inthe oafepureiea tiedt groceas corditinse Asi t h a
preferred enbodi nent of the instant invention. Figure 3 is a schematic

di agr am of @ FHRILICERIR@HSEY i n an EPI 25 CENTURA reactor (Applied

Materials, Santg fahafcde PoRht ABpliIRh NQBLIG08, NG 8a' SINEiBcIbEE ;?r%@&eor- In
this figure, the susceptor support shaft 105 and"wafer litt shaft 107 are

i n the excfeanypartiogitiinsic gEitepingint 4 wafer befoesmis wsediimegn elavtodnid teviceechani sm
used in an_EPI_ CENTURA reacgtor.for positioning.a.wafer wthin.the reactor,
Wher ei n ¢ HOEBHEEBERBPIOSE %% (RS L AR S e islper () RSO0 107 ar e |

the hewe posfeld £1:150°Pirls BUNmABRMQLYAERARER 5@%{?9%%% %Et% tﬂésﬁﬁ%‘gfe 51is

a schematic diagram of the“mechanism used in-an E RA reactor for
posi ti oni nef the wafars avtemperaturbeof B0t b150, bnd 12005Cf andi(cg coaling theiwe faps ajr

support shaft 5. and £ | i shaft 107 e .dn the prqcess si.tion.

bore o e obdnufae I3 lser- uhe AR ERT Axfuirier 5 2apR N L
reactor f of HeOgreiteOihki 0. 530w 8hid M b¥)den dBasifyaqli6f 10 Thoms/eh Gintidions t he
preferred position of the susceptor support shaft 105 and wafer |ift shaft

107 when tWerdaeghout 22 ppi(he. 2ApKuBep a@ns Ber 1,000t aemsin the wifen).

i nventjon L nf | th rysthal.. | C rof i ERt fer.
i gar 071 A%l s B B hT R proft e AR bl B HRp
1250°C and a cooling rate of 10 to 100°C/sec, such wafers will form a desirable
oxygen precipitate profile upon being heated over a period of time at a temperature of

from 700 to 1000°C.

SUMMARY OF THE INVENTION

25 Among the objects of the present invention is the provision of a single crystal
silicon wafer which (a) has an epitaxial surface that is essentially free of crystal
originated pits; and (b) forms an ideal, non-uniform depth distribution of oxygen
precipitates during a heat treatment cycle of essentially any electronic device
manufacturing process.

30 Briefly, therefore, this invention is directed to a single crystal silicon wafer

comprising: (a) two major generally parallel surfaces (i.e., the front and back



10 CENTURA reactor for positioning a wafer wwthin the reactor. This viewis
taken fromline 7--7 in Figure 3. Figure 8 shows an oxygen p gci { e
profil e of vaowakene Wwhi ch nay be prepared in accordance with &ﬂ%@gé@ s3d
enbodi mrent of the instant invention where the starting material is a
void-rich single crystal silicon wafer. 615 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT I n accordance with the present invention, a novel and
useful single crystal silicon wafer conprising a surface having an

itaxial sjlj d ited th d d. Th i taxi al
R T e S e
concent r at i fRiht QfirfRR 19fe@ HHeh dohdtisePMélreSlof OF HERvarSexiBAMY £dishica X0

| aser - based auto i nspection tool configured to detect |ight scaftering
event s cor reéspleastiabgutt 1) joml fyam thedfrant spifacedewhiahthe gerdiah planey and(fl) abulkess

t han about ,0. 12 In addi,tion, t wafer contai ps "te te" that
det er mi ngs oy Whl;.i:‘fq'] FRrgprysey Ifﬁ%ﬂﬂ@f? ﬁleﬁ’vﬁlﬁi ?‘ﬁe"@%ﬁﬁm\aﬂ‘? ?“J@L&aﬁ? foat’P’E when
the wafer ifforfi8airRd 158441 MlistitFerdk 8RArb @B £odd Vha Shd R aref REL AdghiRIrRCeSS.

Thus, during a heating step of essentially any electronic 25 device
manuf act ur iGagyriputinneafsrystaidatiied eacangiey wherein (@hthezoneantrdéon eferpstallagigef i ci ent

or eci pi + at cores RN R ebe SRS e BeehBafll o TR X R RN,

novel net haf thafo @eifadtaupdr Oy thef Ryst#lrgpias vaAnsids Rava aSdongérratiod pictlle si | i con
wafer. This nmethod may be conpleted in a matter of mnutes using tools

whi ch are ihaviagmmsak dewsitypicnstad lattieeorpcauriesaatios seatuks eantrabplataendfd)ng

e Udsby 2 Pt RPR A A PR Vo Bt Rl Bt B P Benigonaf er o

t he presenipchlouamity eswviardeheframlsyurthce of thé Mk, T ¥&diddn, Shd fre@nRuyasest tbi ch
has been sliced froma single crystal ingot grown in accordance with any of

t he conventyaderdias ¢aepisaxigdayes epdsiedthesqons tTans epitiniahpyprasddhickngss ofet hod,
as wel | as 312008 i Lcing, | apping, etching, and polishing

t echni ques, are mél@llsﬂ?nalggnw'gh?ﬁe art and disclosed, for exanple, in F.

Shi nura, Semn corinunéther édhbadiment@ingstedlto Temigteadrogyl sjliwadedfes tervessr |1 989) ;
and Silicon Chem (':El Et chi,ng, éJ G a r’rfaie , ed., Spring r-VerIgg, New
Yor k, 1Pog2FomREses: (3) ko perier srurrally pasallel susragss (i epp &toat sisface Ad 2 §agk ont
surface 3, : [ ' q;lgen% I n the
front and BgrcfE&Z’llj(Piggée&s{faﬁ gir:]dge gc%‘iér@%ﬁg?gﬁ%l??ﬂ e %rg aﬂ%@?ﬁuﬁ%@ﬁgﬁ ront
surface 3 drooht suréacbdmler sthidhaoenpbisesithe régiomsf the maaftr'exsendingleadiktinden D hi s
context are_used to distinguish the t maj or,. generally plan surfaces of
the wafer Pf2j{EaLABYHd Oyem @e_tﬁf?é‘f S ef‘*‘_&‘ﬁflt mm&Lplsn?@ﬂZ@ ilessari Iy
the surface,yp with@dnditiss 6 kEHGH 6f B8 W8 SitdnlinbUbS8 AEetntiil i8nd RRR4 cat ed,
15 nor_is the back surface 5 necessarily the major surface of the wafer 1
whi ch 20s o fyeos suréace bayes ubf thsemhodinérs hthe e fes has a moniupi fdaw ideseribwionaifr i cat ed.

I n addition use sili.co fers ically have total t.hickness
vari at 1 on R ity DBk B r et et B S ot B ¢ ne
front surf geehiakthyeyBrotedd& thin BB chbinBatdn 6LdraeEafiRY vAincies 8Cihs oyt f al |
within a plane. As a practical matter, however, the TTV, warp, 20 and bow

are typi castsfacsdaydri (hthetarystaltlgftioe vaconeieahpreddargertition profile dpanges can be

said to fall wthin an | l.har ral_plape whigh.,is a i mately
equi di st anpe%keg%% Ofﬁré’sgrgh{&%gﬁ%ﬁ%g%%ﬁ?g{}?ﬁaég‘&?en{f%@lﬂgf %’FCP{(T:E ‘contain one
or morg dopaidentrhiorgbfiyitildattiad edcanéies petferalBaddcasRIERE tHd R3ition@T pexanpl e,

the wafer may be a P-type wafer (i.e., a wa??r, that has been 25 doped with
an el enent deRsin tewad hs front suriacearl the avaderT dp pdditigpdhe frop wafargobBeon) or an
N-type waf i ; e%- i, _ from G oup
5 of the POATSAEa sf et WhosBsRERY, SRRCEAIILPE ErfliRel e "I o
a P-type wafidicellavinggnaverge Hhtwchtyerinfg dventmoabatttation 0040 preated thtin abButS2- cm

In a particularly preferred epbodi nepnt, the wafer is P-type wafer having
a resisti  DROTeSF 13 ey aﬂag%f%éﬁs{]euteenszeﬁmmyk&@ggwdéﬁ getfehlisht
par ti agl ar by REGE BVERISHRPSHITE o pdiTiey R §heted BviRg AR ho less

than about 0.12 um. Also in this embodiment, the bulk layer comprises voids which

are at least about 0.01 pm in their largest dimension.



having a resistivity of fromabout 0.01 to 1.0 (err)-cm 0 6 JUN 2~3 WO
001 34999 PCT/ US99I1 27359 13 A wafer prepared using the Cz nethod typically
has an oxygen concentration anywhere from about Sxl 0" to abggt Jox 2@l

. atons/ cnB Woroasder words, from about 10 to about 18 ppm (iperwségngsabout
10 to about 18 oxygen atons per 1,000,000 total atons in the wafer)) (ASTM
standard F-121-80), and nost typicallyfromabout S 6x 10" to about 8. Sx
10" atons/cm (i. e. , fromabout 12 to about 17 ppn). The oxygen

preci pitation behavior of the wafer becones essentially decoupled fromthe
oxygen concentration, . hn the .ideal precipitating wafer; . thus,.the wafer
starting materi anrﬁwlthoﬁgené ocﬁ%ecﬁre %’ﬁé%ﬁlsﬁ'“ﬁ?q %Stgl 11I"i°ﬂd”§ﬁ‘g/a}‘?ere within
or even ouysfeflgohpi@ses Y By b ?eqmrm}byarmm stuad¥8 (10 Ghe FonAHRI BacRN
depending on the cooling rate of the single 10 crystal silicon ingot from
t he mel ti rigirigesspt(bba central plane between anbparalld4q ¢@) framtrnd hiack swefacen (e aof about
7S0C to abgut 3S0C,. oxygen .precipitate nucleation centers may.form The
presence o&ogﬁglﬁ%eela%?l‘yﬁ%ﬁ@g mﬁfﬁfé Tegongf eeW?%F EXIEH ’P%é%gz’éﬁc? %ﬂao Heferi al
typi cad |y thén f%ut ¢00 Lint Bbmitke frbst RFRESRatdINRREASA piireYi:de@) b Balk t hese
centers are capable of being dissolved by heat-treating the silicon at

t enper at urlaergemprisingbe rgiogfofahpyafer sxtendpgfromnhihg cenived piang to the front

parti cul ar | ] i i r,.Sk i rials. The
P ase. ot e SRR HBERall d BURUF Pas e B B R LR HT5T ) o ge
nunber of cehy&itatioh ahd aeensearativyofaggtaln®iiod vavasciesTfiviehaagboner ati ons

typically have octahedral structures which are at |east about 0.01 ~min
their | ar gaBiectng tHie a8y 9ran oRyEeHIeEinitAi agy heahigeaimert consipengesseriiallindd at i ons
are ifpth e dS.; t rof f f appear
7t 1 o fiReihe AR sUEE AP A S AEFa 000 Y e B FE

det ect ed byafar Wilbeonthiasagiganirecipitageieivinga ¢coknt(R00ird file$n vafdrthed to as a
"| aser-based surface jnspection a."wafer surface particle

L ! C
count er ") Pegkfensityaidbs Rrepipigties ’é’d—ggl’@#‘ﬁ%@r%r‘?{ Jegithe F‘@Wabglat‘%émbith% when

the 25 sur, i ' aﬁﬁ%@ i L
conmmer ci ;Ic{oggéglygﬁf)g%?y% %?@f%%g%g%“ﬁdﬁ génleﬁc u e}et% ﬁggk'uﬂé ?E:"g%h"g’zzo from
KLA Tencorof (idfromtasunfadé ayer. GAApddidon thé&ofiRBOfaceBthe waifiek hahBi2 epiraxial ADE

Optic ste Corp.. (Charlotte, NC). Void-rich wafer starting materials
whi chiar o 15 CrRam R G For ER SR leb YR A s kpes ©F RTSAERbH IHave. an
average |i @bt 56aki.ering event concentration of at |east about 30 O S/cng,
as neasured by a | aser-based auto inspection tool configured to detect

| i ght scatt eri dy adughesemtmdimen dirdetad ta asipgleyesysyal silizon praderethe veaafémg

dianeters of no le t han. about .0.12 ~tm _ \ore. preferabl this ayerage

l'i ght scatcf’B}PFﬁas'e@ZW ma%gmgl%ggagalﬂ SHf%ccig’NfP’j /Stﬁgé‘éj aélla(?(s)tfﬁ?gnt ration
is from algthcd); ®) h@ertPA'pland BeEBen ané badallelB e RER1A0 bW surfae8s, ehaut 0.5 to
about 3.5/cne, "and nost preferably from about 0.6 to about |. 6/ cne

Voi d-20 ch fieut eurfacsrlayesapmpasing theyregionfoé theavaler extending adistnravinmmsetse t hey

be sligcedf i L ' f d.b | atively | ,
e . .t e taighepf DG b S8R b Wcirle vary S ftal llnd, e tafdBhly O eoecs
Deposi t i onaykh@ombtiging theé dgioalof Sid wafenemeddific BHRNBAE echtial pREE &F afemt Wi t h

this invention ) i ) )
surface layer. In this embodiment, the bulk layer has a substantially uniform oxygen

concentration and a concentration of crystal lattice vacancies such that upon

25  subjecting the wafer to an oxygen precipitation heat treatment consisting essentially of
annealing the wafer at 800°C for about 4 hours and then at 1000°C for 16 hours, the
wafer will contain oxygen precipitates having a concentration profile in which the
peak density of the precipitates in the bulk layer is at or near the central plane with the
concentration of the precipitates in the bulk layer generally decreasing toward the

30  front surface layer. The bulk layer also comprises voids which are at least about 0.01
pm in their largest dimension. The front surface of the wafer has an epitaxial layer

deposited thereon. This epitaxial layer comprises a surface having an average light



conprises a surface having an epitaxial silicon |ayer deposited thereon.

