(PCT1187) (Translation) Silicon wafer and Process for
produci ng the sane [0001] Enbodi nents of the present
invention relate to the technical field of
seniconductor waf er production, particularly a
% €§§n waf er wherein the occurrence of both slip
s1i%dati ons and war pages during a device production
process can be suppressed and the process for
(Tprodudiing) t he same. [0002] A silicon wafer used as a
substrate for a sem conductor device is produced by
slicing a silicon single crystal ingot and subjecting
the sliced ingot to a heat treatment or a mrror
finishin Brocess g% dqﬁ{n such a silicon
SLICRY W %&§th FRgotS 1 HePEIOCH éﬁs%l et hod (CZ
met hod) is exenplified. The CZ met hod accounts for a
[000] oEmpad tneaft sprodc ebsey - oenprioireitAigharsipteofe the technical
single crystal ingot since it makes it possible to
fleq@3| by QRS &SI ﬁa?é:ysb@lodhﬁﬂﬂtn W bArfid@rg8y a silicon
dianmeter or to control defects reIatlver eaS|Iy
0003] A silicon single crystal IIed b
wa twsar%h%r%t?%aq%wr%mei-e "o het &?lOCPgtons and Warpages
defects called "grown-i.n defects". The CZ Si takes
durdxygendbet e enroddatticespiavesssgper sat suratsd sstiafed the process
and such supersaturated oxygen causes the induction
f.ect | led Bul k Mcro Defect
£on %r%gﬁﬁgﬁe e §%flé/% ) in follow ng heat treatnents
éanneal) [0004] The formation of a_sem cqonducto ductor
[00§8Vi de &hlEET | TREW wafer FEqut r §8PRo"rystar d%f%%?%uxluc ©
in a sem conductor device formation region. This is
devbesause prchuecystgl defeots aareilgresentinghea systateingot and
where a circuit is fornmed, a circuit breakage is
cau ed b the t anwhi | il erskS a2 mirror
SUbPe ﬁ re to |nc$£%% %legpeggaégu#%agf %ﬁ%ﬁj¥%%ldgk
si nce BNCB serve to getter netal inpurities, which
rindghied sehf c BRAEREDr CoevPERTMRITUNM T orf  FODOER Toingle crystal
fulfill the above requirenents, a process whereby an
ingbRl r ivhel coAehterkry hayesd (hereimeahbey, il Gdeapdified. The CZ
is formed by inducing BVMDs inside a silicon wafer by
nneal i n he i co fer [ Lat a
met\%ﬁa accrooﬁ% Podiféc?nsé/f)or es%%%t or?l%t %!eh;s%'%%gce fogﬁt Racdueng
S|I|con mafer are extinguished to forma Denuded Zone
silihenephagier cryORY alrol) Tt yih MR nf cpysRe to easily
defects, is enployed. [0006] As a concrete exanple,
obt@iRr @C%&%gm@%@?ytgt owAgdth defrecs siomy@ slurdace amre to control
reduced by annealing a nitrogen-added substrate at a
h tenperature ile BMDs containing nitrogen as
deﬁﬁﬁgﬁe & YFdPned i hSi de the substrate, has been
proposed (Reference 1) . [0007] However, oxygen
[000GACeRt r atildmsni n DRollayersyEsrhedP8hlete PFontthgndC4 method
back faces of a silicon wafer by the above-nentioned
(helHe@hz FEMper atyrei annealk1phosessyat el extgrearky dWed "grown-in
‘because of the external di ffusion of oxygen during
heat treat nment u t, the restraint of .
defgicsFocat it de?%ef ext T on 61 “Fhie froﬁ?eand badgoees v @
faces of a wafer is conS|derany reduced, and
surdirshoerdticsh defbet s anlder eigaf seperssiypsed easyygp causes the
extend fromfine fllaws havi ng been introduced during
indRgianneal prRcessrddto &bk et hei fronbeandd: bagkreinarter,
faces of the wafer, resulting in a probl emthat
strength of the S|I|con waf er red ed because of
"BMLAI 081 TP RrdPEcat T bn %Saﬁgﬁ§|8n = gxanple, when a
silicon wafer is annealed in a state supported by
heat treatment ports, slip dL?Locations of ten extend
fromthe supported portions around the back face of
the wafer. In addition, slip dislocations sonetines
extend fromthe edge of a silicon wafer. [0008] Wen



coul d be damaged or broken during a production
process. However, DZ | ayers are inevitable for

sem conduct or device foLmation, and a silicon wafer
having DZ | ayers and excelling in strength properties
has been desired. [0009] In a prior art disclosed in

[oodafie rakove rRatecense 4, s&RibehdOOcOf dddi@omnval eflicon wafer
strength was not considered, and in a silicon wafer

produced there he extension of. sli 1slo ' .
e oo D b SOLPET 00T0] BRI BT 3 AL grommation
prevent the occurrence of such slip dislocation, a
regipmcehs svhebebyp BEDsI firerygardr defdeta arspghsgelistn ¢ surface
has been proposed. [0011] Specifically, a silicon
wher\gé gﬁ.gglﬁquﬁg F Bgmlea‘?%eéf'rc‘!‘ﬁ‘fif 8ir-Bakageulsts @b &d Byl Hdefect s.

icon single crystal 1ngot iS subjected to a

rapid tenperature increasing/decreasing he

Meam et SLALERTAERESHNoF o SIUEF T agbr HAL08 AePFORgS amount
or a gas mxture of ammonia gas and inert gas at a

of BMEBPEfisides ©inSOBMDYE @etv2000Qdinred meda80dmpiamataéss, which
to form oxygen precipitation nuclei with sizes of
20nm ar_ 1l e ' ! [ 010 at ons/cnB or

caus |%§Wﬁ$%?i§&#ﬁ%é@?ﬁﬁﬁgé$%%€%n%?%%%éed (Ref erence 2).
A silicon wafer wherein BVMDs are generated in a high '

[ 000Edn G tikf iohl (ghe alpave cRgaRarangetd91d PEpg§sHywiersby an
repeati ng heat treatnent steps several tinmes, has

Int ralrS0 D et Haanes ad Jdhef @rangaadteRefaenagel” ) JRs formed by
Pat ent Appin. D sclosure No. 10-98047 Reference 2: JP

, Pat en in..,Disclosure_ No. - : ;
inctigd g PURE Wi A SDP Sl GOt Bk [Ohe O aa05 By g S " M Ter
be sol ved by the invention [0012] In recent years, .
at alowgyeenpsiaterehevhil bentremrofinadef e¢cbd prpseat paghe surtace

been enl arged and the degree of integration of a
of tHRMLONAUEt Qf s flevi £s PaLt BhguldBeBees ENEheasPdnuded Zone
war pages occurring in a wafer besides slip
di sl ocation occurrenge has becone. problenatic. .
(he U Ty L RSl S BTILY | PRCAPI Rr pRgEcel defects, is
i ntroduced by a heat treatnenti sshowninFig. 1.
emplideadd.r eat ment f ur nacesr oughl yi ncl ude two ki nds of
furnaces, a batch furnace and an RTA (Rapid Ther nal
ealer) .5l t e feals Gtk we~in defects
O Bk BT hEEs BETTEPr rades e iy oF Gaohgs
and slip occurrence in a wafer (is also different,.
on aSksiuys agice aiet FEEREEE PFoRPRSEIANECEi ﬁ@tﬁssﬁp"ﬁgﬁﬁseﬁubstrate
a wafer back face and a wafer holding portion, or a
at avafiefn edagodedturdpewhbleoBMbedesht psnenyentitrogan as nuclel
{110} direction, sonetinmes cause wafer damage or

eakage. A warpage s fo t.
are JoRAst AR 0, FRG SoRERLoL PeatRent b et (B 2erence 1.
{100} plane, for exanple, hill- and valley-shaped ,
[0OQ3Hr t Sloappear,, cxysowRncRntirgt ipnsAlRaPpakyefs £ormed on the
silicon wafer before a heat treatnent conducted for

rrodendes img-desited propektiesohowhiierwaletnei sbyseahkyitioned
suppressed to not nore than 10pm After a heat

treatnment |i ke RTA, _however, the difference in.t
i e B SRR RES hi FTSCGHY 118 VR TEhEmhaseh Bkiuge of the
sometines increases up to tens of pm A | arge warpage
extd@iaAl di Bhmirat efxpysare dofr iags beatohdegtoentevifke a result,
pattern on a wafer surface, causing the reduction in
the trla:%tycja@nctr gk &fﬂ&@%&'&ﬁ Ye ARV €83 enk@0:4n HHR front and back
probl'em of War pages becones serious when a wafer
diameter is 200 nmor nore. This problem could not be
avoi ded just by specifying gzhigh density of BMDs as
above.



[ 0015] Enbodi nents of the.present invention seek to
provide a silicon wafer wherein the occurrence of
both slip dislocations and warpages during a
sem conduct or devi ce production process can be
suppressed and the process for producing said silicon
facalPhel 5 \nlr@fa%?qg Uor3Qlad NG hecpiebuemh80d 631 &dtion defects
avoi di ng the problem of sli'ps and war pages occurring
by the use of a batch fuyrnace and_an RTA sures__ .
(heredSpdir§itng “64 1PFe ) pFEFe Wi@§t8pgbéfﬂm5%}ﬂ%gggaﬁ?mnﬁﬁfng been
be taken. [0017] As a result of a dedicated study,
int rddRidiesert ngny et ansehaverbonns irat & buikyobethe front and
effective in avoi di ng warpage occurring by the use of
a bat ch fugnac r tagking, - Haulh €84t eskrength of
baCkB§ECF§UP§ éﬁ%c%ﬁﬁ%gFagg#§?t%ﬁécﬁ ocggfs in a silicon g
waf er, apart from BMD. [0018] They have, Iso,fqyn%_ 3
the tetidtidon wafare i6f fRdusRd iRPEIBI™IHy %%Cga@elp 1slocation
occurring by the use of an RTA, to reduce the density
extePs iBYDSF¥ktdk | aftietebys] B gen siafex tondmewtediraa state
silicon wafer. [0019] They have further found that it

may be, effectiyve | voi di sl i : ' =
SupEGREed) bY BRTGH 10T RASK ARG S RTAD ooagrage e con extend
density of BMDs with conparatively small sizes
frorctheaswedorhed potttons wfamd she bpeki fage »f fécrafer. In
nore, and acconplished the present invention. [0020]
adciifIGE Y 12 18PPQAI RIS Rind NeoREEERI. dv@md | Do etiss eedge of 2
to a silicon wafer wherein BVDs with small sizes are
~_formed in a high density, while the density of BMDs
siligom Wad®de sizes is reduced, and furthermore, the
density of BSFs is reduced. [0021] In accordance
(00081t Whanf thet sagspagthobfthesikiverm iwafen Her gedyced, the wafer
provided a silicon wafer wherein BMD has an
octahedral .sh ' ' t onap@oek sBYDSHowever,
coulﬁfr:é%eﬁgmggeé %‘gg?:ﬁ&%%ﬁ ﬁ%‘%ﬁ%%%d hrgr?hg%lgm ‘Bf romthe
surface of the silicon wafer, the densité of B%Ds cion. and
D2 lparringg adieadBRAF-toiPAe SPT16SRATLEBEAM FAEVAGE FRERATIOR,
than 1 X 1012/cnB, and the density of BSFs havi ng .
a 5151388 Wff YO av £586 DBy dr panidsetd l Innre it lseirenglh properties
" 103/ cnB. [0022] The present silicon wafer should have
n interstitial oxygen concentration of not nore than
has %%fidﬁeﬁﬂaﬁ%%/cns, and the density of BMDs with
di agonal size of not |ess than 200 nm shoul d be not .
[C00fr @nt haribiXar7dasoheFEABLN F@@@?Oﬁﬁsf%?%ﬁ%%%%gd reduction
herein is a process for producing the present silicon
of s1ahiehnas: fLALRd AR washdsRebekizedeln dMatiraa silicon wafer
substrate I1s subjéected to a heat treatnent
conprising:. A a |lowtenperature.heat _tr rent
PrOQHE?%ﬂ?P%?%b%u%%?r%§53?§gﬁﬁa?%t?gﬁ?eglggogg£ggﬂ c8hEH not be
tenperature of not less than 700 C to not nore than
avoB®PJ4C for not less than 30 minutes to not more than 5
hours; B: a tenperature increasing step follow ng the
A r t Sd@Pir WRFELIJE such sli
{OOf@g%gﬁ%§$$%§%pﬁggkg%§ﬂ$?g%?gg%%gﬁfgﬁﬁ,OOO Cat arate F
of tenperature increase of not less than 0.5.00_ .. .
disleeaient @ REPCREFRPEFLY By Prifﬁlﬁ%f}e%%e%maa g density
tenperature heat treatnent step follow ng the
has L6806 gt bip6séacreasi ng step, wherein the substrate is
heat treated at a tenperature of not less than 1,000
tQ not .more.than 1. 0. u hat erein
[Ooﬁfhgg?‘aﬁf%%ﬁg%ﬁ'o Sifiie ﬂaglej?o%gggﬁw@sioho rocels wh
than 20 pm [0024] Al so disclosed hereinis a
process for producing the present silicon wafer
above, characterized in that-a substrate is subjected
to a heat treatnent conprising: A a |ow tenperature
heat treatnment step wherein the substrate is heat
treated at a tenperature of not less than 700 Cto



