; e3e??~~TdP"6XTbrM ~ a ~ov zoo2 METHOD OF MANUFACTURI NG EPI TAXI AL SLEI &)\I
WAFER Background of the Invention Fi#l dwf the Invention 5 The pre WOV 2002
invention relates to a nethod of manufacturing an epitaxial silicon wafer
by subjecting a silicon wafer to epitaxial growmh (silicon wafer as a

silicon substrat amfi@opeor t MatvaACBURWA EpaThREaD ey @oRNRAPEEd the silicon
wafer, as well as to an epitaxial silicon wafer which is manufactured by

the nethod and is capable 10 of bearing shipnment. Background Artalm,m!,

wafer which is sliced off g%cfi | i con #]gﬁ?‘%pgr oduced by the Czochr M@'{@@WW

method (i.e., hereinafter P8R4 PVERTLON 7 silicon ingot

m rror-pokisi®draRfle Pnvdtdigat €d to an 15 ammoni a- based cl eani ng oper :
Crystal Originated particles (COPS) are detected using Particle Counter on

Silicoh wafer sTiré aresastLPDentEpomalieadesi e pimethefroflimscoferiyyri®Ps have
been considere toalbg. extraneous matter t@gd hayve, beenaﬁeal | ed '.',gar.t ilcl es . "
Hovever, &2 *8A&HH NS H G % IS TAPE & 0 B BAHTETFAPVEHAY ke 20
def ects agdowtie (KnDDWbr Qadét 2€ 4 nitheos Wubaceadd mrSépitianagesuthl) in the
formof a recessed pit 13. COPS inpair the electrical characteristics of a
si | i con wafeer hamieh apRedleth thestilldsonivadfere R 'Bdh dsnte e aakvAdeEtur i ng
yield of g,silic far..ln.o u r.Qhl € il i con
waf er 25 ?éf#sal?af%?f/g\%rvg{dﬁfgeésm%%ﬁ‘{efaﬁcgagl&?\eﬁﬁgkp % %?Eﬁ%agta%?ogg]sc%)a%rleeduce
occur t®encer dfedz@Rg &iiipndnte begi nning, or COPs which have arisen in a
silicon wafer are di sappeared. It has been reported that COPs can be

di sappear BACHIFa@48Tbf ef fecting predeterni ned epitaxial growh under

appropriate 30 gandiitbRRa ferBelidn 0§ 9k cEPR A & Ss :AULbAG neotEREd AR

G owt h," Msataka KIMJRA et al., Journal of the Japan Associate of Crystal
G owt h Voby thep@zoqyzalgkigpethed (k¢ 448eycliggfyreyr reflerrpdstalssorbeas
reported th . l .00, 9Rer.atL.oni ff ed_dyrd. i jal growth
(see the ébgélze%gégg?gby tsglté a Itle/bR{iOiejt'SShgef %gﬁdgia%r‘?e%%g%? £€ 66* '
~BNOVEEOOZaed reit-bh aé dl - pem iNgSop 33053/ 193§ stht ouglyi2a8e87/ 1998) . An HZ
annealing is comonly perfarmed for producing a denuded zone (DZ)_ |ayer on
the si || CBIF GREEP (COThAES TRESSHRAMETHP 1A TSP A 1o &1, vaftgul ar pi ¢
is converbgsrd@ assit@sl.oVkroM dee wiRd 6OUWRd iR didddvangi tasrs haeadde pit
shown in FIG |Ato the pit showmm in FIG 5 1B) . Against this backdrop,

the papercOys idesasded KPNEFE R st tieadinchase bhak cebbed cannbiclss -
di Sappearﬁ&é%ﬁf%@éh&fn HZF%@UQ%', I3¥s are said to be octahedral void-like

20 defects and are known to arise in the surface of a silicon wafer
11 in the form of a recessed pit 13,

COPs impair the electrical characteristics of asiliconwafer,
which in turn results in a reduction in the manufacturing yield of
asiliconwafer. In order to prevent such a problem, a silicon wafer

25 is usually produced while requirements are set so as to reduce
occurrence of COPs from the beginning, or COPs which have arisen
in a silicon wafer are disappeared.

It has been reported that COPs can be disappeared by means
of effecting predetermined epitaxial growth under appropriate

30 conditions [“Behavior of COP pits during Si~Epitaxial Growth,”
Masataka KIMURA et al., Journal of the Japan Associate of Crystal
Growth Vol. 1.24, No. 5, pp. 444 to 448 (1997)]. It has also been
reported that an H, annealing operation is effected during epitaxial

growth (see the above paper by Masataka KIMURA et al. and Japanese
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and still remain thereafter in another form and that atnospheric pressure
epitaxy is anisotropic and | ow pressure apitaxy isisotropic. 10 C%SNUVeﬁFZi n
after | ow pressure epitaxy but are di sappeared by neans of

at nospheri c-pressure epitaxy. As shown in FIGS . 2A through 2C, an
epitaxial layer 14 grows so as to follow the contour of the surface of a
silicon wafiesntl Laidhopén nefer 2920VE4A 938 anhselgt raves(se®fl.Gan 2A and 2B)
Therefore, 15 depending on _growh conditions, a recess 13 fornmed in the
surface ofnRerd igid it&oPmeney Rarfimedaft @rpedc iy ehaersidsheensf (ke

epi t axi al r.1 r ecifical n i ct.l.o l.L,gh | nt

def ect : le%fglf'n gplég%slellcnplt ﬁééﬂsﬁcj%fdg%%c%f %‘EE%‘%&[ %&(’i gféﬁa)}gr at&%plggs’ a
result of atdeamsf ehgwfarap@OPisl3pnvefrddowevershal b otasyidles cahieebuhepard ed
that, as shown by transition fromFIG 2A to FIG 2C, occurrence of an LPD
13" ( whi ¢Rransditd oat Feamitde bt sasedbiIEhet s P| theh@éd toFhoynchp Fi%n be
prevent ed, by means of inparting sufficient thickness to an epitaxial layer
or by nmeans of appropriately setting requirenents for epitaxial growh 25
(as descri bed ingafrort ehanpbaskdtapangse pRaterty Maisd+ o2 rKINURA2OQE3/ 1998) .
Japanese Pacﬁ.ent Laj d- q%re?n Nos. 20@05 / 1998 t%]éa ugh 209057/ 1998 descri bed a
met hod of “RF GRS FRYE (78 SeFH AT 8F EPEAT ALY "ER T &ceta APRRAYH Y

| ow pressyi® 2Rt aximdirgr8Wkbasddr 8 SIARY B0rd hahaethdd Rakbophafi LOPS
invol ves a necessity of growing an epitaxial layer to a thickness of 4um or
nmore . Thesesyyaeanridagy disaniisatrep it 2 borwafeesuhaebhta Ik 195s @Rz ien8 or

| ess js suitabl il co . u faor,epitaxia rowm h (as
describedt T 1afaRl el Rk sk e e LB 18 580 2 Bl b R R oY 200! L006)
. In a case atiersphanieptepsuak bpyeaxyi.s formed on a silicon wafer as a
silicon substrate for epitaxial_growh, satisfyi ,n}g the requirenent at

reduced pressurd® REPSEEICBe Py SRR Ahr &% PRXTAItadi 3% 1 dem Scapabl e

of being fandl ed 851 BowhBdUEIndIHY 8 SRRCIshiEed Ybor LNEI & LANRE. Priaduced an
epitaxial silicon wafer 5 having an LPD density of 0.3 defects /cn8 or

| ess). Thehiskckafousarvetidtot 6g9stertion (prd REPDI 8RaintedBht Bherefrateng

e SIS P B RS BT S NI e

i nvent i onohéake béénccoreéevaéd ionttdrsfbased tofthe gerfarceldfythanemtaxial
layer 14 [more specifically, an imperfection (a light point defect:
LPD) 13’ arises in the surface of the epitaxial layer 13 as a result
of transfer of a COP 13].

20 However, it has also been reported that, as shownby transition
fromFIG. 2AtoFIG. 2C, occurrence of anLPD 13’, whichwouldotherwise
be caused by the influence of a COP, can be prevented by means of
imparting sufficient thickness to an epitaxial layer or
by means of appropriately setting requirements for epitaxial growth

25 (as described in, for example, Japanese Patent Laid-Open No.
209053/1998) .

Japanese Patent Laid-Open Nos. 209053/1998 through
209057/1998 described a method of eliminating the effect of COPs
onwafer surface through low-pressure epitaxial growth. It is stated

30 that elimination of COPs involves a necessity of growing an epitaxial
layer to a thickness of 4lmormore. Thesepatents statethatasilicon

wafer having 1x10° COPs/cm® or less is suitable as a silicon wafer

to be used for epitaxial growth (as described in Japanese Patent

2



10 phenomenon that COPS becone less likely to arise in the surface of an
epi taxial |ayer when the epitaxial |#yervis forned on the siliconl S&0ér00?
surface to a thickness of 2 umor nore through atnospheric-pressure

epi taxi al growth. The background technol ogy has failed to manufacture an 15
extrenely-thin epitaxial silicon wafer (nore specifically, having a

thi ckness, 19t ofed NOM 969d 9 owhi Chni § RGeePLAR an@%aarigﬂugyem@

foregoi ng references state that the influence of Sis elimnated so | ong
as an epidraedain 4 aybrcaofwdf et ama of 1 hovres wiss frarteefd rtdpridegh adtgrospheri ¢
epitaxial growh, but does not refer tao 20 the tenperature or duration of
an 12 DAL EpRd H0S GRICFATAREAT 1 PORISSTRES 1 GF OF CREBLSERLUEA y an
LSTD (| agekpseatiar isng:toNOdRRNYa 885 REE) LESNS iINahd®Ed Il A p2baless in
terms of a certain |imted phenonenal theory,. It is well known that COPS

f or med i(moaesipeicd 6acavelfyer tisane cmebdagoddecganerdtrddal stégeon yafSO ). Wth
regard to a 25 thickness,to \ghi CE an e(y}pi t/axjal ﬁilmis to be grown in
orded t §3YaPPi T} it ;9!ef’ﬁb‘f¥)\}° Jat DG HE 7 RPe§Fi £§55t he references fail to
describe a meagunal kyabeed eEcieiilodyidl id b MRciPleDimkd dted1Bigbtdhgcl osure
of information about practicing an invention, the background technol ogy
poses argrebtemiBm Ahet bl idopewafer iJunfgeces phanegasenf eppiingati ons
relating to_the above:descri.bed.technjque h | est. si COP which a
3 1 8%W§?)*032’e§3ﬁ%?’é %%pol&r?f‘%%fcg{}*e 'd?{‘%‘iet% E‘g?%l.i%;%’m%g?n contrast, a
current ppakth€hfventitinta Lisserdeimati vad CoR harbadsPPB oifa fefdia IF-kAosh Z€e.

