SI LI CON WAFER AND PRODUCTI ON METHOD THEREFOR 5 The present invention
relates to a silicon wafer and production technol ogy therefor which is
capabl e of suppressing generation of both slip dislocation and warpage, in
a field of production technology of a sem conductor wafer, in particular,
a device production 10 process. A silicon wafer to be used as a substrate
for such as a sem conductor device is produced by slicing a single 15
crystal silicon ingot, and perform ng heat treatnment or mrrbr finishing
or the like. Anong them due to reasons that it is easy to obtain the

single crystal ingot, having |arge di Lt iLvely easy to
control defect, Sﬁ%&fzo& w@i}'%& %rfjio%%ﬁoﬁc%##?&%}%f% produced by a
Czochral ski nethod (hereafter referred to as "a CZ nethod"). A single

crystal silicon grown by such a CZ nethod (hereafter referred to as
"CZ-Si") has "G own-in defect" internally, in particular, supersaturated

Oxygeghta%ﬁ@ bp égﬁagiﬁbggggenl@é}%gggaga 25:21SUPA" pakuLaged state causes

an i nducerent of m cro . ect ca Bulk Mcro Defect (hereafter
abbr evi at pdodsct END' fechupiagvheherefeat weath( anneabybthepéafter. 30 In:

general, END existing inside.a crystal. just_aft he.single crystal
oI con’ orORRhS T o o her e oEnbBen, sEhe hn St bat Pl dod fon
| am nat i onadehgesl on theielikefi pdudadtibnatdenhokopyodicki on process)

deteriorates, device characteristics, therefore it is reguired,no crystal
def ect i nS& GPRAEEFBAT r ¥EBhH- of “aPeEhiEBhatict Br SGBVFEePTROUEYEPT on t he
otheruhaneroggsgas 5 al so been reveal ed that END can be utilized
effectively as a gettering site of heavy netals or increase in nmechanica
strength of the substrate, and thus at present, it is required to generate
Ssuitable BVD inside a silicon wafer. 10 In order to satisfy such
requirements, there is used generally at present a nmethod for form ng an
IntrinsicaAGeilecongwhayertbhereabbdr asebesnbdttratasitansihGhl ager”) by :
annealing the silicon wafer at,high teng rature.and 15 inducing BMD i nside
the si || CEFMVEPEAICRET WRFF GS F0r RTAGUA DeRUded  ZoRE Radeld{Rer eaf ter
referred toyasal api DZchbayengdthavhagpextoefehy hewtceystahedef eet by

maki ng growin defect on the surface of the silicon wafer disappear.

mirror finishing or the like. Among them, due to k
reasons that it is easy to obtain the single crystal
ingot having large diameter, or it is relatively edasy to
control defect, most of single crystal silicon ingot

20 are produced by a Céochralski method (hereafter referred
to as “a CZ method”). A single crystal silicon grown by
such a CZ method (hereafter referred to as “CZ-Si”) has
“Grown—-in defect” internally, in particulaf,
supersafurated oxygen taken in among silicon lattices as

25 a supersaturated state causes an inducement of micro
~defect called as Bulk Micro Defect (hereafter

abbreviated as “BMD”), during heat treatment (anneal)

thereafter.

30 In general, BMD existing inside a crystal just after the
single crystal silicon growth (Grown-in defect, an

-oxygen deposit, dislcocation, lamination defect or the



20 However, the DZ | ayer fornmed on the front and rear . surfaces of the
silicon wafer by the annealing process at high tenperature, decreases
nunber of BMD or dislocation, which adhered with oxygen or oxygen 25
impurity or the |ike, acconmpanying with extrene decrease of oxygen
concentration by outward diffusion of oxygen during the heat treatnent,
~and extrenely decreases suppression force agai nst extension of dislocation
defect at the front and rear surfaces of the silicon 30 wafer. Therefore,
di sl ocat i onkdefieatcelienaabt @evietepredutaiaan bebicptp)leasily extends in a
bulk froma mnute flaw on the front and rear surfaces, which was
introduce@eﬁﬁrﬂﬁéa§ﬁﬁe§PWﬁ&esF§6F3F5P§Fﬁ§1§5pr55@& Ph&t 15t féngt h of (the

silicon watef,:deer aases Ry axtersiceniaf asuehmshiipndirshoeat bena Further,

such decrease of the S|Hicon waf er strength could incur a state of wafer 5
danmage or seafepndestoucdedh céur HRgegrsdueti 6AcsPEPST ReWEvert PRE Dz | ayer
'S 1 ndgspensiblecin . sedl,sanduRLAr pieviGe LA RLL el BeEeLergonl has been
required a“srlicon wafer i ch "has the Dz layer and shows excel Fent
strengt h peopeptiteerihg patei ol acavwhertaisealr ngcersas@ perfornmed for a
waf er supported by_a heat eat t boat or the lik a slip dislocation
often extgﬁ&baPFS tﬁ@rﬁﬁg%%sSﬁgggFeéugﬁtfﬁéebogp§ %QESUEE of a

di sl ocati gregeneratediat rbheiceat aet gpakt-aek thersbliicempwaherdand t he
boat. In addition, a slip dislocation my extend 15 fromthe edge part of
the silicénsSwafieen Wafgddition, in order to produce a device, such as a
devicggtypified by formation of a thermally oxidized film or activation
of a dopant injected into a source 20 or drain region, heat treatnent of
the silicdn wafler its esséstfivalsuchn rgemérahenisat thegat Asntisies cl assified

to: batch heat treatnent, where gn C .ment_ i r.f ar.med by
(assenblinaepgﬁﬁﬁggdﬁﬁapfﬁs?gveﬁa e&&%@ ?gghgﬁﬁﬁégsb%gczgRg%B%%EE of wafers
hel d hori zertakhyg ange25 (sichghd teaf erfheatd teatbrelitn Wierle veed!)

‘treatnent is perfornmed piece_hy piece. In _heat treatnent, generation of
t enper at uP¥ APSEAILBRE & eoﬁlﬂﬁéogiWPéﬁﬁ e St St PERE T §H§gsapﬁeimm

Stresss on ;LG SULf 260 1iRRHRPeHL @1 1@ e adiest,  ibukiean, aand this thermal
stress of over a"30 certain value raises a problemof not only a mnute
| evel differenes enDehedadf donsulpaes daiSred tastshief sar6leienticoned but

al so warpage of Hg§e§bhiﬁg%£W%f%&tremely low crystal defect by

making grow-in defect on the surface of the silicon
wafer disappear.

