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PRECI Pl TATI NG CZOCHRALSHI Sl LI CON WAFERS BACKGROUND OF THE I N\/E T7h
presént invention generally relates to the preparation of sem conductor

10 1S 20 nuat avo ed/14swpstrates, especially silicon wafers, whi ctpcaf,@sgg,ag_ﬁll n
t he manufacture of el ectronic conponents. Mre parti cul arIy, the present
invention relates to a process for the treatnent of Czochral ski sipgle
crystal silicon wafers to dissolve existing oxygen clusters and
precipitates, while preventing their formation upon a subsequ

precipitation heat treatnment. Single crystal silicon, which i gm\\mmmﬂmu“‘“g
material for nost processes for the fabrication of sem conduct ectronic
conponents, is commonly prepared with the so-called Czochral ski process

wherein a single seed cryNON-OXYCERPRECIPITATINGEN Sil | CO” Em mm‘nmlumm

grown by slow extracti onCZASCHRAESKS SILFOON W&pﬂk@l ned in a
crucible, it is contam nated with various inpuri nong

oxygen. At the tenperature of the silicon nol ten rrass oxygen cone

the crystal lattice until it reaches a concentration det er i ned by the
solubility cBAGKﬂR{DUNiD GFITHHINYENINON enper ature of the nolten nmass and
by the actual g@lgatlon coeffici enb of ox nin solidified silicon. Such
concentrations ard'eqessRbInVENIRR geReradyrelpics @’eBFBP@Ra}@éﬁfF?W@BWH’t% licon
at the ts?rrp%awan%abétaa@escépeé Ry Llpe 9&%%@%@5 ugézﬁ tﬂ?&'aﬁ@fta&tﬂﬂa

el ectroni c devi ces. the crystal grows from ten mass and cool s,

t her ef or e, tdh@trsoicuiorripohynt&f meqgﬁnculmrly,tthdpmsmsmnna:p)rditys tovdmoedsy i n t he

resulting sl or wafe 0 n nt..i n supersaturated .

concentr at i otjﬁgt%eﬁ??ﬁr?ﬁuf’fwéz cﬁ%zg?i‘élsmp e%ﬁglrﬁ‘h?ﬂ?cw rsﬁ?gﬁé%?f"?ﬁ“éﬂ’ﬂﬂ oyed in
the fabri catdx@ﬂerpélueérs%@g}ercwa@esd@r«m&p@ve&mggﬁar RIRE&tiBh h?ér?a Buzb&Rhi ON
centers may formand ultimately grown 1 nto |arge oxygen clusters or
precipitat eSDXYHmEPI}QPIEﬁétm!Ehf@f treablantor eci pitates in the active device region
of the wafer can air Hi st

er f t e

address'this pro (gfyég?i]%’ﬁ?% ‘%ﬂ?}? 1c§é é?eftﬁrﬁﬁﬁ? @8%?@%%???5%@&&8 a
series of Sttﬁm&aﬂbh ehsetgiESndletr gmﬁom@c@ﬂhg h&m@s $4 ddneabniPyépatedav#ipfe Or
regi on near 0 2 ApR 2003 WO 001 14776 2 PCT/ U599/ 19301 t he surface of the
waf er whi ch sosalledezestraski perreps wherpintativgle seasrpmpritlyis iramersed inte godsn a
fde””deo' Z0N§icoRan h@ﬁr%?&dvf?h&i‘{?%v L8O NKs hio1 B8 H%‘éﬁ é’o’ﬁfa? a3l %glalf‘t?r med,
or exanple,”in a" OW ermal 'sequence suchas a’? oxygen
out - di f f usi amudiiglatit isredatapnitedivita viaiigis 1tnq1mexreataufcmo(v>tﬂ;alm rRiniyroxggeri. ner t
anbient for a geri od of at | east S %bout 4 hours gen preC| pitate
nucl ei }dr meltlitBhteaPeRtIs R thespesoRne N 1B ess: & ’S@e@foméﬁﬂlt‘({hf HUeF oxygen
(Si Q2) preci
Shi mir e Sorabadusrar S b Ay R R o 2%5#2%% e
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however,, advanced el ec

t her ei n. recentl ev
manuf act ur| nsa %ﬁ&@é iceR guch concentrations are greater than the s&ublht % oxygen in

solid silicon at the temperatures typical for the processes for the fabrication of

20 electronic devices. As the crystal grows from the molten mass and cools, therefore,
the solubility of oxygen in it decreases rapidly, whereby in the resulting slices or
wafers oxygen is present in supersaturated concentrations.

During the thermal treatment cycles typically employed in the fabrication of
electronic devices, oxygen precipitate nucleation centers may form and ultimately

25  grown into large oxygen clusters or precipitates. The presence of such precipitates in
the active device region of the wafer can impair the operation of the device.
Historically, to address this problem electronic device fabrication processes included a

series of steps which were designed to produce silicon having a zone or region near



such as DRAM-manuf acturing processes have begun to mnimze the Uﬁ%éﬂﬁR nmh
tenperature process steps. Although some of these processes retai noug

of the high re process steps to produce a denuded zon F

t ol erances oﬁﬁgﬁgnﬁ%¥erial are too tight to render it a connergggp §”§?%bLe
product. Other current, highly 15 advanced el ectroni c devi ce manuf actucri ng
processes contain no out-diffusion steps at all. Because of the probl ens
associ ated with oxygen precipitates in the active device region, therefore,
these el ectronic device fabricators nust use silicon wafers which are

i ncapabl e of form ng oxygen precipitates anywhere in the wafer under their
process conditions. 20 Accordingly, a process is needed by which existing
oxygen clusters or precipitates in the silicon wafer nmay be dissol ved,

prior to the V| f I i « ol C hat. _future formtion of
oxygen preci pi %aSF ggcewgfﬁhlé %agéﬁgvmv’\%}# grfﬁ#sor}ﬁ?é%%réﬁl%ugfmﬁv’ﬁ% %%ET?%\?@RITI ON
Among t he obj etdenudéd tdie" ionw Epietipiatet frer 2heone Denadédigors oxi 54 ormed, for 25