C. a tenperature decreasing and taking out step
follow ng the tenperature increasing step, wherein a
tenperature in a furnace is decreased at a rate of
tenperature decrease of not less than 1 C/mnute to
not nmore than 10 C/ m nute, and when the tenperature

a suBbcihecsubstdiat & Decoies -BAtsikste 133 1eA0iAGotoisAubjected

nmore than 800 00, the substrate is taken out of the

furnace and cool ed down to. ro te erat n ; :
to aprapaf tEMpTTAtHe Hdteas e ke g’ﬁaf% %rga%:ﬁent in an
t enper at ure decreasi ng and taki ng out step mhereln a
atmdspigiabir aitpogbe faspateers @ha@roea@eQadommxt@rﬁon ammonia
| ess than 600 C to not nore than 800 00 and the
gas %%%?%n%&%bé??lagéeét@gmnﬁgféﬁu% Q¢ aftfh tolge tbe!i!'p@()@t BEefor 1 to

e su Is increased at a rate of
tenperature increase of not less than ( €
600 paPURESEte rfaqarnwx&/grﬁrheﬁécwlﬁﬁélPan@%Cﬁ?lf"Potﬁ% Fﬂées of 20nm
substrate insertion tenperature to | ess than 1,100 C
or 1@%@ ah &n rtres ofy teemeratior® dinerseasé of mote liess BMD layer,
than 1 C mnute to not nore than 2 C/ mnute in the :
ange of (1o n 1l 9@ ehaNBNDs are
has %e?goprP%ﬁ%dt 65%% 2 Cé?@ is n%?n%%%%e const ant| y
at a tenperature in sald range in such a wgy that
gendidifassiional bhgh hcohcénteatipni &l Kx&@enﬁqmrﬁﬁ'héé 10 /cm?)
than 20 pm [0025] In the present production
by ﬁgﬁ&ﬁﬁ% trhe (did fdisinsnt esigdhs ofevert £ stiméa lygehso been
the above step D should be not |ess than 20 um
The interstitial nitrogen concentration in the
PTORQARS r HieF SIS Ye 5 X 10" atons/cnB to 1°X 1016
atons/cnB. And the interstitial carbon concentration
in the substrate should be 2 X 1016 atons/cnB to 2 X
1017 atons/an [ 0026] Al so disclosed herein, BMD
£ 'i_f‘ﬁdd 3}{{&%’;9 tn MEgNs ﬁé@ﬁ@rm@unﬁ@dgwm
Re e 1111 anes d T

ura ot her planes as shown in

Flgure 2. Crdlnarlly there_are rro
Refanaie Wi I Brienis Ariohin. | RRCHOPeEe (g of0bp g etd
2(3), and those surrounded with {100} planes in
Reféggﬁdé(gmtJP{Pddénﬁﬂk@§$naSDShoMnsmneFmgur@82%234OBND
surrounded with planes other than {111} and {100}
pl anes sonetines appears. [0027] BMDs present in a
waf er can have a plate shape besides an octahedra
shape, and such pl ate-shaped BMD i s surrounded with
Prohh&m&ﬁnnhﬂzﬁ@lﬂ#@'¢ﬁr@%€{1gﬂ?n5%%%es and ot her pl anes
as shomn in Flgure 2(4) and Figure 2(5). END

[o0 SPfTeL dendhdwe-shape imsi dheagishewer bf a silicon
Flgure 2(5) he oct ahedr al shape is distinguished

fromt | at e sha as.follo of e h
wafen geas I B H?$ c#i'8n L%.é%%ﬁe r%ﬁ1%ﬁ£é?gak? oh"Bt a
direction as shown in Figure 3, the |longer one is
semicpi@sentedeas cA padt ¢he helsopeen lonscpsee PRI OCCUTring
as B. BMD with the ratio of A/B (hereinafter,
0 nlo8cheregear a8 become
in ag?éﬁedra%é%gﬁ)a%% h%?ggﬁﬁggﬁeelllpt|0|ty exceedi ng
1.5 has a pl ate-shaped BVMD. Since BMDs in a silicon
profkg®rti@ve a variations in shapes, the determ nation
whet her BMD present in a wafer has an octahedra
[00 ShARe ¥ da Peatepikape shbpkdbd wagedesy heasadiagd by a heat
Al B of pIuraI BMDs present at different positions in

croRUEELr b P00 o gRtprath b sk bty ncruce

obt ai ned val ue exceeds 1.5 or not. If the value
exceeds 1.5, the optiml END,size distribution for
suppressi ng the occurrence o# “sli ps and war pages
becones different fromthe range of enbodi nents of
the present invention since distortions applied to
crystal lattice around BMDs are different. [0028] In



size of 10 nmto 50 nmis not less than 1 X 1018
/cnB, and the density of BSFs is not nore than 1 X
108 1cnB. In virtue of said feature, the occurrence
of both slips and warpages during a device production
twop&988§so%3f%ggﬁhggfagl%a%HHp&%§§§ge Eedughi @Fal N(Rapid Thermal
strength can be prevented though the silicon wafer
has a DZ l.ayer, and high quality devices with_ a %ar e
Anngp bvt-erSICEPpiteal FIRBE Pesietthaii 2060y tandpeterent between
produced. Conpared with a-mrror wafer having no BVMD
bothNShaecdd)e tpeesent osi wagoryenafrer shapdbyceauses shi p wafer is
di sl ocati ons and warpages and has the high gettering :
alsgbalf%é%entL09§g%sAﬁ?oﬁgﬁﬂgdhgeﬁhfbﬁﬁQ§Qﬂ§¢QEegM%t§6¥ht between
process as di'sc oseJahereln, the occurrence of both
slips and war pages during a device production process
a wgapr dorei darabpydbe Eiifsr d9dEHNY apRF W R gRT qBiavF t§F ed9e part.
silicon wafer which can prevent the reduction of
The StiheRglhicddosgiy hayimghaa 17 hayeropanibectproducethetines cause
[ 0033] Conpared with a mrror wafer having no BMD
__.inside, the. present _silic fer :
wa syl B Sl oRi dRa Ner Pe o ey oyt fil fised by heat
gettering ability. Brief description of draw n
disfooguin JuEiigar @ teaki gaeatsewing n@‘lsélli‘ﬁ%feénd’%&r?&de§lane' for
i ntroduced by heat treatnment [Figure 2] Schenatic
exahpO4r & i9howkng the difdhepencpabes waeraroctahsdsal BMRig. 1. A
' and pl at e-shaped BVD Best enbodi nent for carrying out
the inyention.[0035] . The present invention.is cl I
wargdT af e&'dﬁﬂﬁkgnbgéﬁgro#%Fﬁéee &1fﬁ%h%reﬁ?eggr%§$ﬁé0ted fox
out the invention in the follow ng section. [0036]
ren@Srinqcoiesiakdr priher prasseim 8id ivedrrwafl ér upyally suppressed to
characterized in that the occurrence of both slips

nota%grgﬂEHQQe§O rjﬂgt@TdﬁvhﬁgtpEQQéﬁﬂéﬂﬂ1Iﬂ%@*ﬁﬂi,C&ﬂmmver, the
consi derably be suppressed. [0037] For carrying out

i el O L1920 0L 2 Ll (LA EY v vatsoy-shapes
whet her dopi ng

parts sometimes increases up to tems of pm. A large warpage retards
accurate exposure of a 'semiconductor device pattern on a wafer
surface, causing the reduction in the yield of semiconductor devices.
{0014] The problem of warpages becomes éerious when a wafer diameter
is 200 mm or more. This problem could not be avoided ijust by
specifying a high density of BMDs as above.

[0015] Embodiments of the present invention seek to provide a

silicon wafer wherein the occurrence of both slip dislocations and

warpages during a semiconductor device production precess can



shoul d be conducted, and if doping is conducted,
whi ch el enent shoul d be doped. These can properly be
sel ect ed depending on the kinds of desired
sem conductor silicon wafer. [0038] In addition, a
be SS{B&%@%Q 9 8w ol oduasd p'fsaesltg}tesa%esemcon wafer.
Ircon waf er articularly Iimted
pr esent S|I|con waf er can be applied to the_
MebrsH e 6A1BENY dMi0BE°R1$s of sem conductor silicon
devi ces. The present silicon wafer can be applied
[cdareadicy tzactihenyr oskichial,ens peTifliigpal laywdofva@pages occurring by
epitaxialmaferhaving a surface on which an epitaxia

| aye f oy ned, d f
tn d%lng %eenbgﬁﬁjeéﬁg%' o%%% gl %a( SBS?Et.on éﬁﬁ&ﬁkg to the
I npl anted Oxygen) treatnent or an Si Ge wafer haV|ng a
propgrtace of Wnhibchuransiee dhaydfl P8 $9i9%ed. [ 0039] The
present silicon wafer is characterized in that BMD

r0has aR act-abedt abr shapeii anddobtBMDS piegentscat theentors have
depth of SO gmor nore fromthe surface of said

sili fer t he of BMDs .h I

fofL GH 16 AVt 500t M1 Yenor FERL” (brt ERo 000 &rpi "9 DY ¥
This is based on the present inventors' know edge as

useexyfl @ fred cbelfownad0040] Rdace §, stacking |G2¢df watepd BSY (Bulk
containing BMDs with an octahedral shape, BMDs

StaQ!kEi%EnFaéit)a depth 9f.50 gm ar snof & reretheasand agem BMD.
have an-i nfluence on the properties of slips or

war.pages, .and of tho dla |
[OQHB]ldg?ﬁntQ?v§b Hiriice Nmﬁh' ?q§f$%Xn f gﬁ%ékl Ssi g avoiding
the occurrence of sllps and in a silicon wafer
wagerkaiaticngréag dbBVDsei msa igherd ekt yroof rewbicd ddw denSltY of
than 1 X 1012/cnB, the occurrence of slips can
onsige yppi L ditesacsilindevel a silicon wafer.
BM%%S%#gaeﬁﬁ%%%ﬁﬁﬁ%rg tn§%§10 nn) in a general deV|ce
(ﬁ@ oduction process. In vrrtu %gs din
[0F@durteetr BAVa WaF gt hoicdifg b 8Ft rLBnm%P(Jr]‘?enge e&é\t"% in avoiding
production process, the exposure of the slip on the
slis foacereing hey stild cor wdf er beanhbéumaneemngd anaR@ri fto adjust
a slip occurs in the edge of a wafer, the arrival of
thd h@exﬁé afe aB mﬁ%d%n@’arg%\ﬂfgﬁyf%m | o, dLUMained in a
can revent and adverse i nfluence on- devices can
be prevented. [0041] .In the above ra | ong
sildicggorieatesi Z&° afd WEGRELC deis'Ei &5 a‘?%‘g r et aBFeompllShed the
since the effect of suppressing slips becones
preeeat enveMeaohi | e, the concentration of oxygen
cont ai ned as solid sol ution under the conditions of
: ( neral sinagl ry. r
b6 SRS o i B S et iRt retare o
formed in a high denS|ty,.nearIy all of themare
silgoesi pla‘aredheThis, BYPs| ¥igbnérally s4Fefi 6Pt SPE oA & Bigh
BMDs havi ng di agonal size in the above range in a
derdQnSi, t yhexeeed ngeds Xy10E2ke08. wif0U2gd miaddi L5oneduced, and
t he present S|I|con wafer is characterized by the

nsi t BSF h s of. .n I than 1 gmis

fun erﬁ8¥% t H&h é%gil%§8?%é%§? ﬁﬁsg%%uﬁéied on the

present i nventors' know edge as shown bel ow. [0043]

That is, when a theal stress is applied to a wafer,

BSF i nside the wafer unfaults to a | oop dislocation,

and as a result of the nove and extension of the |oop

di sl ocation, the wafer causes plastic defo nation

resulting in the occurrence of warpages. The | oop

di sl ocation here is a closed_goop-1ike fine

di sl ocation fault occurring inside a wafer, which

essentially differs fromslips generally neaning

di sl ocation faults introduced froma wafer hol ding

portion or a wafer edge portion. Particularly, BSF

having a size of not less than 1 gmeasily changes



i nventors, the above phenonenon frequently occurs
particularly in a batch furnace. In an RTA,; the
phenonenon that BSF inside a wafer changed into

di sl ocation is not observed, and the enl argenent of

rpages i s_not caused_b 4 g N . _
[0y ggn§??3F4%ﬂfecg%?§Iat¥%ﬁ§5;ti§%§% %%ekg?tsﬂsg Bepthere 3
density is known to be about 1/10 to 1/1, 000 of END

prodendsit ya Fhusgont wesegendredeliy dPfl i dakt 2w genehateal shape,
BMDs in a high density of 1 X 1012/cnB while the

density_of BSFE. i e re.tha
d“fﬁﬁ%%ﬁ%%eé[ﬁb4%ﬁ ef§§?ﬂq FﬂgéﬁggssFlgo%E%g%eff not. less
is characterized |n that, of BNDS present at a depth
thaof 580zgm or nore, the density of BMDs havi ng di agona

size of not less than 200 nmis not nore than 1 X 107
/cnB, and this is based on the present inventors'
knowl edge as shown bel ow. [0046] That is, when a
thermal stress is applied to a wafer, a high density
di sl ocation occurs inside a wafer starting froma
I'ar ge-si zed BVMD of those present at a depth of 50 gm
or nore fromthe surface, and as a result, the wafer
causes plastic deformation, resulting in the
occurrence of warpages. The occurrence of dislocation
often starts from END havi ng di agonal size of not
| ess than 200 mm and the occurrence of warpages
during the general device production process can be
suppressed to an extrenely small level, typically 20
gmor |less by suppressing the density of the above
BMDs to not nore than 1 X 107/cnB. [0047] Besides the
features expl ai ned above, the present silicon wafer
shoul d have a reduced average value of interstitia
oxygen concentration. [0048] Here, an interstitia