20 _
BHowever, the DZ layer formed on the front and rear
surfaces of the silicon wafer by the annealing process
at high temperature, decreases number of BMD or
dislocation, which adhered with oxygen or oxygen

25 impurity or the like, accompanying with extreme decrease
of oxygen concentration by outward diffusion of oxygen
during the heat treatment, and extremely decreases
suppression force against extension of dislocation
defect at the front and rear surfaces of the silicon

30 wafer. Therefore, dislocation defect (hereafter
referred to as “slip”) easily extends in a bulk from a

minute flaw on the front and rear surfaces, which was



-Technol ogi es to suppress and prevent the generation of such slip.

di sl ocation or warpage are known. For exanple, in JP-A-2008-166721, there
is disclosed a 5 technology fo produce a silicon wafer, in which the
predet ermi ned anount of BMD plate is fornmed and an inter-lattice oxygen
concentration is equal to or |ower than 5x1027 atons/cn8, by perform ng
heat treatnent at- a tenperature range of 600 to 750C for 10 minutes to 10
10 hours, and then increasing the tenperature up to 1000C at a tenperature
i ncreasi ng nralR Rfed0.1CchBl BHheat o ndCetrbnut-aikehySat proB1baursatand
further subjecting a silicon substrate cut out froma silicon crystal to
heat . t r eatsERNGAN &5t hpepatdrenr HAGEToFSLOB065E6 PY50EL865157 Rat

di ffusi on J engt-h :0f qj.nter.- i ce: i I ‘ : , In
addition,Sﬁﬁﬂﬁéﬁﬁgégﬁg}%ESE%gﬁ'thg?g¥%ggdi%gpgsggbgg?%%hﬁglggs to produce
a siliconsidfieon wafWh chrehgtR0cpruédetiecmirned saatentfofradetrahedron BMD i s
forhedsan an inter-| tti§e 0x g%n cogﬁ%gtrati%guh%ie_u%%eto or |lower than
5x1017 et & ?rbva SFf'Fﬁiﬁé &8l freat'feht "at'“a Penpergﬁure range of
600 to 750Gwkaler30 thcnotesalyerl@shouns spandiblenihneeeasongut-emper at ure up -
to 10-00C at a 25 tenperature increasing rate of 0.1 to 1C /mnute for 5
hours to SGVAGGr sOCTHRHLPOr t RBETBY OLGbj éctiPRgPEEi FPEUATEGbEt rate waf er cut
out from a:3iild-¢oRa¢LYstkak chonhhgakntr eat negtrabnd Lepper atuee 1eange of
1000 to 1250C so that diffusion Iength of inter-lattice oxygen is 30 pm -
30 to 50 prenBHt perpeirnigP- A- 2009216458 ary hwhenhasngeeandi 6l osed a
teChP?écg%eE%o%%%%r%hrtQewg@éggguggo%%%ﬁﬁb.U%'%%aEVEQeg%hQQQ paagentration
and inter~lattice oxygen concenfration insrde a silicon wafer between the
states 5 bef ahe dideaf teslheatiisieatmdnth, ctftecbeewitehds &rpmedideer m ned

range, by keeping.a heat treatnent furnace by | ow.t enper at ure heat
treatnentpéF%Ggﬁ%P81§§ behggggEPQF's ?FﬁﬁﬁenﬁgiﬁéﬁlﬁgﬁﬁgF&Pﬁre at 700 to
1000C and gicRehaasingtt Reect eppeRatUpe rat oF tesperatdne k@ ferckedsi ng rate

of 0.1 to 2C /mnute; then taking a silicon substrate out at 600C to 800C,
further ii&8€rPoAG -t héNsPPP&EACBuUbSt Fate IASIL@satRe@ThEaY €FE&DFent furnace

at a ﬁ?”p%'i%hurt%e()feiig@fegg‘ﬂ'&n@%et?lte 809 ;1-08Q3G= i ncreasing tenperature of

t he heat treatnent rnace at a tenperature increasing raté of 5 to 10C
/mnute in a tenperature range fromin the insertion up to bel ow 1100C;

and, Lot @351 1 LSTREY 244G LUs eat el et L pgg a9, Lemeratur e
1250C, device typified by formation of a thermally oxidized
film, or activation of a dopant injected into a "source
20 or drain region; heat treatment of the silicon wafer is
essential. In general, heat treatment is classified to:
batch heat trecatment, where one packed treatment i1s
performed by assembling longitudinally several tens to
- hundred pieces or more of wafers held horizontally; and
25 single wafer heat treatment, where heat treatment is
performéd pliece by piece. In heat treatment, generation
"of temperature distribution on the silicon wafer.surface
causes thermal stress on the surface in proportion to
the distribution, and this thermal stress of over a
30 cértain value raises a problem of not only a minute
level difference on the wafer surface called as slip

aforementioned but also warpage of the silicon wafer.



20 and keeping a tenperature of the heat treatment furnace to be constant
W thin 1000C to 1250C, thus performng a heat treatnent at a high
tenperature of 1100 to 1250C. 25 Fig. 1 shows a schematic diagramof a
typi cal exanple of slip and warpage i ntroduced by heat treatnment. The slip
“is introduced froma contact point of the rear surface of the wafer and a
waf er hol ding nenber or fromthe edge 30 of the wafer. The introduced slip
extends in a 110 direction and incurs wafer damage or destruction
dependi ng on the cases. The warpage is a phenonenon that the wafer
deforms due to thermal strain in heat. treatnment. For exanple, a wafer of
the 100 plfgrBnolggiskbive BHPFIESS1angaprevkinGi theoseagsatype war page.

Usual | y, rpage ;of .t Lkican I far 5t tment is
perfornedgﬁgﬂbgﬁﬁg g%%??%ékéﬁgrg%?&%ﬁ?ﬁ@%é%rgugggg S tg%‘e suppressed to
equal to exaswdkl erint l@rATQ0PAM-LEGVERer thelre heatiappbised by heat

treat nent _.nma nerate a hei ght difference of concave-conyex of the
silico M5F8¥ngﬁ39yr%8cﬁ§§8§§$e?aﬁl9éﬁ§npﬁﬁ%ﬁﬁcrégsgglfg &é@page di sturbs
correct expesdrerofinadsambcanduet gMpdeviace pat tfermetio ahde awaf er surface,

and causes decreased yield of the sem conductor device. The_warpage
probl em t R8T 2bE1SPgRIYPERNE ORISR thafte P11 5 SdEaRBtle O §TedTXF t 0 or

| ar ger th%ﬂaEO@xmm“fa%$ﬂ§yéw§ﬁb§iggg@dymﬂthW%attE%e@%ﬁen%r%%tgent step

of the device is perforned in high nperature and long tinme. On the other

hand sl i ptéinpkoeatirenrdegeease$Obhére BRVD “amdgnt l0nadasses, tand0 war page
i ncregases 2ND .a t. increases. it 0! oJhe slip
and wgipa8§ﬂggé ?ﬁdtEggg-3§2rF§%§§§bﬁ$eAE%%%&F%%Fﬁ% pﬁeﬁ% épﬁplkis a