Czochral ski single crystal siljcon wafer, as well as the process for the
preparation t HERRAE, N 2RgHIChigh BEmd FeREBFSSUSA @S () el pen attwldffpsiemheséen
di ssol ved; an ; 3 WS : fer: ywhi i1
not form oxyggﬁat%n:agtc?tp?%tlgr% t(gésl?r%grgg%i:)ll%éstl g?ds) %6‘%63%%3%%??@?53% %\@g%tn?)%gen
preci pi t abi onathoma# honesattyenygerBrreeibityte nublei ffimaton hhelopr eapotatira@IETON i S

directed to a,Rroc for heat-tregting a.Czochral ski single crystal
silicon wafer )3%&25@9/‘@“‘&@9‘3%%@{?; Rfﬁ?@‘éﬁ%?t@c}?lﬁhf%‘?ﬁ?éa,tmtef(ég%‘bpé)ss
Compr i sing heety tS&at NG, Shen el SmibhdiclRMifkdeHan] TEHIBREST Adkcfhic
tenperature of at |east about 1T N an at NbSphere naving an oxygen
concent r at i onPrsfs, dnc.] SasDiegh diatifdrdod 1 PRt pagas 36t 387 ant¢herefesermks titddt | ce
vacancy conceptration to prevent the formation of oxygen precipitates in a
subsequent ox{}]‘ ‘precipitation heat treatment. The present invention is
further dprected tRoRe RIBHBS holveler 8dlantdAtd R AdSAQRERA idfhrind NOE&ses

crystal silicon wafer to di'ssolve pre-existing oxygen precipi t at es, the
process conpr $ushiag DM marmfedtngng processtehavierbegun tpinthimfrerthakseanfihégh er at a

tenmperature of at lLeast about 1150C and controlling the rate of caaling
from t ne. max FRCTASHE BroEer Sonto i LrdRantS g Hire PR tsSs 1t PRt BhiLgh

t enper at ur e rgigH erhperiditCitovas 8iph &Spratigcd £uly@kynefBRItbRrahods ch the e
period sufficient to reduce the nunber density of crystal lattice vacancies

in the cool edmkgfia}arptoatightdo sader g comansipinby visblemodrs. Odiepermenir kighlinge
i n which,yacapgj ivel il e J n

preci pi ¢ 48 oo Sy e cedl Eetglele e ptortdofd o Bt A SRR b B 0N s 1
wdf er to an oxygRecapseef the baiblans fsadiatet @dthnayieen preipitars ¢nihe iabtweddvive i s
still further directed to a process for heat-treating a Czochral ski. single
crystal sili cBioRathereiers, dieeseleqieonis devasy labreaiors muse Rsectiliconayafers yhighpare
prevent futur j b J-QUpAt ' L I.pi.t ation
heat treat mont AR &Sk e RLER! bERpL AR Ak [ SN HIEIAF BEkE

t enper at ur e ofonditidneast about 1150C in a rapid thermal anneal er to dissol ve
pre-existing oxygen clusters; cooljn heat-treated wafer to a

tenperat 8P e bet weefieBE YO8 ErETEs lifgegéity whiph exisHe exEsa Slistrdiout

200 sec; and. precifirefpiing 00R? dat e R ois AR B0 HPA L9 ethitBbRTInal 2
t enperat ure b%r'f301 é%ea oSt legggar?g (ﬂz{égkc flcs)rm%%f lee Be]?élao% suff%?ﬁl Cl en’tmto
reduce the nusuobr vignhit futowé famasbalbf bayden peeoisitacsoi idsnitle wifer spodvedtedaf er
prior to cooling the wafer bel ow a tenperature of about 950C to produce a
waf er which is incapable of form ng oxygen precipitates upon being
subjected to an oxygen precipitation heat treatnent. The present invention
further provides a process for suppressing oxygen precipitation in a

Czochr al ski sYUMMARYOFAHE INVENTION er conpri sing a vacancy dom nat ed
region, the process conprising heat-treating the wafer whi.ch conprises the
vacancy doni nat ed ?‘gﬁ’i"‘éﬁhq ‘PPJ%F%?Q&%G "ﬂ‘f?@F‘%ltg%fﬁ LS8 EOYSIPRARRr at ure of at
| east abgyt br 1l MG dnGafEALE WRIl 26 B ArBLksh FThd hr@pdtBexbdum

t enper at g'lr"le ;%ﬁé%ev%ﬂgé&%ﬁ%&%t el eat-%re’at?renta t r%rugﬁ a terrgze}r)ature range
i n whi ch vacatheice§ immhiched:agew elugtersnidl predipitates Havebaqredissodvedudifd, teent t o
reduce the nunber density of crystal lattice vacancies in the cool ed wafer
prior to cooling the wafer bel ow the tenperature range in which vacancies
are relatively nobile, to reduce the nunber density of vacancies in the
single crystal silicon to a value such that oxygen precipitates will not

formin the heat-treated wafer upon subjecting the wafer to an oxygen
preci pitation heat-treatnent.




The present invention further provides a process for suppressi ngq?xw
precipitation in a Czochral ski single crystal silicon wafer conprfsing a
vacancy domi nated region, the process conprising: heat-treating the wafer
whi ch conpri ses the vacancy domi nated region at a tenperature of at | east
about 1150C in a rapid thermal annealer to dissol ve pre-existing oxygen
clusters; cooling the heat-treated wafgr to a tenperature between about
950C and 1150C at a rate in excess of about 20C, and 0 2 AP R 2003 3b
thermal |y annealing the cooled wafer at a tenperature between about 950C
and 1150C for a tinme period sufficient to reduce the nunber density of
crystal lattice vacancies in the cooled wafer prior to cooling the wafer
bel ow a t enpeyrgdibiod FsurRUafrQfhich WilPROER @(g@@ﬁ%rredlbité?tﬁs'o‘? cluttgmabl e of
form ng oxygen precipitates upon being subjected™to an oxygen precipitation
heat treat mentpon being spPRCEIDR AR0ORYY M FEgipitafon ieadireaBuantc her obj ect s

and features of this _inyention wll be in rt apparent., and in rt pointed
oUt hereinar ter . BRIV EBTHESOH P HRRFtIHOp B RERRIES EVBLIITRERTE The
process of t %a?—&r%%ﬁﬂg d @%ﬁ%ﬁré%ﬂi ﬁﬁ{;fér&zsttahﬁgé@@%fé}wo%%é ?r&@iiéﬁr’ﬂg a s
single crystal siliconh wafer having”a reduced concentration of oxygen

pr eci pi t at es oxygeh psecpsateasthegirbcess obdrprisidgfreat-$reatingtthe afdrdnea rapid
precipitates are related. Addjtional Iémct he present process yields a wafer

whi ch, duri ngh@ERARNNLAIST a7 leansai ablepsbAbeHicLIg9 Cab asnPimasphere
treat ment (€ G in 20082489 cbiiforttfliRh dlat Tod BBLEI YIS PR bdnidcP tnd OUr

hours and then a erature or sIxteen hours not form

10 oxygen pregysibklattee. vathecpcosesstrationt toeprevestent fomvativn ofhostydehef ore acts
to anni hilate or dissolve a variety of pre-existing defects such as |arge

oxygen cl ust érecinigtesdp easubseaHest @fygexyrjeaivitation baatirerimeny. fault (" O SF*)

mater w11 onat pr dSpERpEl mydfifiof IS EARRAR S I Aot BTy Buhde
preci pi t at | oy OeatnbISRASTE orydfal Thos Weér (AISEIRS brd-ekigling BRy@ésrpcess  of

the present invention is a single crystal silicon wafer which has been
sliced from @retipghtescthespracessgompgsingrhaat-teeatiog dae svafed inta apid émarimatal

Czochral ski crystal grow n t hods,  Such net as, wel | as standar

S VS con ol | clARalerE A BT RER R 0! ShIsaohaPa () Ceati oy B phs eq.
for exanple, d4Q; i Semi i _ RSt
Academ (r:err esdso',amg% f@@‘égﬁé{ @ﬁéﬁ@%ﬁggﬂ’%@% %*ub%’d;ﬁﬁ%ﬁtt% hg%ggﬁdai er Zad. )
Spri nger - Ver ltagugReateYopdratuird8ange nc whjobv dczd clesraenelayivelgfraokitcfyr.a The
silicon wafer nmay he polished or, alternatively, it may be | apped and
etched but ndim ﬁﬁrle%aﬁ'qemté@a@dqf-‘@ntﬁﬂetwwfﬁn%ffﬁé}ééald_a@&ﬁafcanc'es
sel -1 ntersti kil chabAtwAIeF BRbC10ADAING tRE SARET BBl thB'tEmBSIAuRPMoedAT oCt -
For exanple, the wafer may be vacancy~dom nate romcenter to edge, self
2~ interstitivdhichloatasdies ate mtathety atobile tedoelu@such thatyoxggeh precipitatest r al

core of Vacar\]/\(/:ih/ not form in the heat-treated wafer upon subjecting the wafer to an oxygen
precipitation heat-treatment.