" The epitaxial 10 layer nmay be deposited onto the entire wafer

;
al ternativelygo9dbe only a portion of the wafer. Referring tlggﬁ;d qum%q;, t he
. epitaxial layer preferably is deposited onto the front surface of/ ? e

wafer. In a particularly preferred enbodinment, it is deposited onto the
entire front surface 3 of the wafer. Wether it is preferred to have an
epitaxial | ayer deposited onto any other portion of the wafer will depend
on the 15 intended use of the wafer. For nost applications, the existence
or non- exi SERRIMEEVeRtFoRpANtALPA T na gegates thamaboyt &Qﬁ/cpé,rﬂsimﬁsmedtbly@ wafer is

not critic . . i W .wafers sliced tom

i ngots pr eggsregﬁa%e@%thgogmgggch%??1%0&%%&?%%&%é%éé%%héﬁgﬁﬁmgre@ﬂ%f aces. A wafer
used for i rbe@smindthetb helyistyrérayphe@s having Anwees of 86 18E Hah¥abbst 0. 8Bk ed to
have a surface whi.ch consists essentially 20 of no COPs. A wafer having an
essential |y coP-Fhgiventignsis alseelirestedse apapesss 9y thpapreparationplzasiignn axi al
siliconla .ef i.taxiyal layer fills
n t he oot e st SR Bathe s 2pBUS yf elb M B Bions 120 Leen
the topic embodimet, the peotess dotnprives fitst haitinpnssurfaee o Be Watdr karigig MbterialThe

El ectrochem Soc,, Proc., vol. PV98-1, p. .855 (1998); H rofum et al., Jpn.
J. Appl. 230 pRp¥Idangee atqgsphere tosremqreggijcon xils laggrieom thesugiage over ed i n
accor dance ISz i R O

el i m nat ed ng;}hﬁs%bﬁgﬁgn&égﬁsfw éf&‘z‘?ﬁ‘. Ton @gcfgrd%eﬁéﬁe:\ré%)fsﬁg& S;ﬂt?%f:%ghset about
0.1 pm Prehdhedisgxpdshe temi stemdspherk aymprikiag sdicbhitc 8epess aaflicah epaadil about
0.1 pmand . |l ess than ahout m Mre. preferably, the epitaxial |ayer has a
Chi oo 89 opin B siltac (2 Briioan g iad T i eRiBtalpradeics Apnhestsdfe om
about 0. 65 3tg | easthidl ° Datink : jckness
of the epi taaxiag:g)é?llkﬁzg%lrl&n%ff %/egr ;HB :df Q}(lﬁ@ gg%}?gx%\??%%f}gréa?t?ﬁgégg&tgQP npart

el ectri cal opidipegeiresspheretchmpwaimgransixidaate Afterwalisfthd bbhted el Gixsd 9@€er

PCT/ US99/ 27359 .15 addjtion, to elim i ng COPS. For exanple, precise
control of I%C%%E(g?ﬁart?nocf«?ﬁlelaﬁttal%é?ﬁ%&g%qce near the wafer surface may be

achi eved usi ng 3n affthbrethiddihendireclIgb @ pRBce8Pidr A FrepdrAiSH of Ssilsqd for a
purpose in addition to elimnating COPS, such a purpose nay require an

epi t axlidal Meaferrcomprisingessiriane baving any episaxdal layeadepdsited thetean; the nrodeskness 5
used to eiimnate th S, In su an. i nstance, t m. ni num t hi ckness to
achi eve ¢ heOmReS Ackeotag s uge Pt SRRy erd o fuir it  ng o
thi cker | ay&ist ¥up 110 CiRfBbxidan0aRee hRhdsphbR IS réRdvER] Gliddn okideRlyEding
because formng the thicker |ayer requires a greater deposition tinme and

nor e frequékr swfasaniidinabausd0seends gfienthg serface reaches bl Chihs surfe¢d is con
oxi de | ayer ) t.l L] i 1) aY .Of a
silicon surt é{%sgg\}\%%[ﬁal SP %&gé%@?@%ﬂg%ﬁlgﬁﬁ t{)a? gpfdégﬁ%gc(r?ggﬁg df'gleﬂgenrg)ratgoener ally
has a 20hi ckinessfaoé td foormnanlepithxidADwhier.abheitpildxiabvader is then hestbdoea sédke silicon
oxi de | ayer preferably. is renmoyed fromthe surface of the wafer before the

epitaxi al [epRratute ofadb deastk abubht & Frivhilg expesiag theenitexig! RyprioRn t he phrase
"silicon oxl : . hGind f AgLL oap SRETNY:
cheni cal | yéggﬁﬁhg %{@‘E%Ef’/g‘gﬁ&z‘f’ ogrrlél.‘"' "%‘%f‘{caé‘ | f/‘ﬁh%s%agﬁ{’l@et a sfdl ggﬁag‘??%’e | ayer
cont ai ns almedoled 4 aauyegdat RhstrabopeY0°€ydeccon atom I n a preferred enbodi ment
of this inventiaqn, rﬁnnv | of the silicon oxidgylayer is.preferagbly
acconpl i shed by Inaaetheremadimentdirestedito AREOGET & thePraparaomimebeon
25 wafer comprising a surface having an epitaxial layer deposited thereon, the process
comprises first heating a surface of a wafer starting material to a temperature of at
least about 1150°C in an oxidant-free atmosphere to remove a silicon oxide layer from
the surface. Within about 30 seconds after the surface reaches 1150°C, the surface is
exposed to an atmosphere comprising silicon to deposit a silicon epitaxial layer onto
30  the surface to form an epitaxial wafer. The epitaxial wafer is then heated to a soak

temperature of at least about 1175°C while exposing the epitaxial layer to an



consisting essentially of no oxidants (nost preferably, the atnosphere is
" oxidant-free) until the silicon oxide |ayer is renoved fromv\él?e Lﬁrr&ﬁce. I n
a particularly Preferred 20 enbodi nent, the surface of the e\] 3 eat ed
.to a tenper¥PHPA4BP at | east about 1100C, and nore preferabl JCTYHSHP27359
tenperature of at |east about 1150C. This heating preferably is conducted
whi | e exposing the surface of the wafer o0 an atnosphere conprising a noble
gas (e.g., He, Ne, or Ar), Hz, HF gas, or a conbination thereof. Mre
preferably, the atnosphere conprises HF gas, Hz, or a conbination thereof;
25 at nosphessidizingmnnibshee: cnipeBing gosxidand Aferneads ahhédied ifaRiaMvkfert he
surface of the wafer. Mst preferably, the atnosphere consists essentially

of H2. It ohepelad Bea it elptderst about KO GdFecat mospher es contai ning N2 may be
used, such atno res; : ferr nd farm

1] dos ont he By agiRRR cRSRRES SRl RGBS ke MERflgh o

deposi ti on siiiconheafsriedmmisingdsitfazd haviapah lepitatididaygpidepadirl titeqagitel on

pr ot oco%s t hat renove afsl Idﬁéon,om de | ayer by heating a wafer in_ the
presenct ofPTREEST GRRIPTESS fig dRRPLiing ¢ eRitaial dayaT oo Wrigee kyaicatoupan (€. g. |

from about 0adiQ) fRRut Prlele t WO
bor Sa009- Pl sk L 348 {%g?‘g%ér at ﬁ’g‘e@c‘??%éﬁg‘é?‘? a ttempbla %V?%t?&g?
typi cal |y fabont BIYSGE wiileteapahingithe@Pitsxeblaga)to ah oxlidang eemosghaeovered in

accordance with. this inyentiqn, h ver, that if the surface of the wafer

i s heated tGTEHSHE 3 ta eﬁﬁ,rtgsv,\ﬁ}eelpe@fegbqu,tgxgb‘ga er 18] ediaﬁaéﬁe&? #ospher e
conpri si ng 1ER: abdif 18°dA60 Mn i @bbaN¥Sint | the e,s&mm% EME hdgeswgGaUENt S
bake step, thereby rendering the bake step unnecessary. PI m nation of the
bake si@p gloot-¢mtaxialidepdsition ¢leaping sodutian pafepaheepitaialafader iahehtddtonid ore i s
commer ci al ia% dFsi rable. In a preferred enbodi nent of this invention, the
waf er surf ék CIRFEAUYEd to renmove the silicon oxide | ayer, and then the
surface i s expogaq fiRh& EnMdiRAR At 16 PIREN B IR drbsRttidndrdepRsht the
epitaxial layer onto the surface. Mre preferably, the surface I's exposed
with the atwafepiesnprisingna sirfacafawing ae opitdxéaldayen depBited towewts thafprasess he
silicon oxicde .S rtlej:rroea? mor £ expcroef er ablé/ Lt hin,about 20 lsecg{%ds.afdter t he
silicon oxi 8glpp§§ﬁe IS lge 1BEHVY TR % ?)"V %Wé‘&? Wt?ﬁ‘iah HBSPOtE seconds
after 15e Shére&d @ﬁaﬁ@eﬁ?&t@dﬁré 6f dt ey Atbut | 1752CPAtild Sdposink Yhd¥pethgial ed
enbodi ment, the wafer surface is 15 heated to a tenperature of at |east
about 1100dayeHin an pridizing@mpsphere ¢qipRmsiag gy exidamo Ghe heatgd wagar is herxposed to

Cur face T odenisd o hEHEPER RISk RS 107E8ed IR B BERGAT B bPfadel PO o o

to the at maaphiekhesofaf@idiaboutd. 1 iandvikdshhan 20 ymeconds after the wafer
surface reaches that tenperature, and nost pref“erably |l ess within 10
seconds after tHEaEchﬁhﬁ@Po@@P?%’@c?eééﬁHﬁoqeﬁrsafoﬁt@rﬁ}‘épﬁﬁwfé?f%‘il‘iqnng to

initi Siyl4F5a0 ifd : 10 he
sili cgén@oxiwdde Iayﬂ?&?ﬁ%&\,\gﬂf 25\{16 %g%@%@?@%??%&&é@&&%g?é?gl ei%lze and
become uni fcompriséufirsshdepobiting anepirdxiaiflaydnenti 4 surface ok b daafdrayaeting mheriwiaf er
preferably is heated at ,a rate which does not cayse slip. Mre

speci f i cal |t9?°rrn_f an FRitagia] wiafers %hsale%l% SIS bedige topsoakiIFREIP SRR TRl ent
will devel q&smo%%dob FhIEA o8 kY imital fagleleﬁm%%fdmﬁgﬁfno&&w?@use

different planes within the wafer to shit ative to eath other (i.e.,

slip). Ligkohypridinged oxatast. sAfterwagrds, thevtiwhted edopdel wefehisopld anadthafatng a
resistjyvity of ,abouys, 1 to about 10 .S2-cn) have been found to be .

part A ar HPSLROE L0 fees B Bis spbosBharions SCiice SrBbIaHT uHBs B gl
preferably p&oRaak eplitdxia %}fePi%rﬁeb?ﬂ&%rﬁt&f}ﬁ shffadd) Ba$ hh h@éi‘ﬁgéli@h@@caﬁgriﬁ%mm'

tenperature at an average rate of about 20 to about 35C/ sec.” The epitaxial
deposi t i on epensfconedsitption o Eatrleastiaout Ofyerahasmensiired yor laskspesddtduém. General |y
speaki ng, chem cal. vapor. de i,tion.ihnvolves exposing the,. WO 00/34999 17
O 6 JUN 2~ "BETSHEeP @uge@ﬁ?&stgctg\*gh[t ﬁ%at%%;v{)ngs ‘é?’f%f?%(g%@r e conprising
silicon inpalyseRédenphates HeEAS tiaklers 6866 Riss tHan @boutd®1 Ff. CENTUR. A react or
(Applied Materials, Santa Clara, CA). In a preferred enbodi ment of this

i nventi®n, the Jnyrbanethst embedimentdireaiedioorresess dorthe arapeeppepba sibigr i si ng
a volatile onpyr.t Sin il . S9h(J 4 i i i H3Cl , or
St Tne "ARShsRMRIRL Bt b pf ofesidTIdeCaapbIi frepcdy o¥fose?

pref er abl y cbiiprisdsfiretigeatifipp @dunfisetof atviefesaattiag noftertd] kéd & it iahe

epi taxi al deposition is SIHzCh or SiH4. If SIHZCI2 is used, the reactor
pressure during deposition preferably is fromabout 500 to about 760 Ton.
If, on the other hand, SiH- is used, the reactor pressure preferably is
about 100 Ton. N ost preferably, the source 10 of silicon during the
deposition is SiHO 3. This tends to be nmuch cheaper than other sources. In

) TN N o



preferably is maintained at a tenperature sufficient to prevent the

at nosphere conprising silicon from depositing polycrystallin86siJUNc68 onto
the surfacwO @89l |y, the tenperature of the surface duri METYS982p3P 1 od

_ preferably is at |east about 20 900C. More preferably, the tenperature of
the surface is maintained at from about;gl050 to about 1150C. Mbst
preferably, the tenperature of the surface is maintained at the silicon

oxi de renoval tenperature. The rate of growth of the epitaxial deposition
preferably Lég%?% nis
conduct ed lﬁh e%egmgggﬁg??%aée gﬁ?g&#ﬂﬂg ﬁuy"g?ﬂ {Oﬂt%eveg%§ odrOHexarrpI e,
by using aoxide ltayspﬁremahesudaxt |\Mghiasabeurttll(bdebqndsfaftabthatsuﬂ'a& rendhedo Si HCl 3 and
about 97.5 % a tenper.ature of about 1150C g'llé |ntended use of
t he waf er Hs spFage IsigaP ﬁﬁ%ﬁ?amqsa F cPmpriziag SiHEbsa Posltﬁe

at mospher emﬁ@@fp Oﬂlﬁkﬁgl e} b8 Th @bt Pack § P forhahl 1t§ﬁ'§fﬁhﬂ? Tﬂ@eﬁfé&?&nk‘ra{
exanple, it is ten preferable for the epitaxial layer to ‘contain boron.
Such a5 ayisth&Cheuteyl the sonk prampedathie, offad leasbahow kL 75P@othildiengodsaghei n t he

atm)sphere dur t he depaqsition nol e fraction_of BZHG in the
Bt Moepher coTBHLEYED Ot G TS HESTIEEA FOTRSISUE P A RERS, fespiti i) i

depend on \%5&? 1 BdoofedCt Qlriite oF UERa@AbENE RORYN broBf the sQather}xyMa%.fre
00l 34999 PCT/ U899/27359 18 boron out-diffusion fromthe particu
substrate %ﬁﬂﬂi@lmhéueeqmak sotpdratgeg daithis embodineeng e epitayiad fayer hgq@ dopant s

and N-type, dopant that e e reac strate as
cont am marPLRrark et 4eif bl S, Bnd 15 PEGTURLRTPENE KBS Fiun < rave
SUCCGIS@fU|éMd&%@%t@Bsﬁe@ﬁH{’tﬁﬁQb@tﬁ@'()@'tdi‘hkﬂﬁuQO@B mQ. 03 ppm of BzHb (i .
about 0.03 5 nole of BZH6 per 1,000,000 noles of total gas) at a

tenperature of &hisinvenlios s dmdmeqmdet@wems fcaﬁmamngLaraltmpldd)ocmmguan an

ayer navi EUERD RS Pof ol iR kil BruBsRidngs el s BePR '™ ©

conpri si ngaﬁﬂ It @R sfRfeasfabl afer. srmypgﬁ@lssfcbmfﬁh‘rs@ﬂxdaﬁagtﬂewafemrd&@kWI th a 10
nobl e gas) or a conbination thereof; and nore preferably with H, al one.