probl em t hat agerepatrizonref iskirpaandggereraifod .o Cwampages o A&Ct i cul ar

generati on of warpage_cann e suppressed and prevented effectively.
Because, ?QﬂgPtQS%BgnéiFQ gb EﬂﬁﬁﬁmsﬁﬁgfgﬁgtgﬁFiégﬁj el fsults in a

hi gh conceatrabhoruerkyaby the techmelagy sasidicickesedainto heat _
JP- A- 2008- 166721 and JP- A-2008- 160069, in which concentration of density

of relati¢&EPptigrgecBMVD tsmiespEased reoISuppr é980ane prévest Sgeneration of
warpage, %ﬂaﬁogﬁ%%hgﬁbhoﬂeﬂgtﬂeB%'E%t%&-ﬁ%k%ab%eb&y%%%'HSB%Qll%A'ncreased

to suppress and prevent generation of slip or slip I'ength, and further
shape of BNDtps3€omt.olled to

In addition, in JP-A-2008-160069, there is disclosed a
technology to produce a silicon wafer, in which the

20 predetermined amount of octahedron BMD is formed and an
inter-lattice oxygen concentratioh is equal to or lower

3 by performing heat treatment at a

than SXIO”.atomS/cm
temperature range of 680 to 750°C for 30 minutes to 10
hours, and then increasing temperature up to 1000°C at a
25 temperature increasing rate of 0.1 to 1°C /minute for 5
hours to 50 hours, and further by subjecting a silicon
substrate wafer cut out from a silicon crystal to heat
treatment at a temperature range of 1000 to 1250°C so
that diffusion length of inter—lattice‘oxygen is 30 um

30 to 50 um.



t he predeterm ned norphol ogy such as plate or octahedron to suppress and
prevent generation of slip or slip length, so as to adjust inter-lattice
-oxygen concentration and then to secure oxygen adhered to BMD 5 to the
predeterm ned anmount. In addition, there is a problemthat warpage cannot
be suppressed and prevented effectively, only by a nethod, as disclosed in
JP- A- 2009- 164155, for keepi ng nunber of 10 oxygen or carbon adhered to
BVMD, by perform ng heat treatnent so as to maintain carbon concentration

and oxygempue@Reent Kat penaexipsbi-ng4iiBst hensirki ees waker dasciuebdas possi bl e
before heat treatnent and after heat treatment, to the predeterm ned
“anount t otERENGE-RESt LO15C8FERSUGHSgEREFEET 6h SHPSILHUSEC8ME¥PPengt h can be

suppr essed g 50mBexhent + s THeLGHOL fr o2 -RLeRLCE LayBensol ved by the
present- invention is to provide a silicon wafer which is capable 20 of

suppr essi argngentration ofishdehaskiipidios| vedeirokeandenaitpgagetdiicisng a :
devi ce. production_process, . an roduction technology.therefor. 25 In view
of the5ab§ goﬁﬁongnE% as geﬁesﬁFFagpepﬁfeﬁgigg gﬁgéﬁkbg t he present

i nvent or sprebetsirhiced wahege, obyt kecpi@gent hieaventicenmbas ENBnwiceh a

di agonal length of 10 nmto 50 rim wherein, a dgg ity ﬁf gge BVMD which
exi sts at P¥ PosPFi 5RMBEraTHERt hedfF E4GAIFTEG 0P Td éeFot 87750 30 pmfroma

surface otpthe-siki-capiwahgl mhsigduak ehpathi-ghar thantbxiOnbenB8, and a
ratio of {ill} plane in total planes surrounding BMD, as norphol ogy of
the BMVMD, Bsdegunalrepsing EbeetcrRanafuge P& addrPpPesatarfet hod for

pr odugj g pgcsklpeon yal ef of 1t he Peesont Laventhon ke iaytain the above
object, iS a nmethod conpriSing the steps of - subjecting a silicon
subst r at eswafiepnobuaknedtby catt &itnG00GC &osiBlOCCEn duyshalr to the fol | ow ng

heat treatnent step, (A), .heat treatnent step.(B) _ and. heat treatnent step
(O: 10 (ﬁfs?ﬁglﬁgaFgFrééEﬁﬁﬁp §P§5t€ﬁ)ec&ﬁﬁﬁ%??ﬁgetﬁgagteps of: inserting
the silicenesubshtatrerwater atoaatbept rhreatmeft ther facesky et tiong a
tenperature thereof at 700C to 800C, increasing the tenperature at a

t enper at uk€ PREFEasiiR§TEaAENEf LEEPLAEHYES ©F f%@ PSafnithgeé™edta range of

gpebLF%SfEEQHaEQWH%erHéﬁpekakﬂ%esEhh%%%s%%gsk%%%edwa%e%otqucienperature

/minute in a temperature range from in the insertion up
to below 1100°C; and increasing temperature of the heat
treatment furnace at a temperature increasing rate of 1
tc 2°C /minute in a temperature range of 1100 to 1250°C;

20 and keeping a temperature of the heat treatment furnace
to be constant within 1000°C to 1250°C; thus performing
a heat treatment at a high temperature of 1100 to

1250°C.

25
Fig. 1 shows a schematic diagram of a typical example of
slip and warpage introduced by heat treatment. The slip
is introduced from a contact point of the rear surface
of the wafer and a wafer holding member or from the edge
30 of the wafer. The introduced slip extends in a 110
direction and incurs wafer damage or destruction

depending on the cases. The warpage is a phenomenon



1100C; increasing the tenperature at a tenperature increasing rate of 1C
/minute to 2C /mnute for a tenperature range of .1100C to 1250C; keepi ng
the 20 tenperature to be a constant tenperature of 1200C to 1250C for 2 to
4 hours; decreasing the tenperature of the heat treatnent furnace at a
tenperature decreasing rate of 1C /mnute to 10C /mnute; taking out the
silicon substrate wafer to outside of the heat treatnent 25 furnace at a

t enperature of 700C to 800'; and cooling the silicon substrate wafer down

to roomtegper ahur G retBlekhenbeatet k8akARRaSt €Rr6B) €AMAERSI NG the steps
of: inserting the silicon substrate wafer to the heat treatnent furnace by

setting theeaempetat uFert Aerepf eat a38276GCOL0 LBO0E0 OpBrPBFM A a heat
[reatment i Lhe,! giger at uke,belngpd constank togRelatihe of 700C to 800C
3 0 hou¥s; e

for from m nutes I'ncreasing the nperatdre at a

t enper at uneukltKeastrganat efoth8. 5€1lAinbnutve feo, 28efrirruteatup to a a
tenperature in which + 50% is added to thg'constanh tengg&a% Le_or hi gher
decr eadi nGEERETEBMEFaPEFECGT & ChBAL Py SEENERE FUPREES AT St 8rper at ur e
decr easi ngyratedal t&Cobnsapghbeskecl0€o/ Bnrle ot aki BHa0UErt hRasi Lbcon
substrate wafer to outside of the furnace- at a tenperature of 700C to
800C;, andh@eol HAYeVRE: stibst hape abRAles PYoRFEENPEFALHFET TOY(C) the heat

treat nent %E@Ea@g)acﬁgﬂﬁ%§iB?f%@%ei%%p%fOEoﬁ@%%%LEBQVEQGo%ikb@on substrate
wafer to Che heat treatmrent furnace by setting the tenperature thereof at