The present invention is still further directed to a process for
heat-treating a Czochralski single crystal silicon wafer to dissolve pre-existing
oxygen clusters and to prevent future precipitate formation resulting from an
oxygen precipitation heat treatment, the process comprising:

heat-treating the wafer at a temperature of at least about 1150°C in a
rapid thermal annealer to dissolve pre-existing oxygen clusters;

cooling the heat-treated wafer to a temperature between about 950

and 1150°C at a rate in excess of about 20°C/sec; and,



of doninated nmaterial surrounded by an axially symetric ring of 9§l APR 200
Interstitial dom nated material. 0 2 AP R 2003 WD 00/14776

PCT/ ZJS99/ 19301 5 Czochral ski-grown silicon typically has an oxygen
concentration within the range of about S x 10" to about 9 x 10" atons/cnB
(ASTM st andard F-121-83). Because the oxygen precipitation behavior of the
wafer is essentially erased by the present process (i.e., the wafer is
essentially rendered non-oxygen precipitating, even 5 if subjected to an
oxygen precipitation heat treatnment), the starting wafer may have an oxygen
concentration falling anywhere within or even outside the range attai nable
by the Czochral ski process. Dependi ng upon the cooling rate of the single
crystal silicon ing I - ' ' id icon
(about 1410 O) ¢ hr aepRoRpTAGRrGApCRlc Rat o aReMicku s PR abalt
preci pitate raif) aad 160U fvrea imeayeridl $udficenhta teduse hige eumbes dehsity bf con

i ngot from which Epe wafer is sliced. The g{esence or absence of these

nucl eation c&RYSRsIaHtics Yreagcias:indle raeled wefer erigbio e9¢lingdhe wafer helowr 8sent
i nvention. Pr O@E:ﬁ r : t% of i ,

di ssol ved by ttg e?%lgl}%ofﬁg@r{rﬁ%anne Oﬁgg%%tvr?ae%%%ﬁﬁ%?h e bé??ﬁ@%{“'”g

i nvention. | oxggearpmascipiatsistupdnieeing cobfestaf td e opy@se pledipitationieat a
single crystal silicon 15 wafer is first subjected a heat treatnent step in
whi ch the waftEgatMenkeated to an el evated tenperature. Preferably, this heat

treatnment step is i i r.apl ral r..d I t he
wafer is rapidly h@g% QLE%%SPQWR’F@%@{“@@%{QD&@Q?S% %rﬁg%ﬁﬁgugg r%%g”ﬁat .
tenperat ure foiyganiebapitigdyirshOzochRis@dirnfle Eiydtal slitol&iserbombsinged er i s
subjected to a'tenperature in excess of 1150 C ' preferably at |east "1175 C,
more 20 pref etagbhygy dontieatet rapont tHep®cess anthprisitg peatftegatingythbevateen about
1200 C and 1275 C. The, vvafﬁr Wi | Iwggneral I% be mai nt ali ng at this
tenperature POPCRCOMRAEESAG VaEsHGIOTYRIRAreg/oR 8t @ dePiddaetmaRnuieadlerc onds
(e.g., at |eaplendPeralidArRiMabst LBbu PYSIT ah§RENPbIIRG T Bite(F-Boling0: 30,
40, or 50 seconds) and, depending upon the pre-existing defects, for a

peri od whi ch froag thaengimpnt tenaeraturé Gcbaveddiuringithehaad-treatmenttrough 8 25

for commercially available rapjd therngl anneal ers). The rapid thernal
anneal may bdeEREFEEE FRRYY R WhIGh YRCANGIESFES relptivelymakiieder 5 tinepeHes o

rapi d thernal Ay ' . Y [ ) j r j:ndjyi dual I'y
heat ed by banis'o?ﬁéntzog dé%éque{hraé b%’ﬁr;‘%g%%%t}{‘ﬁfrn %tégla\zg@%ee\é%cpag%feeé 'g$h¥api dly
heating a sildoesy waf&price 1§ coolif®sheawaiet dietdW ehedferhperature rangafirewhisrom
room 0 2 APR 2003 WO 00/ 14776 PCT/LfS99/19301 6 tenperature to 1200 Cin
a few second¥/aceneies aff reletinelydnabile, taveduasihe nembengensity afyacaeciasdel 610

furnace avai lablg, fi6 8AG A89RGHA 65,6 MORRLANLYoEN orCobiatdR iy LEPRIANO t he

wafer at a tenperature n’excess o _ ssolution of
a variety of iptige ﬁéastrea@dwy@emjp@hl@bﬁa’@in?nﬁe Wafér toul 6kygdrprddiitation, it
will increase the nunber density of crystal lattice vacancies in the wafer.
| nf or mati on deekitieedmest.dat e suggests that certain oxygen-rel ated defects,

such as ring oxidation induced stacking faults (Q SF),.are high.tenperature
ol eated oxygen Ut BiRsPRr EUCpoATYYER RGMERS aimecats (Pt Nite
concentrati Prbxgbeﬁ%éaﬁltﬁ%n iH B9bERRIdMERgld BryBt i8R WHT¥r ESBDASIRG PXYJen
clustering is believed to occur rapidly at "el evated tenperatures, as

opposed to regicansy dbmimatedaegiooy theoproeass abmpnisiger e behavior is nore

simlar to regions in which ox n precipitate nucleation centers are
acki ng. Because QRAIEIPAINEANSWalet Bhichelmatisesi BeivacRuSdamed seakey
concentratio t it : L ! e

ot -t 1 eat ed "Lt B T Qe cf aF AT HERuC 18P LS g YRS BB

i nvention to diesalve prergriBting esygen elustersj n a subsequent oxygen
precipitation heat treatnent. in a first enbodi ment of the process of the
present inventi on,caaiegyhe hralireatesonateste afemperaiarebatvaancabeyd WX ers is

hea - treat o ETREG fubPihin BefRrM adrebr fofcaoPere 1 en e



20 obtained to date suggests that the presence of a significant agouppRo#03
oxygen suppresses the vacancy concentration in the heat-treated wafer.
‘'Wthout being held to any particular theory, it is believed that the rapid
thermal annealing treatment in the presence of oxygen results in the