AL t envar d)temmerajie ef apleastabow| y 752C.ad ceelingthg m@tﬁtﬂ)éf(rjénr @k arase ohigt leastat er
L han gf‘)“t 51%919 foRdet 'iSQmE @HB?&‘%&’E 9 &/Qf‘er ‘r‘spsp@g&'t&{ ot fﬂ%@%ﬁtlgg I g"”}ﬁé or.

Conventi on epi taxiral "deposition ﬁr 0CO I Nc | 'eani ng
step foll dWatiggeﬂép hﬂakmlenﬂﬁp@ﬁlom mmwimnm/msbypwmlmtgshé odoTRg stipr | Nng t he
epi taxial 15 depagsition. This step, is used to prevent tine-dependent haze,
which results i tf@nEq@ngyb?%tﬁdpgenff@adwll\}qeﬂﬁparit @qufﬁptéaélinl Pyhpointrdoust ep
typical ly {QLiBsa silicon oxide layer on the epitaxial surface which tends
to passivate 5?.e., protect) the surface. Conventiona

post - epi t axi al -deposition cleaning nethods entail, for exanple, imrersing
t he epitaxial f Jr ﬁ,@gf cl eani ng sol utions which are 20
wel | - kno i he art. These sol utions include,

for exmnple, pi F%HP@I @h&wﬂﬁ?rékned strﬁEt&%‘é”f@%n%ﬁe agét%m&n%fgr @ad hydrogen

peroxide), SC1 xtures m xt ures of and NH40H, al so
known as '"mR@Abstsaddartie sihﬁmg mﬂtynalamdccscd@cnmmuhems(am mventianct ures of HzQ,

H202, d HCl, J W K ,
e Evorut i on Biedls £ RR0Rs BonEca st By MoTiCathBebhyea S Lt ochom
Soc., Vol . réﬁ%ed hpaccgrdaﬁgeg@nﬁa préi@R6d embddiARYt SMEE instant invention.

post - ep|taX|aI deposition cleaning steps require expensive wet cleaning
equi pnent, |ar gElgvm &m@%SQiEmatlﬁﬂwgpﬂanefmemcbaﬂusm wedinaoERL waf er handl i ng

ccor fanc TR vh SafRL R MHsTa 38 Elire o SEERG A PERAEC sl 1 on

cl eani ng syiipinithe ﬁ@ét@f aId mlsrﬁémé%@ﬁﬁeaﬁ@ﬂsﬁfbﬁﬁt@hﬁt P@M\bhfﬁﬂhﬁbﬁaﬁleﬂ step
(i.e., the heat treatnent ste i scussed below in Section C). This is

present | y 108l areietie eschpngapesiiont he fact that the heat treatnment step is
conducted in anggl rDFPNLL & LR a3 oPthe PdcHANEm REFIELARPY

CENTURA?® reactor for positioning a wafer within the reactor, wherein the susceptor

30 support shaft 105 and wafer lift shaft 107 are in the home position.



p g JUN 20D3 WD 001 34999 PCT/ US99/ Z7359 19 oxygen gas. The oxidant is
believed to react with the epitaxial deposition byproducts Iefé %B hp
-waf er surface after the deposition. This reaction between t hd afl3 and
_the byprodtiP¥34P¥duces vol atil e substances which desorb frBafVRY A%
surface. In addition to renoving the epitaxial deposition byproducts, the
oxidant also forns an oxide | ayer on the epitaxial |ayer which passivates
the epitaxial layer. Thus, there is no need to use a conventi onal

post - epi t axi al -deposition cleaning treatnent (particularly a treatnent
conpri si ng contRighfe®isthhembeie disgitah 6f the siechitiém ke QROEP! | on C| eani ng
sol ution) before gonducting the next step of this inventjon.

Tr eat nent QFCNTHRIAuerﬁ%‘eo% f?épfﬂf'lg@inﬁﬁ 3¢5 enmd@ﬁa@q ISRCtOF I@&b’(jé"fg“ﬁat}t%e 10 Vaf er
in a Subsg r f tion, the
wafer is trea ed¥@§; ;ﬁﬁgﬁﬁgﬁghg%g$gf§g¢§§$ﬁrgﬁg%?ﬁce Y aﬁ@#es mnthln t he
waf er which calElgmreamlsm:lEhbmammdlagnam‘mfrthe desphinishh atad ihwhi BRI of oxygen

pr eci |tat rmwi thin the wafer wafer is heat treated, such
as du i ng @Mﬁ@?&%ﬂ@% pesjipring, Pwé@%éﬁ‘tﬁilékﬁl‘%/re%?r s figuisishowethece 15
manuf act ur, i

G St but oy B o ot B P URIE 3060 205 nd WUAF 0GR 107 WAL he |

accor dancevafértik being sapidlyervbledrin atqorddmics vxpﬁhrthtsouir@lno& lfﬂ)ﬁﬂiuﬁﬁdfttthe thetahaf er 1

i s character.ized by regions, 15 and 15 ("denuded zones") which are free of
oxygen pr &HHET YagaR m?%@%%”?%ﬁ@ T"extend fromthe front surface 3 and back
surface 5 to aﬂ%ﬂterﬂ Rfa dro@dctional VRIASGhE Yrﬁ:'cb(ams%? uEJdeifl%ﬁaﬂ’ly t and t' are
each fron1about to about 100 Vim and nore preferably from about 50 to
about10100 GENT URA weasttort foe posigepang pmatarpyithin thefreasor: lfiipwiewlis taenl 15

there is 8 i Ehlch contains a substantially unlforn1concentrat|on
of oxygen%ﬁ fﬁ) gt lfS? nost applications, the oxygen precipitate
concentration ipghR®E §Hbwk/ani ok 3&1@@@@ha@?ﬁdﬁbQﬁ&Q&ﬂBﬁﬂﬁbHh¥?%%5/0”3 and
nore preferably |s about 1x105 precipitates/cm. It should be recogni zed
that the prapsteddn @ccqxdgmeewm aBrefetﬁreﬁen}boauqcrmo;ﬁthetlhstsm igkértiopavhiere t he art

h th b d f th
venti on BBk Riustat i  VEUTRY S odel s PRI BRo00: ment . For exami e

this invention my also be used to forma wafer having only one denuded
zone 15 (|nstead of two denuded zones 15 and 15 30 To formthe tenplate
of cryst aDERALERDESCRIPTIIN QO FHERRE EDEMBQIAI 1 Ndt heated in an

8*'6"5E'N”goé‘é“ﬁ%ﬁo@%&%ﬁ@%ﬁ%@%%ﬁﬁ% S T N
pur pose OElllheﬁWaf@ cob@risiigersurfacd evigan épsitaxia eiliton Riyer @etp!otmﬂ théadn vacancy

pairs (i Frenkel defects).in the crystal |attice which are distributed

uni f or m yh%b%giﬁ&dpp%e %@#taxxamutasﬁ oftheaferdypicalilmpas qnzaéfarasswgbh

preci pi t age, AL eAld: QBn&RRhEEP ot %@&Er fhn bBGu R Pem? 9% %cyb ?eat' ng to
greater S tenperatures results in a greater nunber of Fren defect s bei ng
form2d. Thesepbaspdsetodfispetorwol cordigatagitoidetdcolightacaiteing events uni f or m

di stribution of stal, lattice va anC|e whereji n the, vacanc
concent r afPEFFPPR lﬂ'éi‘? RRAYSOFens SPRESY qvmg gitémegrs ?)d‘“otlﬁﬁ thap apout édd Hiecr eases

in the di 1eeddiQsh, e Wafer SUAARAS %%eﬂiplét@'eth%ﬁéténnﬂé“& itk 'tﬁe%é!ﬁner in
distribution of Crystal lattice vacancies is belie e to be caused by the
fact that whictioxygen ok poefcxpladawhﬂethe meadar it heatsdjdtirarge:he efectrbmiic devfiee di f f use

to the surfaces during the_.cool, down, and ther nme anni hil at ed,

Fesul L1 ng R OHEREEBRESh FEs BHE hPLoR PAL Seana DN E GRS, For most
appl sat i gbgce ﬁa'ﬁﬁufé@tfuﬂhg PEalesy, al WateSwllERIB a)  dbiRe@%bH @ﬂdﬂm@ér{mspher eto
a soak tenperature of | east about 117SC. re preferably, is | S

heat ed todapthmld (bbwpefathyﬂlecmammemsaﬁ’mmntmwmf oxlyeen prrem@es fid nost
fer abl (h f th
Rarer T enlnutihe’ Hise IF Ackot Bl Oith b fenieh She B BORBRERUGS 0 1 e

pref er abl Memoﬂwlfdrpufe afnep Siellle sir%ﬂmayahumﬁcdmaﬁr PEhisadedbd hiage The
preferred anmount of t| me generally is fromabout 10 to about_ 15 seconds. In

a typi cal cemplstedtiny ra dnallure; ugingitoelp Muidhare xeammon usrelidhe silieen r eact or
t he fer prefera S soak tenperature for about 12 to about
15 s ondggnW P 6?%5# ‘¥§&9§ comercially avail able RTA furnace, on

t he ot her hand, the wafer preferably is held at the soak tenperature for
about 10 seconds. In one embodi ment of this i nvention, the oxidizing

at nosphere conprises H20 and H2. More preferably, however, the oxidant in

t he oxi di zi ng at nosphere is oxygen 25 gas, which is present in the

at nosphere at a concentration of at |east about 300 ppm (i.e., 300 nol es of
a per 1 000 000 nDIes of t ot al gas) Nbre preferably, t he oxygen

o o, SN 2 s . NN PN PN g, o I T Y




WO 001 34999 PCTI US99/ 27359 21 oxi di zi ng at nosphere is exposed to

* essentially the entire surface of the wafer. Most preferably, §6hdUoxX003i zi ng

at nospher e W@ 0&%3490%ed to the entire surface of the wafer, mPCBUSILTFOrti on

_of the wafer which is in contact with the structure supporting the wafer in

the furnace. Followi ng the heat treatmgnt of the wafer in the oxidizing

at nosphere, the wafer is rapidly cooled. This cooling step may conveniently

be carried out in the same oxidizing atnosphere in which the heat-treatnent

i's conduct gd. Als}ﬁ&%q'%@g%a] it preferably is carried out in an atnosphere

that will not r waf er surface. Preferably, the wafer is cool ed

at a rate of at Theasttimhmaterididct feddedVpreeipitathge waldrof the(predeat imvbetion s

cooled at a rate of at |east about 1 SC/sec,, even_no pr ef er abl t | east

about 20C/ BEEer lsié{r‘ﬁia ﬁ%ie retlsiligonyvafer whigh PasalPﬁ?BtS“%{ﬁef%@c?. singie go%@ﬁi d

cool i ng rafeopeelel plckolitnddSth A% dMA RN £t reases

t hr ough the"?a%lg)e 01? tce?#gercaturegglat \/\%%‘?ﬁ}gcrysta&l gp%igggl\g\;ﬁazggr%%?gs

di f f usé t hgowghg trieehai. iffliemethed) & well & stamiarddikieont dieingatappings eicbimged to a

tenperature putside the.range of tenperatures at. .1 ich crystal lLattice

Vacanc es. SEPSIBNEG SERyOGHET Fel RENEI YA 1k SSeRS. Foeralghi i Eant | v

i nfluence Sﬂi?mﬁﬁ,%rgbérﬁ{ubﬁgSml@Fz@?ﬁ%l Péc%&loﬁf (Aéa@emf Eiess, @98’9)' hws, is not
sta

narrowy critical. CGenerally, crystal lattice vacancies are réfatively
nmobi | e at Sidicpe Chenriad Egrhireg, 6F. Grabmaiah edt SpOQREVarlagaNparYarkul 282).y

preferred enbod nt. he, ave e _caooling.r of th fer i 0 at | east
about 10C sec. %{g%r%h%&oeﬁgpﬁebi3ggfva?eé&§¥9f§ﬁ§iﬁehaf§é@§é$ﬁa%eﬁ’Iaﬁ)a%]bre

pref engbl ysidfack st irARAHAry 26t §lane 7ewEBAShe BHET BidadakY s@fade§asl aabout
50C/sec.) as its tenperature falls fromthe soak tenperature to a

t enrper at ur eireimferentis] edge2tjomBugshie dront suréage Bland Ssalracksfeeed. uFles terms anot her
particul ar) ref erred,embodi nen t he, aver.age. ling. rate of t.he wafer is
at | east ab%?fﬁ _aLIEfgjbsaég ! rcgggerxg?rgrué%c}Gcgﬁtlrﬁ%ggéﬁﬁiévcgﬁm, EER lgc. , still
nor e pref eplafdnsusfacdssrihe waRYT. 20BoSRIDbe nodithamat fohefiefabbYs Ast | east about