Accor di nglay, t here has energed anot her, probl em which would arise within the

rangd oPREPSRIAIUFEALICH T B 6aR D thECHntY eS8 5ITRBE PP Phventi on
has beeR,conceikVgd fQeSained the b0t L0101 NYa P AVRFNmkd drhendistip 184 the

obj ect of the present invention is to provide a nethod which enables stable
manuf actvafer cdurfaveghe qaath fokneabt 08-2 imnoepndxithkkosghi con wafer, as wel |
as an epitaxial_.sil.i fer I beari ng shi pment manuf actured by

t he nmet E%ﬂ?sﬂlﬁ%ﬁ Eggg%%(@teﬁ’ét%%g%&;t?e[@gjtﬂé a result of considerable studies
conduct ed by trhe bawenicanhs ©0échrdtd ogyebentfdiivento omrnufaetdee &40 achi eve the
above object, the_ inventors Qav_e found i hat, contrar,g,to di scl osures of

pat dAt seEFr A RS ERCRRrGdia L t BTHfEPolY: o5 (BPYR RS CRAYF Y ¥nd RV 28F zed COPS:;

for exagpLgsciheslsyskab. Nain BY e b ORniSRD: dlensidokab 0k g & Breughe hi gh- speed
pulling growth, is. in practice suitable as a silicon wafer for epitaxial
growth in a caseThAiEegRENE e eBRNGRT 8F2 TS thahdRreth HerRDFE AMNCRPS t axi al

| ayer igs_for. r . i.fiiea the,p (W nt L on

pr vt des® e H S SBr o rR e  raTrha e e o TRE M WBYEMLLCD e
met hod, £asmed lthrbegliesowsbeer belkephtafidl Arpwtthodudfdamnuébctafieirngo an

epi taxi gl silicon wafer peans o r | i taxj waf er, on a

of1 Ponthnerpaety S FF cRk-TEBNRscts Bt NGRS TR R L R PR e

si | i confowdrinigore Rtichaxk altage @ntlly d1a5S Te ¢ha smneed tedr in eoiographyl| t ra-t hi n

epitaxial filmis formed after the shape of COPS, \/\hich_arejsr%;esent in the
surf aced®feqttd Sepribh Uarer Of OF SHFT A ETHP ot P PR TR ke ent | y

smoot hegh o M dHRANS, W APREORE | 18! ¥ndh SRkt | i s2RBEAd RY £ @AUiEEAENLS
according to an LSTD density in the vicinity of the surface of the silicon

waf er fwafeepetafkicel dggoamehgate oxide integrity (GOI). With regard to a
25 thickness to which an expitaxial film is to be grown in order to
sufficiently improve gate oxide integrity, the references fail to
describe a measured value of epitaxial £ilm. Thus, in terms of
disclosure of information about practicing an invention, the

background technology poses a problem.

30 At the time of filing of the patent applications relating to

the above-~described techniques, the smallest sized COP which a



Preferably, a silicon wafer having a high LSTD density in the 4 1 8 NOV
2001 surface thereof (i.e.,havingsmall-sizeCOPs) is suitableasasiliicpRoy 2007
waf er asasiliconsubstrate for epitaxialgrowth. Mrespecifically, a silicon
waf er having an LSTD density of 1x106 defects/cnB or nore is preferable. In
a single crystal formed by neans of the crystal 5 growh technique, defects
in the single crystal beconme smaller with an increase in the density of
void type defect. In the present invention, a silicon wafer having snaller
voi d typepdefietescimtpret@rlabbleteandahends gmsi [Incomtwaker, &atinrgna greater

LSTD density is desirable. 10 The expression "ultra thin" desjgnates an

ul tra-t hiRPEECLEXFANTET FRINTRIFATag gﬂ%lqli yEOUPF i €i%nt MRot? bS5 ng shi prent
as an epifadralingl{] coRWahes dRirglgCaidt@nygtastdy WRgcR waLardyet or

devi ce and whi ch”cannot be produced by the conventional epitaxial growth

t echni querith8n( 2he Pragfasr alfl §isclesukSTOY ddresibegkgrounde terbnhiugs .of t he
Surfa%e Of t he 'ﬁ'{el irCeOsQan\Qaf %Iéns;lsonl%g'ggegnegg c;esj_/vceg%oosrolr\;%rt%'e fTOhre %):E.gr eSSi on
"in the vicinity a surface™ signifres e si i con wafer surraceand an
area in tdhewsiaeknid \thef atthe aaardracep; édie oFr eite pibeett ngvepttaxiial tgr ow h.
20 (3) Preferably, COPsarisinginthesiliconwafersurfaceassunme a size of 130
nm or | esREOVELP PReFRGLRiCh anahlgscyipRigieanyiacsrread aof # 9 €1alkiiédn i ngot,
the ingot, NeingyrRAERGLUL L1 DY SRREB Pf abhR 1620¢hhalaklaxt 67)s MBLRR (CZ

t echni que‘ﬁ , high-speed pulling, rapid cooling of a pulled single 25
crystal, wofEmgapalsie icdoberngod shiiphent tnggdactoredhbydtibei metiofd.a perf ect
crystal. The expression "rapid cooling" signifies the technique of
forcefully cooling a single crystal currently being pulled through use of a
cool er provided within, forsgwd¥ 8f endiviehpdse (see, 30 for exanple,
Japanese Patent Laid- Cgen No. 239291/1996) . COPs can be nmade snaller by
means of this ththdiequet ofirengkpeedyicontuPerteeduetsd bulthesinyfintioss a

cryst al j t,] ;| 2 fegLs
y whi gtpfgﬁs)%sse{m 1A NGHUAS ADY LAWY L0LBeve 1n0 MNAV2007. def ggLs (

whi ch inter ype defects as dislocation clusters, vactancy type

def ect s amwaitdrki kevaldogotl tratoxygehrpriediopdt atessuaesOSF mdtiagitsustal |y

arise.in ctystal durin rowh of a single silic crysta se of the
Cz mes\'tshodt e E’é/ﬁ#%ﬁo fcagl@??%eor%’s% Goré’% lTJS é}i’lg‘gdfurﬁl g_sd'¥8ﬂ/c¢10%)%;e oLt or
exanpl e, 4mgmumalys@£1hben@mmm#ﬁwﬁm@if@@m&@thgm@igkﬁs@%b Vol

25, No. 5 (1998) , gg. /207, Japanese Patent Laid-Qpen No . 330316/1996] .
In the ca@elldﬂg@rpé heéﬁ-}ﬁpyﬁ@@{Qe 1Ry fen 2L EFYT Yafier Qf_tﬁ@litsﬂﬁlﬁél uded in
a_crystal o anfy HE EARRR L 31eAA 13808 vLBLLL aGhe 2y NAI S I SUlBligg! ed L0

heat treal ment. y, the oxygen precipitate core becones a . The
t hus- f or medyeCORsi Sosmal [téerédran a common COP, and hence such a perfect
crystal is suitable as afisi Ililcontk\llevaf ?Esfez? use %Q Iprq:duci n? an %Ri éaxi al
waf erlaccor di nd"¥§ FRECPHESeAt i Vel FoRY - (B) SThe*hPeSEAtet it &I5t1S

provi des @ mapitacidling it epatxefar wibe £ arpnE st g eainbyl theamé Bhdy epit axi al
film havi‘g%&a gate oxide integrity (GJ) characteristic suitable for

shi prent &et ArPRKNESS 8F1973 ~m or thereabouts, and anot her epitaxi al

filmlaid on the uhtfaaidd Br GRINLEXEREE iddMn TS BXPE 25519008 Eer by,
characteristic sufficient for shipnent” nmeans that an epitaxial si fi con

waf er hasmearshaf acbdudigtd gn epitaxial wafer on a silicon wafer as a silicon

25 substrate for epi-'taxial growth after the silicon wafer for epitaxial
growth has been _[annealed, wherein

anultra-thinepitaxial film is formed after the shape of COPs,

which are present in the surface of the silicon wafer for epitaxial

growth has been sufficiently smoothed, by means of appropriately

30 setting annealing requirements according to an LSTD density in the

vicinity of the surface of the silicon wafer for epitaxial growth.