oxi dation of the silicon surface and, as a result, acts to create an inward
flux of silicon self interstitials. This,inward flux of self 25
interstitials has the effect of graduall?’altering t he vacancy
concentration profile by causing reconbinations to occur, beginning at the
surface and then noving i nward. Regardl ess of the nmechanism the rapid
thermal annealing step is carried out in the presence of an

oxygen-cont ai ni ng at mospBAhHAllY Snhésing thetcodldPdafg it aoenigteaire ®edsedi t he
present invention; that is, the anneal is carried out in an atnosphere 0
2 ApR 2003 Watawt £50°6 apdT! USYY foe adime pevnd suiflaientde ygeucethe namper wat er
vapor, or an pxygen-containjng conpound gas ich i.s capabl e af i di zi ng
an exposed si‘feir{sgb{ Oélﬁ’ﬂfsé%‘é.a{“cgﬁ’@cgﬁﬁ‘%b%g}eec‘\?lﬂﬁgtv‘fﬁfgr e%(g(gtlosqoogﬁg%@ y of
OXygen or OXygefr ¢RMHw 4EnRPatufs of Absmpstrd td Pﬂﬁidc‘é LRBRIIBIRCR is
non- oxi di zi ng gas such as argon. It 1s to be noted) however, that when the
at nospher e 5 insapaitle @fiformihg oaxgere preqipitstes apby beirg swbhiesteddoanxygernont ai n
a partial pressure of oxygen of gt |east about 0.00l atnospheres (atm), or
1,000 parts ﬁ%PC%W?P?%%GQ?Hﬁﬁﬁnﬁgpna). More preferably) the parti al
pressure of oxygen in the atnosphere will be at |east about 0.002 atm
(2,000 ppma), still nore preferably 0.005 atm (5,000 ppma), and still nore
preferably 0.01 atm ( 10,000 ppma). 10 Intrinsic point defects (vacancies
and silicon self interstitials) are capable of diffusing through single
crystal silicon with the rate of diffusion being tenperature dependant. The
concentration profile of intrinsic point defects, therefore, is a function
of the diffusivity of the intrinsic point defects and tile reconbination
rate as a function of tenperature. For exanple, the intrinsic point defects
are relatively nobile at 15 tenperatures in the vicinity of the tenperature
at which the wafer is annealed in the rapid thermal annealing step) whereas
they are essentially immobile for any cormercially practical tine period at
tenperatures of as nuch as 700 C. Experinental evidence obtained to-date
suggests that the effective diffusion rate of vacanci es slows consi derably
at tenperatures Less than about 700 C and perhaps as 20 great as 800 C, 900
C, or even 1,000 C, the vacancies can be considered to be imobile for any
commercially practical tine period. In a second enbodi nent of the present
invention, therefore, the concentration of vacancies in the heat-treated
wafer is controlled, at least in part, by controlling the cooling rate of
the wafer through the tenperature range at which vacancies are 25
relatively nobile. As the tenperature of the wafer is decreased through
this range of tenperatures, the vacancies diffuse to the wafer surface and
are anni hilated, thus leading to a change in the vacancy concentration
profile with the extent of change dependi ng upon the length of tinme the
wafer is maintained at a tenperature within this , range and the magnitude
of the tenperature; in general, greater tenperatures and 0 2 APR 2003 WO
00/ 14776 PCT/ US99/ 19301 | onger diffusion tinmes lead to increased diffusion.
In general, the average cooling rate fromthe annealing tenperature to the
tenperature at which vacancies are practically immobile (e.g., about 950 C)
is preferably no nore than 20 C per second, nore preferably no nore than
about 10 C, and still nore preferably no nore than about 5 5 C per second.
Alternatively, the tenperature of the wafer follow ng the high tenperature
anneal may be reduced quickly (e.g., at a rate greater than about 20

C/ second) to a tenperature of |ess than about 1150 C but greater than about
950 C and held for a tine which is dependent upon the hol ding tenperature.
For exanple, for




10 tenperatures near 1150 C, several seconds (e.g., at |east about §2 AR 2003
6 or nore) may be sufficient whereas at tenperatures near 950 C several )
m nutes (e.gwo @li4bgast about 2, 3, 4, 6 or nore) may be requipegdsooi9301
sufficiently reduce the vacancy concentration. Once the wafer is cooled to
a tenperature outside the range of tenperatures at 15 which crystal lattice
vacancies are relatively nobile in the single crystal silicon, the cooling
rate does not appear to significantly i%fluence the precipitating
characteristics of the wafer and thus, does not appear to be narrowy
critical. Conveniently, the cooling step may be carried out in the sane

at nosphere in which the heating step is carried out. Suitable atnobspheres

i nclude, for exanple, 20 nitriding atnospheres (that is, atnospheres

cont ai ni ng ni t r ogeEhth@ashjéchiAnddeataradiolf (g Bivesdt @ilNbdig prerapereedt gaSin parich as
ammoni a, which_ is capable of nitriding an exposed silicon surface);

oxi di zi ng (oWW%r‘i’Fﬁmﬁﬁﬁg) at nospheres; non-oxidi zi ng, nonnitriding

at nospheres (such as argon, helium neon, carbon dioxide), and conbi nations
thereof. 25 Wiile the rapid thermal treatnents enployed in this process nmay
result in th®BUAHED DESORIPOION GIMBEHE RRBEFRRBD EMBOIIMENTSt he surface of
the front and baclgl_ surfaces _of the wafer, the resulting heat-treated wafer

has a substantial | 9‘3@5‘??&?%tf‘?lP@ls%“cti“?‘ie&P%i frels theoneastyathieh taebtainfunct i on
of distance T8 dhaiilidorQPafaiddfta reﬁgéed%ﬁ%?{tﬁtio@ohggtg'ehR‘?&%ﬁf&té@’%‘frer

wi || have a substantially uniform concentration of p Z APR 2003 WO

00/ 14776 9 PClstgBR2s weB@d othet defstts td whichxlgse précipimdshaee mémedr Additivhalywaf er
to regions ofht he vv?fer vvhi.egh ar efvvi &’?i ndabout 15. mi crons, of the silicon
surface, mor GBI BOCGSMENS § WAL st dBRng Fsellially A0% SERUgH SKE8BF t he
waf er which gg&ipMatibh ne:ﬁl@@g&ne%@(ag.s:_irﬁﬁau@m%h@af&!dth@aﬁ?&mm@&feaoo@tefamre
preferably fromthe center of the silicon to regions of the wafer 5 which
are Wi thin abewthosrsndrtinsateftemperagird pCHHWOS W faasixtecangurmswillprogfambl y from
t he cent of .the sil.icaon tgQ reqions.of the wafer. which.are wthin.about 3
merone 1 ¢ eV ehia HheaRSiai Bre reeSiRt gt i e RO
oxygen concenrt 8akd108a vhadtl ofpRrexistin@rdefddeasuti ad h%@wgem clogBgemticataian of

no nmore than about 50% preferably no nmore than about 20% and nost

pref erably néingsio oxyash inghsad steoling fanlt OISR nselet eougbevidhe pefasi The be seen
that the Se"“c‘ﬁs@&lvgﬁb;@%ﬁ wHicth iMhit e Hd QAL AGTHEYS: te,%%é(ff&%é’%ﬁfe?ﬂanges
could be made I'n e ove conpositions and processes w'thou eparting

from the scopebjedted tvear sXw@BY pr@Bipitation Bedt festhrbac) that all matter contai ned
in the above description be interpreted as jllustrative and nat in a
Limiti nglssense. The stagprg maignalifor (e pepsssset the present invention is a single crystal

silicon wafer which has been sliced from a single crystal ingot grown in accordance

with conventional Czochralski crystal growing methods. Such methods, as well as
standard silicon slicing, lapping, etching, and polishing techniques are disclosed, for
example, in F. Shimura, Semiconductor Silicon Crvstal Technology, Academic Press,