50C/sec.) as its tenperature falls fromthe soak tenperature to_ a
t enper at ur &eogpsagily the surfaen orpwbich|ag stecirpais deviee sal kubssaysitlytbgrfebricaied, heat i ng

and rapid 3 rLd . i A a nunber of

commesi al 155 5 YRS Rehal B e R e e 7, TR Cn 50
waf er s ar eoppo3ite thebyrfaas ks whichithe blepwovic dévdemis fabtioatddulnaddisontecampabl e of
rapidly heating a silicon wafer. For exanple, many are capable of heating a
vaf er fronﬁlhﬁ)‘?}}fﬁ’?@ﬁ%@’ﬁ’&%ﬁuyga‘feosoﬂm@ fHe efsewr@@ea.eﬁ@\/),mn&b% rﬂym tabl e

conmer ci al : 4 Hr%?? ! i

f ur naces |llrr1%/ pl,? le teﬁgé%oﬁgﬁ%%%p?rﬁtp %gggggg%&g% AssoélglétléL g‘z eﬁ/dbﬁgjr(\%gl?én&\ﬁ ew,
CA) and t hmaghbipiecibelRTE fvithin #Apjahe.eAs Mptrastica Irsat(eBahmiveevet, ahiea] T Avarp,
Alterpatively, the heatjn nd rapid cool -down nmay he carrjed out in an
pi ta20al  TABASY PredP RaUE SoRLEn L HORs AmPomeRus FeduideoBis g Be468 can be
achi eved i{y fafi&if Qﬁ%a%iﬁﬂ'glc'eﬁt?ﬂ_tp?axﬁ%c}gﬁ%g BxiRskely RuidifigntiRakdeng and
cooling steps can be cartTied out in an EPI UR A reactor. Referring to
Fi gure 3 athd fringamdback swfatesa react or i ncl udes a susceptor 141 for
supporting a r. The susceptor 101 is,fixedly munted on.ar 103 of a
suscept or suppo Fe g’ﬁg"frtm@'(%’n 17 8?%%?°qu?ﬁ?éﬁ?%g‘tvghe‘ga 5?@%2‘%8?%61 waf er
i ft shaf tploBdrtied NBoMBagipld, ithd wafephdaybe aTRHRE KehférqE. ey & Wakfdiahat Has Beanement
within a c%c;gndrl cal opening in a |lower done (not shown) of the reactor. A

pneundfi c darithsan ¢lenrenshowyrons 3 of drealrriodicol Fhbes enesh &picadly detasy) o5 uppor t

haft 105 t h fer lift f 07 | |y, €elt t
?ngependen%} 'tﬁgee \é\%rf(é& A‘Vﬁge% ﬂgaéh% esefhvl rg&‘[ ﬁ'ﬁt’ﬁ‘érele%lbeélp gfrﬁf“eef!’g‘ﬁ’?’g fa'? (ra t he
suscept or e PRebEicSTId, rdibrypidally Arsehie). bRreterdidp, tho wiakitlis 4 Paysarwafept or 101

and wafer may be rotated. The susceBt or includes 15 rigid pins 109

slidi ngl y Wyims aeesistiviiyof fiegsaboyt 984 suahaub b f-¢m. éﬁgﬁg@i%ﬁdp@rqjﬂe%f t he
fer Iift : ' T ¢ i
capabl e o “HoSneRth A Falor LGy RS g PRSI RS S MG REabLHE B €

been B8ed 2mQOsthpd hndther pandcntartiuprefegret embsdiatent,ahandfet inaPitiyee watact or. To
position the wafer for heat-treat mant ir& he EPI CENTURA reactor, the 20
waf er is deavings esistiyityod oanzhoyt 0.04 4o h-0L2-cBYy bl ade 113, which is sized to
fit between the rigid pins 109 (see Figure 7). The susceptor support shaft
105 and wafer |ift shaft 107 are noved upward fromthe exchange position
shown in Figure 3 to the hone position shown in Figure 4. The upward notion
of the susceptor support shaft 105 causes the pins 109 (which are engaged
with the wafer |ift shaft 107) to engage 25 the back surface of the wafer
and lift the wafer off of the blade 113. The blade is thereafter renoved
fromthe reactor. Referring to Figure 5, the susceptor support shaft 10S is

o . P —



0 6 JUN 2003 WD 00132999 PCTNS99/ 27359 23 shown) is then activated to heat
the wafer while it is supported by the susceptor 101 in the (6 atis g3
posi tion. |y, the susceptor 101 and wafer are rotat i ei ng
heat ed _sowtpigl{/ﬁ% e wafer is heated nore uniformy. It has b@grﬁuvgyg}ﬁnépt hat
- the typical average cooling rate (i.e., about 10 to 5 15C/sec.) of a wafer
in the EPI CENTURA reactor tends to bef3f ar less than the typical average
cooling rate (i.e., about 70 to 100C/ sec) that nay be achieved in an RTA
furnace at tenperatures where crystal |attice vacancies are relatively
mobi | e. Thi s i &\ wafer prapareddisingttbe Caendthed typically hhearsorgepiconcenditigns ee
Figure 5, which. s i.n n{ Ac it hathe waf er . sp.emains hot .for .so tinme
i or henPTHURE oy eaf aht 0 S5 oAeE A8 mEhe B8 BRI Pk £oH AL O et he
waf er pretesadak ¥8 bfmRY.§eobDatdup 08 id AUt 38 okHdenagorB®H&d KO, acowRrdl he
susceptor 101. This may be acconpli shed b(% | owering the susceptor support
n

shaft 105atogstindhewaisan §AS G standsrd EHAIN® Q) nand ryest évmcalbnfsemabetty af t er

heating i | gt ih i B ' rted only
by e pi 5FE0 8o ¢ nR10 S ReBARTIER, 80T dboffie RlSpUE{Fhkl TIPSR e
front surbaediation Behalforwdihies wafeebetdinds Rssprfibitcdeconpled Edyn deloaiyganl i d hot
surfaces (besides the pins 109)., Further, the wafer is positioned as far as

possi bl e £erpentrpiomsttheidsalnreeipitatge, wapr;|thus, thegvalpresterting masgrial 8tayt he
suscept or - [ .er : ijtely

doubl od_ (0 piYeh ShiteliabaPlhing St VEor B S BEREMMIE Y 1 om
about 10 bwaid&lé bechet Oz mettmdgdn addifiondepbudihg 2h tHeaccaling tat800hssimgle 20 The
non-yni f orm vacancy, profile prepared.in accordance with this invention is a
terrpﬂﬁte Fist il@@%ln.s%ﬁpreﬁtbgme MERMR qfifeicnares. Fo9ul b dhehgh Weat ed.
*Specifica Wash, ° i W
cluster rgp (e:IIOy totpggn?ﬁgé:?%?'?%?%sﬁgg%ﬁregﬁghtr%gg?%%ﬁ%cwgﬁg)mfer 1
cont ai ni nfprin. gherpresenceot atstnans tinfse naclaacoresntdnsiin the kfartiredatensl t o cl ust er
in the regi@orgf 15 and, 15" near the,wafer 25 S&Irfaces 3 and 5 which contain
| oner conB@HAIY(S BSTIScalig danpresl inwgepfien prayidediikat Shesg sFniAG A e eAPaRieat

t enper at UBPI?eiH% d;ﬁ&%ﬂ%ﬁ’ﬂéa&g&tiﬁg’th@@,ﬂ%n%@Qe%é)e?éiﬂreg hOMWR RE&SLPhbGH €S at
tenperatures o rom about 700 t©o about 1000C. Thus, for exanple, the

non- dAi f ot 28QfiGt ri buti on of oxygen precipitates 52 in a wafer may be forned

I £ L T L e N A

t enper at UpRErAGAITHE WEase AGoidL SIS SREL” RERYY QU thdt chftaidad felivkigr | Y.

advant ageous to use this invention to treat a void-rich wafer starting

mat eri al , lapgd rumbraof grystal atiiceevagancyragglamerséenso ThesgegglomergtignIN 2003 WO

001 34999 PCT/ WS99/ 2 9 2 I Q| it hi Ny L k. Figure
8 shows arg'plec%lgxi?‘ée %&%edééfgﬁgﬁﬁ%ﬂ{ %*(c%%\?aézéal%ca\y"°%§§w#e¥’?‘é‘ﬂ lelélgiarg‘#t)fi | e and
0Xygeo pr éendisionl @n fid WINOHT the walkr, tiesepgdlamiertionddre in fHedpah efvdidgm a
void-rich wafer starting material using the process of the instant

i nvent i onWherses hibesufack o4 the welst tkayt appagr 183he ioxmaAf pitafies:, €OPs)s Fots t he

outer 5 s ( ' j g ' k surface 5
" thi s oo R of ARy Rl Plastrbibiy oo Mokt dB 5101 T ayer
has fill e@ohmetiamrs esterred toyasail ladehbadediRbrfatdimsyertion tdodsosavwifer swefasent i al |y
COP-free surface 2 and 8. Preferagly, this epitaxial s%face has._an aver age
|ight scaPAEFieFQURIGE Pt Whigh dateris dighbitatiering eypnts-araited Y theisvhes B8/ cne, as
measyked Qyedeolagens e 1S hdds Pﬁﬁﬁxhgﬁs ?Qlitaﬁfé”bfo'r&ﬁéﬁﬁllg Qvdifhngiet ect

li ght scattering events corresponding to polystyrene spherés having

di anet er sautb imspettamstobBanclatotie SDrfi@an\a220 fifdre KA Tehar @MotthinXiegen

a1 5 subATeRahe R0, bRE i CRRPEER RO iRl SdrenE B Fradutancy .~
aggl oner a Yhi&aeR Wakg!svarthd MattralRavich Kre(ﬂart?cwlarl}h}ﬁ'ﬁi&m&: Fo? ueé withe voids

wi thin the bul k) of the wafer 1 essentially renains the sane throughout the
15 pr ocesthininveiticn have entavenage gt sdatsingaventnodeentratipn o€ at lear abontf aces 2

and of wafer 1 dug to,the existence of the epitaxial . £t .50, which
act sggs ab'géﬁn? p %srmﬁ%sﬂ"\‘ﬁé@?y 1k erglfﬂs?%ﬁ‘étg I3SDERPTE0 h%‘P“fWBfegga IdS%étreléﬁth 51.
Thus, thi éi:_att@r\{ﬁé‘é\?c%& dotreS o Eloa) ol ys e sd sherds haPidgldiarR@e@wF Qolldssenabl es
the formation of a silicon wafer having intrinsic gettering ability and an
essent i al than @oputiC Bepmwr Moce prefaadly, this ayeragetighbdcereringevenhg 20 nateri al ,
whi ch may be prepared with relatively low cost. If a void-rich wafer
starting material is used, the wafer produced in accordance with this
invention typically nmay be characterized in that a surface on the wafer may
be produced which has an average |ight scattering event concentration of at
| east about 0.5/cnR (as neasured by a | aser-based auto inspection tool

o, " .. oy



| ess than about 0.12 p.m if the epitaxial layer and a Iayer of silicon
extending at least 0.2 p.mbeneath the epitaxial |ayer (i. 63y Ia V\/m ch
has a thi ciwoeees4ed9 at | east 0.2 pm as neasured fromthe epi 1P€>ﬂ1$99

. toward the central plane of the wafer) is renoved fromthe wafer. In a
particularly preferred enbodi nent, thigglight scattering 30 event
concentration is fromabout 0.5 to about 10/cn¥Z, nore preferably from about
0.5 to about 3.5/cne, and nost preferably fromabout 0.6 to about 1.6/cm-.

The epitax [ pe ilieco be r ved from
t he waf er %@Icsgt?%g)&slg%gf %%\'Jl ﬁﬁ‘gé%b@a%ozf%ﬂ%g@°%cﬂ’F%§@%¥”§¥§@°2§&go| i shing
and cl eani paboachsicafeadibs hretabiyeienabbyt k6 bt d.caagepyed-fdh t hose
skilled in the art. Preferably, the polishi ng and cl eaning technique is

¢

capabl e, uWaEFs e prgicafarygneleed &taﬁ@s:m@é@als cayes they iy bersticed emi ng a
f fo; | th
surtace o gh& f m@reﬁ;u%@%ﬁa\“ robR¥dsNg o tﬁeeﬁlé(ghéﬁ/agéé?r} or ess than

about 0. 02SI % cmto surf g an aver i ng event
concenf r at aromitezfura&zpreadsess. t han about 0.2/ cne (again, as neasured by a
| aser - based auto inspection tool configured to detect |ight scattering
events corresponding to polystyrene spheres having dianeters of no | ess

than aboutgO. 12Epm%§laﬁ)eﬁ*?*s’mgg 10 The above description of the preferred
0

enbodi ment 1s intende y 10 acquaint others skilled in the art with the
i nvention, its Phe smgbloeysstalaﬂnton qumpaqiambh aapprdamatwidnthissiavémian ot her s

skllledlnthe art t and. a the invention jn its_nunerous forns,
o i b GGy P U e e AT EL Al Toyet Senasi el sbatadn. LU ePFaah 5
preseny i MYpshHbe aéwsﬁécpmo mesenﬂ% waem&reﬁtetrﬁdtfvfa aHQV&%ﬁQ%%BH%@t s, and

may be varlously nmodif reference t
‘conpri se"thewafero rﬁﬁfﬁr@es tO Ergurg dnthe ieitangal layer pheferabynie deposited pmtpmlne and/ or

ot hervi se, SUHGug G L B S5 b R e e BBt o R Rl ng

that they ite tHelenbiee frohesupf264 BOf ihae¥dfsl. Whather idtd e fehiBato Bielansi vel y, and
that applicant intends each of those words to be so interpreted in

const r ui ncepitasiahlsyoredeposited oo any ethey partiemefl thmwafqn\n il depanchen the WO 00| 34999

vt er Eomiticatibuss bt GRRE P RBpli0 Ry e e nd bl Rond bt cn

is a frontepitdkiabR§endn aicother poiticiel thb &vairierotadritiohl. ch is a back surface of
the wafer; (b) a central  pl ane betvveen and parallel to the front and back

surfaces; (c) aAfpeisd eadier.singls gydal sihcamvalerssliced Fomnageta greparedbyt he waf er
ext endi ng ut urface
t owar d théﬁ?:grzlgirlgflgélﬁgﬁ%&ve %BP%? h@%%h ay e‘Artlxg\?n(H SE& ?dplﬁtg a{edt% F}gu?egl on
of the waffebn@xﬁoanmmg/ef rgenerahpe isceqiired topiaame smcfadel'velutlli oasrts1smﬂsﬁmially ayer,

t he er bhein haracterized in that; t fer has a non-uni form

di st%ut.q{@%&@? yArwafer havingan %ﬁée@éﬁ@v@el’wﬁa &¢ eqrface Anay PrPrBRArRd Phyer has a
crystal Ebé&ﬁ %Qﬁ%ﬂﬁ&ﬁ%ﬂ%miﬁ} b3 tli‘é‘éxﬁ?acb%f&{e%%f@f $p@nnlePitAQart he front

surface Iay e crystal Tattice vacancies have a concentration
profile hdayeag'llh 1p¢laﬂ<C6>@nand yltiofataly pedduked amimoatke wederamciaess Fhisduwas near t he

t | d. t 1 f | atti i
Coner ol 1 B g et e M Bl ord e 56 Eisttke Al Tha 1 ot
surface ofElbbieo Wit Soc. et VA. vamtl ?Lgsfsa(msafmﬂaﬁmpét%r J@sJ appepi t axi al

| ayer deposited thereon, the 1 axi al layer having a'thickhess of from
about29. 1 RhysawoluB62p @56ﬁ1(1%97) Thpplsﬁam@ﬁ kave udgsso‘eﬂred;m accordangef with tis cl ai m 1
wherein t qgvén 1on%flétvé(5f‘s ona wa?er surface may be eliminated by using an epitaxial

silicon layer thickness of at least about 0.1 pm. Preferably, the epitaxial layer has a

thickness of at least about 0.1 pm and less than about 2 pym. More preferably, the

epitaxial layer has a thickness of from about 0.25 to about 1 pm, and most preferably