- oxygen concentration is usually measured in the whole
part of a silicon wafer, and a region to be neasured
includes a DZ layer in addition to a BMD | ayer.
However, since a DZ |layer is nuch thinner than a BVMD
| ayer, an interstitial oxygen concentration neasured
in the overall silicon wafer can be assuned to be
equal to an interstitial oxygen concentration in a
BVMD | ayer. [0049] The interstitial oxygen
concentration in the overall silicon wafer is defined
i'n such a manner on the basis of the inventors'
unpr esumabl e knowl edge that the optinmal BMD
di stribution (size and density) explained above
sonmetines varies with conditions for a heat treatnent
in a device production process due to the
precipitation of interstitial oxygen, and slips and
war pages are sonetines caused thereby. [0050] For
this purpose, the interstitial oxygen concentration
shoul d be not nore than 6 X 1017 atons/cnB. The | ower
limt of the
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interstitial oxygen concentration can be assuned to

be about 4 X 1017 atons/cnB. This is because reducing

the concentration to a level lower than the above

lower limt requires a heat treatnent at a |ow

tenperature for. extrenely |lo . e n eak havin
fro@rE%ﬁrﬁﬁﬁEQQ?(ﬂ%f%ﬁﬁnﬁl ﬁgogoﬁgﬁ%%’ag?ﬁa??§#9F58EQ] i °

addition to the features expl ai ned above, the present .
diagidiconzaafsr 18houl dohdPe nan lisnteFsLPEfafbearbofy +0 /o and

concentration of not less than 1 X 1016 atons/cnB. If

t i epLtatd 05 i |lESSiokhaessaiHati ahgey B not more
thengpﬁgﬁgﬁﬁy%gggeeds fﬁx 108 icnB when a BMD density

is not Less than 1 X 1012 /cm Such carbon
thagohcerdtr 4t on is not preferable. [0052] It is

desirable that the above BMD size distribution and |,
[0041e That erskehi abiloxygenvadencehtrbd | bAvard adHicdgedtont oxyIen

the overall surface of a wafer, but they nmay be
con@Sligyed, o & pand,ef Lhe segiy Ldependhng M the density of

purposes. For preventing only a typical slip

i ntroduced fromthe edge t of .a wafer, it.i
PDE U CIGRECTRRL SLHE SboVel BNESI T di 9P PBuCToR Gnd® POF MO

the interstitial oxygen concentration are achieved in
thart he xouteratoagiyom®.di stant fromthe centre of a wafer
by 80 % or nore of the radius of the wafer. This is

[OO%??#L%}% %_ﬁs’slc %)?é@tﬂ&deq%egsf raorﬂrbhgs@dﬁ@r p@fcidu@fing the present
it

equéntlTy occurs in said region. In addition,
is sufficient for just preventing typical rpa
siliforn wedker 25t RagteherRBtve BIDASFSE St HiFtof Sngetrate e
interstitial oxygen concentration are achieved in the
subd A€ thegi b}t legsschbamu@ti%iot: t he radi us of the

wafer. This is because typical

A: a low temperature heat treatment step whereig the substrate is
heat treated at a temperature of not less than 700 °C to not more
than 800 °C for not less than 30 minutes to not more than 5 hours;

B: a temperature increasing step following the above low temperature
heat treatment step, wherein the substrate is heat treated up to
1,000 °C at a rate of temperature increase of not less than 0.5 °C
/minute to not more than 2 °C /minute; and

C: a high temperature heat treatment step following‘the temperature
increasing step, wherein the substrate is heat treated at a
temperature of not less than 1,000 °C to not more than 1,250 °C in

such a way that the diffusion length of interstitial oxygen is not

less than 20 pm.



hi gh density dislocation inside a wafer, which causes

a war page, frequently occurs in said region. [0053]

The present silicon wafer is extrenely excellent in

respect that slips and war pages occurring in a device

ductio I peci.f : nt

1003 Bk T R e ar BF S Do (Ll Ty e o | P e ey Prese

wherein BVMDs are controlled and an interstitial _ _
siloxyyewatoncemveat CHATFE T EdeCed tashet afedUbbiade |1 subjected

characterized by slips with extrenmely short sizes

to QCGUEET RYeSod Rduhe if ohd OW NGx et defatpents heat treatment
(typically, slip length is not nore than 10 nm and

i ncrease of. a r pa of. a wafer afte

stepy g4Eheht F@aﬁ%gxﬁﬁgg thgnhfa£ ’ eégﬂéi%$alné%&hrature of mot
[ 0054] The above expl ai ned shape across corner

lésdi mensi o tantc nopbeotofmBNDs e Btdi nar ifoy medsures than 30
by Publicly knownmeasurenent nethods. Mre

mindPEST £ cabl Ymotd ey an beumasu:ed Ut%lm@@rbh@re J.ncreasz_ng step
transm ssi on eIectronntcroscope (herelnafter "TEM")

andt heOptical Precipitate Pr h re| after
forfgpbng . e 7™ BEETDPHE Cive (BAH (HE TURBEr R peherein the

measured by sel ective etching. [0055] Regardi ng t he
subskiptei 5¢ onatti onrcertethevamount tefivarakifrage giotg less than 900
waf er, the measurenment and the eval uati on nmethods are

tparticul arkby hi ghteds apdat hey«Ca8R temperature increase of.
c g%alnarﬁ*ybeneasuredbypubl|CI; known net hods. More

specifically, slip dislocation can b
notxleay dography, %ﬂﬂ?ﬁ?héoaﬂﬁﬁnﬂoﬁﬁ=tga ?pagéﬂeﬁﬁt “and

eval uated by observing the warpage using FT-90A
c: ayaidcalpleeat tom NeDEKzCongorari obakir@056J1t| retaddi £pblewing  the
interstitial oxygen concentration can be neasured by
0 nf CL&RRGARY-EFThRY. furnace is
temPSS%?%&%?téggﬁgqﬁg Eg%%dugﬁﬁgggfpfc%% mafer) The
present silicon wafer has the above Qﬁ%ﬁ % n 1
decﬂéaﬁﬁ#e§t Fhus2tang fpriGEessas i or IBrowiRs ngta st e ten
waf er having said features can be applied w thout
° ¢ /hi At at t ®motMabeespeah f i dld Aninats) | arsbrwhwaf éhe hestpryature of
the above features can be produced by controlling
thecgn Lions geoomgsstlgg £oLL Ve A @owkhclerystalre than 800 °c,
g n -up rate,” crystal Ing rate, crucible
rotatlon gas streamand the like) or COﬂdItIOﬂS for
theheabstrabt nbat teheat Ot eak nkMt  fRRSEatdlite, CALRE, dovn to. room
i ncreasi ng/ decreasi ng tenperature and the |ike).

temp@@88lrd N d3e present invention, it is particularly
preferable that a substrate is heat treated step by

059] The s r S
D: tat‘ Z}&gﬁegFmg%fatcuorre Vlf\}a tégr %trg p %r?trrsecae f%&?%g%n(gaﬁshengteemperature
crystal ingot and is properl subjected - to steps, |ike
decchaptey @t tehanpi et $¥Prad ¥?F8hnt% Wﬁﬂﬁeﬁ?Féé?n%%tthe furnace
[0060] The size of the substrate (dianeter,

is tdckness) abwn Net Ra tigdH afHan 1doui ted toAndbti toics mbhn. 800 °C
particularly Iimted whether doping should be

conducted and if doin nduct.ed, [ £ th
anck 1061 G Be-fipect> TRIe Bn B EREITY B sCligcr i Lure of the

dependi ng on the kind and the performance of a
surdesktedisiiricconseafer .2 Ja0062f MHednstarst {p¢eaase of
oxygen contained in the substrate should have an
oxygen concentration during the silicon single
crystal growth by the CZ nethod under ordinary
conditions, and during the production by the heat
treat ment explalned bel ow, the concentration shoul d
preferably be 6.5 X 1017 to 885 X 1017 atons/cnB. |f
t he oxygen concentration is |ess than the above
range, BMDs are not fornmed in a high density, and if
t he oxygen concentrati on exceeds said range, BSFs or
| ar ge- S|zed BVMDs are forned in a hlgh denS|ty Bot h

o v o o~



a second heat treatnment wherein the tenperature is
further increased up to 1,000 C at a rate of 0.5 to
2 C/ mnute for 2.5 to 10 hours; and (C : a third
heat treatnent wherein the tenperature is maintained
within a range,of from1,000 Ct , 2800 -i ug
notv&ﬁﬁ%l?&?“tﬁe %kq¥qﬁﬁeoﬁolgﬁbt i qgﬁé ?ﬁte&éﬁﬁ%ﬁ?%lgﬁ fhe range
oxygen is not less than 20 gm [0063] In the step (A .
of - framheht breatmEm irewpénanuterpesstulean-c700wC tgn 1,100 °C
unpr ef erabl e since the diffusion of oxygen
. ng ! Dsuf fl.cd Yr Q66 esybtd NG ig¥ the ihrsuf thehent °c/minute
andf%?n%t%%%gg%ééits.q%??éﬁpzrgture exceeding 700 Cis
al so unpreferabl e sjince such teéenperature %idl h%§ ess than
to AAT| APrAefbaRor t e MERBEBpLI ‘28t iF6RI°I ol Vi 'grea
i neffectiveness. The tine of the heat treatnent |ess
1; 1t hare 3 MaAuesei shamsuffici’ent ahdr thhestilos mmtticod sofaintained
BMD nuclei, and the tine exceeding 5 hours incredibly
reduyces produgtivi d .t hus .un r abl [ that the
conf%a#hé( s#epa(%?rarféj{%ﬁéﬁgatltg 0 llldo?vrar%gt@ e-aL:iJi eerfﬁlgp atagsg@
increase less than 0.5 C mnute is unpreferable
difSigice desphblef rigtteret i Ebrheravafel’ MGtedSesc ahmdt” hé™-
ensured, and the rate exceeding 2 C mnute is also
[ooepr ef ecabl grskoge presidiibat edoByPs, cenkdddifsappearlength of
The interstitial oxygen concentration of not nore :
. than 6 X 1017 atonms/cnB i s preferabl I epi.ng
mt OBy 0P BRER. FAVFAG BTSEL SrThar TELets AanrBb0 T e 2
at a level of 1 X 1071cnB or less, since the
pum. | Ther Stidrisal toxy geht commemangeinbn2 t¥pm 1 | theorf Whgtepte should
after the conpletion of the follow ng high

tenper ai:ur.g heat 1 rgat et ©Asi LyoRecaes nnat tMer E&nterstitial
be fﬁan % X 1017 gt%ns/cnﬁ. It can be presuned that this

occurs since interstitial oxygen ato i nsi,d 16 3
carkeR | QU WAT &F Lot Her b oﬁhlﬂ?&té%ﬁ ‘1@ Pt &r gt ?Pi gftoms/em Lo
oxygen is externally diffused during the high
2 xt epPesedny/emheat treatment (C) . [0065] The step (O
has a purpose of formng a DZ | ayer by externally
L ffusing.in itd Al; oX ] 531 8h€8ra @ shape means BMD
[OO?éLﬁgfgi%?Scﬁgééét %ﬁ%lff0%%82¥%%mdﬁﬂfé?érable froﬁ% '
the viewpoi nt of productivity reduction since the h .
surpsetatal Wi fRSIGE of Lt e ARGt tRIKEES difg Shovn An
time, and a tenperature exceeding 1,250 Cis also
rigUnpr ef erablieasinge therdegradaubonsof rohederenberts eight {111}
constituting an anneal furnace becones serious. The

diffusign |l ength.of in tifial oxygen is,ay tn red
plaﬂ%ﬁe??c%‘“@bﬂ%bﬁggPE%|a 0 %% Aqu2KY989) ) 2a ose surrounde

tenperatures and tinme in the step (C , and o _
witborigéPet ebyaneés tanapdibbimi ﬁ%d{%&i nPbyrat | #y Phewn in Figure
following formula (i) in accordance with the
2 (2} €NBRK At W £ RRte R thi B1kREs SbePef QLiar] 00B6]} and {100} planes
Diffusion length of interstitial oxygen (gm = 2 X
104 X (__Doxygenc(t)"5 (i) [0067] Werein,
Asom%wa@ﬁﬁﬁégcond) - 0.17 X exp(-2.53 8.62 )< 10-5+
tenperature (K)). A heat treatnent resulting in a ,
[oodif f é¥Denpreseith bf Rntefsti £Rral hax§gén PERtRoPIPRYsPEsIdes an
than 20 gmis preferable for formng a broad DZ | ayer

octRBYEPG asl%;?ee, Afadnatudne$9 attBasndpgmemi Qﬂﬁ&]urro_unded with two
Tenperature increase fromthe steps (B) to (C is not

particularly Iim , _and an_ordinary of . :
ComﬁéﬁﬁE%%ﬁ%ﬁ'éaFﬁﬁréééﬁilﬁlﬁnﬁFe?%ézﬂJ%frbgﬁﬁég%.asTﬁgoﬁ%s%n Frgure

general rate of tenperature increase is not |ess than

5 GC/mnute to not nore than 10 ¢ mnute in a

tenperature range of fromot less than 1, 000 Cto

less than 1, 100 C, and not less than 1 Cmnute to

not nore than 2 Cnmnute in &tenperature range of

fromnot less than 1,100 Cto not nore than 1,250 C

[0069] In the present invention, the above



(A): a low tenperature heat treatnent step wherein
the substrate.is heat treated at a tenperature of not
| ess than 700 00 to not nore than 800 C for not |ess
than 30 mnutes to not nore than 5 hours; (B): a