Preferably, a silicon wafer having a high LSTD density in the



20 sufficient for being acceptable in a conmmon transaction, in

conpr ehensi ve consideration of a high yield during fabrication of ag oy 2007

sem conduct or device, such as a MOS-FET. The expression is substantrally

synonynmous with the expression that "an epitaxial silicon wafer having a

| evel of quality sufficient for shipnent.” 25 (6) The present invention

al so a nmethod of manufacturing an epitaxial silicon wafer, the nethod

conprising a round of isothermal, isobaric annealing and epitaxi al

processesurfhee thenediet nal. ,dadingehat1€dizs Psh \istdnatabbaperatidiesn and

pressures uysed for, the anneali n% and .epi taxi al 1IR{Tocesses are 30 completely
e

or subst FREFAPEY FidePT E4PS T B it P eat POV PoesEmtcitiventyon pays
consi der gt 5oD; ddh @fafssgstnawnarhram@@@ldéagiege&a&k@@ﬁ 886 &R faRi A mgLoW h
incessantly through a round of 6 1 UQO UIUU processes . So long as a
di f f er ende prefambdreat uimeaapthPreessystalddesmedtoypusansawy the farggkay in
effec%i ng._an 1gncne | i, ng oggrgt'spri]n d gPriltl%Xic?l tqarlowth t hr ou?g a rﬁHnd of
procedsed OVHR G PPaRERcESF AT TS i T1 REHE PRAYE 0P STHY SRPFe%sie

"i sot her pml iapged SONAr ke "adndify Peef@iallyype ddeaxpressimanpresesher mal "
signifies a tenperature of 1Z00 or nore, and the expression "isobaric"

si gni fi esN¥ERBEPherd ElpLe’B U erW e i reFard 1ed Wi &xPal defesitsh 1sa

pr ef er abl,g:8PRSf &f ULE IR VALY 1 ACGOLAEDD a0 h0% LYDL Al 1985 diagips Taw
material . In a case where a tenperature is sef t0 a val ue of or

t her eaboutssdesraltlaray be better that epitaxial growh be effected through

use Si HO 3 S. (8) Preferabl a i,taxjal layer is .grown through the
oundlof anneal R RiReEh Skt die oo ceRis it a Bl Sechill F a1 8") he
present iV QMH1CA hRQMIadeSy 8ubEl dvadh tof o BUM i AG T bREnd Bs AR HRIthaxbal

silicon wafer, conprising: a high-speed pulling silicon ingot manufacturing
step of Bulirey wrisid fepiisengptmany iRcEnr speads e qansiugtygr jaggaadpul | ed
single cr I a TD.d i . f 6 defects
Tond or iR ST kAT elRe RS dh ASRHIRR: RedBeHEa g AR, oot
manuf act ueetdnigué he hi gh- speed manufacturing step; and the round of

anneﬂ%i ng and epi taxi al J;chesses as defined gre\(i ousl}y. As shown in FIG
3, in’a case whérdHHE ARhEalPhg T RABRF AL t2% VS R_EY 8 T8 S5 TBERone
equal toox tRAPSIALdHnE wa B OMed xf 0F RFLax)ah® growdds. there can be effected
swi t chi ngbet ween an anneal i ng operation and an epitaxial growh operation,
by nmeans of chdhgi a¥peafisyopheln Fpe ofcigadysel rosimeiang "as et fiesatker di ngl y,
the tinme._r j r. asipg e i A r r be saved,
thor eby. 30 ah5 e g ¢ AT AT ie e SR R Byl Bl e Tae T
process. tAechyss adf femriing smiedaxi€0PGrawch.a hi gh LSTD density can be
prodyged, by neans of even t haod ,whi,ch. does, not directly involve 18
NOV 280" | shor tEAPAG “6F 4 HerRraraeC PP AGET RE T SUU THE 1 OF "F 8P *EXERp o,

dopi ng Wwiat Ripet 6©QEID. nhust hesss.a crystal having small COPS can al so be
produced by neans of a nethod in which the time required for pulling single
crystal is shorerfefigsally ed il i6PnHiadRT sifetd 35 25 ng sdf 1500 18pAYL e
crystal r.ap j e f i ; rding to
R T A s S

Si nce t hecpreadhoughy) désghtirectd pwlincaofragridealaligganfda ppill edisahgpe ocesses”
cont rz'%bute to shoyteni n% af .the ti ne re Hi red for manuf agturj ng %rocesses,
f r om“Ano G YREEho P10 Tt GPECTIRG MY L5 AHVEPEF™ h&Fi RGO AT GHT RETD density
there ispsekeeteshywdyanuf acturing nethod which eventually involves
shortening of a manufacturing tine. Use of the thus-selected nmanufacturing
met hod i n conbilh&t EBRred tient feaP b AP LRI aniieliifngs athe dFichakfia¢ PF ocesses”
enabl es r i f | .1 r . f ilicon
Vaf er an?&%g%? Q%&g 8113%:1?& %hse}fﬁe%%] Q%%&a&cggér%&gﬂ %ln‘gq%e&[l?%?séﬁ%r? ??%1 has a

t hi cknessisef ckesscddian Brdviden) whheipr ofdrd exafpreecassedf ORG qeaed on the
silicon wafer surfaces is touched off a chain to surface on epitaxial film

In tHE efickascraiPlei | fRPanserePd ednlahdneante: &P 2EPS F 96 med9E+ AR 20
surface of fhe shli O PaLess ag ﬁqi%upéér{rﬁtcﬁefOr'l‘heepéﬁﬁ)é!séliogr“%\@trlﬁecg he
appearance 1s closely related to conditions for HZ baking before epitaxial
grow h, asyeechl” asidrdftihe sizostefl QURS alcesi myt iimciuge | dmporprwarhetn Sone of
t he background art techniques state that the profile of COPS does not
affect an epitaxial filmso long as an epitaxial 25 filmis growm to a
thickness of 1 Vim In effect, the profile of COPS wll| affect an epitaxial
| ayer according to conditions for H2 baking. In the Hz baking process |,
COPs are converted into gently-sloped, shallow, and w de recesses. During a
Hz baki ng (HZ processing) operation which is perforned for a short period
of time during the 30 process of manufacturing an epitaxial silicon wafer,



~ 8 NOV 2U02 desirable for HZ baking. As a matter of course, a shall%
pit is preferable during the subsequent epitaxial |ayer growth step'f
filling in the pit. Aflat epitaxial silicon wafer w thout pits which
i ncl ude influence of COPs can be manufactured by neans of a high-speed 5
pul ling operation. A crystal produced by neansof high-speed pulling is
suitable as a silicon substrate for epitaxial growh. This overturns the
concept of a crystal produced by nmeans of a hi gh-speed pulling operation
(i.e., thesmdias( haerhapieebensiantybatdedectysisalli praditded dyusteass of a
hi gh-speed pulling operation 10 has a high density of void-like defects
and, henc&caney heRA f5heetnesavetd tdbh dREeEr ‘?%Pxﬁﬁ%lﬁ’éieﬁépa\?ﬁ% faxi al

waf er). TMth}{euﬂﬁlsl%rl'éévﬁng'cQQsQ&P\ﬁhgf?ﬁg BBV 8P 'gﬁ@tl'e%r%l crystal
manuf act ured t hrough a“hi gh-speed pulling operation. [Nunerica Val ues” Used
Her ei n] 1&r tartlagsisy otskerfitde €pewithiodd) . azhycmwmlrlldcathaxazlltse s echulsedei n (for

exa he size of desi gna an_av Description of the
Dravrrnpr‘?gs 389 IF AL S )S ar@" ge@“r‘?@ﬁgfr e Oé‘ggﬂ% ‘%d:ﬁ? P2 ri bing 20

t he behavifysriaki GOPSr whest a1 6idvteors Mafsind S5 st ctRd 10 am fdﬁ%eaaneal ing
operation; FIGS. 2A through 2C are schemati c representati ons for descri bi ng
t he behavﬁ’@ﬁesltvwéﬁi"éﬁe@ﬁpt aRPal6£11%hli-s Frorhedasn o4 aspeufant wwfséelt hr ough
epi taxial , grg @% elibfrade I8 0 ARRILAL.deS Gl LPYAG,3, UL AT ;g0neal i ng
and epltaX| al sse accordi ng the present Fhvent | on; FE2575

graph shoim g zeass at irepuit dihe extémokeion S‘lﬁtjecﬁédL’RD&eath’Grébaﬁﬂea'ﬂ:I on be| ng
i nduc d by a difference in requirenents for HZ anneal i ng before epitaxial

gr owt N ld ve dhst AfOSpr SFhYES6°FF RECHRES 8 LEcond® ity £ 8REf er ence

bet ween Cécyzstlél Smalfile® tRard & BolHdPRos hAMdNHe N Is@tghoan peR£EBE &Lipgtion

rate of LPDs, the variation being i nduced by a difference in réquirenents 9

1 8 NOV 200Zufigrbhy anreslil heebefades &pf tupe Ah promcingwir e tegdst ant

proceSS| n 0 o] ) ce between crystals; FIG 6 is
a graph s o%/ﬁrg%cfg%]églen I%C??% Ira%%él%o?ﬁ{%&l (['f}uri ng HZ anneal i ng operation

at 1200C;, 5 FI G(S)?T]hép&espér(ﬁ ishowing gresuldes of epeMalzial isdniebn gakreroxi de

integrity (GJ) of a silicon wafer annealed in hydrogen anbient before

epi t a0 al CYRFWCARS FBHAHFBRATHET £t rfgd 2 a %Ylaﬂﬁe%ﬁqerﬁ‘%qen@tﬁ%léﬁ

anneal i ng(d&@iPen At s AL 1 ¥addiedpl B £:C38EpMWY @nank %1nARKABHSA 4 @93

operation (HZ heat treatment) is effected wthout involvenment of

epi t axi al ungbnvwlhremutss svhboatlegr byltmara@ Dflrsbeidchn rt@eatmlmmhnng tinme

bet ween econ nd sec i tching_ an.anne erature

bet ween 1 g%@%’" aﬁ% 8%%%—“? é\flzctshagap 0 lStﬁgvﬁuﬁggtjlr g%ﬁ g* of

val uat i onsmfpn@atte mexihedehantegep iyaxi@0 Jilakoawaepictaxsi akhéiddmagraskee med