20 1989, and Silicon Chemical Etching, (J. Grabmaier ed.) Springer-Verlag, New York,

1982 (incorporated herein by reference). The silicon wafer may be polished or,
alternatively, it may be lapped and etched but not polished. In addition, the wafer
may have vacancy or self-interstitial point defects as the predominant intrinsic point
defect. For example, the wafer may be vacancy dominated from center to edge, self-

25  interstitial dominated from center to edge, or it may contain a central core of vacancy
of dominated material surrounded by an axially symmetric ring of self-interstitial

dominated material.



1. A procéss for heat-treating a Czochral ski single crystal silicongwafaeR 2003
to dissolve pre-existing oxygen precipitates, the process conprising

heat-'treati ngdddpaqsypfier in a rapid thermal annealer at a 5 tepperabdifePf
at | east about 1150C in an atnosphere having an oxygen concentration o? at

| east about 1000 ppma to control the crystal lattice vacancy concentration
to prevent the formation of oxygen precipitates in a subsequent oxygen
precipitation heat treatment. 10 2. Theb process of claim 1l wherein the
wafer is heat-treated at a tenperature between about 1200C to about 1275C.
3. The process of claim1 or 2 wherein the atnosphere has an oxygen
concentration of at |east about 2000 pprma. 15 4. The process of claim1l or
2 wherein the atnosphere has an oxygen concentration of at |east about 5000

ppma. 5. The procesgcRalskl- aq'oWn]sﬂ%othﬂ?Y@ﬂ (fhél dhky é&ﬁ%ﬁ@ﬁ?ﬁw‘ﬂ%ﬂkﬁg tiN

oxygen concentration of at | east abo 5) rocess of claim
1 or 2 wher eirangevd abeiterx 1@ treabiout P ad0¥atdros/cm (A%’Elsltstatniach-zalfﬁéMnds 25

7. Th h
[ cast about  d5e8e gieryegn Pieci gk Buto RIR ea AGotebt BBt &gt o

crystal sili gpsen@dirbéest @. ﬁ'tﬁ@@hf&?19Qé’s§erﬁi>éll§?éd@i@re@’iﬁéﬁ%y@éx@?ﬂe@iﬁt@ﬁ@ evéhe
process 30 conprising heat-treating the wafer in a rapid thermal anneal er

at a 0% APRupIEEdle anexpesnareqipitasfondieat tepsmenth i starw@@aefq:rdn@omwe@lnl i ng

et -t r oat mektS ST ARG TP G ek Rt 4y BRI by

rel atively mmabd CsodhemSm ptdcess. [Ipending uf;ém fHeeablih Orat B singR dHIIallicdansi ty
of crystal lattice 5 vacancies in the_ cool ed vaf er pri or to cool ing the

waf er ~ bel ow tlwttf@ﬁb@ﬁé%weéawr@féh@memacp@m;&éaw@p@éab@#bl‘ﬂél Heh tmugh Hshi | e
to a value sy to*?%oé;%’%@% tpraﬁ&gzp}afoace%xg%én prgaéldté’@ﬂ@%{ho%hc%n{é e}reat ed
n ‘preci pi a

waf er upon su jeCtI ng an 0Ox hea tment.
10 9. ThB pr dems thé smlgmdnyéﬁalwhmoeumgdtt&@mhah thewbiaisdlicedt ed at a

t enperature betmeﬁn about 1200C to 8@ut 1275C. 10. The process of, claim8
wherein the cool i MgePEISERGELT ABHFSP AN perensa asartaaparesialise

achi eved duriggeddia) %ﬁhbg&%e&t LARNIBAL plcferfoll UL RL Wke 8lnBRAK cBICor 11

The process of claim8 wherein the ng rate is | ess than about
20C second. mmgzilssiﬂvedpydmagpxddhemiaéam%l h@t-@ﬁatﬁx&nv\béuhelpmsemtenwmmng rate
is less than abou 10C/€2econd 13. The grocess of cl ai erein

the cooling rate 1 2¢CoL n{bﬁgﬁhélb%ﬁrtoc%o g&masemzlgventlon asmche crystajl sxhcon

15  waferis ﬁrst subjected a heat treatment step in which the wafer is heated to an
elevated temperature. Preferably, this heat treatment step is carried out in a rapid
thermal annealer in which the wafer is rapidly heated to a target temperature and
annealed at that temperature for a relatively short period of time. In general, the wafer
is subjected to a temperature in excess of 1150 °C, preferably at least 1175 °C, more

20  preferably at least about 1200 °C, and most preferably between about 1200 °C and
1275 °C. The wafer will generally be maintained at this temperature for at least one
second, typically for at least several seconds (e.g., at least 3), preferably for several
tens of seconds (e.g., 20, 30, 40, or 50 seconds) and, depending upon the pre-existing
defects, for a period which may range up to about 60 seconds (which is near the limit

25 for commercially available rapid thermal annealers).

The rapid thermal anneal may be carried out in any of a number of
commercially available rapid thermal annealing ("RTA") furnaces in which wafers are
individually heated by banks of high power lamps. RTA furnaces are capable of

rapidly heating a silicon wafer, e.g., they are capable of heating a wafer from room



14. The process of claim8, 9 or 10 wherein the wafer is cool ed |r|@1 APR 2003
nitriding atnmosphere. 15. The process of claim8, 9 or 10 wherein the waf er
i s cool ed 3GyvbBo/ady7€Xi di zi ng at nosphere. p 2 APR 2003 12 16pc¥hgggg@@ess
of claim8, 9 or 10 wherein the wafer is cooled in a non-nitriding, -

non- oxi di zi ng atnosphere. 5 17. A process for heat-treating a Czochratski
single crystal silicon wafer to dissolve pre-existing oxygen clusters and
to prevent future precipitate fornatloﬁ5result|ng from an oxygen
precipitation heat treatment, the process conprising: heat-treating the
wafer at a tenperature of at |east about 1150C 10 in a rapid thermnal
anneal er to di ssol ve pre-existing oxygen clusters; cooling the heat-treated
wafer to a tenperature between about 950 and 1150C at a rate in excess of

about 20C/ Sefemg%ﬁﬂurettBQQO@PCMnQrfeﬁ%kd:dlﬁlst Ofic 60H @nMeicRillyalaifabi€RIAr at ur e
bet ween about 0 and 1150C for a time period sufficient to reduce the

nunber 15 defignaog ipthegngdal 410 famesceavailabla fiomed G AsratesdMosataimyVeav.prior to
cooling the gg\fer bel ow a tenperature of about 950C to produce a wafer
which is inc pgbl e of form ng oxygen precipitates upon being subjected to

an oxygen preci pi Hati-peatihgahe wafsrtan® tdmperQurk8n eddess pf DLSSTC @il €diide thel 7
wherei n the vvafer Is heat-treated at, a terrperature bet ween apout 1200 and
about 1275C. difsplutioneoiy warisdy obprecgxasting pxysen dpstepsape OISE paclebdnaddiigher is

thermal |y anfeahigrlsednd ATRELAHeHES 6f crplAUbiRE05 50k AL vaRerM NUL es.