2(4)t%ﬁg%rature ?Zggeagﬂﬁgséﬁé%lﬂgylﬂgy @gd%B@rLQ@’shape inside as

te T e tréeatment step, wherein the
substrate is heat treated up to a te erature of,
shoWrese FRaN90D(T t FhRoPChR %Q&aﬁhfPG %ﬁtﬁngé?g %ffrom the
tenperature increase of not less than 0.5 C/mnute
platld BRL,ADIA thani &G / BEnuties ande§C)in athenper®tiurend {010}
decreaslng and taking out step follow ng the
enperature reasin f=Tgael=] '
dir%ftFBPﬁaEéew%iggcwbgéeg{ééfg(FgggkgkﬂtgiéeratL?EU%ggﬁfb I the
decrease of not less than 1 Cmnute to not nore than
longk> Ghei hat ecoraRENMRENat e FehperatliPeter ¢iife 15 represented as
substrate becones not |ess than 600 C to not nore

5. LRAN.8PP Chet he(substsr ate i sndmkenredt, of et heptfiuringée of not
and cool ed down to roomtenperature; and (D): a high

morqt gz[r%%g 3:.3{ gs hﬁea%%é:” eat %g fwegraelp’BM\Mq%ESI t\élﬁ w1th an elllptlm_ty

i's decreased
| ess than 600 C to not nore than 800 C and the
excautisigr at. 6 hssi aspeed-dhheedi AYB; akce HERseiPefatglécor water
of the substrate is increased at a rate of

havéegp@£f45Hf% sNGheasgpRl, N@hel @88eihaihtd ob/ Whayhert BMD present
not nore than 10 Cjntnute in the range fromthe

in Sugg%éftfas! nasnerotclzt%?letci%a ! aé{%ler eog Oa lpefascet I%%rr];lpe should be made
by measuring A/B 6f plural BMDs present at different positions in a
wafer, calculating the average thereof {hereinafter "mean
ellipticity") and confirming whether the obtained value exceeds 1.5
or not. If the value exceeds 1.5, the optimal BMD size distribution
for suppressing the‘ occurrence of slips and warpages Decomes
different from the range of embodiments of the present invention
since distortions applied to «crystal lattice around BMDs are
different.

[0028] In the embodiments of the present invention, the diagonal

size of an octahedral BMD means the longer directicn A of the above

{100} and {010} directicns.
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1,100 C and at a rate of tenperature increase of not
less than 1 Cmnute to not nore than 2 Cmnute in
the range fromnot less than 1, 100 Cto not noret han
1, 250 C, andthe substrate isnaintained constantly at
a tenperature in said range in such a way that the
diffusion length of interstitial oxygen is not |ess
than 20 gm The heat decreasing and taking out ste disk-
[002D) Tn ewprficeadsi @it Fdec LE5RRkr APTHY- H¥at %Sﬁeé%eﬁg‘ﬁta 8T
furnaces are used and the heat treatnments (A to (O
11 xar et sonducted 1separatelyy fiomdehe keat coneadfrentdiyi@rg a heat
in different furnaces. In the case where each of the
heat treatnents i.,s advant us n t [ ;
tre%@ﬁﬁﬁatégﬁggtS%%%ﬁiﬁﬁeﬁ%“?%?ﬁ%ﬁé§¥f%@'i r%ﬁ%nggglomeratlon of
productivity, it is preferable to add the step (O
intanetidiiwilde heat treatnent into (A to (C) and (D)
[0070] In this case, the tenperature at the
conpl etion of the tenperature increasing step at a
rate of not less than 0.5 C/ mnute to not nore than 2
C/mnute in the step (B) should preferably be not
| ess than 900 C for obtaining the BVD density in an
anneal ed wafer of not less than 1 X 1012/cnB. The
tenperature | ess than 900 C is unpreferable since
BMDs havi ng been forned during tenperature increase
di sappear in the following step (D) . In the step (B)
, the tenperature at the conpletion of the
tenperature increasing step at a rate of not | eéss
than 0.5 C/mnute to not nore than 2 C/ m nute shoul d
preferably be not nore than 1,000 C. This is because
tenperature increasing in a tenperature range
exceedi ng 1,000 C does not have an influence on the
density of BMDs. In the divided heat treatnment, it
can be assuned that BMDs fainted at the conpletion of
the step (C have changed into BMDs neither shrinking
nor di sappearing in the follow ng high tenperature
heat treatnment step (D), since the substrate has
once been cool eddown to roontenperature in the step
(C). Because of this, the divided heat treatnent does
not require increasing a tenperature up to 1,000 C at
a rate of not less than 0.5 C nmnute to not nore than
2 Cmnute |ike the continuous heat treatnent.
Mor eover, in the case where a tenperature is
increased up to 1,000 C after the conpletion of the
steps (B) and (C), the interstitial oxygen
concentration is not nore than 6 X 1017 ‘atons/cnB and
the above heat treatnent is preferable also for
keeping the density of BVMDs with sizes of 200 nm or
nore, at a |level not exceeding 1 X 107/cnB. In the
step (B), the rate of tenperature increase of |ess
than 0.5 Cmnute is unpreferable since stable rate
of tenperature increase cannot be ensured and the
rate exceeding 2 C/mnute is also unpreferable since
preci pitated BVDs coul d di sappear. The rate of
tenperature decrease in the step (C) should be not
less than 1 Cmnute to not nore than 10 C/ m nute,
whi ch can be achi eved by using a general furnace. As
for the tenperature in the furnace at which the
substrate is taken out thereof, a tenperature |ess
than 600 C is unpreferable since said tenperature
causes the |life of the heater of the furnace to be
shortened, and a tenperature exceeding 800 Cis also
unpref erabl e since said tenperature causes the
deterioration of the nenbersléf-a furnace. For the
same reason as the above (C), the tenperature in the
furnace at which a substrate is inserted in the step
(D) should be neither | ess than 600 C nor exceedi ng



[0071] The apparatus used for carrying out the series
of the above heat treatnents is not particularly
limted, and conventionally and publicly known .
apparatus can preferably be used. Specifically, an o
atoQL di BQ ezpahggcbﬁgdtﬁ%ln fHInace QhidnbaldnerddCabucici, are
ur nac en purging function may be used.
[0072] In the present production process, the abov tial
presedist LAt é%ho‘iﬂ%ﬁké@ﬁtaf At risfent s TRPE™FY EéE‘SﬁsemterStl e
the increase of warpage can further be suppressed
atokt YBhcatdy, fi6n NEtDIDEEr g Shen) whertntene sudydbmatete disk-
contains nitrogen. The production of devices with
her forjmance 0 bl 1 which
llk?hg é%se ﬁﬁfégg% ?ﬁés a ﬁging§%ggigi%gﬁgeus'
concentratlon of nitrogen to be added for the abov
becput pos SFhoublebe, FEETERTaf B /LS Tt 8BS X E%)’icsthe ability to
atons/cnB. The nitrogen concentration | ess than the
| aggRbRve tangf drstupps ef ecahd easéwroe it. bEeonNess because such an
dlfflcult to suppress the i ncrease of warpage to not

han n1thou pPOSSi upALes s teheren ro
OXYF%%rEE%%?Qﬁ PBa@@ 8“%0 no%e%t?%n %g 2 %H % Ril€rent £

concentration of nitrogen exceeding the above range
thobs af socthenpBéber abbree starcensapgery t%ﬂmge?aPFﬁﬁl%%%ﬂhgn auclel
and the yield of wafers could be reduced. [0074] In

pechh€ BEESERM1Ar QFUCt iR PseeeSsndt bie Spbsiimaiee sheuldserved as
contain carbon. This is because a silicon wafer with -

a carbon concentratio not ess than 1 0
f th
BMDﬁtoﬂ%?%ﬂﬁ?qﬁaﬁeﬁélﬁyoagcg%F & °g0 stra?g4cﬁﬁygﬁﬁge ° ©
carbon. [0075] The concentratlon of carbon to be
deradded f ®MDehe above purpose should be not |ess than 2

X 1016 atons/cnB to not nore than 2 X 1017 at ons/ cnB.

(0036 %% QgiCQ”Qﬁﬂ%&ﬁHi&HEﬂé%@%tth@nmih@S@bomeFrangeaisﬁsk—like
unpr ef erabl e since the carbon concentration in a .

 silicon wafer becones less thap 1 X 016 tons
staghen¢ ottt PEET Bk Bk di gSPhga%%o er & g%rlgﬁeﬁﬁ%he wafer is

unpr ef erabl e since polycrystallization occurs and the
oxyyeedesi.of Imateis ceskd beteedutethl oxygen forming a stacking

fault is supplied from an oxygenated film on the surface of a wafer.
0OSF nuclei are considered to -be oxygen precipitates having already
been preeent during crystal growth. Thus, the occurrence of OSF

depends on conditions for crystal growth.

Effect of the invention

[0031] The present silicon wafer as disclosed herein contains BMDs
having an octahedral shape, and of BMDs present at-a depth of 50 pm

or more from the surface of said silicon wafer, the density of BMDs

having diagonal

-11-



[0076] The processes for adding nitrogen or carbon to
a substrate are not particularly limted, and
conventional ly and publicly known processes can -
preferably be used. Mdre concretely, a process for
31z%dg% nltr Q9EH M?gfel tSHQ§§n§&§§lmktDOM|y&ﬁﬂeaﬁélﬂﬁ% density
are a de to a 51t i on for ling up a single .
crystal in order to control the concentratlon of
of BPFFofEMdth TersublE? at & t19° bESBbt AP netk tWn @ faSprockafure, the
for addi ng carbon wherein carbon powder is added to a
occliBbtn&O! vEi @Bchors1pykl iad@ upragkeBgldarehystalddwice production
order ‘to control the carbon concentration in a

rate to.be opta ned can e 07 1 be
proﬁ?ﬁ%e§§e§xFﬁﬁ ﬁ%%@i | pﬁf??%@én'gggr g%nakglogéﬁgﬂﬁﬁl can B

concentrations in a substrate are not particularly
prefvente¢@d;hauudt $hied sédheent Fafdronsscdn Dir ePERRDI @ncbehlgh quality
nmeasured by conventionally and publicly known

devBEOEERSES. aN®£€FéﬂEHHﬂéué&|nypm&iroganﬁcdnﬁen&mahiono mm) can
can be neasured using a secondary ion mass

spectrometry ap rat (SLMB). The oxygen.and ¢ e .
be §6HQEHT?atq%h%? gﬁ asu%ro foeﬁe FRfPared § B nsiae, o

absor ption spectronetry, and calculated usi ng values
predehtnedlbynﬂammﬁw(l&paHyEue@ﬁeonﬁéspaﬁd51ﬁ¢%ﬁ#ﬁﬂﬁcﬂ?d warpages
Technol ogy I ndustries Associ ation) as conversion
andf f gL ors, S ANDL £6e r IRP 4Bk 1 The, present invention is
osely explained on the basis of exanples in the
followng section, but it is not particularl ngs dﬁﬁclosed
[0088] { RESETBXAFPIFEs. TRDOPSTSTBr 086851 F 0t br BHUTT QSS
anneal ed wafer) Single crystal ingots were produced ‘
hergnder thar bousrcondi tddnsotiwad eips dirahetamageonducingna device
type, oxygen-, nitrogen- and carbon concentrations),
pro&E8t§5H“3ﬁ¥3EE%Q”ScéH Egﬁs§défﬁﬂﬂy beunksoHestshe, and a hign
tained ‘single crystal ingots were cut out usrng a
wire saw and subjected to a mrror tr tne to orm . h
quadiyb¥t pat 880w YR t FiERheST oPTTER Y o CtEPBm°t Streng
t hese substrates, anneal edwafers were produced by the
thofigh| wandingy pr ozessesr (cBn andpft@jucedl) Heat treatnent 1
The obtai ned substrates were inserted into a batch :
t at n n egtedMP th€ide, the
[OO¥§ (ﬁﬁ%agggreéf%%n?e &i&%gaﬁﬁﬁ%yaaﬁ%§#ﬁé ggcgﬁ% heat
treatnment (D) in an argon atnpsphere in the sane
prepaphacel Liee drRfesi deY edGEReYof CFRRE i mtléPst PEFHfcations  and
oxygen in the second heat treatnent were obtained by
warbAhegratd eyt hevabone high gettering ability.