700C t o 860Cichncwedsiinghtihereenpesasererall fenenperat dnEreAcéedasi ng rate

of 5 mnute to 10C, 15 /mnute. for_a_rang £ fr i rtign tenperature
of tﬁ%ésiV?EBﬁg§Ué§FF3F§SW§PgFeF3 gxpgﬁﬁggaggfg SF%ggﬁgaﬁf%Bgc; i ncreasi ng
the tenperavtiice phtact-amper ahdr @aifker @asifege, abedotcab€ebm nute to 2C
/mnute for -a tenperature range of 110%5 t% 1250C;, keeping the 20

t enper at uPE L6268 %aYdEnst 8t HIENFEFACIPEVSTCF266E 1£6-1250C for 1 to 4

hours; decreasing the tenperature of the heat treatnent furnace at a
tenperature decreasing rate of 1C /mnute to 10C /mnute; and taking out
the silicBhesubspegeernabéent beddpsitée 06f e Hegpr ¥ACReWRTET

15, diameter is egual to or larger than 200 mm, and is also
significant wheﬁ the heat treatment step of the device
is performed in high temperature and long time. On the
other hand slip dislocation decreases when BMD amount
increases, and, warpage increases when BMD amouht

20 increases. Thus, it is known that the slip and warpage
are in trade-off relation. Accordingly, there still is
é problem that generation of slip and generation of
warpage, in particular, géneration of warpage cannot be
suppressed and prevented effectively. Because, total

25 density of BMD inside the silicon wafer results in a
high concentration only by the technolegy, as disclosed
in JP-A~2008-166721 and JP-A-2008-160069, in which
concentration of density of relatively large BMD is
decreased to suppress and prevent generation of warpage,

30 concentration of density of relatively small BMD is
increased to suppress and prevent generatibn of slip or

slip length, and further shape of BMD is controlled to



25 furnace at a tenperature of from 700C to 800C. According to.the present
invention, by attaining that the density of the BVMD existing at position
of a depth 30 of equal to or deeper than 50 pmfromthe surface of the
silicon wafer is equal to or higher than | x1011/cn8, and the ratio of the
{1l 1}plane in total planes surrounding BMD, as norphol ogy of the BVMD, is
equal to or lower than 0.3, generation of both of slip and warpage during
t he devi ce production step can be suppressed to an extrenely small |evel,

and prodUQhEOFr@Be@eQﬁyh@a gaRahbeogl, Buphewenpilngedeer easehkArshrengt h
whil e having the DZ | ayer, and having |arge di aneter (tyElcaIIy equal to
or | ar ger tehakPROe sEnpanBTRVERLqIERFEY tieTpessEBIa. OFh&14PI i con. waf er of

the present, iyention peevenisotrom gensrailen alysthp dislocation and has

hi gher gettering capa y than a mrror wafef "'not having BMD inside
t he waf er concentratiohi gndlthsnatdraacngeerplvaeni aghsiceg aadBWaAr page 15
caused, by he%g treatngnt of % silic%n wafer. Fig. 2 is a drawing showing -
rel at i dnshPp -BEt REEASHEPETSE BUB“Rhd" di agonal Iength of BMD. Fig. 3
is a draw ng showi ng rel ati onshi p between shape of BMD and di agonal |ength
of END. 20Fig. 4 is a photograph i mage of BMD existing in the_ silicon

waf er t helpregddatirRvertrefR By & PF&%%@WS§P6E YPEREPEN “ATBPLsEGpe.

Fig. 5 isggdrawsng expl gi-aingtdisskeedticaneaenenat vopyphagetabaBVD. 25Fi g.
6 is a photggragﬁ i mage gf END where disloca?ion has generated by a
transni sskendébedpred ficP8s8op@09-16415Fi gfor keepiacanmmgeshew ng a
cal culti g efnod £t bhe Latlasotot Bl 14 pohdemi GFhga:8 is a graph
of a cthangé of "he&at “tFeat nen '

treatment so as to maintain carbon concentration and

"oxygen concentration existing in the silicon wafer as

much as possible before heat treatment and after heat

.treatment, to the predetermined amcunt to the utmost,

15 although generation of slip or slip length can be

suppressed to some extent.

Therefore, a problem to be solved by the present
invention is to provide a silicon wafer which is capable

20 of suppressing generation of both slip dislocation and
warpage during a device production process, and

production technoliogy therefor.

25 In view of the abové problems, as a result of intensive
study by the present inventors, the silicon wafer of the
present invention has BMD with a diagonal length of 10
nm to 50 nm, wherein, a density of the BMD which exists
at a position of a depth of equal to or deeper than 30

30 um from a surface of the silicon wafer is egual to or

higher than 1ix10**/cm®, and a ratio of {111} plane in



tenperature relative to tinme in the production nethod of the present
invention. - Fig. 9 is an outline cross-sectional view show ng an
exanpl e of a single crystal production apparatus to be used in the present
invention. 5 A first aspect of the present invention is a.silicon wafer
having BMD with a diagonal |length of 10 nmto 50 nm wherein, a density of
the BVD, which exists at. position of a depth of equal to or deeper than 50
pm 10 fromthe surface of the silicon wafer, is equal to or higher than
| x1011/ cnB+and aahatki 0,0t Lhe: Ad1dknpl a8embpphet ahypbanesesamboundi ng
BMVMD, as norphol ogy of the BMD, 1S equal to or |ower than 0.3. 15 Thereby,
t he present eauent tonopr dviwdesthasi Piden wafer which is capabl e of
suppressi ng and preventing generation of both slip and warpage to an
extrenely small level, in a device production process. That is, BMD which
. exi sts at Tposdtiedcal a sephbdofoequabdtioiay 2BedeépérotnhantB® pm from t he
surface of _.the silicon wafer of the present invgntion .gives.influence on
charac@erFQ@iE§e§Fn§lFBVSPt&BPpaBQ;agﬁalPuFPﬁeF,ogﬁoﬁalgﬁ ri nfl Bences,
slip supppessbancekbectinl BND B@épggo@:dsag?eakihgngtai@ﬁcaﬁual_to or
| onger than 10 nmis 25 large, and in the silicon wafer forned wth BMD of
a hi gh dessbeyrefeeyaibrt eb6prihpghbY EHARINLZ10%Y/ én8lldERBration of slip
i~ SUppre%§§Q539.%étEﬁQEk¥1h8%&£§yHbg@'k¥e§%§§ht?9t%b saml I geathan 10 nm
in a general device production process. I'n addition, even'in the 30 case
wher e sl i prgenecatedtbporiBa waflehesopporttpant stepthdCdevi ce production