30 from about 0.65 to about 1 pm.
It should be noted that the preferred thickness of the epitaxial layer may vary if

the epitaxial layer is used to impart electrical properties to the wafer surface in



wafer is from1.0 to about 20 S2-cm 3. The single crystal silicon wafer of
“claim1 wherein the epitaxial layer has a thickness of firomabout 0.25 to
about 1.0 um 4. A single crystal silicon wafer conprising: (Qa§ JWho2lj or
_general |y Werta3e9 surfaces, one of which is a front surfaceCouse¥iyshf er
and the-other of which is a back surface of the wafer; (b) a central plane
between and parallel to the front and hack surfaces; (c) a front surface
| ayer which conprises the region of the wafer extending a distance, DZ, of
at | east about 10 umfromthe front surface toward the central plane; and

(d) a bul kad & tointiRamOOPS.eFot SR pARieicohhs] qu%ﬁaﬁ%ﬁseﬁtﬂaaoﬁrom the

central plane to the front surface |ayer, the wafer beihg characterized in

t hat : 0 wofils\neas thaovafey sulog nRYheasiey A7she avepitaziahtayer. Wasrean

non-uni form.di stribution,of crystal lattice vacancie erein (a) the bul k
| ayer has %D“t%}?iiaﬁ’?? ’ét“isf)q'n%&ap é‘?a‘f‘%\??’? t@ee\f‘\%’%tﬁ@ égigh%ﬁ?l@ha Pérp)ﬁfe_eat er
than 10 Inmweec{u'ifa%_e?uaptiﬂquéramekmesé Qhidhhe ofeades e th@blerGRAMBRRAGS €S have
a concentration profile having a peak densify of crystal lattice vacancies

at or hearusefdo ckminatd theICGORs, Iasuck @) instances reonimimumi thickodss to gehiede | atti ce

vacanci es gener.al | ecr es _from.t he sition.of peak densit oward the
front sur ftgsélggﬁofl%led%%? eaf,?ecf Rreef?rﬁn%lefs 'é%ﬁf ;)tggo%gng ﬁ&la&f gi}yeﬁ%%txé}itﬁe epi t axi al
| ayer deposifeets doefafi9Mess chnmbbcigly kbl beedtes RIS inSithigka 18w f ace havi ng
an average |light scattering event concentration of no greater than about

O Ob/ cm  dgqwisessugredehyepasitian simaznsagorg fraquenisirapingo thowsactiapnteassplr ed t o
detect |ight scatterd V. ndi . Lystvrene_spheres havin
di anet er sgof noﬁlae\gz{sflel{]l%‘asﬁa szlgcéﬁtoagééil(é?%?ﬁg"gg}aa??‘lglﬂgé&} ?ZX?%{}%%/F’C(;“ ri ses ]

voi ds1@hi cforiak en atsillceastirfadeoutien(it Blexpbseditd afrheidom thgREdturdAndigeiasliyon. 5.
The single crystal silicon wafer of claim4 wherein the wafer is further
char act er i B3 @ thisknessof (neg aheuk 0 i@ #houh by 8) an dg serfecs, havilicgn anidgereage | i ght

scatterin i I 7 sured by the
| aser - basg)&gfgzgﬁ[bgy %ﬁ?g’ggﬁ (E)}Er)lﬁ]ﬁ Q%Fﬁrtﬁ%%r? f?%%%%ﬁ%re?ngéé%f%% a f%I ayer and at
| east 0.2 deposiafd drivetHersarfaceS Asindedderdigyive plrgsest‘sfiidon oRidedayrtiretére &na ng

t echni que,, t he l|ishin d cl eani ng.techni que bei ng capabl e.of polishin
and cl gamlh&r&fgﬁwpae@n?frw C A TSP BRRG 1) Peigen Ay '%fmﬁaHg,_ sch ’
resi sfq vi tyciffod &3de fa?@t”cd%%ﬁ’st ab%upi.o%%}lgéﬂ 4t8mb ?Ef@iﬁccﬂ’a{t&ﬁ?e havi ng an

average light scattering event concentfation of no greater than about
0.2/ cn? as neashwraeptefeyret kmbbdseent b thedinzentmn; reppeat ofthe sibiobn ofide layst ngl e

crystal si.licagn fer compri,sing:.. t maj.qr gepnerally parall el

S Faces. IR GROGicEn gt By Stptisethe S GR B Ier b et her o
which is Q:ohé‘i@hn$b'sfs£x§€a¢]y‘2ffnbB&id’ﬁfsﬁ%os(ﬂkfe@akﬁ)‘%%é Mmd3pREIE iR e freand
parallel to the Tront and back surfaces; (c) a front surface | ayer

conpri si ngntihthersiligaproxade lapes isvedneevedsroanthersyriacadi ntaapacticubdriymgetgrredt er t han
2002000 ARSI KRS ANy FUABF RIS DAl L P
pl ane to t1NheotCodid heteipréferabBytera temieratirdof atdedit dbdit 200P ONTHIOhHAR 9
PCT/ 1JS99/ 27359 28 ,
preferably is conducted while exposing the surface of the wafer to an atmosphere
comprising a noble gas (e.g., He, Ne, or Ar), H,, HF gas, or a combination thereof.
More preferably, the atmosphere comprises HF gas, H,, or a combination thereof;
25  atmospheres comprising a noble gas tend to cause pits to form in the surface of the
wafer. Most preferably, the atmosphere consists essentially of H,. It should be noted
that although atmospheres containing N, may be used, such atmospheres are less
preferred because they tend to form nitrides on the surface which interfere with
subsequent epitaxial deposition on the surface.
30 Traditionally, the epitaxial deposition protocols that remove a silicon oxide

layer by heating a wafer in the presence of H, require the wafer to be heated to a high

temperature (e.g., from about 1000 to about 1250°C) and then baked at that



the bulk layer has a substantially uniformoxygen concentration and a
concentration of crystal lattice vacancies such that upon su Be h n@:.)t he
wafer to an 10 oxygen precipitation heat treatnent consisti n essen |aIIy
_ of anneal g% @%hafer at 800 C for about 4 hours and t henP@VVIBEG°C for
16 hour's, the wafer will contain oxygen precipitates having a concentration
profile in whi ch the peak density of th@ precipitates in the bulk layer is
at or near the central plane with the concentration of the precipitates in
the bul k | ayer generally decreasing toward the front surface |ayer; 15 and
the front tempéramee fifr at;i‘eaodvafamel(as Bpicafliy o about a9 &s a@k&peeisémldﬁ)hdf eon,
the epita iag | a havi,.ng ckn&1 qof fromabout 0.1 to about 2.0 pm
7. A singl F‘if’s‘%lléﬁovqullﬁéﬁ’ F W ,{E}sllgyw&on( Boweves thﬁ;l%@ﬁ@@fﬁ@% ly

par al | el f i 4 f t and the

ot her of mﬂf‘g’ﬁﬁ?%%&%@gﬁag%lg?g% tdﬁ% wag%gbgftéégﬁ%%ane bet ween
and par aI | agmhosphetermmmiprising H{pmdmhctonsumdealagals tahoedfwithniut shershbseguemy er

conpr i he r of .the extendi ng a stance o reater than
ooet 500 ekt FrebriflerBy Fenghiive B pake SED HAferornd CRbRARSh ALk DaEE SR & &
bul k | ayershGHéHérthéhﬂﬁ r&mreae&be@aefth& mfée@h@lih&e&%@lglcsﬁrﬁe&&myt he central

plane to the front surface |ayer, wherein the bulk layer has "a
subst ant i alekiyablmi f or m oxygen concentration and a concentratl on of crystal

| attice vacanci.es su n s ecti n the fer a oxygen
precipitation Hﬁ&tpr?flggﬁcﬁ h?éigﬁﬁg?!gt?‘ Sn‘BV?s‘g fta‘é%ﬁ ?tf’ﬁ{:]o t he waf er
at 800 Crt@bvetdeullichn BQM%ﬁay%?chnUhﬁ& b sﬁﬁm is @qméd iPaAoSphdrie waf er

wi || contain oxygen precipitates having a concentration profl e in which

t he péak @@n@imqg giticemhio depesit hecataal lnyqrwetctoﬁlnletsunf@gperMow ratfemblyngeer t he

central h th the eci in the bul k |ayer
generally gﬁgﬁe\qgéx%oﬁ‘e?quggahm%h&ﬁfgﬁtﬁ H‘?o&/lg?“ f??gn%stﬁt% g ayer
conpri ses tNdiiHeondiigdisatRotdd, hfds breddrablly Wit apsnti20 seb@ids atiar e silicon

di mensi on; and the front surface of the wafer has an epi taxi al | ayer

deposi t ed Okkierlexss is TeRovedi ang mest presgrablycuiiin pBeuid Osecands ader thavilison an

average |i e t

A L R M e e DA L
det edt5 | i Gbites @d tehipefguRr\vEat Rag@bo&SII00ET motwpre&tatﬁy Vot a6t abplier es havi ng
di ameters of no less than about 0.12 um 0 6 . JUN 2003 WO 0QI 34999

PCT/ US99/ 2#388)pandgthenifexppsrgte 28 pipaesphess qontagrngaiigen kes than Bhsecapfier ei n
the wafer jis. GDVRG GihéEladds E}ﬁﬂenﬁeﬂb‘?atﬂfaef EMOI‘@';Jrl:fe%% e}? faE@Fse having an
average |light scattering event concentration dst out 0.5/ cm- as
nmeasur ed bypdzshé td theatmbadedt cutaining sitieon mothint 20secupdmafies mhwahfeof t he

epi t axi al east about front sur er by a
o1 | ahi ng SUiiFeCrEBR Rt (BBRIAIaen RO TGS HaI RS GEERE que

bei n@ocapaRif& spifadOlch Sk Rtht ?éi‘xﬁ’pe?zltﬁl%“'wgltﬁg%' ifiRge stfcod dé;bd}ﬁlo‘ﬁ fof yst al
silicon wafer having a resistivity of |esS than about 02 S2.-cmto forma
surf ace habouidOsncende raagxeremoghltofshasmeom oxjdeleyat almmnttmparatnraﬁf tho

greater tha aboué1 é:ﬁﬂ sured by the | aser-based auto inspection
tool . 9. N3rdesenilizgand fecome 5‘?’Ton of a silicon wafer conprising a
surface haV' NY MARingRhé ﬁe’ﬁi@lal J)ﬁ:)i@ kilidSR @RideQsl ek RRE RaTbr ptdTBraBlyAs Béfed at

conpri si ng: heatlng a surface of a wafer_ starting material 'in an

essent i al Ryatgshichhdodsmetcauseslimhiore specifisabydf thesvaferismeaird the quagkdy, from

t he rfa n f the xlde |ayer
fr omatghe %3?‘?‘513 egragfg ?l %ggl? e‘gﬁ ? %Véﬁ %%Eean %F gF{SSrSeS ui% ?Cglcér{\lgé silicon
t o deposi Wifferéitlpl£Re weir fu¢ivaifer tayBift RMtivetd Cachlticdqe.| shp‘)o Liglaly epit axi al
waf er; heating the epitaxial wafer to a soak tenperature of at |east about
1175C doped wafers (e.g., a wafer doped with boron and having a resistivity of about 1 to

about 10 -cm) have been found to be particularly susceptible to slip. To avoid this

problem, the wafer preferably is heated from room temperature to the silicon oxide

30  removal temperature at an average rate of about 20 to about 35°C/sec.