whi | ¢ an anneal.i ng 15 teggerature h@ set to 1000C and the thickness of an

epi t & al ST ERE S0F &5n88I FRFR PRt 3 4°MBET FIBS26T18 a 1 ot showi ng

resul ts oforyaletahi ove Qbngdlér Oxtichect N 89Hhtyid1@Chhr By 2BbePEL @bl i1 m
performed while an annealing
a semiconductor device, such as a MOS-FET. The expression is

v 200

substantially synonymous with the expression that “an epitaxial
silicon wafer having a level of quality sufficient for shipment.”
25 (6) The present invention also a method of manufacturing an
epitaxial siliconwafer, themethod comprising a round of isothermal,
isobaric annealing and epitaxial processes.
The “isothermal and isobaric” signify that temperatures and
pressures used for the annealing and epitaxial processes are
30 completely or substantially identical. More specifically, the
present invention pays consideration in effecting an annealing

operation and epitaxial growth incessantly through a round of



tenperature is set to 1100C and the thickness of an epitaxial film %g‘ nd
an annealing time are varied; and FIG 10 is a plot show ng results &NV 2007
val uation of gate oxide integrity (GJ) of an epitaxial film perforned

whil e an annealing tenperature is set to 1200C and the thickness of an
epitaxial filmand an annealing tine are varied. 25 Best Mdde for Carrying
Qut the Invention A silicon wafer - which has been sliced off a silicon

i ngot pulled by neans of the CZ technique and subj ected to mrror

pol i shi ngpiccehaetsei rshel ow taked e ranse lincoempeabenraand widsiscoa deabst rat e
for 30 epitaxial gr ow h. The foll ow ngtenbodi ment descri bes a case where

the silicoit REFE AR BrIFHICHRFEI Ly PORERTt 1YY AThPBEERY 1D PR TRFI FhfdS! i ng

oper at i ongangd x8Rh tA%hAL QMR HRdeka REGIIRIILBed oo A QRSe fHl15 7 8 NOV
2pp2 The silicon wafer has a dianeter of 200 mm and an epitaxial filmwas

produced wtthih00R: t araregle fus ke o xBielHEl Bn galssothegingl cordl Wabkeriahi ch was
used in the enbodi nent _and. praoduced t hrqugh a nedi um speed pul ling
operat on, has gﬂ E%fﬁeﬁ‘gﬂjsﬁt ﬁ‘(?f e’é%%?ﬁ“fgloﬁs‘ggb%fngét s°1EHE *Crielsured by
MO- 601) apgyR GERrSbz€ 100° 3Rk ro 1 43 dP(dBASUESEn BY s MY AL < 5 b iSHi ks CON

waf er, which was used in the enbodi nent and.gr oduced t hrough a hi gh-speed
pul | i ng opEresPhehic RESSanre STH HersPREA B <Bb mlazlxqwt@efae@é%fqr@#ge

(reasur ed, fiy, §0: 0011900 -9 OB 81 72+ L 20OUL 0TI NTLITRASY 2L Iy NO- 401)

10 FIG . I'S a grap ng the relatio i p between the thicknéess of an
epi t axi al 1f & kas@ndetde texpensturan g aéetoOh vaPhs o £ TThe ot aphnsheus e
extinction rate of LPDs perforned whjle an HZ anneal i time was hel d
constifnt hf "y REAFHIEE LPE" 1P EAKLAY (RG"F Britfe PAL B E DO TOHPR 6P SN n ¢ he
range of 40QQC &£ 1200C, and the pulling speed of the 15 crystal was varied
bet ween a nedi um speed (MED) and a high speed (HS) . The extinction rate of
LPDs was pl ott etB)f Breterdblof, aneepiaxirilalaver s gfomn Ihraughitbkreysd an

epitaxial fil .0.6 e .an i i il mo ) . and an epitaxial
PPl ot 8ol ai‘%%b’?% Y. lgﬁﬁf%yé’%égﬁgse%'t Bylo®, Jr Ko LR e, a
silicon wafer wes Subjpaetsedttinv2Otood pranidis ameealodngf epet sddtairingt hout

i nvol venment of epitaxial, growtgg ] . The extinction rate of LPDs was
nmeasured ThriddgR*tRe B i8§P86Y28° - KORPTEMEY ) while detection limt (D. L)

was set to a val UBgh-speed pulling silicon ingot manufacturing step of
pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that an LSTD density assumes a value of 1x10°¢
defects /cm® or more:
20 a step of slicing a silicon wafer off a silicon ingot
manufactured in the high-speed manufacturing step; and
the round of annealing and epitaxial processes as defined
previously.
As shown in FIG. 3, in a case where the annealing temperature
25 is set so as to become equal to a temperature employed for epitaxial
growth, therecanbe effected switchingbetweenanannealingoperation
and an epitaxial growth operation, by means of changing only the
type of gas surrounding a wafer. Accordingly, the time required for
increasing and decreasing a temperature can be saved, thereby
30 shortening the time required for the complete manufacturing process.
A crystal having small COPs and a high LSTD density can be

produced, by means of even a method which does not directly involve



of 0. 12 ~mor less . In a case where an HZ annealing tinme is constant,

it is seen 25 fromFIG 4 that a crystal which is manufactured throh@rNUﬁ 2007
hi gh-speed (HS) pulling operation and at a high tenperature HZ anneal i ng
shows a high extinction rate of LPDs, thus resulting in production of an
epi taxi al wafer of good quality. FIG 5 is a graph showi ng the extinction
rate of LPDs obtained 30 when the H2 annealing tinme was set to 60 seconds
whil e other conditions were the sanme as those enployed in FIG. 4 . As is
obvi ous faHnteanpas f shambeh feeturthe tgnhapbgshoatdn, fdxadhpard dobengr aph
shown in FIG 5, 11 1 B NOV 200? the silicon wafers subj ected to HZ
anneal i ngiftdr nEBLIRToNdBUEEE TS hBwF EXTS Adx PPRERT oTialdt QPG redt 8150 haf those
yi el ded i t FI G
T B G S A L v
filmand d¢ihg1® extdtedt ilenshatteenetd BPDs mstditnedl wipdn spewdfmrl Imagubact ur ed

throu h hi ee ul i ng was subjected_tq HZ anneal i n a erature
D80 T S mE0s canad OF A ot e T SR 8a B, Cg B b or | of

good qualidifoWase JoradHgad the @4abe s @nobnalbLRbt B! cddddvall & tnd —m

t hi ckness . Conversely, it is understood that an epitaxial 10 wafer having

an ul tr a-kdsiine epu thabd dlinflingn oF10c8 thh PAFPEkMESy aisdcgbertl Jugkihdyotan be

nanufactured means of su je n | i fer_ta.a al i ng
oper at | ot o108 Roee St e st anas sk E PR YRl e B BB af Pon.

FIGS . 7 ﬁﬁﬁreougauﬂﬂacarfergma@m@dn@\mggoﬁdwsrsesul { SonD lambRE Shi t@VsRBT o£5 of
gateég)m de inte r|ty (&) of respectlve silicon wafers. The greater the
val u HEY £RA Fﬁjéﬂ?gﬁaﬁfﬁéta%ﬁ’é"be?eefe Fekith €enshty FRexR afissgected

desi gnat es n\%n\ﬁ@gg{uﬂrﬁdﬂﬁggo& mretéaheaemﬁhﬁpe@eomsl 5RO ORBTRY Lena(a
pulling rate of : , and "M designates a wafer nmanufactured

t hr ough anmdlaunusm@upel | i Ur:g dpehatthoa-¢al gafleld manicitarengfme@hogsb
mimn O, .nuneral s fflxed to he, fir.st nunber denotes
anneal i ng 1 ARG P w(lé?'uc Ahd THE %fe(t%?l%almﬁb ‘}8%%{% Xlatl annearing time
(seconds)endbuekhskioridianti aal tstarbeindanotegrebe atrdimmkness of an epitaxial
film é% For exanpl e, "HL000-60-0. 9" (shown in FIG 8) designates a
sili \r/%%oé’ls Rhi & 15 HdSBe afomriraleal etr PSMERF otRATe&Thi gh- speed pul | i ng

operation and annealed e L0D0C {1 01x8Q SLGONES o WhidkndRsaRi 18xd @hafii | m of
0.9 ~mthickness laid on the silicon wafer. Further silicon wafers which

final nunber ualentitesmoflﬂ)eOOﬁverre@eeﬁby Gfvetdmed nnatie enitl iben yafdd GS. 7

t hr ough 10 " Ref erence’ rov %dc ot he Lefs, c%gr n. .30 ofl galch dtiavm ng

s 18 ta
desi gnat es *EPEFR oM W ers were not Su cted 1o xﬁ? anneal i ng for

conpar i sorrhev\neblﬂt,h:hﬁlsifllilmontweens aﬁ_rﬁpmedna@ome copeafermpd da iknéegrity
(Cﬂ) I S seuXrE‘):'ra%gsgfd tlhre]a ts:hflgoonr rvpa(f)Lr aaglaelsgbsograte for epitaxial growth.
The appearance 1s closely related to conditions for H, baking before
epitaxial growth, as well as to the sizes of COPs arising ina silicon
wafer. Some of the background art techniques state that the profile
of COPs does not affect an epitaxial film so long as an epitaxial
25 film is grown to a thickness of 1 lm. 1In effect, the profile of COPs
will affect an epitaxial layer according to conditions for H; baking.
Inthe H;bakingprocess, COPsare converted intogently-sloped,
shallow, and wide recesses. During a H; baking (H, processing)
operation which is performed for a short period of time during the
30 process of manufacturing an epitaxial silicon wafer, the smaller