: [ [ . h lip f . gOoi h _th f
o L hE0 &i 1S of PBr. tEeoBUBRL: NCEHo (BAsGORGT8 100 bgenbPbtoa ar the

waf er edgenseeachigngnhef sthecshi pubetaategiwvatmieef tbhe seaicconduct or device
formati on can be prevented, and thus adverserinfluencg on the device can
be prevent&gatreni; uranafebyr SethilBRn8sSPIBEIEhE Galer Tl afhed by t he

present iRygRti @R, saRdcPr egenegs9hqaksencengt rdepecohitvarious el enents are
not particularly Iimted, and thesé featuresS can be sel ected, as

appr opr i atempesrataspondicngatdngo rkicadosf SChe /gémuEendectldrCsi | i con waf er
o0 100 (RATOE, b SBgEbE0 IR, 330R A bELRLLAL. T e
silicon substrate wafer to a temperaturg of below '
1100°C; increasing the temperature at a Temperature
increasing rate of 1°C /minute tc 2°C /minute for a
temperature range of 1100°C to 1250°C; keeping the
20 temperature to be a constant temperature of 12C0°C to
1250°C for 2 to 4 hours; decreasing the temperature of
the heat treatment furnace at a temperature decreasing
rate of 1°C /minute to 10°C /minute; taking out the
silicon substrate wafer to outside of the heat treatment
25 furnace at a temperature of 700°C to 800°; and cooling
the silicon substrate wafer down to room temﬁerature;
(B} the heat treatment step (B) comprising the steps of:
inserting the silicon substrate wafer to the heat
treatment furnace by setting the temperature thereof at
30 700°C to 800°C; performing a heat treatment at the
temperature being a constant temperature of 700°C to

800°C for -from 30 minutes to b hours; increasing the



of the present invention, and it is applicable to production of various
seni conduct or devices. 15 Specifically, the silicon wafer of the present
~invention is é&pplicable widely to produce such as an epitaxial wafer
formed with an epitaxial |ayer on the surface, a |lamnated SO wafer, an
SI MOX wafer by SIMOX (Separation By Inplanted Oxygen) treatnent, or an
SiGe wafer formed - . 20 with an Si Ge |layer on the surface and the |ike.
The silicon wafer of the present invention has BVMD with a diagonal |ength

of 10 n”1Eemggraﬂhréta90§iEéﬂﬁegétarée@hbreés@ﬁgakat@_@E deeper than 50 pm
fromthe surface 25 thereof, and preferably has BMD with a diagonal |ength

of 20 nm tBiBotaAnfoat *Bodiinvheef UR HepRhaof cBREERTHESOIIEEPER than 50 pm
fromthe %gB&aEE Egg%ﬁoﬁo tPEtcbﬁsﬁiﬁknﬁéﬁﬂeggﬁﬁréhgg 9&?383?' I engt h of
0 0"nm s - ted,

BVMD is 10 nmto I'p suppression effect is exert because of
strong badececasf hgcthentshpprptopagati ohe heatatddetivanti fiusvehea range,

the |l onger di agonal |ength _and the higher density  provide the.,
higher?efFECf FmBFFﬁtEg%pg8§§F8ﬁ}ngnga?ﬁu8%ii %s/ﬁﬁgF%?aEPeio"Eiagonal
| engt h ‘of /BMR1tbh thHRipgesent tHeserilptbaNsiBansatengtiekrnta <100>

direction, in-a plane inmage of END projected ortho onaILé to any one of
the 11101°BFands. oFoFhexanpracedraganaPmPERgERT8f Can /88t h&fr al END shown

in Fig. 2gdhof1- [ ngtheibn a,b901k+axkswh0rdi Leghi on anong Fig. 2(1)
(1-b), mh?éh ?é gﬁdp géﬁggémero?gcted orthogonally to the (110) pl ane;
and di agonampkeagttheof an dodecahedral END, shown in Fig. 2(2) (2-a), is

l ength,in [001], axis.direction_anmon i g, (2- , i.ch_ics an i mage
proj e ed(gRtﬁgﬁoHQFFth%afﬁ3D%5€%T8)q%ﬁa%8mggﬁﬁ%ﬁ§rFggaé%gggvg? Fi gs.

3(1) (1-a)inaedtfdgbrhehewl shapesobsamaier egikar tENPheahdadi agonal |ength

t hereof, respectivel oW S of a

partialIth??EBﬁPErf%ﬁ@gggngbgggﬁgggé %E%g%ﬁ%ggé éé?% ?g§588gﬁggly.

Di agonal hepgth:2050h°END; heraaRanameher tegbakhRarkoasi ze of BMVD. Density
of END existing at position of a dépth ofoequaL to or deeper, than 50 pm
fromthe sempacatvfet hacsihpéda water o6f St Re /pregémt tondéntion, is equal

to orhighet t / d.it.L$s;preterabl v framlx1912/cnB to
| x101 cn1$%8833n2??y&0?&8éé %gfgggﬁt1E§5r§%BBe%%w??xlolf%an makes slip
suppr essi enlétbactubnsnfitecivelier aondaf cempeiretivot B¥Dbwilow a density of

ol uti on S3908h71 REFGHSHITH §eRer &IMCGFBMA oL ardR: FORCGF 20Cs oingie
crystal isnabedtihyl0i8eabonslenBmiandel RoazStatainbat BMD ks formed in a
hi'gh temperature range of 1100°C to 1250°C; keeping the
20 temperature to be a constant Lemperature of 1200°C to

1250°C for 1 tec 4 hours; decreasing the temperature of

the heat treatment furnace at a temperature decreasing

rate of 1°C /minute to 10°C /minute; and taking out the

silicon substrate wafer to outside of-the heat treatment

25 furnace at a temperature of from 700°C to 800°C.