Brief description of drawing

- (0034]

[Figure 1] Figure showing slips and warpages introduced by heat

treatment

[Figure 2] Schematic figure showing the difference between
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formula (i) on the basis of tenperature and tine in
accordance with the tenperature pattern in the second
heat treatnment. [0080] The first heat treatnent:
After maintained at a tenperature of 700 C for four
hours, the tenperature was increased at a rate of 1

oct e'Hf%‘it%tnIﬂ 79 atG 19 QPGS The second heat

reat ne e t'enmperature was |ncreased at a rate of
5 Cmnute from1,000 Cto 10%90 atarate of 1
BestC/anbagtiaeniofor, KRG RS Mg AV L?
mai ntained at 1,200 C for 1 hour, the tenperature
[003@¥5Tﬁ%cggégéﬁtainﬁeﬁalenoislcldﬁeﬁyuﬂxgﬁammﬂduoZO@heraSlS of
to C at arate of 5 Cmnute from1,100 Cto

the -ﬁgquc%ll%%ﬁa J‘f‘t ea%e{%éflrgt% Gl mau e, £ omd, Jg’Qothé: t®1owing

es were taken out at
tenperature of 700 C. (2) Heat treatnent 2 The
sectaldral ned substrates were inserted into a first batch
vertical heat treatment furnace and after the

[Ooj@np (et Pfwdferfirst heat treatment (A B and O
e substrates were inserted into the second batch

verti cal at treatnent furnac t

The Geesta hedt SEFBaPRERE (BT n%cﬁt%ﬁg%%&ﬁ{nﬁ.%&%%e‘fge Jheurrence
diffusion lengths of the interstitial oxy%en i.n the

of b&sﬁ(hoBdibeahndrxearpegesv@mselr@@t@@eé@q{,ayp@:ﬁ) uggﬁ‘@n\,\gyocess can

as in the Heat treatnent 1. The first heat treatnent:

con@&eega %@I%%SQQ@-Cfor four hours, the

rrper ncreased up to 900 C at a rate of 1

C/ mnute, and the tenperature was .thereafter
00 bk Feastr oWS PELTGE LBVSPta at g OF L 3oQ T HRiST (dianster,
Thesubst r at eswer et akenout at at enperature of 700 C from

thidieeda)y naseand onidedl. ddweo tic deomoteApadiaedr ehether doping
second heat treatnent: The substrates were inserted

shoc?fd ge conducted, and if doping is conducted, which element should
be doped. These can properly be selected depending on the kinds
of desired semiconductor silicon wafer.

[00l38] In addition, a semiconductordevice producedusing the present
siliconwafer is not particularly limited, and present silicon wafer
can be applied to the production of various kinds of semiconductor
silicon devices. The present silicon wafer can be applied broadly
to the production, specifical lj\j of anepitaxial waferhavingasurface
on which an epitaxial layer is formed, a laminated S0I wafer, a
STMOX wafer having been subjected to the SIMOX {Separation By

Implanted Oxygen) treatment or an SiGe wafer having a surface on

which a SiGe layer is formed.
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tenperature of 7000 C, and the tenperature was

increased from700 Cto 1,100 Cat arate of 5

Cmnute, from1,100 Cto 1,200 Cat arate of 1

C mnute, and after maintained at 1,200 C for 1 hour,

the tenperature was decreased from1,200 Cto 1,100

at,a -ate . ' I; i@ali A06ha® BMD has

{OO3§¥ ghFa e%?gé %}éﬁéﬁétgégﬁ#f@%ﬁ%ﬁ%%%&eg to 700 C at

arate of 2 Cmnute, and the substrates were taggg
an ootuhhatiralt shppeatame of BMRS bCesenheat ol (95 Pgr 20 4™ o

the production of the silicon wafers (wafer dianeter,

moreCeRdUCHinan st¥PEceCoRCeAL Has i DNsofofiafar bothe mignsigen of BMDs
and oxygen) in the substrates and diffusion | engths

of interstitial oxygen ip t heaf tr 12 ) a3

havmﬁgﬁﬁali%q@aﬁlzeg@m ﬁoé@né“ E nqu?}.%gg nn{e%%% gf o /om
dope. And the concentrations of contai ned substances

This( Ssibhsas @xyhemprasant tOReRbPEEH XAy LS 2 2 §XBy ined below.
ordinarily and publicly known processes. [0081]

roodghebher tls, 1085211 {MbasuireTenineath Sugltat aitiotn octanedzal
anneal ed waf ers) The anneal ed waf ers obtai ned under

t he above production condjtions were neasure n
shapsya Bidse g TRgePés péch 6?pFﬁe°?o$?o%ﬂhar(T?Fe(gféhE%B? surface
(4) and (6). The nitrogen-added wafers were neasured
havedlsso iinf Iespec bnot heSprobertdes odnsenPFaPF ofereRdehe and of
sanpl es used for the nmeasurenent of (1) and (2), TEN
sSa S htai 196 Rdi g themwebes® nioekhgébit great
tho%ﬁe € ér%ﬁ%gaaLégfﬁ§Q¥§%'gnﬁ 100 gmand 300 g m wth
a precision grinder, and taken out fromthe t . ‘74
effqusiall GHIRPAGRS dehte p%%fF‘fJF%?P%%dO% h%fnjp%% t?%\% ity Fpgiticon
di stant fromthe edge of the wafer. Measurenents were

wa £SONEunt£0h g usi 1@ KIS bin sethigy demsisty cof ot less than 1
‘ predet erm ned depths (50 gm 100 gm and 300 gm and

t predet erm ned positions.(th ROSI sed
X 1Bl(i}eictmr3on“1'1% Qﬁﬁuﬁrs%)rbﬁ OfE? 821%%%9%?&%%% t"hg l\kz?gréél.gﬁpres

(1) Determ nation of BVMD shape: BMD el lipticity was .
to ademal irilmstt orityhéceddivenet nHE theNol Oy R4 general device

intensities obtained by nmeasuring the sane

foeSaNPEE W18 ohihes A istanl g odicnest foom a wafer
pro%ﬁ%ﬁ%ﬁf%ﬁ? ghanged bet ween {110} and 11001

directions. That, neans, the relati e he
hoL g P L ST By o A N P Erer 57 Gag P05 re
exam ned in advance and the ellipticity was obtai ned
of dHeOmIRe onathe sfir§agrabfithensiticeen Wwakaiucéreke Ragvented,
al so conducted by using TEM and the ellipticity was
neasur ed. on ashSeRE 8agLChESEORarkrpgenyi enedval of the
andf%%n#{%gﬁ§d?%£§¥$o%. on thegﬁasis of the results
obt ai ned above, BMD shape det er mi ned.. The
511 pletoram SRR IR To RIS G o Badi 6 (78 ReaRTerented
ellipticity obtained by averaging all of the
and €hébOEE61 Lhesuebtai baddbyineasceenngeapresastet BVDs
contained in each of the sanples, by judging whether
| d_val ue.exce 1. i a2 15k 28 aRd WER8e £ Wensities
{Oeiﬁg%ﬁ\g’gia?eovaenggggﬁéi%/rg)%?@taﬁéagganpl es were neasured
using OPP and TEM In view of the observ tjonbresultsreater
are prediered Usys thee toeleffanf pE &@m%f’%ﬁ&% SCPRR= 9 :
density of BMDs with predetern ned sizes was

MeafBh2h Betn Jhendensidat iafn B¥Dsxwhéh quredsivesdraresblid solution
Sl zes was obtai ned by averaging the densities at

predeterm ned,t hree .depths (5 m \ n )
undey EESSGPBEéﬁﬁoﬁﬁ éﬁPgaiﬂ%$ 6%£§Hg§§%gf%%%§ﬁi)gr0Wth is

Technol ogy I nc, signal intensity obtained by

el ectrically signal -processing phase difference of
transm ssion | aser ascribed‘@%'END was neasur ed.

Bl vi Ds with known sizes were neasured using OPP in
advance, and a calibration curve showi ng the relation
bet ween the signal intensities and the BVD sizes were



[0084] Di agonal size of octahedral BMD (nm = 153 X
(OPP signal) ("3 When the sizes were obtained, the
Ghost Signal Renoval Treatnment (K. Nakai Review of
Scientific Instrunents, vol. 69 (1988) , pp. 3283)
was conducted. The detection sensitivity was set to

th @ that BMDswith,di | .S t £
aboutthgnqg%r(?i nf 8@?2‘:{%’ AR T eg&%ﬁ(ﬁ)%%‘]zeeﬁ ﬁs%%?néanrte formed
using TEN. The density of BMDs with predeterpn ned .
in ashigh viessobvai hedrd ehé BASFESBf2ERPRPCHBLLRPTL: Thus, 1t
i mge obtai ned by neasurenent. The density was
is g%te%iaﬁﬂg( f:amitdha ¢ ruThesrmo BB s ohisey ethortdli nsize in the
field of view and the volune of a sanple

corresponding to the observed region, .1x,3) :BSF si ze
abovgndadditsiitty SARSES e %iﬁﬁﬁcg]tr?%ﬁbgo OBl i/é}‘e'
pol i shing, the polished surface of each sanple was ,
[00420bj Ent 2ddivice) adtd peeseohi aglicon Wi isf charppfepized by
a light etching solution, and the pits of BSFs were
bser.yed uysi ansQpt k¢ Ler S um is not more
the SRR g e PSos TPt Rt PR TR AT Fhe
| engt h of l'i near pit or the length of the |ong ,
thanaki 3l l&?{@?ﬁ-i Bhisf iabasiad peofivaP Ste"%a%n&&’f‘}gﬁgﬁ dgnowledge
the size of BSF. The area density of BSF pits was
as solbal ned dw.omthe nunber of BSF pits with sizes of
not less than 1 gmand the area of the observed
r.69i d BRE densi C sigakpdh atadtBya wafer, BSF
[004&ﬁvi %ﬁgﬁgﬁe%gﬁga%dzh%¥9%£b§%%ﬁ§%e%%h%%g aﬁount to a ’
depth of 2 gm BSF density was obtai ned bé averﬁging 1t
insigdee thsasafedr waltged td tor 8déCOPnfREdOCAT &8 depPHs2E50 T5H
gm 100 gmand 300 gm of the wafers. (4)
of thBtRsSL idipbx0xygenn andixaibop dbateastadvnprrimmwafer causes
anneal ed wafer The interstitial oxygen concentration

in an | ed waf ers e r b [ ared

pLaish B T Tl PO Thd | U SFGee aarrned By oages: The
JETTA (Japan El ectronics and | nformation Technolog¥,

Loop fdsdbraés ossketkats enFlasedohwersi bke flddtopdslpration fault
conversion factor for interstitial oxygen

oo GPGRPALI 8D 385: B 03 Whilll TedsaRrpatl fodiffers from slips

Interstitial carbon concentration was 8.1 X 1016/ cn®R. :
(5). Nitrogen concentration in_anneal e 3
Genaiald XoP FALDE G ST T Bt R P e g Chay ff W Sholding
conpl etion of polishing up to 20 gmfor the renoval )
portaford ¥ ta egee rexideren glo rdiifobus iPerr tiaydardy t BSF having a size
surfaces thereof, interstitial nitrogen concentration
s .measuyr.ed usin _—( uapign LP nd
of Nngis St Abrpdie SESrLYanta R anneg Sq parepion Loop, 2
Anneal ed wafers were subjected to the follomﬁn% heat % 10°
by supgstemsisg (B)e Alenml §6)B s@i¢ 574 {6y not mors than 1
"pseudo-devi ce process heat treatnment”). The war pages
/ cn®f +RRNEateErdREE LT et pageant abrerht herpsesdondey suppressed
process heat treatnent were neasured using FT-90A
roduced by NI Co Fat ik op, - ' egsge
to FhrphgRTRLY oBFal hea Bsarhiny Fhct RACFEPFSPEgnatpages fxom
equation: Increase of warpage = warpage after the
befdsatict néaemEmat WagTaRNDEPULE PRe HRECIIA Rt moTe than
The anneal ed wafers after the conpletion of the

10 ,g?(ﬁ@“?’ﬁédgﬂ‘éeoﬁeﬁéﬂﬁ@%%@éa%&%i@ﬁ@wﬁ%@h thek-1like BSF.
-ray topography, and the length of the |ongest slip

of those observed,was defined as a_repr tive
In VisueoE (695 ASKPERITERER: RENLGa PRETh SRERTRGSE bY° the present
treatment furnace
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(1): Awafer was inserted into the furnace while a
tenperature in the furnace was nmai ntai ned at 900 C
(I'1): After maintained in an oxygen atnosphere at a
tenperature of 900 C for 30 m nutes, the wafer was
taken out at a tenperature of 900 C. (6) -B: Heat

:i.nv%nr eartsme r%ﬂleugbglg?r%ﬁeﬁoﬁgﬁémtf 15@1‘1‘51}” IEu@%ruu':tshﬁart:'u_cularly in

of1ovii g con NS was repeated ten tines:
Insertion: roomtenperature; Rate of tenperature |,

a batedr §azsacso Iw/an mie; thE HP@HSF@@E?na?g% lasige a water
1 mnute; Rate of tenperature decrease: 30 C/ m nute;

chankfdd NG QY1 SRt aAhidte pbard valdjoapbietbe anfjangement of
(Measurenent and eval uation results of anneal ed

waf ers) Regardi ng, t.he eal ed waf ers produced under
WarRaEes ot 1 i@ WM T h” Tabl e 1, neasured density

of BMDs with a predeternined size and interstitial ,
[ 004Ky gen gemecerit,r BSForensdad vs hiags cargeardirhswaEh BMD density,
war pages caused by the pseudo-device process heat

and RESBELRE]  YWerL kBHHBF b 2R0abbutab) €0 20 aglFsaimbe8MIndensity.
Conpar ati ve Exanples. The nmean ellipticity of BVMD was

Thuggh&ngégﬁéggg@%%g]éjpﬁ%ﬂqe }‘teor !Sc_’;’e%rﬁ%gt éggMﬂg (rjlﬁlji aaplg.gh density
of 1 X 10'%/cm® while the density of BSF is suppressed to not more
than 1 X 10%/cm’.