The epitaxial deposition preferably is carried out by chemical vapor

deposition. Generally speaking, chemical vapor deposition involves exposing the



whi | e exposing the epitaxial layer to an oxidizing atnDsphere conprising an
oxidant; 10 and cooling the heated epitaxial wafer at a rat ep 2‘#ﬂgast
~about 10C/ sec. 10. The process of claim9 wherein the coolin rate

_ greater tﬁvé?tooéaﬁ?ﬁ?t 15C/ sec. 11. The process of claim?9 wherpélgr UIRE W er age
cooling rate of the wafer is greater than about 15C/ sec as it cools from
the soak tenperature to about 150C belldw t he soak t enperature. 0 6 JUN
2003 WO 001 34999 PCT1US99/ 27359 30 12. The process of claim9 wherein
wi t hin about 10 seconds after renoving the silicon oxide layer fromthe
surface, suracsof flecrafestosnphmnesphers ¢omeprisings der ia ancapitakial depositibhcon t o

deposit the silicon | | &yer, onto .t surface to formthe epitaxial
waf er. 13F eaﬁobrecﬁ:e@’sﬁﬁo{:ﬂﬁhﬁ% %ﬁ?taf {}%qph(ggigatgmlp t"b\g;"é?"%'rgﬁ %ing a
surface hgx‘ét”é?&dae%tﬁ)%ﬁa@%'o@lthlk ﬁ%hn&?@t&bsé&ﬁ@e bP e SMFer i *&%{%’e@? §r§t enper at ur e

conprising: heating a surface of a wafer starting materi
of at | eastimospioart cdbpigng a vatutids gascoinprrisingeiicdar(e.gf,1ISe€1, a8 ik I3k 15,0 renove

a sili.con ide | r . fro th sur,facc L, t hi out 30 seconds after the
sur f ade r§§ghg ﬁéc{h@fgé PRETG 49 @ﬁ#ef%@écct'galaﬁaﬁﬁﬂjﬁﬁﬁ%&% gorrpri si ng
silicon tpre%i‘QQ?H)aIrﬁérie'e‘ﬁiU%dﬁﬁbﬁtamb@éurh@bfﬁﬁh@dﬁ Suditethe ¥pftaca to forman
epi taxi al wafer, heatl ng the egtam al wafer to a soak tenperature of at

| east abodepositipsds ST ki qr@@xp SiH L sarsedithasaagior psgsétrretd@nagt oxi di zi ng

2 ratb o oo R A e e s 4R8P rhal LBR e RS ST O

heati ng aﬂdls@cp(@l'lé Rgctof piebairepieferxblflis MR 1 0@TErC MGK! ptTerably, thelseakt or
constructed f or depositing a silicon egltaX|aI | ayer onto a surface of a

waf el0 anef siheoneyiring,thefeppaition is SiHGlppbhis dendsro ke sru@b@b@-mer thaniotgrt he
heating sig& ce@nflrigfdlﬁgm}ﬁ%gxtﬁl?m&?ﬂ 8 hsith tSQ?&P?n? eo'%d gteglgtr ing the

cooling 5 s? prepar |dn QST TEOR waf er

conpri si ngrr&sﬁhtfrfcéj:ﬁ&ssbfbwmgs Brdepitigesuabedaayaio o fudtp tsheqeed,antihe
process c rrprlsm heatin %surf ce of a wafer starting material to a
t enper at U8 TEACtOLC Beiek dogh Jok arese PHICRHSIEQ DEFYERBEQLIAPEs( | MAROY Bee

at Mspher gk el ieads Slel fré@Rteddnd the @¥file & AMeakinBGnBYhd AGEtor

15  chamber is lessened.

During the epitaxial deposition, the temperature of the wafer surface
preferably is maintained at a temperature sufficient to prevent the atmosphere
comprising silicon from depositing polycrystalline silicon onto the surface.

Generally, the temperature of the surface during this period preferably is at least about

20  900°C. More preferably, the temperature of the surface is maintained at from about
1050 to about 1150°C. Most preferably, the temperature of the surface is maintained
at the silicon oxide removal temperature.

The rate of growth of the epitaxial deposition preferably is from about 3.5 to
about 4.0 um/min when the deposition is conducted under atmospheric pressure. This

25  may be achieved, for example, by using an atmosphere consisting essentially of about
2.5 mole% SiHC], and about 97.5 mole% H, at a temperature of about 1150°C.

If the intended use of the wafer requires that the epitaxial layer include a
dopant, the atmosphere comprising silicon also preferably contains the dopant. For
example, it is often preferable for the epitaxial layer to contain boron. Such a layer

30  may be prepared by, for example, including B,H, in the atmosphere during the
deposition. The mole fraction of B,H, in the atmosphere needed to obtain the desired

properties (e.g., resistivity) will depend on several factors, such as the amount of



0 6 JUN 2p3 WD 00134999 PCT/ US99/ 27359 31 within about 30 segd)@ tr, r the
surface reaches 11 SOC, exposing the surface to an at nospher ‘ﬂwa
silicon tWQHY8% a silicon epitaxial |ayer onto the surf@6E/YYIREBSM an

. epitaxial wafer, heating the epitaxial wafer to a soak tenperature of at

| east about 1175C 10 whil e exposing the epitaxial |ayer to an oxidizing

at nosphere conprising an oxidant, and cooling the heated epitaxial wafer at
a rate of at |east about 10C/ sec. 16. A process for the preparation of a

silicon waé@h cueaFistdnfomR tﬁ@lpirﬁelamhmblsme@anﬁ@tﬁe itatial @Fsegmdﬁnﬁél t ed
t hereon, the process conprisin depositing an epitaxial [ayer onto a

surface ofiuantiapEP-tyrs dapamisanddtyps donantasias are %eﬁé@ﬂllh@w@ﬁef and t axi al
wafer to glrb%gg‘tlé %%Qyt%u?ﬁa% a% t}ﬁtrféc?gré:ﬁ]reﬁgpeu&nd]t% A éa nA%éjF ggiﬁr}ﬂvé he

epi taxial "Tayer o an ox ere conpri and

cool i ng thﬁ:cb@angmse@nhannadphmfcentaatm@ab@ite @fpp@i of BAL!(: abgstut D@8 / sec.
wherein the epltaX|aI | ayer is not contacted wt

post - épi t BRILPL Bl @t 1106R,000 neqlesafitaig! a5 Gﬁ?tﬂlﬂn@éﬁ‘éafﬁ@fﬂb@ltérb%%@@ waf er
|'s heated %»PeséJ}S’ 0?9@3&1&1%%6{086#515 an jeéttaﬁal%ﬂe?%?ﬁ rr ﬁtlsr]ﬁlég o?%ﬁ lﬁt Oon of a

silicon wa conpri %p05|ted
t hereon, Qhenein the epltaX|aI | ayer has a thlckness of at least about 0.1

pm and | ess than 2.0 P, he process conprises: heating a wafer
conprising a SWF%%GW%XFPIAW%BF‘PB&F%dqsﬁ%wlﬂ@ﬁﬁshaﬁé@entﬁ%m%ﬁ h& to a soak

tenperat U hé’i‘& c&rﬁgﬁgnagﬁ%nye?égoP#]é kﬁro@&%ﬁiﬂ réa@ﬁ?r:?%atn"ﬁ# ?ﬁth‘ gyer to

an oxi di zi ng at nosp donprisSing a I Fant [ofe]0) eat ed waf er
at alPat endalfle gns IHgam'ta abohinati®Chereof; ah8 morb eraferakle swthol, aibaé.m 17 wher ei n

1. A pr okBes ot aTS s RRLY BROBIea o & FTRGHOVRAIaP SUREIE 9 surf ace
JUN 2003 8 50T S4Bty B R B S S Bt R RE “epi taxi Bl I ayer onto a
surface of a wabmvensibazltdpitgxiahdeposision pootboylstypicalpinchxieal clewdieg step

following epitaxial deposition to remove byproducts formed during the epitaxial

15 deposition. This step is used to prevent time-dependent haze, which results if such
byproducts react with air. In addition, this step typically forms a silicon oxide layer
on the epitaxial surface which tends to passivate (i.e., protect) the surface.
Conventional post-epitaxial-deposition cleaning methods entail, for example,
immersing the epitaxial surface in any of a number of cleaning solutions which are

20 well-known to those of ordinary skill in the art. These solutions include, for example,
piranha mixtures (i.e., mixtures of sulfuric acid and hydrogen peroxide), SC-1
mixtures (i.e., mixtures of H,0, H,0,, and NH,OH, also known as “RCA standard
clean 1"), and SC-2 mixtures (i.e., mixtures of H,0, H,0,, and HCI, also known as
“RCA standard clean 2"). See, e.g., W. Kem, “The Evolution of Silicon Wafer

25 Cleaning Technology,” J. Electrochem. Soc., Vol. 137, No. 6, 1887-92 (1990). Many
such post-epitaxial-deposition cleaning steps require expensive wet cleaning
equipment, large volumes of ultra-pure chemicals, additional wafer handling which
often leads to additional yield losses . It has been discovered in accordance with this
invention, however, that the post-epitaxial-deposition cleaning step is generally not

30 necessary before conducting the next step (i.e., the heat treatment step discussed
below in Section C). This is presently believed to be due to the fact that the heat

treatment step is conducted in an atmosphere comprising an oxidant, preferably



~ heating the epitaxial wafer to a soak tenperature of at |east about 1175C
~while exposing the epitaxial |ayer to an oxidizing atnosphere conprising an
oxi dant, and cooling the heated epitaxial wafer at a rate ofgatJuNed® about
. 10C / sec. , ME8heY3d999 t he surface of the wafer starting materi &CT/EIDRTIE9
depositron of the 10 epitaxial |ayer thereon, has an average |ight
scattering event concentration of at | ggst about 0.5/cnz as neasured by a

| aser - based auto i nspection tool configured to detect |ight scattering
events corresponding to pol ystyrene spheres having dianmeters of no | ess
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of B2 to. r BrvedueE BraReo et Rueaited B deRm b e Seavatet RS aBout 10
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at nosphere conprisin to deposit a’silicon epitaxial layer onto the
surfacé t ooXide rayamomw etea»ta)aal lawrevhlcmpmslwag:stthrﬂaemq@xtahlawan Thafsetheteds a soak

t enperat ure of st _.about .1 75 L pitaxial |ayer
Lo o oxi dioies aene R EimRRRtn bor s ias e SR Yo RER o0 epi ¢ ax al
waf er fronmpaftuseRka reitmeftaoRising o%ﬁ&@tlﬁeh@infBﬁwﬁH@Jpoheéﬁi’t@fcﬁl ure at an
average rate of at |east about 200 sec, wherein the epi taxi al |ayer has a

t hi ckness @ipositiomchagaing solugisn) befareondpgtingribie news stepred ahis iveniéon.of the 02 in
t he oxidi zi ng atnosphere is firomabout 300 to about 15 SO0 ppm 0 6 JUN
2003 33 21. A process for heating and rapidly cooling a single crystal

silicon wafer | Heat TeA¢ment @OTueled gk Protipi@piof iBehadio? of Oxygem irtfliet axi al

| ayer jgnto a SUWﬁwemOzf S@b%@h@ﬁtTﬁ&%ﬂrm%s%nfmﬁ' sing the steps of:
heating the wafer to a soak tenperature o east about 1175C, and 5
cooling the hea te t rein the
wafer is suppor%‘ﬁgr%@{ag{alsg 0%” % 3{/2}%]5 t,ﬁé?ﬁ%h 19 O%'] é&gﬁgggcr%\[gfemved

f rom cont aatticeivhtanictes “aﬂmmﬂmtmfeldwhuchgamm aﬁdxn:lal mgn-smﬁfbrm d&pthThe process of

claim?21 erein the wafer is .supported uring the.cooling ste
V\g]lst utlon ofe oxygen precxpxtate% form w(i-)tgm ti'xe water wcLen thegwa er is heat- d -

treated, such as during a heat treatment cycle of essentially any electronic device

15  manufacturing process. Figure 2 shows one such oxygen precipitate distribution
which may be formed by heat-treating a wafer prepared in accordance with this
invention. In this particular embodiment, the wafer 1 is characterized by regions 15
and 15' (“‘denuded zones”) which are free of oxygen precipitates. These zones extend
from the front surface 3 and back surface 5 to a depth of t and t', respectively.

20 Preferably, t and t’ are each from about 10 to about 100 pm, and more preferably
from about 50 to about 100 um. Between the oxygen precipitate-free regions 15 and
15', there is a region 17 which contains a substantially uniform concentration of
oxygen precipitates. For most applications, the oxygen precipitate concentration in
region 17 is at least about 5x10® precipitates/cm?®, and more preferably is about 1x10°

25 precipitates/cm’. It should be recognized that the purpose of Figure 2 is to help
acquaint those skilled in the art with this invention by illustrating merely one
embodiment of this invention. This invention is not limited to that embodiment. For
example, this invention may also be used to form a wafer having only one denuded
zone 15 (instead of two denuded zones 15 and 15').

30 To form the template of crystal lattice vacancies, the wafer generally is first

heated in an oxidizing atmosphere comprising an oxidant, and then cooled at a rate of



_ pm 25. The 'sing
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surface of a single crystal silicon wafer having a resistivity o ess than
about IH 02 h8Ztedito & sodlotempgratue fof Eronhahau §2G0toabenta@®OPCand sesht t eri ng event

concentration.of.n reat an.ab 0-2Lcm .as, neasured t

| aser - ba_sed’rﬁ%f%ﬂ)_f ﬁgglieace&qugﬁlﬂﬁggglapo‘ggl%g_C.Tﬁéxe&ﬂb%tgggncg?ur&og%vgar}g%er ein the
oxi dant i n rtihe®MicHréfeRdd 3bRDEPPEIaBurk, Shwafe? %msz?ﬁuﬁrﬁsﬁ%lpfs hel@dt e
wherein, while the wafer starting material is 25 exposed to the atnosphere

conpri si ng soak temperatitecfonapenodeltime.ngherprefaried|amayintref thmaigaeatalit isdrpm

epi taxi al deposition t erature_at._whi.ch the atnosphere c rising,silicon
w11 ot aepBat 19 oot PRSPt dnBiocurteneed FrEmRRiibi GG e HRY ¢ he

at mospdter e deFoé_iﬁdSﬁ Bt the Wafd beefBraBlyad heldrt aeoak tdhferatorefodHddt 8Htc30. The
process of claim9 wherein the wafer starting material i s maintained at an

epi t axi al dGpwisi seepndse dpartupicalereenty copmsiciallynyerilage 8 T fureaceen haf er
starting i i : t .S L b 31.
AT 00 TR e ARISES O HRCRIAUANE RARMILS O 0SS 3L,
an epitaxi al dedasntieatbodéngme oéthis mveritid, droxbiizing hehésphereadomptisds HEDC
while the wafer starti nfg tiri al i edeose,d 0 the.atnosphere, conprising
silicon. andH, More preferably, however, the oxidant in the oxidizing atmosphere is oxygen
25  gas, which is present in the atmosphere at a concentration of at least about 300 ppm
(i.e., 300 moles of O, per 1,000,000 moles of total gas). More preferably, the oxygen
concentration is from about 300 to about 2000 ppm, and most preferably from about
300 to about 500 ppm. The remainder of the oxidizing atmosphere preferably consists
essentially of a gas which will not react with the silicon surface or the oxidant. More
30  preferably, the remainder of the gas consists essentially of a noble gas or N,, more
preferably a noble gas, and most preferably Ar. The oxidizing atmosphere preferably

is exposed to at least the epitaxial surface during the heating. More preferably, the
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10 32. The process of claim9 wherein the silicon oxide |ayer is renoved
fromthe surface of the wafer starting material by heating th@es‘g\gj%ﬁ to a
g e
Z,

tenperaturﬁ,gtr)d‘eo/_,%%gﬁ{)east about 1 |50C. 33. The process of clgtq}élgs gg in