According to the present invention, by attaining that

the density of the BMD existing at position of a depth
30 of egual to or deeper than 50 pm from the surface of the

silicon wafer is eqﬁal to\or higher than 1x10"/em’, and

the ratio of the {111} plane iﬁ total planes surrounding



density of equal to or higher than |Ix1011 1cn8, alnost 5 all of them
becone a deposited state. Because there is an upper |limt of the solid
solution oxygen, it is . generally difficult to form BMD having a di agonal

| ength of equal to or longer than 10 nm to be of a density of over 1x1013
lcnB, and it is also difficult generally to 10 nmake size of BMD having a
density of equal to or higher than |x1011 1cn8 to be over 50 nm In BMD
existing in the silicon wafer of the present invention; the ratio of the
11111 plagdpl NakohdkoRbangs £2 SHErauRdi oG BYDa1a8o1BEPNGLEEY cahnt he END,
is equal to or Tower than”0.3, and nore preferably, the ratio of the 11111
pl ane i s éqdal geoeortlionerft hanhOof. s1iRakind wErrheslduringl &H€ in tot al

- planes surroundin 0 BMD' in_the_present ription._n ol pl ane
Pge of ERB BPoPeePRatorrnahsharry B ahprergcsh DTS Rat reBIg. P oo
| engt h of smentli cakesi dantiopaoghtt*otti beCki aryitkatabsbler bifogonal
projection of the {111} pl ane) (total of circ erenc gth). For
' i f th } pl ), ! | . of ci nf %8|$§ h)
(o

> {
exanple, PBSVRNELGY PEEFC2RAi dR FSTEDGIEEN “BildR RWREFETIan hedr on- shaped

BMVD is orthggenakhy Hé?ﬂﬁgtﬁgrﬁg_ﬁhémé%%Q)(@ aRea1hgcause1ENB or
circunferencte is all a side vertical to the <111> direction, the ratio of

the 111111pkase tbap; 28Admnh Frg. high) dusRilcH 6 BOPEARL¢-ewTWfere a
dodecahedral : 30. i t onal.l rqj 0 O).RlLane, because
side b anaﬁgﬁ gngw§F3§v§$t?§gIB?gs%ﬁg ?b%%%%qgﬁrgggﬁg&%%an g?de c and

ai de f argevertidah vd shep| dislbchlidinr e bas hhgheat igetderting 11111

plane,.is (b + ¢c_te+ f) / (a_tb+c+d+e+ f). In Fig. 7 , .because.side b is
vertiggl éépﬁﬁélﬁ-¥1?§Fnd%r@&FF8ﬁ,w gﬁféngﬁ Pﬁggffl%%bpﬁgﬁé%Fé%ge/ (1 ength
of arc a %ab)rr.5 and because the clear [111l] plane is not observed in Fig.
7(d), the ratio of the {111} plane is 0. The present inventors have found
t hat cause of 'warpage of the silicon wafer by heat treatnment is
generation of 10 dislocation by BVMD fornmed in a high density of equal to
or higher than Ix10111cnB. Further, by investigation of dislocation.

. gener ati on ne€hgni dmibyat HeaBWDg ietpdas rfiownd lilvaendasagive®® in Fig. 5 a

20 ofs wheL ek L oBlanes o S gl igrde @ dislocation 1S
i ncreased strairfg.r estbkt angiramieas shgereratiedm tdfondihs fjpotattweren That i s,
when ther Ia ot LEoBuERUngd o g28aY WS sup.
Fig. 3 is a drawing showing relationship between
shape of BMD and diagonal length‘of BMD.
.20 Fig. 4 is a photograph‘imagérof BMD existing in the
' silicon wafer the present invention by a transmission
electron microscope.
Fig. 5 is a drawing explaining dislecation
generation place of BMD.
25 Fig. 6 is a photograph image of BMD where
dislocation has generated by a transmission electron
microscope.
Fig. 7 is a drawing showing a calculation method
for the ratio of the {111} plane.
30 | Fig. 8 is a graph of a change of heat treatment

temperature relative to time in the production method of

the present invention.

— 10 —



20 goes beyond critical value, plastic deformation generates and causes
war page of the silicon wafer, therefore, it is considered that presence of
a | arge dislocation generation places where the two 11111 pl anes cross
each other, as shown in Fig. 5, brings lattice 25 defect such as

di sl ocati on excessively inside the silicon wafer, by which critical value
of thermal stress decreases and nechani cal strength of the silicon wafer
after heat-treatnent weakens, and thus warpage easily generates. 30

Referring to Fisgy 69 hecausethe nui dge et SEND: oWailCh 1ies anaeaarati on place
of the aforenentioned dislocation, crosses with the 11111 plane, it is
consi der e@nt lgxEm@lei Sfosasiowlgewarsited @rodhietiicdgereadiaitysnéPes and 5

ext ends O%etﬂ%e%i%ﬁ}tR%aEEEFeE%S%%v%%tﬁ%%dabove findings, the present

i nventors havé reveale y controlling norphol ogy of high density BMD
formed inside the silicon wafer to be irregular BVMD 10 so as to have | ess
{111} plane, as shown in Figs. 3(1) and (2), generation of dislocation at.
t he BVD decreases, resulting in decrease in warpage of the wafer after

heat treannEAt-stFa@pedtshgwsna PENsphet ar@fentypincals ENRilleddere, as an
i ndex .of norphol ogy of BMD, the ratio of the 11111 plane in total planes
sur r oundi Wg TBNDRF1adoptledWithae iodaggsadhd®iath Bifg.l 07 nr &0 9Y%fF | engt h

of the 11111 0 to l. t i er i s+determ ned,
when END ?‘i“'p%ﬁgggﬁgd %‘nhghfiefggtogi (r%fg((:et fﬁﬁ“ﬁp %%HA%E] Soccribed in detail in

Exanpl es Ipatétiocacodr di dgptd eXpedusmntts by deepgreddnn Sfvermt ors, it was
found, t hat. \\ar e anmopunt after heat .treat t is.s ressed to equal to
or sm&‘?l eF?PWa%%%OSB%%\%Snog i%éltel 3l&flctoﬁlew{g‘%%f}’ 6lsa%glpuﬁgco%r%?eso&equal to or
| over thamiQhdr than 1x10*'/cm’, and a ratio of the {111} plane in

total planes surrounding BMD, as morpholbgy of the BMD,

is equal to or lower than 0.3.