Information obtained to date suggests that certain oxygen-related defects, such
as ring oxidation induced stacking faults (OISF), are high temperature nucleated
oxygen agglomerates catalyzed by the presence of a high concentration of vacancies.

10 Furthermore, in high vacancy regions, oxygen clustering is believed to occur rapidly
at elevated temperatures, as opposed to regions of low vacancy concentration where
behavior is more similar to regions in which oxygen precipitate nucleation centers are
lacking. Because oxygen precipitation behavior is influenced by vacancy
concentration, therefore, the number of density of vacancies in the heat-treated wafer

15  iscontrolled in the process of the present invention to avoid oxygen precipitation in a
subsequent oxygen precipitation heat treatment.

In a first embodiment of the process of the present invention, the vacancy
concentration in the heat-treated wafers is controlled, at least in part, by controlling
the atmosphere in which the heat-treatment is carried out. Experimental evidence

20  obtained to date suggests that the presence of a significant amount of oxygen
suppresses the vacancy concentration in the heat-treated wafer. Without being held to
any particular theory, it is believed that the rapid thermal annealing treatment in the
presence of oxygen results in the oxidation of the silicon surface and, as a result, acts
to create an inward flux of silicon self-interstitials. This inward flux of self-

25 interstitials has the effect of gradually altering the vacancy concentration profile by
causing recombinations to occur, beginning at the surface and then moving inward.

Regardless of the mechanism, the rapid thermal annealing step is carried out in
the presence of an oxygen-containing atmosphere in the first embodiment of the

process of the present invention,; that is, the anneal is carried out in an atmosphere



25 20. Thé process of claim 17 or 18 wherein the cooled wafer is tqiéigyd Y003
anneal ed at a tenperature of about 950C for about 6 m nutes. 02

2003 13 21. ess of claim 17 or 18 wherein the cool ed |

thermal |y adﬁggpggﬁgt a tenperature of about 1150C for about g®@@é%¥ 3915
22. The process of claim 17 or 18 wherein the cooled wafer is thermally
anneal ed at a tenperature of about 1150C for about 6 seconds. 23. The
process of claim1, 8, or 17 wherein the rapid thermally 10 anneal ed wafer
conprises a region having a substantially uniform concentration of oxygen
interstitial atonms which extends fromthe center of the wafer to a distance
of no greater than 15 mcrons fromthe surface of the wafer. 15 24. The
process of claim 23 wherein the region having a substantially uniform

concentratio s 5V | LSk Al < of the
wafer to a dlg%r?;élﬁgé 0%? Q%%E%S?g):’ga&é?ﬁgﬁ& x‘igF ?ﬁ?é%%g%f) %@%ﬁ%é}gﬁnsﬁﬁgg & of the
waf er. 20 25whikhds papabkss oafdizihgiameRBoseth eiliebn stilfecer Gk afindspYédgnad thus
substantially uniform concentrati on of oxygen interstitial atons extends
fromthe cent¥ISHENYIR %érxa;lgew AXYSFR CRARRRHIBK 238 PTdF Way additippallysompeise s

fromthe sur B&P@xi@fziﬁ?%s}’%l&fﬁs ar%i f.zﬁ is e MItOE &% e0dr, @Ll?\.bﬁér?l%ew& h&let he

regi on having a substa y u orm concentration of oxygen interstitial
at ons exbends ot emtirelyeoxygen, prefefabtytbe wafiesphee valldioataana parot! pressgreadt er t han
3 mcrons fr 8@g}ep%f§t rel:tsatlg o&fo.éﬁeatr\ﬁ%gp%re'res (atm.), or 1,000 parts per million atomic

(ppma). More preferably, the partial pressure of oxygen in the atmosphere will be at

least about 0.002 atm. (2,000 ppma), still more preferably 0.005 atm. (5,000 ppma),

and still more preferably 0.01 atm. (10,000 ppma).

10 Intrinsic point defects (vacancies and silicon self-interstitials) are capable of
diffusing through single crystal silicon with the rate of diffusion being temperature
dependant. The concentration profile of intrinsic point defects, therefore, is a function
of the diffusivity of the intrinsic point defects and the recombination rate as a function
of temperature. For example, the intrinsic point defects are relatively mobile at

15  temperatures in the vicinity of the temperature at which the wafer is annealed in the
rapid thermal annealing step, whereas they are essentially immobile for any
commercially practical time period at temperatures of as much as 700 °C.
Experimental evidence obtained to-date suggests that the effective diffusion rate of
vacancies slows considerably at temperatures less than about 700 °C and perhaps as

20 greatas 800 °C, 900 °C, or even 1,000 °C, the vacancies can be considered to be
immobile for any commercially practical time period.

In a second embodiment of the present invention, therefore, the concentration
of vacancies in the heat-treated wafer is controlled, at least in part, by controlling the
cooling rate of the wafer through the temperature range at which vacancies are

25 relatively mobile. As the temperature of the wafer is decreased through this range of
temperatures, the vacancies diffuse to the wafer surface and are annihilated, thus
leading to a change in the vacancy concentration profile with the extent of change

depending upon the length of time the wafer is maintained at a temperature within this

range and the magnitude of the temperature; in general, greater temperatures and



Q2 AP R2003'14 27. The process of any one of clainms 23-26 whereirp4her 200
concentration of oxygen interstitial atonms in the substantially uniform -
region has a j e of no nore than about 50% 5 28. The pr y
one of cl ai rrsw%oylggﬁv\her ein the concentration of oxygen int ergte?ﬁ%g?;%?grm
in the substantially uniformregion has a variance of no nore than abocut
20% 29. The process of any one of clains 23-26 wherein the 10
concentration of oxygen interstitial at®ns in the substantially uniform
region has a variance of no nore than about 10% 30. A process for
suppressi ng oxygen precipitation in a Czochral ski single crystal silicon
waf er conprising a vacancy 15 dom nated region, the process conprising
heat-treating the wafer which conprises the vacancy dom nated region in a
rapi d ther maloanheahelofimas fedREhat R dfuddn.| HdshedP it aviindC mggr te
controlling the'rate of cooling fromthe maxi mimYenpérature acﬂle eé1
during the hefem theanmeslingtthmpegiurata thapenzeraine at sthipdh vacamwddscine pacdcdiyes ar e