( rising silicon 15 conprises SiCl~, SiHC
SiH3C, or SiH4. 34. The process of claim 13 wherein the atnosphere
conprising silicon conprises SiHC ;. 2@!35. The process of claim13 wherein
the wafer starting nmaterial is maintained at an epitaxial deposition
tenperature of at |east about 900C while the wafer starting material is
exposed t ooxiHizing stowspleare iscxppsaddpd wesesiidliycthn enB@. suffaee pfitbe patroMast ai m 13
wherein the coal.ing rate.is at |east about, 25 15C/ sec.. 37.. The process of
olai m 13 WHETBRAYL e 05613?1{‘%@“?0&? CIF 45 QPOPEHOING HYHE SBiReESELe Walhe JUN 2003
.36 38. Thempiaals pordion ©f BhdWdfRr WARKES h ddnGicBWRhARE stk Bghoalify @ the
wafer is at | east about 20C/ sec as it cools fromthe soak tenperature to

about 1500vBEer owtheforngemk tenperature. 5 39. The process of claim 13
whereip the cooli rate is.,at |east,.about. 50C/sec.,. 40. The,progess of
cl ai m 13 wher ei ho 1n§\;§er f&%aé%(%t&epﬁﬁﬂsat‘v@tf%fm OHRIE aitrgoﬁ’lhgﬁee t about
500 sec aswhfer iRbHIlY Esed. MELiS 08K idgast@hay b ehRnab e tarked bbbia thel ow t he
soak tenperature. 41. The process of claim 13 wherein the resistivity of

the waf er ssmg exidigingeatmobptierq in whioh ths hebloueatmeniSB conductll. Adtermiiwelys Bcess of

For 1rom angieedly s rabbbith & bhet ol Pt REke Qi el QRREP DT O 0c

of claim 1&6%@151?1 the tafer(ds 665166 alCORY df3€ asthdaut DEPC/e. dMure gﬁe&'erﬁfalyI he waf er
starting material to a tenperature of at 20 |east about 1100C in the

essentPal | pegaferdncorledar atatpeiiideast dhour bidveccs raer morerrrfessilyat legjer from
the surf acﬁcou@ﬂgc’dﬁéch'aﬂd ?ﬁ&?gre%é}aﬁﬁ%ﬂég& a@gﬁtegm@]s%c:s ﬁ*fl{sqgﬁg & 1100C,
e e at nosp I'i'co o]

exposing t surface”to t ere conprising Ssi ep’os}et t he
silicon eppreferatd) id wpé s drttemblratuseiof the evafer deoreasdshiroagh thaxhnde ofaf er . 25
AT DT O maties 51 ohioh Coystal Tatite Vacineids ditfase through the Simgle crystal
silicon. Once the wafer is cooled to a temperature outside the range of temperatures at
15  which crystal lattice vacancies are relatively mobile, the cooling rate does not
significantly influence the precipitating characteristics of the wafer, and, thus, is not
narrowly critical. Generally, crystal lattice vacancies are relatively mobile at
temperatures greater than about 1000°C.
In a particularly preferred embodiment, the average cooling rate of the wafer is
20 at least about 10°C/sec. (more preferably at least about 15°C/sec., still more
preferably at least about 20°C/sec., and most preferably at least about 50°C/sec.) as its
temperature falls from the soak temperature to a temperature which is about 150°C
less than the soak temperature. In another particularly preferred embodiment, the
average cooling rate of the wafer is at least about 10°C/sec. (more preferably at least
25 about 15°C/sec., still more preferably at least about 20°C/sec., and most preferably at
least about 50°C/sec.) as its temperature falls from the soak temperature to a
temperature which is about 250°C less than the soak temperature.
The heating and rapid cool-down may be carried out, for example, in any of a
number of commercially available rapid thermal annealing ("RTA") furnaces in which
30  wafers are heated by banks of high power lamps. RTA furnaces are capable of rapidly
heating a silicon wafer. For example, many are capable of heating a wafer from room

temperature to 1200°C in a few seconds. Examples of suitable commercially



heating the surface of the wafer starting material to a terrperaegﬂp of at

| east about 1 100C in the essentially oxidant-free at m)sphereut e t he
silicon oxMROWVHI®r fromthe surface, and 0 6 JUN ~3 37 wiPCATYSIYR®BE? 10

. seconds after the surface reaches 1100C, exposing the surface to the

at nosphere conprising silicon to deposi2 the silicon epitaxial |ayer onto
the surface to formthe epitaxial wafer. 5 45. The process of claim15
wherein the process conprises: heating the surface of the wafer starting

mat eri al t gvAlsbRITAA{2_EmeIuaE t}@tmmaﬁqo ahaste AR UG hgféﬁﬁeﬁggﬁﬁhéiﬁ' ly

oxi dant-free atnosphere to remoye the silicon oxide [ayer omthe surface,
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10 surface to t at nosphegre conpri.sing siJicon to,deposit the silicon

epi taxial |ayer Q‘gtﬁmutvﬁl ’%%F%\t&lgp g r?%ﬁr?\%iﬁ‘i"%’b??&?ﬁé?“ﬁfoé? NG The
process of egitAidNddSosiie! Radtof, BROVMAABHIhE QLSNeH $65lind e EddtbelddRiebel fnace of
the wafer starting material to a tenperature of at 15 | east about 1150C in

t he es8ent theltesctarxiAmicants havedaigrnask that the heatimgandiceokng stepacansbiede | ayer

fromthe suyrf. .an -t Wt S nds after the .f ace, reaches
1150C, expgésrfiggg?%g aguﬁgladcﬁeﬁ{gﬁgh e%?%gﬁﬁi%wg?%ﬁtﬁ‘ﬂ’&Br?&%?f'ﬁ‘fﬁfg’nS?C deposi t
the siliconrepid tdl@deslaayedepnll 01 fdrauppurtiag e waderf aHAsLERpRRIIDAK al wafer.

20 47. The process of claim 15 wherein the aver&ge cooling rate of the
waf er is afixeddygountrdian arnie/192 of asusceptepsnpportshafl 4 A% sidinglytreonneadat ure to

about 150G, hel 04,09 0§ %?IE ﬁ%a%mﬁ"{ ﬁlta?lrl%7 . ﬁe%@aferﬁﬂ?s}fﬁrfﬁqggxgcﬁmae@ofg{ . >

wherei n the average coo rate of the wafer i's a sec as
it codDs frovembe widdk atogiipdical opeaiiginablowtr dGAE(hR Ishywh)6f thodictor. A
tenperatur gﬁeuma?ic Ersné]cll{yniirrr)lp(got?)s%own) is operable to move the susceptor support shaft
105 and the wafer lift shaft 107 vertically, either together or independently as desired.
The mechanism is further operable to rotate the susceptor support shaft 105 within the
bore 106 so that the susceptor 101 and wafer may be rotated. The susceptor includes
15 rigid pins 109 slidingly mounted in openings in the susceptor to engage stops 111 of
the wafer lift shaft at their lower ends. The upper ends of the pins 109 are capable of
supporting the wafer. Conventionally, the pins 109 have only been used to support
the wafer during transfer to and from the reactor.
To position the wafer for heat-treatment in the EPI CENTURA® reactor, the
20 wafer is delivered to the reactor, such as by blade 113, which is sized to fit between
the rigid pins 109 (see Figure 7). The susceptor support shaft 105 and wafer lift
shaft 107 are moved upward from the exchange position shown in Figure 3 to the
home position shown in Figure 4. The upward motion of the susceptor support shaft
105 causes the pins 109 (which are engaged with the wafer lift shaft 107) to engage
25 the back surface of the wafer and lift the wafer off of the blade 113. The blade is
thereafter removed from the reactor. Referring to Figure 5, the susceptor support
shaft 105 is then moved further upward while the wafer lift shaft 107 remains
stationary. This causes the pins 109 to slide downwardly relative to the susceptor 101
until the upper surface of the susceptor 101 is brought into contact with the wafer.
30  Thereafter, the susceptor 101 supports the wafer. Meanwhile, the support shaft 105

continues to move upward until the susceptor 101 is coplanar with ring 115. At this

point, the susceptor is in the process position. A bank of high power lamps (not
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than about 0.06/cm?, as measured by a laser-based auto inspection tool configured to

10 detect light scattering events corresponding to polystyrene spheres having diameters
of no less than about 0.12 pm. The profile of the oxygen precipitates 52 is similar to
the oxygen precipitate profile in Figure 2, and is sufficient for intrinsic gettering. The
profile of the vacancy agglomerates 51 completely within the bulk (i.e., the profile of
the voids within the bulk) of the wafer 1 essentially remains the same throughout the

15  process of this invention, and does not tend to affect the surfaces 2 and 8 of the wafer
1 due to the existence of the epitaxial layer 50, which acts as a barrier between the
surfaces 2 and 8 and the agglomerates 51. Thus, this invention is commercially
useful, in part, because it enables the formation of a silicon wafer having intrinsic
gettering ability and an essentially COP-free surface from a void-rich wafer starting

20  material, which may be prepared with relatively low cost.

If a void-rich wafer starting material is used, the wafer produced in accordance
with this invention typically may be characterized in that a surface on the wafer may
be produced which has an average light scattering event concentration of at least
about 0.5/cm?® (as measured by a laser-based auto inspection tool configured to detect

25 light scattering events corresponding to polystyrene spheres having diameters of no
less than about 0.12 pm) if the epitaxial layer and a layer of silicon extending at least
0.2 pm beneath the epitaxial layer (i.e., a layer which has a thickness of at least 0.2
pm as measured from the epitaxial layer toward the central plane of the wafer) is
removed from the wafer. In a particularly preferred embodiment, this light scattering

30 event concentration is from about 0.5 to about 10/cm?, more preferably from about 0.5
to about 3.5/cm?, and most preferably from about 0.6 to about 1.6/cm®. The epitaxial

layer and the additional layer of silicon may be removed from the wafer by various
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ving an average light scatteéring event concentration of no greater than about
0.2/cm? (again, as measured by a laser-based auto inspection tool configured to detect
light scattering events corresponding to polystyrene spheres having diameters of no

less than about 0.12 pm).

hk ok ok kkkkk

10
The above description of the preferred embodiment is intended only to
acquaint others skilled in the art with the invention, its principles, and its practical
application, so that others skilled in the art may adapt and apply the invention in its
numerous forms, as may be best suited to the requirements of a particular use. The
15 present invention, therefore, is not limited to the above embodiments, and may be
variously modified.
With reference to the use of the word(s) “comprise” or “comprises” or
“comprising” in the above description and/or in the following claims, applicant notes
that unless the context requires otherwise, those words are used on the basis and clear
20 understanding that they are to be interpreted inclusively, rather than exclusively, and
that applicant intends each of those words to be so interpreted in construing the above

description and/or the following claims.
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surface of the wafer; (b) a central plane between and parallel to the front and back
surfaces; (c) a front surface layer which comprises the region of the wafer extending a
5  distance, D,, of at least about 10 pm from the front surface toward the central plane;
and (d) a bulk layer which comprises the region of the wafer extending from the
central plane to the front surface layer, the wafer being characterized in that:
the wafer has a non-uniform distribution of crystal lattice vacancies wherein
(a) the bulk layer has a crystal lattice vacancy concentration which is greater than in
10 the front surface layer, (b) the crystal lattice vacancies have a concentration profile
having a peak density of crystal lattice vacancies at or near the central plane, and (c)
the concentration of crystal lattice vacancies generally decreases from the position of
peak density toward the front surface of the wafer; and
the front surface of the wafer has an epitaxial layer deposited thereon, the

15 epitaxial layer having a thickness of from about 0.1 to about 2.0 pm.

2. The single crystal silicon wafer of claim 1 wherein the resistivity of the

wafer is from 1.0 to about 20 Q-cm.

3. The single crystal silicon wafer of claim 1 wherein the epitaxial layer has a

thickness of from about 0.25 to about 1.0 pm.

4. A single crystal silicon wafer comprising: (a) two major generally parallel
surfaces, one of which is a front surface of the wafer and the other of which is a back
surface of the wafer; (b) a central plane between and parallel to the front and back
surfaces; (c) a front surface layer which comprises the region of the wafer extending a

5 distance, D,, of at least about 10 pm from the front surface toward the central plane;
and (d) a bulk layer which comprises the region of the wafer extending from the

central plane to the front surface layer, the wafer being characterized in that:
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having a peak density of crystal lattice vacancies at or near the central plane, and (c)
the concentration of crystal lattice vacancies generally decreases from the position of
peak density toward the front surface of the wafer;
the front surface of the wafer has an epitaxial layer deposited thereon, the
15 epitaxial layer comprising a surface having an average light scattering event
concentration of no greater than about 0.06/cm’ as measured by a laser-based auto
inspection tool configured to detect light scattering events corresponding to
polystyrene spheres having diameters of no less than about 0.12 um; and
the bulk layer comprises voids which are at least about 0.01 pum in their largest

20 dimension.

5. The single crystal silicon wafer of claim 4 wherein the wafer is further
characterized in that the wafer will have a surface having an average light scattering
event concentration of at least about 0.5/cm? as measured by the laser-based auto
inspection tool upon removal of the epitaxial layer and at least 0.2 pm of the front

5 surface layer by a polishing and cleaning technique, the polishing and cleaning
technique being capable of polishing and cleaning a surface of a single crystal silicon
wafer having a resistivity of less than about 0.02 Q-cm to form a surface having an
average light scattering event concentration of no greater than about 0.2/cm? as

measured by the laser-based auto inspection tool.

6. A single crystal silicon wafer comprising: (a) two major generally parallel
surfaces, one of which is a front surface of the wafer and the other of which is a back
surface of the wafer; (b) a central plane between and parallel to the front and back
surfaces; (c) a front surface layer comprising the region of the wafer extending a

5 distance of no greater than about 100 pm from the front surface toward the central
plane; and (d) a bulk layer comprising the region of the wafer extending from the

central plane to the front surface layer, wherein
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precipitates in the bulk layer is at or near the central plane with the concentration of
the precipitates in the bulk layer generally decreasing toward the front surface layer;
15 and
the front surface of the wafer has an epitaxial layer deposited thereon, the

epitaxial layer having a thickness of from about 0.1 to about 2.0 pm.