15 Thereby; the present invention provides a silicon wafer
which is capable of suppressing and preventing
generation of both slip and warpage teo an extremely
small level, in a device production process. That is,
BMD which exists at position of a depth of egual to or

20  deeper than 50 um from the surface of the silicon wafer
of the present inventiocn, gives influence on
characferistics of slip or warpage; and further, among
the influences, slip suppression effect of BMD having a
diagonal length of equal to or longer than 10 nm is

25 large, and in the silicon wafer formed with BMD of a
high dehsity of eqﬁal to or higher than 1x10**/cm?,
generation of slip is suppressed to extremely low
{(typically equal to or smaller than 10 mm) in a general
device production process. In addition, even in the

30 case where slip generated from a wafer support part in
the dévice production process, the invention can prevent

.the slip from going through the surface of the silicon

— 1 —



25 Based on the .above results, the silicon wafer of the present invention
is excellently superior in having small slip and warpage generating in the
devi ce production process. Mre specifically, the silicon 30 wafer of the
present invention,. particularly in the silicon wafer having controlled
size, density and norphol ogy of BMD as above-described, is characterized
in that length-of the slip generating also in the heat treatnent as
following is extrenely short (typically, the slip is equal to or shorter

than 10 mpsrand Rckease:9f cwar page Qhellie snabepeabeteheat theatnment is

equal to 5 or less than 10 pm). In order to neasure the norphol ogy, '
di agonal We#gthedae  ngsbebhiof Phe talSove-FedEr RBbEGIEND, Creasér ement by a

usual |y _knays JBHad oS 03 SLbLg. L Ioke LG, pRegl-Lieakby, upgsurement by a

transm ssion €l'ectron m croscope ereafter referred to as "TEN') is

i ncl uded. tAuseasiveerentinfétibodearnd aheevaiviati cannbehodefentsidi.p .
di sl ocati on and war page anount of the silicon wafer of the present
invention are not particularly limted. 15 Measurenment is possible by a
usual 'y keowe netihediecas @&hspeaickisq mFaslien@itrmathadnkar bsl ithe

di sl ocation in the present description, an X-ray topography is used; and
as a specPEFrEchtadBVeRtALImeEREd PEES SHECp &e 2RTEHRE P% frR&epPdsent

descri pti Ry ibt <l $10035iRI 8 LOneYaliate By 20 OhS Gl Yaki, 0B S ithg sET- 90A,
manuf act ur ed by NIDEK Co., Ltd, or the like. A second aspect of the
present ifeeauires icenabreskéected,pred@®Prgra isitiel conrweseondddspri si ng

the steps.of 25 subjecting a sili S rate fer ined by cutting
out aiiingo%lggyggg%-Fos @éF%PPE%%%%hggé%é%%(K%%e%éégg%ﬁgggﬁent step (B)
and heat truneaheent thkep (E€) alkhe nheatspacdatiminimishep ofApncaimer i si ng t he

steps of: insertin% said silicon subs%% te wafer to a. heat, 30 _treatnent

d
furnace byCEeCOPAYCACLeFELEEUPS CNEESOP Yat'S7H0C G %6 &9 &PERSi ng t he

t enper at upe ahedphrerRerat Wk nitASheasiRg inatie @bp3Gdamieute to 10C /mnute
for a range of the insertion tenperature of said silicon substrate wafer
to a tenpPraticéion pdl g@rious semiconductor devices.

15 S8pecifically, the silicon wafer of the present invention
is applicable widely to produce such as an epitaxial
wafer formed with an epitaxial layer on the surface, a
laminated SOI wafer, an SIMOX wafer by SIMOX (Separation
By Implanted Oxygen) treatment, or an SiGe wafer formed

- 20 with an SiGe layer on the surface and the like.

The silicon wafer of the present inventicn has BMD with
a diagonal length of 10 nm to 50 nm, at position of a
depth of equal to or deeper than 50 um from the surface
25 thereof, and preferably has BMD with a diagonal length
of 20 nm tc 50 nm, at position of a depth of equal to or

deeper than 50 um from the surface thereof.
It is estimated that when diagonal length of BMD is 10

30 nm to 50 nm, slip suppression effect is exerted, because

of strong barrier effect on slip propagation.

- iz -



1100C; increasing the tenperature at a tenperature increasing rate of 1C
/mnute to 2C /minute for a 5 tenperature range of from 1100C to 1250C,
keepi ng the tenperature to be a constant tenperature of 1200C to 1250C for
from2 to 4 hours; decreasing the tenperature of said heat treatnent
furnace at a tenperature decreasing rate of 1C /mnute to 10C / m nute;
taking 10 out said silicon substrate wafer to outside of said heat
treatment furnace at a tenperature of 700C to 800'; and cooling said

si.licon substuateiwal esndewsnt @ raaFk erper abuper Bhagheal teeathent step
(B) conprising the steps of: 15 inse{ting said silicon substrate wafer to
the heat &nrdathenbitheradensytyeptPriigds torpeiabarectheréoPfafl?doC to

800C; pergggg%ggsgeg?agggggﬁpgf@%OgﬁiEggfggggggqture bei ng a const ant

t enperature o] utes to 5 hours; increasing the 20
tenperature at a tenperature increasing rate of 0.5C /'minute to 2C

/mnute, yp.to a tengperature in.whi.ch .+ 50C is _added to_the_constant
t enperat ur l&ﬁoﬁﬁahg%Pg%%cpgabﬁRg tHe tEEmPEFS H?egg “saPa*hgat treat ment

furnace awearkeneem@hure deeneasi agreatecnf, 16 Anpauhe 2hate dEC / m nute;
taking out said silicon substrate_wafer to outside of thg furnace at a
t enper at uP¥DoPTPIGCtES 806L0I8RE 1dHolPnG ¥heNEuBst FiFe 1ddfM to room

tenper at %%;%Qe._ heat- Lreabient 43Lepnte) 160aRN Sirndnt Betshepgaof : 30
inserting said silicon substrate wafer to the heat treatnent furnace by
setting tRMDt shpenatior Eighelddl di-200Cst de8Q0E; inngr eQ9itng 3ERE

tenpergture _at .a _t ratuyre L,NGLeasi_ r f.5C.LmRApute_ta 10C /m nute
for a??angérgftﬁﬁg %%ggﬁtﬁgﬁ'tgg%%rgﬁu%g’ogkgggdlgiF?c %Héugégwéte waf er
to a tenperatjvrecof chehowohi00§; toneheadilid )t pédahenpenst vrieganad

tenperature 5 increasi rate of 1C /minute to,2C /mnute.for, a |

t enper at ur&"Fahg& oy ggﬁl‘lei:f érfai ?@@(DC,‘S &&pithy F/tlr% ?é%ﬂeggt Gré to be a
constant temenatur e noh 1200¢ teil230@eler o amohgt @i .hours; (decreasi ng
the tenperature of said heat treatnment furnace at a tenperature 10
decreasi n§lratdich ic P Ameect reiectritherdhogedatdli f§ &€ said silicon

SUbStﬁgte(ﬂﬁbgrpﬁgn%th%Qﬁiqgrly as above, Figs. 3(1) (l-a) and
(1-b) show shape of an irregular BMD, and diagonal
length thereof, respectively, and Figs. 3(2) (2-a) and
(2-b) show shape of a partially irregular BMD, and
diagonal length thereof, respectively. Diagonal length

20 o©of BMD is a parameter relating to size of BMD.