[0045] Further, the present silicon wafer is characterized in that,
of BMDs present at a depth of 50 um or more, the density of BMDs
having diagonal size of not less than 200 nm is not more than 1
X 107 /em®, and this is based on the present inventors’ knowledge
as shown below.

[0046] That is, when a thermal stress is applied to a wafer, a high
density dislocation occurs inside a wafer starting from a
large-sized BMD of those present at a depth of 50 pm or more from
the surface, and as a result, the wafer causes plastic deformation,
resulting in the occurrence of warpages. The occurrence of
dislocation often starts from BMD having diagonal size of not less
than 200 nm, and the occurrence of warpages during the general device

production process can be suppressed to an extremely small level,

typically 20 gm or less by suppressing the density of the above
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BMDs to not more than 1 X 107/cm’.

[0047] Besides the features explained above, the present silicon
wafer should have a reduced average value of interstitial oxygen
concentration.

[0048] Here, an interstitial oxygen concentration is usually
measured in the thle part of a silicon wafer, and a region to be
measured includes a DZ layer in addition to a BMD layer. However,
since a DZ layer is much thinner than a BMD layer, an interstitial
oxygen concentration measured in the overall silicon wafer can be
assumed to be equal to an interstitial oxygen concentration in a
BMD layer.

[0049] The interstitial oxygen concentration in the overall silicon
wafer is defined in such a manner on the basis of the inventors’
unpresumable knowledge that the optimal BMD distribution (size and
density) explained above s@metimes varies with conditions for a
heat treatment inadevice productionprocessdue tothe precipitation
of interstitial oxygen, and slips and warpages are sometimes caused
thereby.

T0050] For this purpose, the interstitial oxygen concentration
should be not more than 6 X 107 atoms/cm’. The lower limit of the
interstitial oxygen concentration can be assumed to be about 4 X
107 atoms/cm’®. This is because reducing the concentration toa level

lower than the above lower limit requires a heat treatment at a
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low temperature for extremely long time, and such a heat treatment
is difficult to conduct actually.

[0051] In addition to the features explained above, the present
silicon wafer should have an interstitial carbon concentration of
not less than 1 X 10*¢ atoms/cm®. If the carbon concentration is
less than said range, a BSF density exceeds 1 X 10® /cm® when a BMD
density is not less than 1 X 10%% /cm®. Such carbon concentration
is not preferable.

[0052] It is desirable that the above BMD size distribution and
the interstitial oxygen concentration are achieved on the overall
surface of a wafer, but they may be achieved on a part of the region,
dependingcnlpurposes.Forpreventingonlyzatypicalslipintroduced
from the edge part of a wafer, it is sufficient that the above BMD
size distribution and the interstitial oxygen concentration are
achieved in the outer region distant from the centre of a wafer
by 80 % or more of the radius of the wafer. This is because a slip
introduced from the edge part of a wafer frequently occurs in said
region. In addition, it is sufficient for just preventing typicél
warpage of a wafer, that the above BMD size distribution and
interstitialoxygencnncentrationareachievedjj1theinsideregion
by less than 80 % of the radius of the wafer. This is because typical
high density dislocation inside a2 wafer, which causes a warpage,

frequently occurs in said region.
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[0053] The present silicon wafer is extremely excellent in respect
that slips and warpages occurring in a device production process
are small. More specifically, the present silicon wafer,
particularly a silicon wafer wherein BMDs are controlled and an
interstitial oxygen concentration is reduced as stated above, is
characterized by slips with extremely short sizes occurring also
iﬁ the following heat treatments {typically, slip length is not
more than 10 mm and increase of a warpage of a wafer after the heat
treatment is not more than 10 um) as explained below.
[0054]Theaboveexplainedshape,acrosscornerdimensionandnumber
ofBMDsareordinarilynmasuredbypubliclyknownmeasurementmethods.
More specifically, they can be measured using the transmission
electronmicroscope(hereinafter,“TEM”)andtheOpticalPrecipitate
Profiler {hereinafter, “OPP”}. As for BSF, the size and the number
can be measured by selective etching.

[0055] Regarding the slip dislocation or the amount of a warpadge
of a wafer, the measurement and the evaluation methods are not
particularlylimited,andtheycanordinarilybeneasuredbypublicly
known methods. More specifically, slip dislocation can be measured
by the X-ray topography, and the amount of a warpage can be evaluated
by observing the warpage using FT-90A available from NIDEK
Corporation.

[0056] In addition, interstitial oxygen concentration can be
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measured by the Fourier transform infrared spectroscopy (FTIR).
[0057] {Process for producing silicon wafer)

The present silicon wafer has the above explained features. Thus,
any processes for producing a silicon wafer having said features
can be applied without limitation. More specifically, a silicon
wafer having the above features can be produced by controlling
conditions for a single crystal gréwth (crystal pulling-up rate,
crystal cooling rate, crucible rotation, gas stream and the like)
or conditions for heat treat_.ment (heat tresatment temperature, time,
increasing/decreasing temperature and the 1like)}.

[0058] In the present invention, it is particularly preferable that
a substrate is heat treated step by step.

[0059] The substrate here means a pre—heat treatment silicon wafer,
which is cut out of a single crystal ingot and is properly subjected
o steps like chamfer and the like, in addition to heat treatment.
[0060] The size of the substrate (diameter, thickness) is not
particularly limited. And it is not particularly limited whether
doping should be conducted and if doing is conducted, which element
should be doped. These can properly be selected depending on the
kind and the performance of a desired silicon wafer.

[0061] The interstitial oxygen contained in the substrate should
have an oxygen concentrationduring the siliconsingle crystal growth

by the CZ method under ordinary conditions, and during the production
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by the heat treatment explained below, the concentration should
preferably be 6.5 X 10*7 to 8.5 X 107 atoms/cm®. If the oxygen
concentration is less than the above range, BMDs are not formed
in a high density, and if the okygen concentration exceeds said
range, BSFs or large-sized BMDs are formed in a high density. Both
concentrations are, therefore, unpreferable.
[0062]Zhlthepresentinvention,theaboveheattreatmentpreferably
comprises (A): a first heat treatment wherein temperature is
increased from 700 © C to 800 ° C for 30 minutes to 5 hours; (B):
asecondheattreatmentwhereinthetemperatunaisfurtherincreased
up to 1,000 ° C at a rate of 0.5 to 2 ° ¢ / minute for 2.5 to 10
hours; and (C): a third heat treatment wherein the temperature is

o

maintained within a range of from 1,000 ° C to 1,250 C in such

a way that the diffusion length of the interstitial oxygen is not
less than 20 pm.

0063] In the step (&), aheattreatmenttemperaturelessthan700° C
isunpreferablesincethediffusionofoxygeninsufficientlyoccurs,
resulting in the insufficient formation of BMDs. A temperature
exceeding 700° ij;alsounpreferablesincesuchtemperaturehardly
has an influence on the EMD optimization, involving great
ineffectiveness. The time of the heat treatment less than 30 minutes
isinsufficientfortheformationofBMDnuclei,andthetimeexceeding

5 hours incredibly reduces productivity and thus uhpreferable.

_921-



, Balch fu L11-51 dos g |

[0064] In the step (B), the rate of low rate—temperature increase
less than 0.5 °C/ minute is unpreferable since a stable rate of
temperature increase cannot be ensured, and the rate exceeding 2 °C/
minute is alsoc unpreferable since precipitated BMDs could disappear.
The interstitial oxygen concentration of not more than 6 X 10%
atoms/cm® is preferable for keeping the density of BMDs having sizes
of not less than 200 nm at a level of 1 X 107 /cm® or less, since
the interstitial oxygen concentration in a silicon wafer after the
completion of the following high temperature heat treatment easily
becomes not more than 6 X 107 atoms/cm®. It can be presumed that
this occurs since interstitial oxygen atoms inside a silicon wafer
gather around BMDs while interstitial oxygen is externally diffused
during the high temperature heat treatment {C).

[0065] The step (C) has a purpose of forming a DZ layer by externally
diffusing interétitial oxygen. In this step, a temperature less
than 1,000 °C is unpreferable from the viewpoint of productivity
reduction since the external diffusion of interstitial oxygen takes
long time, and a temperature exceeding 1,250 °C is also unpreferable
since the degradation of the members constituting an anneal furnace
becomes seriocus. The diffusion length of interstitial oxygen 1is
a numerical value calculated on the basis of temperatures and time
in the step (C), and concretely, it can be obtained by integrating

the following formula (i} in accordance with the temperature pattern
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in the step (C}:

[0066]

Diffusion length of interstitial oxygen (upm) =

2 X 10* X (§ Donygend®)®® (1)

[0067] Wherein,

Daﬂgwdcmﬁ/secondj =0.17 X exp(-2.53 & 8.62 X 107® + temperature
(X)) .

A heat treatment resulting in a diffusion length of interstitial
oxygen of not less than 20 um is preferable for forming a broad
DZ layer having a size of not less than 5 gm.

[0068] Temperature increase .from the steps (B) to (C) is not
particularly limited, and an ordinary rate of temperature increase
may preferably be used. The most general rate of temperature increase
is not less than 5 °C/minute to not more than 10 °C/minute in a
temperatureranqeoffromnotlessthanl,OOO°Ctolessthan1,100°c,
and not less than 1 °C/minute to not more than 2 °C/minute in a
temperature range of from not less than 1,100 °C to not more than
1,250 °C.

[0069] In the present invention, the above temperature treatment
more preferably comprises:

(AY: a low temperature heat treatment step wherein the substrate
is heat treated at a temperature of not less than 700 °C to not

more than 800 °C for not less than 30 minutes to not more than 5
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hours;

{B): & temperature increasing step following the low temperature
heat treatment step, wherein the substrate is heat treated up to
a temperature of not less than 900 °C to not more than 1,000 °C
at a rate of temperature increase of not less than 0.5 °C /minute
to not more than 2 °C /minute; and

(C): a temperature decreasing and taking out step following the
temperature increasing step, wherein a temperature in a furnace
is decreased at a rate of temperature decrease of not less than
1 °C/minute to not more than 10 °C/minute, and when the temperature
of the substrate becomes not less than 600 °C to not more than 800 °C,
the substrate is taken out of the furnace and cooled down to room
temperature; and

_(D): a high temperature heat treétment step, wherein a temperature
in the furnace is decreased down to not less than 600 °C to not
more than 800 °C and the substrate is inserted thereinto, and the
temperature of the substrate is increased at a rate of temperature
increase of not less than 5 °C/minute to not more than 10 °C/minute
in the range from the substrate insertion temperature to less than
1,100 °C and at a rate of temperature increase of not less than
1 °C/minute to not more than 2 °C/minute in the range from not less
thanl,lOO°Ctonotmorethan1,250°c,andthesubstrateisnmintained

constantly at a temperature in said range in such a way that the
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diffusion length of interstitial oxygen is not less than 20 um.
The heat decreasing and taking out step (C) is conducted in the
case where two heat treatment furnaces areusedand the heat treatments
(A) to (C) are conducted separately from the heat treatment (D)
in different furnaces. In the case where each of the heat treatments
is advantageously conducted in separate heat treatment furnaces
for improving productivity, it is preferable to add the step ()
and divide heat treatment into (A) to (C) and (D).

[0070] In this case, the temperature at the completion of the
temperature increasing step at a rate of not less than 0.5 °Cc/minute
to not more than 2 °C/minute in the step (B) should preferably be
not less than 900 °C for obtaining the BMD density in an annealed
wafer of not less than 1 X 10*2/cm®. The temperature less than 900 °C
is unpreferable since BMDs having been formed during temperature
increase disappear in the following step (D). In the step (B), the
temperature at the completion of the temperature increasing step
at a rate of not less than 0.5 °C/minute to not more than 2 °C/minute
should preferably be not more than 1,000 °C. This is because
temperature increasing in a temperature range exceeding 1,000 °C
does not have an influence on the density of BMDs. In the divided
heat treatment, it can be assumed that BMDs formed at the completion
of the step (C) hawve changed intc BMDs neither shrinking nor

disappearing in the following high temperature heat treatment step
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(D),sincethesubstratehasoncebeencooleddowntoIoomtemperature
in the step (C). Because of this, the divided heat treatment does
not require increasing a temperature up to 1,000 °C at a rate of
not less than 0.5 °C/minute to not more than 2 °C/minute like the
continucus heat treatment. Moreover, in the case where a temperature
is increased up to 1,000 °C after the completion of the steps (B)
and (C), the interstitial oxygen concentration is not more than
6 X 10'7 atoms/cm’®, and the above heat treatment is preferable also
for keeping the density of BMDs with sizes of 200 nm or more, at
4 level not exceeding 1 X 107/cm’®. In the step (B), the rate of
temperature increase of less than 0.5 °C/minute is unpreferable
since stable rate of temperature increase cannot be ensured and
the rate exceeding 2 °C/minute is also unpreferable since
precipitated BMDs could disappear.