20 relatively _nobi.le for. a ti. erio fficient tg reduce the nunber
density of cr‘?@?ogﬂlleﬁ%tgt’iala%nt?ég‘a% i‘se%re{jeﬁi#%&_’ Bwst éﬁ“&gf P%F?C(?PSHBOEOOI i ng
the wafer belHytB8 AEHBRS RLMESoUtADIE, bid Wi SBreiASRAGIER. Alofe theh abbtel Y
nobi l e, to reduce the nunber density of vacancies in t'he single crystal

silicon to a VY perssgend.t hat oxygen precipitates will not formin the heat

25 treated wafer upon subjecting the wafer t oxygen precipitation heat
treatment. 31. The’gl gerrf)’%gs ’gl?e tgﬁ%gler F%ﬁoé\ﬁgrwgi??{a}?%%w%‘g&erB?ﬁ%ﬁ@éﬁﬁv

dom nat ed fr cihéef MBS betrod@d8Quickly (e. 0, a2 a AR gAARS thkd aBAut 2D /BERAESD Of

cl ai m 30 wherein the vacancy dom nated regi on conprises a central core of

the waf er andeMBEraFe olieebamybanh 1 A0 aF byt srpatawtihan ebaut R0 6€ and held for a _
e oot bR ERTLERFRLTOREE ¥ oo Bmel iRl R6P SRR AL 30 VS 1

the cooling r 7 se 3 process of claim

30 whereil t hempaalurestheant &50i <, IsesaltsBeshdalb@plt atllO4st dlsre o3l 4, §@r3fore)The
process of claim 30 wherein the cooling rate is _|ess than about 5C. /second.
36. The procdd¥y ksuéliciensvdisresdt smperaiwenasas P59 sCreevarakmgies de-g5 2hleag

tenmperature qf @ty heass mht R CeqiBred t 278 %1190 wher ei n
t he waf er isodhgat 2{F eat %QQQ#Sa }enp%(} ateurae_g"ggtﬁgﬁégggitthgk% to about
1275C. 20 38.coftemtiptiaress of claim 30 wherein the cooling rate is

control | ed between.the, maxjimim t rgper ature achi evgd durin
edd

t he
heattreatnent to & 1EHBRMarnIEosicdBaltmrRBRere obsiderihe S LIRS n 30
wher ei n {916 Wafies clysta ARl daldhofes 3R i LYIRLRLTRRANENCer48: sillhsh, BloCess

of claim 30 wherein the wafer 1s cooled Ih an oxidizing aft nosphere.
cooling rate does not appear to significantly influence the precipitating characteristics
of the wafer and thus, does not appear to be narrowly critical.
Conveniently, the cooling step may be carried out in the same atmosphere in_
which the heating step is carried out. Suitable atmospheres include, for example,

20 nitriding atmospheres (that is, atmospheres containing nitrogen gas (N,) or a nitrogen-
containing compound gas, such as ammonia, which is capable of nitriding an exposed
silicon surface); oxidizing (oxygen-containing) atmospheres; non-oxidizing, non-
nitriding atmospheres (such as argon, helium, neon, carbon dioxide), and
combinations thereof.

25 While the rapid thermal treatments employed in this process may result in the
out-diffusion of a small amount of oxygen from the surface of the front and back
surfaces of the wafer, the resulting heat-treated wafer has a substantially uniform

interstitial oxygen concentration as a function of distance from the silicon surface.

For example, a heat-treated wafer will have a substantially uniform concentration of



1G 0 7 APR 2003 41. The process of claim 30 wherein the wafer is c 2e&pg’ n003
a non-nitriding, non-oxidizing atnosphere. 42. A process for suppresSing

oxygen preciwph@id®e§ in a 5 Czochral ski single crystal silicop-¥at&hioo:

conprising a vacancy dom nated region, the process conpri sing: .
heat-treating the wafer which conprises the vacancy dom nated region at a
tenperature of at |east about 1150C in a rapid thermal annealer to dissolve
pre-exi sting oxygen clusters; 10 coolithg the heat-treated wafer to a

t enper ature between about 950C and 1150C at a rate in excess of about 20C
and thermal ly annealing the cooled wafer at a tenperature between about
950C and 1150C for a tinme period sufficient to reduce the nunber density of
crystal lattice vacancies in the cooled wafer prior to 15 cooling the wafer

bel ow a t emMfleatitb ke RO thd28ter dfANPHAMMESrRiMR e theifehwhihiapcapabl e of
form ng oxygen precipitates upon being subjecteéd to an oxygen precipitation

heat tr eat mavithin aout TAenigrons of hesiliconsurfrer? moneprsiarablyidromathercentsr ofdancy 20
dom nated f rom center to f?g e'fc4»4v o Qlee r9%/rt81(:ea S OLO cl.cai m oﬂﬁgwh 1Eei n the
vacancy domHAPBd PSS! EmEp et Hbich e MR =bapr 1O BHEoRoNhF 8Tedha | o
surr oyn?edztsurm, 8¥drathbié pEyfeTEBly frémith®Gerdr oTehd silictnatb TEgibhPdf tHOWarst ed
material. 2~
5  which are within about 5 microns of the silicon surface, and most preferably from the
center of the silicon to regions of the wafer which are within about 3 microns of the
silicon surface. In this context, a substantially uniform oxygen concentration shall
mean a variance in the oxygen concentration of no more than about 50%, preferably
no more than about 20%, and most preferably no more than about 10%.
10 In view of the above, it will be seen that the several objects of the invention
are achieved. As various changes could be made in the above compositions and
processes without departing from the scope of the invention, it is intended that all

matter contained in the above description be interpreted as illustrative and not in a

limiting sense.



45. The process of claim 42 wherein the cooled wafer is thermally @‘Q”ﬁﬂi o3
‘at a tenperature of about 950C for about 2 m nutes. 46. The process of

claim 42 wherein the cooled wafer is 30 thermally anneal ed at a tenperature
of about 950C for about 6 m nutes. 17 5 0 2 APR 2003 47. The process of
claim42 wherein the cooled wafer is thelrorral | y anneal ed at a tenperature of
about 1150C for about 2 seconds. 48. The process of claim42 wherein the
cooled water is e {ml | y anneal ed at a tenperature of about 1150C for
about 6 seconds.—@é@l_-The process of claim42 wherein the wafer is
heat-treated at a tenperatyr I gp,rpél ; ess of
claim42 wherein then\P/\)af erﬂifoﬁéesasf‘lfo{ngfgg at g%ﬁ%&'ﬁ?ﬁ%%&%g{%gﬁ about
1200C and about diRd&Owafek(to AliscahARore-édstingoddde otecipitbfesy thebrdtdssAR. AY

. A{. Ah. Ah. AY e. AF ?#
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20 an oxygen concentration of at least about 10,000 ppma.

6. The process of claim 1 or 2 wherein the wafer is

heat-treated for at least about 20 seconds.

25 7. The process of claim 1 or 2 wherein the wafer is

heat-treated for at least about 40 seconds.