COPs become, the shallower the shape COPs can assume under the same

heat treatment conditions. Further, a higher temperature is



12 ~ a Nov |loos tinme-zero dielectric breakdown (TZDB)(% . In this i\gxt
exanple, yield of TZDB(% was determ ned as follows: AMOS structure OV 2002
formed on a silicon wafer, and a polysilicon electrode of 10 nmm2 was
attached to the MOS structure. A voltage 5 was applied to the polysilicon

el ectrode by neans of the step-voltage application technique. Here, an
oxide filmhas a thickness of 25 nm and the GO of the oxide filmwas
determ ned at a roomtenperature ( 25C). Further, an electric current used
as criterdemiriabledetireHpibrathngn Wasa Mdttdr i ghuyiel d sfalldBBrspit aen waf ers

whi ch 10 have been determ ped to be suitabl e_ai ﬁr oducts through foregoing
det er mi nARE&FFrAPES pT U A thA PHSSWEPECTR VEXgRaphdYer 19 YR a8 Ri8Fe t he

propor ti of 10f; ngrief @bl €. pﬁﬂuete?;iltgxpﬁ 8L M edy £ A8 A% I3 +Qfwiig ar aphs,
silicon wafers having higher yield of TZDB are superior products. 15 FIG 7
shows t heir@dudevialfdatenon of €9Fstoandfe wadufectuned by s\eahbhe fveal ggts-dpaedng been
produged by nmeans of only an _anpnealing operation ... a . heat

P oat Tont M THGRE TP ROTT Ve nereoOF  BEPTAS TGP O he h48h rist Hitdntene cor
val ues ofid h@ishbiss wakel scyeraievabtat g Ry i gBRNSL Qfrovw@hyi Ng anneal i ng
time and annealing tenperature. In 20 FIG 7 , there are enployed an

anneal i ng ti me BiislovereswdsthafcaapRaCiing Arvita bProdused dydeeanm cdnneal i ng

t enper at ;b - , | S r at 0 ' eal i ng

t enper at h%gl %?‘ gig%%%pu%%%l%%mg?o%t(q'igg'év#[ gfr?t L?%ﬁe%?hgg%ﬂ#%ggsi l i con
waf er cantiee engneved pooduceer bpimeaexteht bighiseeofl wrilly ngnogddaanpeal i ng 25
operation (i.e,, .an HZ baki operation). However, in terns of, a yield of
ToDR0; b eha 2R UAIERG L Ehet atioon Hos SREECER Sy h5RT . I BRSULELRr ough 10
show the gval yaliesn st 8001 p FIuchgsid iGAR Rk ersa @Y ai nadiswhiche t he

anneal i ng tenperature was varied between 1000C, 1100C, and 1200C. FIG 8 is
a graph stasiend inneneven peeyisies30naweailisagtomof asrystal venu fftayrsdobt ai ned

whi l e epi i i i e : jed formO O-mto 2.4. musin
crystal pp%qaﬁgggka% %{%—Eﬁgégeégl%%%agg%%?ﬁd'puI |l ed at a high speed. 13 ) 1

8 ~J 0 U pam2rIhesevalesusl Useghibavdihat a yield of TZDB is considerably
i rrprci%ed,

Unless otherwise specified, any numerical value used herein

{for example, the size of COP) designates an average.

Brief Description of the Drawings
FIGS. 1A and 1B are schematic representations for describing
20 the behaviors of COPs when a silicon wafer is subjected to an H;
annealing operation;

FIGS. 2A through 2C are schematic representations for
describing the behaviors when anepitaxial filmis formed ona silicon
wafer through epitaxial growth;

25 FIG. 3 is a graph for describing a round of annealing and
epitaxial processes according to the present invention;

FIG. 4 is a graph showing variation in the extinction rate
of LPDs, the variation being induced by a difference in requirements
for H; annealing before epitaxial growth (with a constant processing

30 time of 10 seconds) and a difference between crystals;
FIG. 5 is a graph showing variation in the extinction rate

of LPDs, the variation being induced by a difference in requirements



by neans of formng an epitaxial layer on a silicon wafer after having

subj ected the silicon wafer to annealing. Further, the epitaxial siligdgVv 2007
waf er manufactured according to the present invention shows 6 a superior

G result even when an epitaxial filmhas a thickness of 0.3 Vim An
epitaxial silicon wafer showi ng a superior GO result even when the
epitaxial filmhas a thickness of 0.3 ~m has not been obtainable in the
background art. In a case where further another epitaxial filmis forned on
the epit akiral. snh¢alomoned frehenditing 120 gxpiithxivalthfa conatandugte agsistagi al
growth, the second episaxial dilmisclald on.a.siudyepitaxial filmof 0.3
Vim the M S howi ng a Superior Fesul t The epit-axi S silicon wafer
can be equival esc.t © & aofpepmt sdainephé axitahctiddmrate gonsbeenatingn of the
foregoing results, it is understood 15 that the follow ng can be derived. A
silicon waf enneainsh opsrébkaredtf 2399 & crystal produced through a hi gh- speed
pul i rg operati - j &C t 1%&% f ds .
Furthgr, an epif%(i Z\?lssf ?f%‘%a%ﬁ olrn%egg%n t ggsﬁﬁléégg%}/afog g%ge Zochﬁ:gckness
of 0.3 ~.imtefretpuober o6fa LiRDsofmafer thagaled IRbkydimge2tirdateacttedoan t he
surface of the resultant egi taxial sili conﬁﬂggf er was 90 | PDs/wafer (i.e.,

0.3 LPDs/¥ragraf ¢3SV th PRETYTRpPEAF A Mard® o™ £7PPRY ORY stitaédof an

epi t axi al 3 Shhh&on Wof Sipraached rakaut e8Anth caddignsid b60P el GleaWhych has
been produced by neans of an 25 annealing at 1200 C for 60 seconds, has
LPDs in témenaiiber (bf hapbutrBOnePDs/ imfedifegted esidhopt igvolvergnt 95

LPDs/gn2 or..l ess.)... t an epi.taxi fil fornmed on.t.he silicon
waf erl(bt o Fhhic %ggsow?% (§6é lf.env{%lflﬁég?%gu eﬁ?ﬁ?ﬁ?ﬁ&%&fﬁ% & ??nceg&lﬁf er has
30 LPDs/ waifney betwées30(seconds. and B0 1sdddsys¢néhdewl edsing athenepiltiayi al
silicon wafer, which has been 30 prodyced by nmeans of an annealing at 1200C
for 10 sctmgsatnas IoWephst Rt &r 6109 €ss2pt . 1#00°® .71 LPDs/cn2 or less), as

vell. In order #; PgoflGe,aH: QRblaxk lestilles CON WRELE1 H1AVIENGa 80 oldge ~ O WOV
zooz LPDs/wafer or less froma crystal produced by nmeans of a medi um speed

pul I'i ng obereariidn, (PIYi bPF con eRatex it Lberenfiosnpeditutl €1 2000 eyl 160
seconds, and an epitaxial fi st faornmed on the silicon wafer to a
S oRtos < Bimeg 8B P A8 ' 1M ong B rTehagia rliarh e B eer 5 i

order to fMDAUCeanddk Bpid axinal aisd viaeaadwaf er havi ng 30 LPDs/wafer or |ess, a
silicon wafer nmust be anneal ed at 1200C for 60 seconds, and an epitaxi al

filmmust be forifed® ol ChBIST ISPEBARATSSHLES o VALRRTEYS °6f 92tsuR*ide in t he
case of tﬂ@ce%%grmm_ 8ktan Bhomut e abone daschibathinesuht sanddignfol | ow ng

can be derived: 10 A silicon wafer having COPS of 130nmor |ess (an LSTD
(| aser sceanrerahgre dspgeapoyl H¥ecind teadittigkoésd oI ¢pfiteksal dimor nore)

IS sujgt ab%ned f.Qr aH§gaﬁ%gat§ﬂ§3£§eaR’%rE8&; i n producing an epitaxial wafer.

A new application s provi or a single crystal produced through a
hi gh- speed pul |FTey dpersatigdot dHoWGOR sepilts ph valleasuod adfegate axddki con

waf er are converted into_sufficiently-snooth recesseshy Hzbaking.,

Ther ef oyel,nﬁ%r’lti‘fm GP5d Phid &R fflﬁr'i%rﬁ‘?rsfroﬁwamvg‘lgﬁ ?ﬂeargiqai%d’ﬁﬁ waf er
to a thickhessaehird i3 seiiol M dECHRS€Fe 41iRRNe &f T8Cin e tbhi M enifaxi al
film In other words a LPD is not detected on surface of the EP | ayer upper

20 COP siamnd @i ans¢diigen thaeerrsiyeraed: A silicon wafer as a silicon
substgzate for epitaxial gromh is anneal ed at an HZ baki ng tenperature of
1200 for preferably 10 seconds or nore or for |ess than 60 seconds.

Best Mode for Carrying Out the Invention

A silicon wafer - which has been sliced off a silicon ingot
pulled by means of the CZ technique and subjected tomirror polishing-~
is hereinbelow taken as a silicon wafer as a silicon substrate for

30 epitaxial growth. The following embodiment describes a case where
the silicon wafer for epitaxial growth is subjected to an H; annealing

operation and epitaxial growth under predetermined conditions.