7. A single crystal silicon wafer comprising: (a) two major generally parallel
surfaces, one of which is a front surface of the wafer and the other of which is a back
surface of the wafer; (b) a central plane between and parallel to the front and back
surfaces; (c) a front surface layer comprising the region of the wafer extending a

5  distance of no greater than about 100 um from the front surface toward the central
plane; and (d) a bulk layer comprising the region of the wafer extending from the
central plane to the front surface layer, wherein

the bulk layer has a substantially uniform oxygen concentration and a
concentration of crystal lattice vacancies such that upon subjecting the wafer to an

10 oxygen precipitation heat treatment consisting essentially of annealing the wafer at
800°C for about 4 hours and then at 1000°C for 16 hours, the wafer will contain
oxygen precipitates having a concentration profile in which the peak density of the
precipitates in the bulk layer is at or near the central plane with the concentration of
the precipitates in the bulk layer generally decreasing toward the front surface layer;

15 the bulk layer comprises voids which are at least about 0.01 pm in their largest
dimension; and )

the front surface of the wafer has an epitaxial layer deposited thereon, the
epitaxial layer comprising a surface having an average light scattering event
concentration of no greater than about 0.06/cm?” as measured by a laser-based auto

20 inspection tool configured to detect light scattering events corresponding to

polystyrene spheres having diameters of no less than about 0.12 pm.
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technique being capable of polishing and cleaning a surface of a single crystal silicon
wafer having a resistivity of less than about 0.02 Q-cm to form a surface having an
average light scattering event concentration of no greater than about 0.2/cm? as

measured by the laser-based auto inspection tool.

9. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, the process comprising:

heating a surface of a wafer starting material in an essentially oxidant-free
atmosphere to remove a silicon oxide layer from the surface;

5 within about 30 seconds after removing the silicon oxide layer from the
surface, exposing the surface to an atmosphere comprising silicon to deposit a silicon
epitaxial layer onto the surface to form an epitaxial wafer;

heating the epitaxial wafer to a soak temperature of at least about 1175°C

while exposing the epitaxial layer to an oxidizing atmosphere comprising an oxidant;

10 and
cooling the heated epitaxial wafer at a rate of at least about 10°C/sec.
10. The process of claim 9 wherein the cooling rate is greater than about
15°C/sec.

11. The process of claim 9 wherein the average cooling rate of the wafer is

greater than about 15°C/sec as it cools from the soak temperature to about 150°C

below the soak temperature.
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comprising silicon to deposit the silicon epitaxial layer onto the surface to form the

epitaxial wafer.

13. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, the process comprising:

heating a surface of a wafer starting material to a temperature of at least about
1100°C in an essentially oxidant-free atmosphere to remove a silicon oxide layer from

5 the surface,

within about 30 seconds after the surface reaches 1100°C, exposing the surface
to an atmosphere comprising silicon to deposit a silicon epitaxial layer onto the
surface to form an epitaxial wafer,

heating the epitaxial wafer to a soak temperature of at least about 1175°C

10 while exposing the epitaxial layer to an oxidizing atmosphere comprising an oxidant,

and

cooling the heated epitaxial wafer at a rate of at least about 10°C/sec.

14. The process of claim 13 wherein the heating and cooling of the epitaxial
wafer are conducted in a reactor constructed for depositing a silicon epitaxial layer
onto a surface of a wafer, and the epitaxial wafer is supported on a susceptor during
the heating step and is removed from contact with the susceptor during the cooling

5 step.

15. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, the process comprising:
heating a surface of a wafer starting material to a temperature of at least about

1150°C in an essentially oxidant-free atmosphere to remove a silicon oxide layer from

5 the surface,
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to an atmosphere comprising silicon to deposit a silicon epitaxial layer onto the
surface to form an epitaxial wafer,
heating the epitaxial wafer to a soak temperature of at least about 1175°C
10 while exposing the epitaxial layer to an oxidizing atmosphere comprising an oxidant,
and

cooling the heated epitaxial wafer at a rate of at least about 10°C/sec.

16. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, the process comprising:

depositing an epitaxial layer onto a surface of a wafer to form an epitaxial
wafer,

5 heating the epitaxial wafer to a soak temperature of at least about 1175°C
while exposing the epitaxial layer to an oxidizing atmosphere comprising an oxidant,
and

cooling the heated epitaxial wafer at a rate of at least about 10°C /sec.,
wherein the epitaxial layer is not contacted with a post-epitaxial-deposition

10 cleaning solution before the epitaxial wafer is heated to the soak temperature.

17. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, wherein the epitaxial layer has a thickness
of at least about 0.1 um and less than 2.0 ym, and the process comprises:

heating a wafer comprising a surface with an epitaxial layer deposited thereon

5  to asoak temperature of at least about 1175°C while exposing the epitaxial layer to an
oxidizing atmosphere comprising an oxidant, and

cooling the heated wafer at a rate of at least about 10°C/sec.

18. The process of claim 17 wherein the epitaxial layer has a thickness of

from about 0.25 to about 1.0 pm.

19. A process for the preparation of a silicon wafer comprising a surface

having an epitaxial layer deposited thereon, the process comprising:
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10!, #5 10%b& (ﬂe‘atinégae epitaxial wafer to a soak temperature of at least about 1175°C
while exposing the epitaxial layer to an oxidizing atmosphere comprising an oxidant,
and

cooling the heated epitaxial wafer at a rate of at least about 10°C /sec.,
wherein the surface of the wafer starting material, before deposition of the
10 epitaxial layer thereon, has an average light scattering event concentration of at least
about 0.5/cm* as measured by a laser-based auto inspection tool configured to detect
light scattering events corresponding to polystyrene spheres having diameters of no

less than about 0.12 pm.

20. A process for the preparation of a silicon wafer comprising a surface
having an epitaxial layer deposited thereon, the process comprising:

heating a surface of a wafer starting material to a temperature of at least about
1150°C in an atmosphere consisting essentially of H, to remove a silicon oxide layer

5 from the surface,

within about 10 seconds after the surface reaches 1150°C, exposing the surface
to an atmosphere comprising SiHCI, to deposit a silicon epitaxial layer onto the
surface to form an epitaxial wafer,

heating the epitaxial wafer to a soak temperature of at least about 1175°C

10  while exposing the epitaxial layer to an oxidizing atmosphere comprising O,, and

cooling the heated epitaxial wafer from the soak temperature to 250°C below
the soak temperature at an average rate of at least about 20°C/sec,

wherein the epitaxial layer has a thickness of from about 0.65 to 1.0 um, and
the concentration of the O, in the oxidizing atmosphere is from about 300 to about

15 500 ppm.
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5 cooling the heated wafer at a rate of at least about 10°C/sec.,
wherein the wafer is supported on a susceptor during the heating step and

is removed from contact with the susceptor during the cooling step.

22. The process of claim 21 wherein the wafer is supported on pins

10 during the cooling step.

23. The single crystal silicon wafer of claim 1 wherein D, is from about

50 to about 100 pm.

15 24. The single crystal silicon wafer of claim 1 wherein the epitaxial layer

has a thickness of from about 0.65 to about 1.0 um.

25. The single crystal silicon wafer of claim 5 wherein the wafer is

further characterized in that the wafer will have a surface having an average light

20 scattering event concentration of from about 0.5 to about 10/cm’ as measured by
the laser-based auto inspection tool upon removal of the epitaxial layer and at
least 0.2 pm of the front surface layer by a polishing and cleaning technique, the
polishing and cleaning technique being capable of polishing and cleaning a
surface of a single crystal silicon wafer having a resistivity of less than about

25 0.02 Q-cm to form a surface having an average light scattering event
concentration of no greater than about 0.2/cm?® as measured by the laser-based

auto inspection tool.

26. The single crystal silicon wafer of claim 5 wherein the wafer is

30 further characterized in that the wafer will have a surface having an average light



100 100 100@10%0& () - SOY10%0& ()- . 10%0& ()- " -
" 10908 ()- +@0%0% ()-001HL112dEYNC 10!! 109V& ()- y109%VvE& ()- ° 109V () -
1090 () - 9109/ () - YD100 ()- 2X222) 3E33dEYNC 1011, 109 ()rg 13Mipd ) -
_ &Z109VK' ()- 3109 ()- 109V’ ()- & : 109K () - 33384k445dEYNC 101!
"fH109VE ()- 9% 109 ()- L$LO%VE () - ;4?%\/& () - 3#10%E () -
109%VE' () - 5SR6666D7777dE:/ 10M 10M 8#10%V&: 610%\/& ()- " 310%& ()-
1@OYME ()- 0109 ().- @ 9100 ()- 77779) ; : <uV7 m@g 2

@LO%VE! () - #1094VRSFRftE m&ﬁ‘f@%‘ﬁ&‘z@(ﬂ)faﬂonsofémﬂ(%m @1‘:‘(}0 yty3. empagmegsyred by

the laser-based auto inspection tool upon removal of the epitaxial layer and at
least 0.2 um of the front surface layer by a polishing and cleaning technique, the
polishing and cleaning technique being capable of polishing and cleaning a

5 surface of a single crystal silicon wafer having a resistivity of less than about
0.02 Q-cm to form a surface having an average light scattering event
concentration of no greater than about 0.2/cm’ as measured by the laser-based

auto inspection tool.

10 27. The single crystal silicon wafer of claim 5 wherein the wafer is
further characterized in that the wafer will have a surface having an average light
scattering event concentration of from about 0.6 to about 1.6/cm® as measured by
the laser-based auto inspection tool upon removal of the epitaxial layer and at
least 0.2 um of the front surface layer by a polishing and cleaning technique, the

15 polishing and cleaning technique being capable of polishing and cleaning a
surface of a single crystal silicon wafer having a resistivity of less than about
0.02 Q-cm to form a surface having an average light scattering event
concentration of no greater than about 0.2/cm” as measured by the laser-based

auto inspection tool.

20
28. The process of claim 9 wherein the oxidant in the oxidizing
atmosphere is O,.
29. The process of claim 9 wherein, while the wafer starting material is
25 exposed to the atmosphere comprising silicon, the wafer starting material is

maintained at an epitaxial deposition temperature at which the atmosphere
comprising silicon will not deposit polycrystalline silicon onto the heated

surface when the atmosphere is contacted with the heated surface.
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maintained at an epitaxial deposition temperature of at least about 900°C while

the wafer starting material is exposed to the atmosphere comprising silicon.

5 31. The process of claim 9 wherein the wafer starting material is
maintained at an epitaxial deposition temperature of from about 1050 to about
1150°C while the wafer starting material is exposed to the atmosphere

comprising silicon.

10 32. The process of claim 9 wherein the silicon oxide layer is removed
from the surface of the wafer starting material by heating the surface to a

temperature of at least about 1150°C.

33. The process of claim 13 wherein the atmosphere comprising silicon

15 comprises SiCl,, SiHCL,, SiH,Cl,, SiH,Cl, or SiH,.

34. The process of claim 13 wherein the atmosphere comprising silicon

comprises SiHCI,.

20 3S. The process of claim 13 wherein the wafer starting material is
maintained at an epitaxial deposition temperature of at least about 900°C while

the wafer starting material is exposed to the atmosphere comprising silicon.

36. The process of claim 13 wherein the cooling rate is at least about

25 15°C/sec.

37. The process of claim 13 wherein the cooling rate is at least about

20°C/sec.
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wafer is at least about 20°C/sec as it cools from the soak temperature to about

150°C below the soak temperature.

5 39. The process of claim 13 wherein the cooling rate is at least about

50°C/sec.

40. The process of claim 13 wherein the average cooling rate of the
wafer is at least about 50°C/sec as it cools from the soak temperature to about

10 150°C below the soak temperature.

41. The process of claim 13 wherein the resistivity of the wafer starting

material is 1.0 to about 20 Q-cm.,

15 42. The process of claim 13 wherein the epitaxial wafer is maintained at

the soak temperature for from about 10 to about 15 seconds before it is cooled.

43. The process of claim 13 wherein the process comprises:
heating the surface of the wafer starting material to a temperature of at
20 least about 1100°C in the essentially oxidant-free atmosphere to remove the
silicon oxide layer from the surface, and
within about 20 seconds after the surface reaches 1100°C, exposing the
surface to the atmosphere comprising silicon to deposit the silicon epitaxial layer
onto the surface to form the epitaxial wafer.
25
44, The process of claim 13 wherein the process comprises:
heating the surface of the wafer starting material to a temperature of at
least about 1100°C in the essentially oxidant-free atmosphere to remove the

silicon oxide layer from the surface, and
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heating the surface of the wafer starting materlal to a temperature of at
least about 1150°C in the essentially oxidant-free atmosphere to remove the
silicon oxide layer from the surface, and
within about 20 seconds after the surface reaches 1150°C, exposing the
10 surface to the atmosphere comprising silicon to deposit the silicon epitaxial layer

onto the surface to form the epitaxial wafer.

46. The process of claim 15 wherein the process comprises:
heating the surface of the wafer starting material to a temperature of at
15 least about 1150°C in the essentially oxidant-free atmosphere to remove the
silicon oxide layer from the surface, and
within about 10 seconds after the surface reaches 1150°C, exposing the
surface to the atmosphere comprising silicon to deposit the silicon epitaxial layer

onto the surface to form the epitaxial wafer.

20
47. The process of claim 15 wherein the average cooling rate of the
wafer is at least about 15°C/sec as it cools from the soak temperature to about
150°C below the soak temperature.
25 48. The process of claim 15 wherein the average cooling rate of the

wafer is at least about 20°C/sec as it cools from the soak temperature to about

150°C below the soak temperature.
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49. The process of claim 15 wherein the average cooling rate of the
wafer is at least about 50°C/sec as it cools from the soak temperature to about
150°C below the soak temperature.

5 50. The process of claim 16 wherein the oxidant is O,.

51. The process of claim 17 wherein the oxidant is O,.

52. The process of claim 18 wherein the epitaxial layer has a thickness

10 of from about 0.65 to about 1.0 pm.

53. The process of claim 19 wherein the average light scattering event

concentration is from about 0.5 to about 10/cm?.

15 54. The process of claim 19 wherein the average light scattering event

concentration is from about 0.5 to about 3.5/cm?.

55. The process of claim 19 wherein the average light scattering event

concentration is from about 0.6 to about 1.6/cm?.

20
56. The process of claim 21 wherein the cooling rate is at least about
15°C/sec.
57. The process of claim 21 wherein the cooling rate is at least about
25 20°C/sec.

58. The process of claim 21 wherein the cooling rate is from about 25 to

about 30°C/sec.