The rate of temperature decrease in the step (C) should be not less
than 1 °C/minurte to not more than 10 °C/minute, which can be achieved
by using a general furnace. AS for the temperature in the furnace
at which the substrate is taken out thereof, a temperature less
than 600 °C is unpreferable since said temperature causes the life
of the heater of the furnace to be shortened, and a temperature
exceeding 800 %:isalsounpreferablesincesaidtemperaturecauses
the deterioration of the members of a furnace.

For the same reason as the above {C), the temperature in the furnacse
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at which a substrate is inserted in the step (D) should be neither
jess than 600 °C nor exceeding 800 °C. The preferable rate of
temperature increase should be a rate which can be achieved by the
use of a general furnace and can shorten the overall time for the
heat treatment, specifically, not less than 5 °C/minute to not more
than 10 °C/minutg within a range of from a temperature at which
the substrate is inserted to a temperature of iess than 1,100 °c,
and nqt less than 1 °C/minute to not more than 2 °C/minute within
a range of from not less than 1,100 °C to not more than 1,250 °C.
The ranges of the temperature and the diffusion length of oxygen
in the heat treatment at a temperature of not less than 1,000 °C
are as stated above. The rate of temperature decrease and the
temperature at which the wafer is taken out are not particularly
limited.

[0071] The apparatus used for carrying out the series of the above
heat tregtments is not particularly limited, ana conventionally
and publicly known apparatus can preferably be used. Specifically,
an ordinary batch vertical furnace or a batch vertical furnace with
oxygen purging function may be used.
[0072}I&1thepresentproductionprocess,theabovesubstrateshould
containnitrogen.Thisisbecausetheincreaseofwarpagecanfurther
be suppressed (typically, to not more than 5 pm) when the substrate

ccntainsnitrogen.ﬂﬂmaproductionxyfdeviceswithhigherperformance
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becomes possible by suppressing the increase of warpage in such
a way.

[0073] The concentration of nitrogen tobe added for the above purpose
should be 5 X 10** atoms/cm® to 1 X 10® atoms/cm’. The nitrogen
concentration less than the above range is unpreferable since it
becomes difficult to suppress the increase of warpage to not more
than 5 pgm though it is possible to suppress the increase of warpage
to not more than 10 gm. The concentration of nitrogen exceeding
the above range is also unpreferable since polycrystallization
occurs and the yield of wafers could be reduced.

[0074] In the present production process, the substrate should
contain carbon. This is because a silicon wafer with a carbon
concentration of not less than 1 X 10 atoms/cm® can be produced
when the substrate contains carbon.

[0075] The concentration of carbon to be added for the above purpose
should be not less tﬁan.Z X 10% atoms/cm® to not more than 2 X 107
atoms/cm’. The carbon concentration less than the above range is
unpreferable since the carbon concentration in a silicon waferxr
becomes less than 1 X 10%® atoms/cm®. The concentration exceeding
the above range is also unpreferable since polycrystallization
occurs and the yields of wafers could be reduced.

[0076] The processes for adding nitrogen or carbon to & substrate

are not particularly limited, and conventionally and publicly known

-28 -



enb Vor n3) 7 8E+11 L 20E+57 | 1.5E+12 | 6. 7E+D6
I MUM ari a

processes can preferably be used. More concretely, a process for
adding nitrogen wherein substrates with nitride films are added
to amelt solution for pulling up a single crystal in order to control
the concentration of nitrdgen in a substrate to be obtained, and
a process for adding carbonrwherein carbon powder 1s added to a
melt solution for pulling up a single crystal in order to control
thecarbonéoncentrationinasubstzatetobeobtainedcanbeemployed.
[0077] The processes for measuring nitrogen, carbon and okygen
concentrations in a substrate are not particularly limited, and
said concentrations can preferably be measured by conventionally
and publicly known processes. More specifically, nitrogen
concentrationcanbeneasuredusingasecondaryionmassspectrometry
apparatus (SIMS). The oxygen and carbon concentrations can be
measured by the infrared absorption spectrometry, and calculated
using values defined by JEITA (Japan Electronics and Information

Technology Industries Association) as conversion factors.

Examples

[0078] The present invention is closely explained on the basis of
exampleijlthefollowingsection,butii:isnotparticularlylimited
to those examples.

T0079] (Process for producing annealed wafer)

Singbacrystalingotswereproducedundervariousconditions(wafer
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diameter, conduction type, oxygen-, nitrogen-— and carbon
concent;ations) , the same portions of the straight trunks of the
obtained single crystal ingots were cut out using a wire saw and
subjected to a mirror treatment to form substrates with a thickness
of 725t0 750 gm. Fromthese substrates, annealedwaferswereproduced
by the following processes (1) and (2}:

(1) Heat treatment 1

The obtained substrates were inserted into a batch vertical heat
treatment furnace, and subjected to the first heat treatment (A,
B and C) and the second heat treatment (D} in an argon atmosphere
in the same furnace. The diffusion lengths of the interstitial oxygen
in the second heat treatment were obtained by integrating the above
formula (i) on the basis of temperature and time in accordance with
the temperature pattern in the second heat treatment.

[0080] The first heat treatment: After maintained at a temperature
of 700 ° C for four hours, the temperature was increased at a rate
of 1° c/ﬁinute from 700 ° C to 1,000 ° C;

The second heat treatment:.the temperature was increased at & rate
of 5° C/minute from 1,000° Cto 1,100° C, at arateof 1 ° ¢/minute
from 1,100 ° C to 1,200 ° C, and after maintained at 1,200 ° ¢ for
1 hour, the temperature was decreased at a rate of 1° C/minute from
1,200 ° C to 1,100 ° C, at a rate of 5 ° ¢c/minute from 1,100 ° C to

1,000 ° C and at a rate of 2 ° ~/minute from 1,000 ° C to 700 ° C,
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and the substrates were taken out at a temperature of 700 C.
(2) Heat treatment 2

The obtained substrates were inserted into a first batch vertical
heat treatment furnace and after the completion of the first heat
treatment -(A, B and C}, the substrates were inserted into the second
bateh vertical heat treatment furnace and subjected to the second
heat treatment (D) in an argon atmosphere. The diffusion lengths
oftheinterstitialoxygenjjlthesecondheattreatmentwereobtained
by the same way as in the Heat treatment 1.

The first heat treatment: After maintained at 700° C for four hours,
the temperature was increasedup to 300° C a£ a rate of 1° C/minute,
and the temperature was thereafter decreased down to 700 ° C at &
rate of 3° C/minute. The substrates were taken out at a2 temperature
of 700° ¢ from the furnace and cooled down to room temperature;
The second heat treatment: The substrates were inserted at a
temperature of 700° C,andthetemperaturewasincreasedfrom700° c
to 1,100 ° C at a rate of 5 ° C/minute, from 1,100 ® Ccto 1,200° C
at a rate of 1 ° C/minute, and after maintained at 1,200 ° ¢ for
1 hour, the temperature was decreased from 1,200 ° C to 1,100 ° C
at a rate of 1 ° C/minute, from 1,100° C to 1,000 °® ¢ at a rate of
5 ° ¢/minute and from 1,000 ° cto 700° C at a rate of 2 ° C/minute,

[+]

and the substrates were taken out at a temperature of 700 C.
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The conditions for the production of the silicon wafers (wafer
diameter, conduction type, concentrations (of carbon, nitrogen and
oxygen) in the substrates and diffusion lengths of interstitial
oxygen in the heat treatments) were summarized.ih.Table 1. In Table
1, p-type means boron dope. And the concentrations of contained
substances (such as oxygen) were controlled and measured by
ordinarily and publicly known processes.

[0081] [Table 1]
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{Measurement and evaluation of annealed waiers)

[0082]
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The annealed wafers obtained under the above production conditions
were measured and evaluated in respect of the following (1}, (2),
(3}, (4) and (6). The nitrogen-added wafers were measured also in
respect of (5) nitrogen concentration. Of the samples used for the
measurement of (1} and (2), TEM samples were obtained by grinding
the wafers to the predetermined depths (50 pm, 100 um and 300 u
m) with a precision grinder, and taken out from the two positions,
the centre position and the position 10 mm distant from theyedge
of the wafer. Measureﬁents were conducted by using OPP by setting
focus to the predetermined depths (50 um, 100 ym and 300 gm) and
the predetermined positions (the centre position, the position 10
mm distant from the edge) in the wafers.

(1) Determination of BMD shape: BMD ellipticity was determined on
the basis of the ratio of signal intensities obtained by measuring
the same measurement sample twice, while a scanning directicn of
OPP was changed between {110} and {100} directions. That means,
the relation between the ratio of signal intensity and the BMD

ellipticitywasexaminedinadvanceandtheeﬂjipticitywasobtained
fromtheratiocﬁfsignalintensities.Measurementwasalsoconducted
by using TEM, and the ellipticity was measured on the basis of a
microscope image viewed from {00l}direction. On the basis of the
results obtained above, BMD shape was determined. The determination

was conducted on the basis of the mean ellipticity obtained by
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averaging all of the ellipticities obtained by measuring at least
10 BMDs contained in each of the samples, by judging whether said
value exceeded 1.5 or not.

BMD size and density: The BMD size and density of the samples were
measuredusing OPPandTEM. Inviewof theobservation resultsobtained
by the following processes 1) and 2}, the density of BMDs with
predetermined sizes was obtained. The density of BMDs with
predetermined sizes was obtained by averaging the densities at
predetermined three depths (50 um,100 pum and 300 pgm) .

1) Measurement by OPP: Using OPP produced by Axent Technology Inc,
. signal intensity obtained by electrically signal~processing phase
difference of transmission laser ascribed to BMD was measured, BMDs
with known sizes were measured using OPP in advance, anda calibration
curve showing the relation between the signal intensities and the
BMD sizes were made. The calibration curve was as shown below.

[0084] Diagonal size of octahedral BMD {nm) =153 X (OPP signal)?-*

When the sizes were obtained, the Ghost Signal Removal Treatment
(K. Nakai Review of Scientific Instruments, vol. 69 (19%88), pp.
3283) was conducted. The detection .sensitivity was set to the degree
that BMD with diagonal size of not less than 80 nm could be measured.
r0085] 2) Measurement using TEM: The density of BMDs with

predetermined sizes was obtained on the basis of the micrescopic

image obtained by measurement. The density was obtained from the
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number of BMDs observed within a field of view and the volume of
a sample corresponding to the observed region.

{3) BSF size and density

After the completion of obligue polishing, the polished surface
of each sample was subjected to selective etching to a depth of
2 gmin a light etching solution, and the pits of BSFs were observed
using an optical microscope. BSF was observed here as a linear or
an ellipsoidal pit. The length of a linear pit or the length of
the long axial direction of an ellipsoidal pit was defined as the
size of BSF. The area density of BSF pits was obtained from the
number of BSF pits with sizes of not less than 1 xm and the area
of the observed region, and BSF density (/cm®) was calculated by
dividing the area density by the etching amount to a depth of 2
gm. BSF density was obtained by averaging the measured values at

predetermined three depths (50 pm, 100 gmand 300 um) of the wafers.

(4)Interstitialoxyqen—andcarbonconcentration:U1annealedwafer
The interstitial oxygen concentration in annealed wafers was
measured by the infrared absorption spectrometry and the values
defined by JEITA (Japan Electronics and Information Technology
IndustriesAssociation}asconversionfactors.Theconversionfactor
for interstitial oxygen concentration was 3.03 X 10%7 /em® and for
interstitial carbon concentration was 8.1 X 10%%/cm’®.

(5) Nitrogen concentration in annealed wafer
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Samples were collected from annealed wafers. After the completion
of polishing up to 20 pm for the removal of a nitrogen external
diffusion layer on the surfaces thereof, interstitial nitrogen
concentration was measured using SIMS.

(6} Evaluation of slip length and warpage resistance of annealed
wafer

Annealed wafers were subjected to the following heat trealments
(6)-A and {6)-B (hereinafter, “pseudo-device process heat
treatment”). The warpages of annealed wafers before and after the
pseudo-device process heat treatment were measured using FT-%0A
produced by NIDEK Corporation, and the increase of warpage was
obtained according to the following eguation:

Increase of warpage = warpage after the heat treatment — warpage
before the heat treatment

The annealed wafers after the completion of the pseudo-device heat
treatment were observed by the X-ray topography, and the length
of the longest slip of those observedwas defined as a representative
value.

(6)~A: Heat treatment using batch heat treatment furnace

(I): A wafer was inserted into +he furnace while a temperature in
the furnace was maintained at 900 ° C;

(IT): After maintained in an oxygen atmosphere at a temperature

of 900 ° ¢ for 30 minutes, the wafer was taken out at a temperature
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of 900 ° C.
(6)~B: Heat treatment using RTA
A heat treatment under the following conditions was repeated ten
times:
Insertion: room Lemperature;
Rate of temperature increase: 50 ° C¢/minute;
Maintenance: at 1,100 ° € for 1 minute;
Rate of temperature decrease: 30 ° C/minute;
Taking out: room temperature; and
Atmosphere: argon

{Measurement and evaluation results of annealed wafers)

Regardimgtheannealedwafersproducedundertheconditionsasshown
in Table 1, measured density of BMDs with a predetermined size and
interstitialoxygenconceptration,andslipsandamcuntsofwarpages
caused by the pseudo-device process heat treatment were summarized
inTableZ,asExamplesandComparativeExamples.Themeanellipticity
of BMD was not more than 1.5 in the wafers produced under any
conditions.