10



There can be produced an epitaxial wafer having an epitaxial 25 film
ranging from0O . 3 ~mto 2 ~mand which is not affected by COPS . AT8NOV 200
specific report about the gate oxide integrity (GJ) of a thin epitaxial
filmfornmed froma crystal having a small COPs has not been avail abl e thus
far. It can be ascertained that, without regard to an Hz baking
tenperature, a yield of TZDB is inproved by 30 form ng an epitaxial film of
0.3 Vim As has been descri bed above, the present invention provides a

nmet hod of manuflaet s 1 ivgpnawe &3 haxiaaldisrhéﬁe:tonfvwoemaMdaﬂneqm'ittaxiial 15 1

8 NOV 201 silicon wafer manufactured ther eﬂ% and there can be manufactured
an epit axital ¥pf iR UGAR et WitiC 8hcl§lq°é§§ SR dptitBF e 985t ned SHapeodf CcoPs

and exhi Riatrs »$UPETdrOfyagat e PXind@nbNERHd ient Ghd MR 84 SERELRMAUCt or
device is fabricated on the silicon wafer. 5 An epitaxial silicon wafer

accor di ngetdéunhepgadepeht iicneearibier shasiarabfeD fagnsfiaprdfc abpnt %@!érﬂfl cul arI y
a sen})cor&dlfctgr /de\él Igeahs%\geggF% angbqr atlg% yco%h%tlz((e)vx(/3 ctb e %ggl on or
¢ ,

device requiring an inprove up'c Raracteri s he vet hiod Bt
manuf act WieBguadd e Maxwi si ki eoni oeaf @afdd, aecendivag dsed he present
i nvention enables shortening of the total tinme required for manufacturing

pr ocesse$TORATER T ANE BrAIBREbFEEOREN G HE TP B BT p&ﬁlF‘b‘%\/-C’é’S%t’efp‘i 1 B%% al

silicon vafgérp §6nsicy Bt a‘ia\éultoﬂplo@ @b /ABWJ&%qu& ﬂé‘i@&t)uéh&'g an
epitaxial silicon wafeer having an ultra-thin epitaxial fil by means of

form ng @anCépi sdx@ alf Bbbwut OB lang I(me@mm@f ey M9t4rl)havi ng anneal ing the
silicQn wafer, r|S|n ste othln t he surface
of tﬁg silicon®’ fer sb%/g%éjtakh?wgfl er% an?lré%kf (YVSFI’EQCH tﬁ"s‘ 3888? ding to
an LSTD densi byitaxider vinChid weca‘xttlhetsw tace o@fLmﬂe tid HeQpn wabes; and

formng an epitaxial filmthrough epitaxial growth 2. Asilicon wafer for
manuf act e EP cEpPe Heitsl o WaFRT PeRA0FRRS 4RI {STD Hetiiedling tHee vaei m ty of

the Surf%%@dOJoAsf{%nﬁlAe CORMBAES, ikfied,XanhR1 90F @ChSL £I8, QY I A r1a

silicon wafer for manufacturing an epltaX| al wafer, having COPS %or n'ed in
t he surfadehoh tie ranbe conload®er tar 2@ sbzalcbfthéa&:lrmmqr spess .ofdthdhe

siliggn waler gs, defined inclaim2, Werein.a i) coaYehelon Spsl ced

(HS) . Theextinctionrate of LPDswasplotted for each of anepitaxial
film of 0.3 MWm thickness, an epitaxial film of 0.6 Wm, an epitaxial
film of 0.9 Mm, and an epitaxial film of 2.4 Um [some cases employed
an epitaxial film of O Um (i.e., a silicon wafer was subjected to
20 only an H; annealing operation without involvement of epitaxial
growth)]. The extinction rate of LPDs was measured through use of
SFS6220 ( KLA Tencor ) while detection limit(D.L) was set to a value
of 0.12 HUm or less.
In a case where an H, annealing time is constant, it is seen
25 from FIG. 4 that a crystal which is manufactured through a high-speed
(HS) pulling operation and at a high temperature H; annealing shows
a high extinction rate of LPDs, thus resulting in production of an
epitaxial wafer of good quality.
FIG. 5 is a graph showing the extinction rate of LPDs obtained
30 when theH; annealing time was set to 60 seconds while other conditions
were the same as thoseemployed inFIG. 4. Asisobvious fromcomparison

between the graph shown in FIG. 4 and the graph shown in FIG. 5,

11



off a silicon ingot, the ingot having been manufactured by neans of the
Czochral ski (CZ) technique, high-speed pulling of a silicon ingot, damR0y 20
cooling of a pulled single ingot, doping the single ingot with nitrogen, or
manuf acture of a perfect crystal. 5. The silicon wafer as defined in claim
3, wherein a silicon wafer is sliced off a silicon ingot, the ingot having
been manufactured by nmeans of the Czochral ski (CZ) technique, high-speed
pulling of a silicon ingot, rapid cooling of a pulled single ingot, doping
t he si ngtle isrigét:omwtatfen‘a tsm@g‘eﬂte@rtorﬁhnmre&ﬂléme foir €0 perpeds adiystal . 6. An
epitaxia mafer havi n te le i.ntegrity char cterls iCS

bear abl e"f oFxéf‘ﬁ‘% A TS %e%g}hann%tﬂ erEts gﬁbé’y? Y&t ﬁcqfnl‘f $dving a
thi cknessugfedked tormpanrtdmrleaqb@uf 1(8Rdcdrds . 1F8GNQ\/ shloks~1anedhan
epitaxial filmlaid on the ultra-thin epitaxial film 7. A nmethod of

manuf act th¢ g lahieptt@dbatvenn teoihiakesscofmm sphgaxladnéhin ﬁgdm
epi taxial, processes. { O Calfy hﬂgal q 9@&?%‘ gQ&rOBSES‘ dé an, and. epi faxi al

gr owt |ncessantly Under 1'sot herna | Sobar1c conditions. °“fie met hod
as defi nedgh+spledl puY¥linshenei sudijketedptessi amesilsayhet naks ﬁ@feﬁﬁ.ﬁ:&Onds a
tenperature of 1100C or nore, and the "isobaric" corresponds to at nospheric
pressur eof d20Phe fipgt hdFesendef i AEdLT FeeNdiAtee AP PRl tde adnhiekidaly and

epi t axi al;, PLOCESSE qUiel & waarbr%rauaéalt@mmﬁk ms'esof_f QLB L5 QUoh yse of
SiHC 3 gas in epitaxial process. A nme manuf acturi ng an epitaxi al

silicon wafleB, uconpekrsisng: deweghespeed mamﬂdanytspﬁnﬂmm:awysitﬂxnaagot

manuf act ur ste of pulling a silicon i hi.gh speed or rapjdly
cooli %ﬁ?l @EEF§§%QT‘§H&ﬁa¥ﬁﬁt@29§ﬁ§%0 & §ﬁﬁ%§”€'value of
| 30 nm ogoé@&@alatgtm 0é riniu€haguedi by eaanvad £subféct ey ai $iraidn ngot

manuf actured in the high-speed pulling silicon crystal ingot manufacturing
step; andaf4ie tonaeald pgRedH rEhiopakp i o tadp 1880 GefPRctPdut EPasegonds1il. A

net hod of . FRAUTRAGLULE DD ARWeRI § féﬂldy l'icon wafer, conprising: a
hi gh-speed pulling silicon crys i ngot nanufacturlng step of pulling a

silicon |ngot atG&l@hhsqmgkﬂQwr¢gqnmh%ﬁhnwahgmgeaepuntedfmeﬂg¢eemmystaI such

thatlé SIZ’ gate oxide integrity (GOI) of respective silicon wafers. The

greater the values shown in the graphs, the better results. In the
drawings, “H” desighatesawaferproducedthroughahigh-speedpulling
operation (a pulling rate of 1.1 mm/min.), and “M” designates a wafer
manufactured through a medium-speed pulling operation (a pulling
20 rate of 0.65 mm/min.). Of numerals suffixed to “H” or “"M”, the first
number denotes annealing temperature (°C), and the second number
denotes annealing time (seconds). Further, the final number denotes
the thickness of anepitaxial £ilm (Um). For example, “H1000-60-0.9"
(showninFIG, 8) designatesasiliconwaferwhichhasbeenmanufactured
25 through a high-speed pulling operation and annealed at 1000°C for
60 seconds, with an epitaxial film of 0.9 Um thickness laid on the
silicon wafer. Further silicon wafers which final number denotes

is 0.0 were only annealed in ambient H,.
In FIGS. 7 through 10, “Reference” provided in the left portion
30 of each drawing designates silicon wafers which were not subjected
to H, annealing for comparisonwith the siliconwafersmentionedabove.

Gate oxide integrity (GOI) is expressed in the form of a yield of
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COPS assunes a value of 130 nmor less; a step of slicing a silicon wafer
off the silicon ingot manufactured in the high-speed pulling sili COR g NOY 2007
crystal ingot manufacturing step; and the annealing and epitaxial step as
defined in claim8. 18 1 8 NOV i10? 12. A method of manufacturing an
epitaxial silicon wafer, conprising: a high-speed pulling silicon crystal

i ngot manufacturing step of pulling a silicon ingot at high speed or
rapidly cooling a pulled single crystal such that a size of COPS assunes a
val ue of tidé-awnoodikbsstriax drepkddwrs|(TeDBY (B Si [hcan snaker etdimdike silicon
ingot manufactured in the high-speed pulling silicon crystal ingot

manuf act ¥t HY &t EPB AN "ave I5RRERINSTy 28nfCblfi%Hxi al step as defined in

claim9. 13. Theouethad.as. #ef kogthd &y sls@m&r@w&éﬁ magpgsgg%% i ng

silicon crystal ingot manufacturing step of pulling a si n 1ngot at high
speed orelagimide 06010 myp’ awgprulattédcisédgioe toryidslstsuchutdat Af usttwye an LSTD

densi in the, vicini of the surface of. the silicon wafer is_|x 106
def ec )s// [ofig aBPlJrﬁ)cfE? t%.poﬁ}fél ?%ﬁf%%trd’@ﬁkﬁ'e’ﬂe?r}f et AP mSEEP Y PEEafSgh- speed

pul 1'ing ghhiLorichystdniiqugot Haauf agtdyiidagr siema@f a ptlidka@sa sk ldscon ingot
at high speed or rapidly cooling a pulled single crystal such that further
an LSTD denghgyherfiGhet theioxiidy Gimwes drirsfradacdfattheogh tepparadfner is | x
106 def egtzséo%r)rﬁ qQr, fmre. 15. Th%rmat haod as defined in, clai m%)z, t he

d pulli

hi gh- spe 1 g "STFF o HYSTATS i A6 raRtf At uFFAG St %D 56F pulling a

silicon hegeimiaathbghwapeedunr nagh dfie1@00ki THpE spuléad wairagheviciakst al such
that_fiarther an LSTD densi t% in the vicinity of the surface of the silicon
waf et’ | sPRYE REEPIRT BTIEPERBE 0P NBY L2 2A RRANGESof M FRHAH ARFR9HY an

epi t axi aljeddrli¢AR 1 ¥ATLE p ARG 1S P rashiahapgedHaul | g &Jsle'vﬁ%(}ecr ystal

i ngot manufacturing step of pulling a silicon ingot at high speed or
rapi dly thelduepoatpeh|ed ryiefighably weodhctycls deserninddSTD deashasisassunmes a

val ue of ot X, Q0. 7L e6t #{ 0B, OF I &1 B BIGR Qs bl o ifbefa S LIS Rfer of |
the silicon 1nigo manRut actur ed in the 1 P
products.