8. A process for heat-treating a Czochralski single crystal
silicon wafer to dissolve pre-existing oxygen precipitates, the process

30 comprising heat-treating the wafer in a rapid thermal annealer at a
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10\ z$$SPY%E 5( dE: thNstighHLA¥e ®pE)atiné’ ddigedn Whidh 48669 are relatively mobile for

a time period sufficient to reduce the number density of crystal lattice

5 vacancies in the cooled wafer prior to cooling the wafer below the
temperature range in which vacancies are relatively mobile to a value
such that oxygen precipitates will not form in the heat-treated wafer upon

subjecting the wafer to an oxygen precipitation heat-treatment.

10 9. The process of claim 8 wherein the wafer is heat-treated at

a temperature between about 1200°C to about 1275°C.

10.  The process of claim 8 wherein the cooling rate is
controlled between the maximum temperature achieved during the

15 heat-treatment to a temperature of about 900°C.

11.  The process of claim 8, 9 or 10 wherein the cooling rate is

less than about 20°C/second.

20 12.  The process of claim 8, 9 or 10 wherein the cooling rate is

less than about 10°C/second.

13.  The process of claim 8, 9 or 10 wherein the cooling rate is
less than about 5°C/second.
25
14.  The process of claim 8, 9 or 10 wherein the wafer is cooled

in a nitriding atmosphere.

156.  The process of claim 8, 9 or 10 wherein the wafer is cooled

30 in an oxidizing atmosphere.
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cooling the heat-treated wafer to a temperature between about
950 and 1150°C at a rate in excess of about 20°C/sec; and,
thermally annealing the cooled wafer at a temperature between
about 950 and 1150°C for a time period sufficient to reduce the number
15 density of crystal lattice vacancies in the cooled wafer prior to cooling the
wafer below a temperature of about 950°C to produce a wafer which is
incapable of forming oxygen precipitates upon being subjected to an

oxygen precipitation heat treatment.

20 18.  The process of claim 17 wherein the wafer is heat-treated

at a temperature between about 1200 and about 1275°C.

19.  The process of claim 17 or 18 wherein the cooled wafer is
thermally annealed at a temperature of about 950°C for about 2 minutes.
25
20. The process of claim 17 or 18 wherein the cooled wafer is

thermally annealed at a temperature of about 950°C for about 6 minutes.
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thermally annealed at a temperature of about 1150°C for about 2

seconds.

5 22. The process of claim 17 or 18 wherein the cooled wafer is
thermally annealed at a temperature of about 1150°C for about 6

seconds.

23.  The process of claim 1, 8, or 17 wherein the rapid thermally
10 annealed wafer comprises a region having a substantially uniform
concentration of oxygen interstitial atoms which extends from the center
of the wafer to a distance of no greater than 15 microns from the surface

of the wafer.

15 24.  The process of claim 23 wherein the region having a
substantially uniform concentration of oxygen interstitial atoms extends
from the center of the wafer to a distance of no greater than 10 microns

from the surface of the wafer.

20 25.  The process of claim 23 wherein the region having a
substantially uniform concentration of oxygen interstitial atoms extends
from the center of the wafer to a distance of no greater than 5 microns

from the surface of the wafer.

25 26.  The process of claim 23 wherein the region having a
substantially uniform concentration of oxygen interstitial atoms extends
from the center of the wafer 1o a distance of no greater than 3 microns

from the surface of the wafer.
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27.  The process of any one of claims 23-26 wherein the
concentration of oxygen interstitial atoms in the substantially uniform

region has a variance of no more than about 50%.

5 28. The process of any one of claims 23-26 wherein the
concentration of oxygen interstitial atoms in the substantially uniform

region has a variance of no more than about 20%.

29. The process of any one of claims 23-26 wherein the
10 concentration of oxygen interstitial atoms in the substantially uniform

region has a variance of no more than about 10%.

30. A process for suppressing oxygen precipitation in a

Czochralski single crystal silicon wafer comprising a vacancy

15 dominated region, the process comprising heat-treating the wafer which
comprises the vacancy dominated region in a rapid thermal annealer at
a temperature of at least about 1150°C and controlling the rate of
cooling from the maximum temperature achieved during the heat-
treatment through a temperature range in which vacancies are

20 relatively mobile for a time period sufficient to reduce the number
density of crystal lattice vacancies in the cooled wafer prior to cooling
the wafer below the temperature range in which vacancies are relatively
mobile, to reduce the number density of vacancies in the single crystal
silicon to a value such that oxygen precipitates will not form in the heat-

25 treated wafer upon subjecting the wafer to an oxygen precipitation heat-

treatment.

31.  The process of claim 30 wherein the wafer is vacancy
dominated from center to edge.

30
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region comprises a central core of the wafer and is surrounded by an

axially symmetric ring of self-interstitial dominated material.

5 33.  The process of claim 30 wherein the cooling rate is less

than about 20°C./second.

34. The process of claim 30 wherein the cooling rate is less

than about 10°C./second.
10

35.  The process of claim 30 wherein the cooling rate is less

than about 5°C./second.

36. The process of claim 30 wherein the wafer is heat-treated

15 at a temperature of at least about 1175°C.

37.  The process of claim 30 wherein the wafer is heat-treated

at a temperature between about 1200°C to about 1275°C.

20 38. The process of claim 30 wherein the cooling rate is

controlled between the maximum temperature achieved during the heat-

treatment to a temperature of about 900°C.

39.  The process of claim 30 wherein the wafer is cooled in a

25 nitriding atmosphere.

40. The process of claim 30 wherein the wafer is cooled in an

oxidizing atmosphere.
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non-nitriding, non-oxidizing atmosphere.

42. A process for suppressing oxygen precipitation in a
5 Czochralski single crystal silicon wafer comprising a vacancy dominated
region, the process comprising:
heat-treating the wafer which comprises the vacancy dominated
region at a temperature of at least about 1150°C in a rapid thermal
annealer to dissolve pre-existing oxygen clusters;
10 cooling the heat-treated wafer to a temperature between about
950°C and 1150°C at a rate in excess of about 20°C; and
thermally annealing the cooled wafer at a temperature between
about 950°C and 1150°C for a time period sufficient to reduce the
number density of crystal lattice vacancies in the cooled wafer prior to
15 cooling the wafer below a temperature of about 950°C, to produce a
wafer which is incapable of forming oxygen precipitates upon being

subjected to an oxygen precipitation heat treatment.

43. The process of claim 42 wherein the wafer is vacancy

20 dominated from center to edge.

44. The process of claim 42 wherein the vacancy dominated
region comprises a central core of the wafer and is surrounded by an

axially symmetric ring of self-interstitial dominated material.

45.  The process of claim 42 wherein the cooled wafer is

thermally annealed at a temperature of about 950°C for about 2 minutes.

46. The process of claim 42 wherein the cooled wafer is

30 thermally annealed at a temperature of about 950°C for about 6 minutes.
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seconds.
5
48.  The process of claim 42 wherein the cooled wafer is
thermally annealed at a temperature of about 1150°C for about 6
seconds.
10 49. The process of claim 42 wherein the wafer is heat-treated

at a temperature of at least about 1175°C.

50. The process of claim 42 wherein the wafer is heat-treated

at a temperature between about 1200°C and about 1275°C.