100871 [Table 2]
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[0088] In Table 2, BMD densities (1) and {2) mean a density of BMDs
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with diagonal size of 10 to 50 nm, and a density of BMDs with diagonal
size of not less than 200 nm, respectively.

[0089] The nitrogen concentration in the nitrogen-added annealed
wafer did not differ from the nitrogen concentration measured
asgrown.

[0090] These results show that in thé case where the BMD density
(1) is not less than 1 X 10"/cm® and the BMD density (2) is not
more than 1 X 107/cm® and the BSFdensity is not more thanl X 10%/cr’,
the lengths of slips after the completion of a batch furnace heat
treatment and an RTA heat treatment are not more than 10 mm and
the increases of warpages are suppressed to not more than 10 pm.
[0091] In addition, Comparative Examples show that in the case where
the BMD density (1) was less than 1 X 1012/cm3, the lengths of siips
after the completion of a batch furnace heat treatment and an RTA
heat treatment exceeded 1C mm.

[0092] In the case where the BMD density (2) exceeded 1 X 107/cr’,
the increases of warpages after the completionof anRTAheat treatment
exceeded 10 pm.

[0093] In the case where the BSF density exceeded 1 X 10% /cm®, the
increases of warpages after the completion of a batch furnace heat
treatment exceeded 10 pm.

[00%4] In the present Examples, since tests for evaluating slips

accompanied by the precipitation of interstitial oxygen and warpage

_ 40 -



| el d5532a eiclure>9 [0088] In Table 2, BMD
densities (1) and (2) nean a density of BMDs

resistance were conducted, the present siliconwafer doesnot exhibit
marked effect of suppressing the occurrence of slips and warpages
in the case where interstitial oxygen concentration is not reduced.
In the case where a heat treatment hardly accompanied by the

precipitation of interstitial oxygen (for example, heat treatments
at a comparatively low temperature or for short time) is carried
out, however, the present silicon wafer wherein interstitial oxygen

concentration is not reduced can incredibly suppress the cccurrence

of slips and warpages.
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wi th diagonal size of 10 to 50 nm and a density of
BVMDs with diagonal size of not |ess than 200 nm
respectively. [0089] The nitrogen concentration in
the nitrogen-added anneal ed wafer did not differ from
the nitrogen concentration neasured asgrown. [0090]
These results show that in the case where the BMD
Claijgensity (1) is not less than 1 X 1012/cnB and the BMD
density (2) is not nore than | x 107/cnB8 and the BSF
1. A383I §2eO0LnERES A HAPnAS %l 08 SHBA - bRt Bsaphoterized
STips after the conpletion of a batch furnace heat
treatnment and an RTA heat treatnent are _not re an
in thetymodh®Mise Poesssad & ARkagds "ate 16550 egla gm trom
not nore than 10 gm [0091] In addition, Conparative
the Exarakeoshpw tilatcdmwaiercase dapséty s BNDS davingdiagonal
(1) was less than 1 X 1012/cnB, the |l engths of slips
. after the _compl eti.on_ of fyrpaggiyeat +he densit
sizg Pga{%"ﬁ‘l ong” & RTAY %gtae%?%gtgnrre%t%eggeeded' % 7
[0092] In the case where the END density, (2 exceed%q1 1 X
of EBR¢ MGRticnB sitdes iafcneisdssef thaipagdd™ aft &% fwre than
conpl eti on of an RTA heat treatnment exceeded 10 gm
108/k8893] In the case where the ESE' density exceeded 1
X 108 1cnB, the increases of warpages after the
conpl etion of a batch furnace heat treatnent exceeded
10 gm [0094] In the present Exanples, since tests
for evaluating slips acconpani ed by the precipitation L£ial
2. Tofe Bhiécshi vater Goeprding aFpads 1r dhiHf#ereerstitia
conducted, the present silicon wafer does not exhibit

OxXy al lé%glc%fntt?c“attl%fn Eg%@i%is%gthgﬁ PCC L'I(_Ulé%r@i/@hq Ps not more
Snd warpagées I'n the case where interstitial oxygen

concentration is not reduced. In the.case ere : :
Chamhdat< A DS AEHARS e dl 9%@8@&5%&%@@&6%m cBneentration
precipitation of interstitial oxygen (for exanple,
is heat1dscatents At 1@ Caapanaténel y | ow tenperature or
for short tine) is carried out, however, the present
silicon wafer wherein interstitial oxygen
concentration is not reduced can incredibly suppress
t he occurrence of slips, and warpages. aj 1. A ;
3. Tid pédAchar B LR SF R BNVED rﬁ%céﬁl%cfa‘ﬁ‘eglrﬂﬂ%ﬁ%b%,&e density
characterized in that, of BVMDs present at a depth of
of E@bs |1eSeikdads HPogs f s DR the woir fhees ofham & [ dge not more
waf er, the density of BMDs having di agonal size of 10
nmto 50.nmis not less than 1 X 1012/cnB, and the
thagehstt y%of /88Fs having sizes of not less than 1 umis
not nore than 1 X 108/ cn8B.

4. A process for producing the silicon wafer according to any one
of Claims 1 to 3, wherein a substrate is subjected to a heat treatment
comprising:

A: a low temperature heat treatment step wherein the substrate is
heat treated at a temperature of not less than 700 °C to not more

than 800 °C for not less than 30 minutes to not more than 5 hours;
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2. The silicon wafer according to Caim1, wherein an
interstitial oxygen concentration is not |less than 4
X 1017 atons/cnB to not nmore than 6 X1017 atons/cn8,
and an interstitial carbon concentration is not |ess
than 1 X 1016 atons/cnB. 3. The silicon wafer
according to Caim1l or

2, ein th
B: 2RI He dPEGERET Y 360B I Tk EPR D g ure heat
not nore than 1 X 107 /cnB. 4. A process for

treahRGUCEREP! Reh st d i emenalibst agterit hgatd::aewtamgpo‘fﬁo 1,000 °C
Clains 1 to 3, wherein a substrate IS subjected to a

at treatnent._c ri I t Ay T ea
e o Elbel R B GRUPE) PhPRie B A, IR 0 B it
at a tenperature of not |ess than 700 C to not nore

to ndtam@ed Cdmwr2 ngt {ebRUERandB® ninutes to not nore
than 5 hours: B: a tenperature increasing step

c: alipldowen etﬂé%ﬂr@/\héﬁﬂﬁﬁf@ﬁiﬁ@ihealépt fehl oeig sheptemperature
wherein the substrate is heat treated up to 1,000 C

at a rate _of te era.tur |nc n Ss
incrgasiad nPhPe t“ﬁp%?lr?m théalggggﬁm%tﬁtle an:JIE%ated at @
high tenperature heat treatnment step follow ng the
tempeengera W2 nokcrkess nghat ep; O0Aer €i Eotﬁ@tsfﬁ%?rﬁ]ﬂén $,250 °c
heat treated at a tenperature of not |ess than 1, 000

in séic?u? tha flgtt s 260s o nlér&@tlfh Q}ﬂ/\/a.ﬁtteh%ttltthﬁl oxXygen is

@ uzloo engt of interstitial oxygen is not |ess
an gm 5. Process for producing the silicon
not wefs§ ﬁe@brzﬁnlgmto any one of lainms 1 to 3, wherein
a substrate is subjected to a heat treatnent
conpri si ng:

5. Process for producing the silicon wafer according to any one
of Claims 1 to 3, wherein a substrate is subjected to a heat treatment
comprising:

A: a low temperature heat treatment step wherein the substrate is
heat treated at a2 temperature of not less than 700 °C to not more
than 800 °C for not less than 30 minutes to not more than 5 hours;
B: a temperature increasing step following the low temperature heat
treatment step, wherein the substrate is heat treated up to &
temperature of not less than 900 °c +o not more than 1,000 °C at
a rate of temperature increase of not less than 0.5 °C /minute to
not more than 2 °C /minute; and

C: a temperature decreasing and taking out step following the

temperature increasing step, wherein a temperature in a furnace
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A: a low tenperature heat treatnent step wherein the

substrate is heat treated at a tenperature of not

| ess than 700 C to not nore than 800 C for not |ess

than 3,0 mnutes to not nore than 5 hours; B: a

tenperature increasing step follow ng the | ow

tenperature heat treatnent ste wherein the
is degsesste 4l ehé@tq %t%ﬁﬁ?ﬁﬁ@% tcgﬁ‘Fpreeraaﬁeuroef &oG,giess than
| ess than 900 C to not nore than 1,000 C at a rate of

1 °creppetatis ednebeasehat 1tof C/résutharmr®d F¥her phafigmperature
to not nore than 2 C/mnute; and C. a tenperature

of tﬁ%%&%ﬁr@%@%‘%géﬂég%Qﬂgsét rf @bbm’t‘é B9 Ad¥€more than 800 °C,

_ easing step, erein a tenperature in
a furnace 1is decreased at a rate of tenperature
the debséaséeofsnbakbBsaut hah W/RIAMASE EHNGPONSFe PHRAC ToO™

10 U m nute, and when the tenperature of the

tempadRstal.e hreomes not |ess than 600 C to not nore
than 800 C, the substrate is taken out of the furnace

and cool ed down to room t r X X '
D: o JOerSERPE REAP BrEaTIA B Gn o SP S g L o empexatuze
tenperature decreasing and taking out step, wherein a,.
decrteemienﬁaude:aikinm@utmmewh§r§é@r%§§€@e&&mrﬁol%5’?‘9’ rurnace
| ess than 600 C to not nore than 800 C and the

is db%g%%‘ars%tdedio A BSenbed Lher ehak 060 @Mt tthe ricenperat then 800 °C
and the substrate is inserted thereinto, and the temperature of
the substrate is increased at a rate of temperature increase of
not less than 5 °C/minute to not moré than 10 °C/minute in the range
from the substrate insertion temperature to less than 1,100 °C and
at a rate of temperature increase of not less than 1 °C/minute to
not more than 2 °c/minute in the range from not less than 1,100 °C
+o not more than 1,250 °C, and the substrate ismaintained constantly
at a temperature in said range in such a way that the diffusion

length of interstitial oxygen is not less than 20 pm.

6. The process for producing a silicon wafer according to any one
of Claims 4 and 5, wherein the interstitlal nitrogen concentration

in the substrate is not less than 5 X 10 atoms/cm® to not more

than 1 X 10 atoms/cm’.



the substrate is increased at a rate of tenperature
i ncrease of not less than 5 G/ mnute to not nore than
10 U mnute in the range fromthe substrate insertion
tenperature to less than 1,100 C and at a rate of
tenperature increase of not less than 1 C/nminute to
not nore than 2 Cmnute in the range fromnot |ess
than 1,100 Cto not nore than 1,250 C, and the
7. S¥Rst Al & dS rBRI pradneth @nsiantdry walfea beppedanqrte any one
in said range in such a way that the diffusion | ength
of .interstjtial qgxygen i.g._n ; n BrncEhRration
oI FGEeTs ?o#opébdﬁg¥%ﬁ'at§fl?ggggag-%gﬁgé%%%gﬁ%g to
any one of lains 4 and 5 wherein.the integstitial h
imthe cydstrateeit pati biss thapie XSHbs @tars /C8 (f& Peyre than
than 5 X 1014 atons/cnB to not nore than 1 X 1016
> 3t OB/ gP8ms/dm3.The process for producing a silicon
waf er according to any one of Clains 4 to 6, wherein
the interstitial carbon concentration in the
substrate is not |less than 2 X1016 atons/cnB8 to not
nore than 2 X1017 atonms/cnB. Abstract The present
i nventionprovides a silicon wafer wherein the
occurrence of both slip dislocations and war pages
during a device production process is suppressed, and
a process for producing the sane. The present silicon
waf er contains BMDs with an octahedral shape, and of
the BMDs present at a depth of not |ess than 50 m
fromthe surface of the silicon wafer, the density of
BMDs with diagonal size of 10 nmto 50 nmis not |ess
than 1 X 10/c and the density of BSFs is not nore
than 1 X 10[err]/cm The present silicon wafer should
have an interstitial oxygen concentration of not |ess
than 4 X 10[err] atoms/cmto not nore than 6 X
10[err] atons/cm and the density of BVMDs with
di agonal size of not less than 200 nmis not nore
t han
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1 X 10[err]/cm

Abstract

Thepresentinventionprovidesasiliconwaferwhereintheoccurrence
of both slip dislocations and warpages during a device production
process is suppressed, and a process for producing the same.

The present silicon wafer contains BMDs with an octahedral shape,
and of the BMDs present at & depth of not less than 50 um from the
surface of the silicon wafer, the density of BMDs with diagonal
size of 10 nm to 50 nm is not less than 1 X 10%*/cm’ and the density
of BSFe is not more than 1 X 10%°/cm®. The present silicon wafer should
have an interstitial oxygen concentration of not less than 4 X 10%7
atoms/cm’ to not more than 6 X 10Y atoms/cm®, and the density of

BMDs with diagonal size of not less than 200 nm is not more than

1 X 107/cm®.
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