15 FIG. 7 shows the GOI evaluation results of silicon wafers,
thewafers havingbeenproducedbymeans of only an annealing operation
(i.e., H; heat treatment) without involvement of epitaxial growth,
obtained when the GOI values of the silicon wafers were evaluated
by means of varying annealing time and annealing temperature. 1In

20 FIG. 7, thereareemployedanannealingtime of 10 seconds, anannealing
time of 60 seconds, an annealing temperature of 1000°C, an annealing
temperature of 1100°C, and an annealing temperature of 1200°C.

From FIG. 7, it is evident that the GOI of a silicon wafer
can be improved to a certain extent by use of only an H; annealing

25 operation (i.e., an H, baking operation). However, in terms of a
yield of TZDB, the H; annealing operation does not satisfy well.

FIGS. 8 through 10 show the evaluation results of GOI of silicon
wafers obtained while the annealing temperature was varied between
1000°C, 1100°C, and 1200°C. FIG. 8 is a graph showing the evaluation

30 results of GOI of silicon wafers obtained while epitaxial film
thickness has been varied form 0.0Mm to 2.4Mm using crystal pulled

at medium speed to a crystal pulled at a high speed.
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~ 8 NOV 2U02 hi gh-speed pulling silicon crystal ingot manufacturing step;
and the annealing and epitaxial step as defined in claim7. 17. A méth¢d)pef
manuf acturi ng an epitaxial silicon wafer, conprising: a high-speed pulling
silicon crystal ingot manufacturing step of pulling a silicon ingot at high
speed or rapidly cooling a pulled single crystal such that an LSTD density
assunes a value of Ix 106 defects/cnB or nore; a step of slicing a silicon
waf er of f the silicon ingot nmanufactured in the high-speed pulling silicon
crystal ingot Thasetastus stgpwstiea ane ddfeT ZDmeat omgi cerdbepiiiypxdedd St ep as
defined in claim8. 18. A nethod of manufacturing an epitaxial silicon

waf er, cBWPEPEFRS: T U ™HPGIRSTRIER HaAF ILPHGE P13 Eoht STV AT 35Tt DHEAH act ur i ng

step of Qﬁ'ﬂaiéé&datﬁélélClQQohnﬂé)fexattohémaﬁFi%@d e fRE Al dhe gsumaq pulled
single crystal such that an LSTD density assunes a val ue Sof "1 x 106

def ect s/ erBigrm wefey mansf@qxtufedsﬂqcmrdgn@ toi thecpneyafteinodift ifohestsiws con
|ngot nanufactured in the_high- ulling siJigon ¢ sta i hgot
mnafer Br PRFPEp O b T hE SFTb AT FRGTAREBRr Lk RSt SaEh e o | n
claim9. .19 3The SAAIegq@ase@éprs,lﬁc&lﬁmfl@pshew%@Ianguﬁber%@re%iznréélﬁnou' l'ing
speed of the siliconingot is [.Imimn or nore. The silicon wafer as

defi ned ewveml|vhiem B1e ghétexial Kelplalsi ﬂgthspéedss)foft ﬁue3 $iml hgomottrigotn is 1.1
nmimn o I 1 uf act ur.i p i_al | gon waf er
e def | né E'iPn L 1% 1n1331§ %&ﬂﬁ% wRh JBN a'thid vgﬁ% g H} 3 afldid

erein the pul I'i ng spee e S|I|con |ngot IS
1.1 nmml nepiogxior é;lﬂZis 'Iﬂ’i:e:mﬁ‘ﬁtbhmd:l'ﬁf eplinart Bt WiilAgodwaeeirt axvyahg silicon

waf er. as defined in 002 claim 11, wherein the puI ling speed
of t{]oe sFP?‘E‘?)’ﬁqlnﬁbem tgriu‘-ﬂl‘ rﬁ‘?flﬁf‘ﬁl%]r IRBY & 23D THRERE RIS A hreiiufact ur i ng

an epitaxia],§ lhCAns Wl £ e9§t9§{aln%qmn £l @ignyl2, tﬂ@efrl%nsw&l Iding

speed of the siliconingot is 1.1 nmimn or nore. 24. The netho ot
manuf act evper emGepireaxri tl §hP|QPGﬁaM$JeISlé$C@I@Maﬁed dap kd afmid®lenther ei n
t he pullg__ng scoeed EOBQP si.l.i_con |inlq91t. is 1.1 nmmn or nore.

nven epitaXial
In consideration of the foregoing results, it is understood
15 that the following can be derived.
Asiliconwafer, which is formed froma crystal produced through
a high-speed pulling operation, was subjected to H; baking at 1200°C
for 10 seconds. Further, anepitaxial film was formed on the silicon
wafer to a thickness of 0.3 Um. The number of LPDs (more than 0.12Um)
20 detected on the surface of the resultant epitaxial silicon wafer
was 90 LPDs/wafer (i.e., 0.3 LPDs/cm’ or less). The disappearance
rate of a LPD on surface of an epitaxial silicon wafer reached about
90%.
The silicon wafer, which has been produced by means of an
25 annealing at 1200 °C for 60 seconds, has LPDs in the number of about
80 LPDs/waferorless (i.e., 0.25LPDs/cm’or less) . Afteranepitaxial
film has been formed on the silicon wafer to a thickness of 0.6 Wm,
the resultant epitaxial siliconwafer has 30 LPDs/wafer or less (i.e.,
0.1 LPDs/cm? or less). The epitaxial silicon wafer, which has been
30 produced by means of an annealing at 1200°C for 10 seconds, has 30
LPDs/wafer or less (i.e., 0.1 LPDs/cm® or less), as well.

In order to produce an epitaxial silicon wafer having 80

14



25. The nethod of manufacturing an epitaxial silicon wafer as defined in
claim 17, wherein the pulling speed of the silicon ingot is 1.1 m"dn%& \Fmﬂj
nore. 26. The nmethod of nmanufacturing an epitaxial silicon wafer as Q

in claim18, wherein the pulling speed of the silicon ingot is 1. Imimn
or nore. 21 . Al.AFU@ A. AYS. A3( @ Al U. Al h. AY{. AY. AYE. A3A. Ah2. A{f. A, .A . A

Ny2. A9;

S. A A&h. A A ->Z[r!./d6[ " %luv{upkfa\ W ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal]
ca] ca] cal.eg} b eed caleadlifcah cad cadted | mahcatbyatdcaly € alledalof spesd #Suvl J

$%3y} xsnPH1 ARG OXFEaF ) c & €A} L2t 4PEST CH)staPe adegadaPc R @40ca] £24 ca] ca] ca
] ca] ca] caghcalcahsaleal £als e Hal-aad ©a @@dt bt Fo8mbd on the silicon wafer

.sC], UM) hi j } xsni d _Z]c]ca]calca]ca]ca] calca]ca]ca]ca]ca]ca]ca]lca]lca]ca]calc
a] ca] ca] ca]aczh]m]mea]s oa]Oca]lrca]aca]lcta]s@a]sea]fcta]emlcmet&@@/hrt- Further,

Ddi%W} Sm]lg‘jz e}! % % }“ca cca%xca}ca]lca]im %gakc% n]gc?d ¢alcal cal ca] cal ca]
ca]calca cajcalca

7: | vokf a\)WIé?s]scaLCs?ﬂlQ%%C&?d@%@@ﬂ %@L&m:]aqahcad q@b@a:] ¢t cal satsad£al caj cal ¢
aJ cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! N'[ " d##z $$YRBEEKEE="

(( ]X( (" ] ) f ?W?nﬁpl}%ﬁ@h Fieresd Ea%fear]l%%%a]l%a}éaq%ra‘]'%%ﬁlﬁnggﬁi‘??;égg cg] ga]
ca]calca ca a v A W.
>=A>' @\kﬁ%&EéﬁS eG%(sarﬁ]]a%@X? ?cgl]agca%%gg](g%{ﬂccﬂa]%ca] ca] ca] ca] ca] ca] ca] ca] ca
] (r:a] caj ﬁi](cKi]ZEa]:om]tba]aba]zea]asa]ﬁ&]cb:aE]scla]cea]tha]fca]éca]:rg?%g?lie%tﬂttﬂi?a] call ca
] ca] i";] ca] ca] c§] ?:Jagjcca’]nc‘é‘]l‘\‘%l g ayey gg%eﬂfngf%ﬁ %g] %éf&&]sél?] cal cal eP
P" Qe QLONBRE¥ S0SS; g tomography defect) density of 1x10° defects /cm® or more)

TTTUUUVEVs VWMCWIWAND Xz XXXYYZ} xsni d_Z] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] capcalidabéa) k] eag éa) % areatertisc & ape ajrcaF edjdiacs] ea]éaxizavl[ z[[!\d\\
9 J/\/\

] ] R Tjﬁ‘&ﬁ?;l]aa' 8 rcecwcggip—idh%a%éo\f\l/rh%g (\)(Tﬁ f?:a]aca ca ca a] ca ca cae] ca] cal ca]
ca\/] c(a] ehadpest] ea]hdg]nea@e:ea:] m]lca]iga:]rtea]aca]ca] ca]ca]ca]ca] ca] ca] ca! Xeee+fff,

hhhhi | Skckk. I Pl

amaggypi |11t SkekleyL P moongojen 211 Lsgleelcal cal calcal cal ool
oo;)ApII%pq into suff1c1e{nt{l{y sr{nc{;cz;i_l'i r?ce}s}ses bdezéa]a]k]ling | Thereifore] even v.]rhe(n | ca] cal

st vvBwkxxyy>z~zzz{c XSni ca]ca)]ca]ca]calcalc(a]calcalc
g] ca] ca] éa]%lé] en} tx3 e %g}r&a]sc%q%)‘mdcar] cFéFc%‘]lda—]O@a‘]’%‘%%P] éa]%a]llc‘a]%%ﬂﬂ:a] cal p}}

~~~760> XS C a al cal ca) cal ca
LAl ol capbal Chfea) B Zarea SR oL ERp e ) R AR T R R el 6 )
] cal ca] catoed o@]rcla] @a]PcDa].sa]ccra]ieaéaz‘@e]cta]l cajxtakead £ ajheaje dlagak cagmmar] ca] cal ca
] ca] E & %C a ca \g]w) tfPZGV\I' QY. I'g}xsnid_Z]]]]ca] ca]ca]ca]ca]ca]cal
cal ca ]% g] a]c [T‘]ca] ¢a C] arcaf cajca

ca]cca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calq A silicon wafer as a silicon substrate for epitaxial growth
S<’>PZ6WI o-v|!qg}xsnid_Z]] L{] caj ca] ca] ca] ca] ca] ca ca&ca] cal ca] c&])ca] caj caJca]c
a] ca] ca] ea]@a]@é]eé‘a]i‘éaﬁ]fc aFc’%ﬁ“lP&]fé’a‘]Jé%]oéa}L%% ZE o @PrEdegabLY -4 C! Y' 10%

0& ()-z g Jodd00 & EnbraZot fjoq%g.‘eg); t}{arnlg%&séaond‘gﬂ-()%& ()-!ddESS 10%& () -
109%& () - y10%&' ()-310%& ()-MLO%& ()- 10%& ()-6[dEl ( 10%&' ()-3
&@ 0% () - F%&lﬂ’mbé )Ga-##ﬁ.@%b@)cecﬂ.@@’&qlﬁagga.l)%fé)f hajra’ﬁgkdrﬂebiﬂma(l) fli.

R’ - 0 0 0 * VR
10 /&Zg) %11%0r§n%1g123 Prgom %OB/G%-m( 2:0 2 P-%Oa{la% xgrl)uch ]:[2 /not affected by COPs.

A specific report about the gate oxide integrity (GOI) of a
thin epitaxial film formed from a crystal having a small COPs has
not been available thus far. It can be ascertained that, without
regard to an H; baking temperature, a yield of TZDB is improved by

30 forming an epitaxial film of 0.3 Hm.
As has been described above, the present invention provides

amethod of manufacturing an epitaxial silicon wafer and an epitaxial
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1090 & ()s:manq&yp@@@&de Jigengs, %&b%@ ¥oed R, #11@%&1(1)292 GHilouR’ ()- 10T 10T
100 ()- kv FIORETEYET SLRLEV YEFD) ShE R bt PS FeREOR Py e e
"1 "K'L" M6NshifBdle for fabricating particularly a semiconductor dev1ce
having a comparatively-shallow active region or a device requiring
an improved latch-up characteristic.
The method of manufacturing an epitaxial silicon wafer
10 according to the present invention enables shortening of the total
time required for manufacturing processes, which in turn enables

manufacture of an low-cost epitaxial siliceon wafer.
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annealmg the él icon wafer, ggmpr\nsmg t}xe steps of O- O

smoothing COPs formed in the surface of the silicon wafer by means of setting
annealing conditions according to an LSTD density in the vicinity of the surface of the
silicon wafer; and

forming an epitaxial film through epitaxial growth.

2. A silicon wafer for manufacturing an epitaxial wafer, having an LSTD
density in the vicinity of the surface of the silicon wafer is 1x 10° defects/cm® or more.

3. A silicon wafer for manufacturing an epitaxial wafer, having COPs formed
in the surface of the silicon wafer are a size of 130 nm or less.

4. The silicon wafer as defined in claim 2, wherein a silicon wafer is sliced
off a silicon ingot, the ingot having been manufactured by means of the Czochralski
(CZ) technique, high-speed pulling of a silicon ingot, rapid cooling of a pulled single
ingot, doping the single ingot with nitrogen, or manufacture of a perfect crystal.

5. The silicon wafer as defined in claim 3, wherein a silicon wafer is sliced
off a silicon ingot, the ingot having been manufactured by means of the Czochralski
(CZ) technique, high-speed pulling of a silicon ingot, rapid cooling of a pulled single
ingot, doping the single ingot with nitrogen, or manufacture of a perfect crystal.

6. An epitaxial silicon wafer having gate oxide integrity characteristics
bearable for shipment, comprising:

an ultra-thin epitaxial film having a thickness of 0.3 um or thereabout; and
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8. The method as defined in claim 7, wherein the expression “isothermal”
corresponds a temperature of 1100°C or more, and the “isobaric” corresponds to
atmospheric pressure.

9. The method as defined in claim 8, during the annealing and epitaxial
processes, wherein an epitaxial film is formed through use of SiHCl; gas in epitaxial
process.

10. A method of manufacturing an epitaxial silicon wafer, comprising:

a high-speed pulling silicon crystal ingot manufacturing step of pulling a
silicon ingot at high speed or rapidly cooling a pulled single crystal such that a size of
COPs assumes a value of 130 nm or less;

a step of slicing a silicon wafer off the silicon ingot manufactured in the
high-speed pulling silicon crystal ingot manufacturing step; and

the annealing and epitaxial step as defined in_claim 7.

11. A method of manufacturing an epitaxial silicon wafer, comprising:

a high-speed pulling silicon crystal ingot manufacturing step of pulling a
silicon ingot at high speed or rapidly cooling a pulled single crystal such that a size of
COPs assumes a value of 130 nm or less;

a step of slicing a silicon wafer off the silicon ingot manufactured in the

high-speed pulling silicon crystal ingot manufacturing step; and

the annealing and epitaxial step as defined in claim 8.
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109 & ( )ingqmnz[)ﬁdfaﬂtl(rﬁng step(of pOlling a silicon ingot at high speed or rapidly cooling a
pulled single crystal such that further an LSTD density in the vicinity of the surface of
the silicon wafer is 1x 10® defects/cm® or more.
14. The method as defined in claim 11, the high-speed pulling silicon crystal
ingot manufacturing step of pulling a silicon ingot at high speed or rapidly cooling a
pulied single crystal such that further an LSTD density in the vicinity of the surface of
the silicon wafer is 1x 10° defects/cm® or more.
15. The method as defined in claim 12, the high-speed pulling silicon crystal
ingot manufacturing step of pulling a silicon ingot at high speed or rapidly cooling a
pulled single crystal such that further an LSTD density in the vicinity of the surface of
the silicon wafer is 1x 10° defects/cm® or more.
16. A method of manufacturing an epitaxial silicon wafer, comprising:
a high-speed pulling silicon crystal ingot manufacturing step of pulling a
silicon ingot at high speed or rapidly cooling a pulled single crystal such that an LSTD
density assumes a value of 1x 10 defects/cm® or more;

a step of slicing a silicon wafer off the silicon ingot manufactured in the
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a step of sllcmg a sxllcon wafer off the s1hcon ingot manufactured in the
high-speed pulling silicon crystal ingot manufacturing step; and

the annealing and epitaxial step as defined in claim 8.

18. A method of manufacturing an epitaxial silicon wafer, comprising:

a high-speed pulling silicon crystal ingot manufacturing step of pulling a
silicon ingot at high speed or rapidly cooling a pulled single crystal such that an LSTD
density assumes a value of 1x 10° defects/cm® or more;

a step of slicing a silicon wafer off the silicon ingot manufactured in the
high-speed pulling silicon crystal ingot manufacturing step; and

the annealing and epitaxial step as defined in claim 9.

19. The silicon wafer as defined in claim 4, wherein the pulling speed of the
silicon ingot is 1.1mm/min or more.

20. The silicon wafer as defined in claim 5, wherein the pulling speed of the
silicon ingot is 1. 1mm/min or more.

21. The method of manufacturing an epitaxial silicon wafer as defined in

claim 10, wherein the pulling speed of the silicon ingot is 1.1mm/min or more.

22. The method of manufacturing an epitaxial silicon wafer as defined in
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claim 16, wherein the pulling speed of the silicon ingot is 1.1mm/min or more.
25. The method of manufacturing an epitaxial silicon wafer as defined in
claim 17, wherein the pulling speed of the silicon ingot is 1. 1mm/min or more.

26. The method of manufacturing an epitaxial silicon wafer as defined in claim

18, wherein the pulling speed of the silicon ingot is 1.1mm/min or more.
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