Density of BMD existing at position of a depth of equal
to or deeper than 50 um from the surface of the silicon
wafer of the present invention, is equal to or higher

25 than 1x10'%/cm®, and it is preferably from 1x10"/cm® to
1x10%/cm’.
The density of the relevant BMD of below 1x10*/cm’ makes
slip suppression effect insufficient, and formation of
BMD with a density of over 1x10%%/cm® is generally

30 difficult by the following reason.
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- said heat treatnent furnace at a tenperature of 700C to 800C. 15
Thereby, it is possible to produce a silicon wafer capabl e of suppressing
generation of both of slip and warpage, in the device production step, to
an extrenely small level, and preventing the silicon wafer from decrease
in strength while having the DZ | ayer, and 20 havi ng | arge di aneter
(typically equal to or larger than 200 mm) and high quality. Hereinafter
expl anation will be given on an exanple of the preferable production

net hod fogcthg shhie9BnChHYSHah 28c0hdtheipr gsaBt-ainyesiitan thereafter the
production nmethod for the silicon wafer of the present invention, by

segnent i ngondisaen of eh€ZheandireatirehelsiépsPAy t1610C). (The production
met hod f oL Lhe /sht! colycrysialya s dhe. Sihporl e6¥alal Q7o theqpr esent

inventionis not particularTy Timted, as Tong as i1t is one obtained by a
known prodectiion net hgdaduth as hhgh€zotheral Skil Ofettwad , (irdobsdi ng magneti c

field applied or the like), a floatin one t hod d_one _produced
by thegczaéﬁrﬁgF%R?mné?ﬁ8ﬁei§ SPBPEESSPe?gé%ﬁs foFcéﬁgepﬁggﬁgtﬁgn net hod
of silicoanciyskal 10hitherprasestbliavestiv@ionexplaaati on wsl | be given

bel ow on one exanple of preferable enbodi nents of the production nethod
for the sPEPEéAléyyStaFighdtt he SPIMcENDWAREAHE03USTIAGOR?S AGPEEi I i con

crystal PB?dgﬁhb%ntépB§rQBH%EIW%BQnr@behﬁﬂc%pt%ee6%”8|%%nsﬁk?n%ﬂMtf1

expl anation on the relevant "single crystal silicon production apparatus.
Fig. ‘9 i soaescheift] ¢ arossndedti onaklvce@isionidy asaceradpl é%f a single
cryst production 1 ara t i rese i i on. The
si ngl cpﬁgFaﬁlﬁFoagc?ﬁgnEﬁ%éiﬁagugggﬁg%% P% %%%éEQ%%agEah%éﬁg%i for

mel ting atseni cendict/am’mabebiabvand5a mechani smfor pulling up a grown
single crystal; the nenber for nelting a sem conductor material is held 20
i nside a heating chanber 2a; and the nechanismfor pulling up the single

crystal i%n?ﬂﬂbpgﬁﬁs@ﬁnbh@ni@%Ed%iiﬂ@ohh@aQ%&Sbﬁet®E driileh-up chanber 2b,
whi ch constitutes a part of an upper structure body nmade_ separable from
thi s heatiingeohanber tha. r7hile gppéhe {111} plane in total planes

15 surrounding BMD, as morphology of the BMD, is equal to
or lower than . 0.3, and more preferably, the ratio of the

{111} plane is equal tc¢ or lower than 0.1.

“Ratio of the {111} plane in total planes surrounding
20 BMD” in the present description means: in a plane image
of BMD projected orthogonally to any one of the {110}
planes, {(total length of vertical,éide to a «<111>
direction, that is, orthogonal projection of the {111}
plane) / (total of circumference length). TFor example,
25 in Fig. 7{a), which is a plan view where an octahedron-
shaped BMD is orthogonally projected to the (110) plane,
because BMD dircumference is all a side vertical tec the
<111> direction, the ratio of the {111} plane is 1; and
in Fig. 7(b), which is a plan view where a dodecahedral
30 BMD is orthogonally projected to the (110) plane,
because side b and side e are vertical to the [-111]

direction, and side ¢ and side f are vertical to the [-

— 14 —



25 structure body has a internedi ate chanber 2c as well. Inside the
heati ng chanber 2a, a crucible retaining nolten liquid L is equipped by a
“rotation shaft 5, and this crucible is supported in a free rotation and ,
free 30 hoisting state, and the rotation shaft 5 is rotated and hoi sted by
a drive unit not shown. The drive unit ascends the crucible just by
| onered changed of liquid surface to conpensate |lowering of the liquid
surface acconpanying with pulling up a single crystal S, and , in order to
stir the gelyenglirgbidok, the waitoretrates theigryekhke:al vays in the
- predeterm ned rotation frequency. the crucible is constitutedby a quartz
cruci bl e 3ag dand)a/grlaphi betceuci Bl €36 pr étect LAgFiRi-s./ (&) +t he side wal |
of the cruyci -heat et .4 mehting.the sihi een-i I: ed so as to
surround #%Sg%?chl %r%n%g.v%g%ﬁﬁgloggsfgg éflghgg ﬁégﬁg%l%ggan - 10
i nsul ati ngamabepifakh#2{110:ppévert idi bedt (ladgahi of efrcheatr brom thi s
heater_4 to the heating chanber i s.equipped so as to surround its
circun#er@ﬁge.eﬂfuﬁﬁetgﬁlFiﬁﬁrcﬁiﬁgérp%ﬁ%ealﬁuPP%uﬁ%ﬁﬁfge , "Wwhich i's , 15
hung t hrowgh.t hedt optwal kaofict be eekl iing19f phheeci akeonedi ate chanber 2c
and one end thereof is fixed to a wire winder 11 is provided; and at the
| ower end of this pull-up wire 8, a chuck 10 for holding a seed crystal 9

is attachefd, § EsWhEE; Wy Earﬁlha%gl%oﬁadtQ%a%Océh@gl%fc%x%b%bes gr owi ng
gradual |y at e lower end side of the seed crystal 9, accordi'ng to the
growt h speédtthesédficon whéeli by, hand atrecphocsine st crperaakes e cryst al

cruci B . 958 proh B B RRP EoPreforhod B PnEokBeins tpafior oThe

pul I -up chanheghk, tazgas xmokt A€ .of Fargbe ranthyhydrvegen gias iiont badduced, and
this m xed, gas is,dischar%%d fron1ah%as ve 14 er .circulating the

. t , af
i nsi de of St-RéCRBAL PRgISBCERAADEr M85 ﬁé&gb%yTSPec%M ul ati Gt he m xed gas

i nsi de theoghanberti Nabhkacway ihSrids deser irhed cabey@rst enpr ewent
cont ami nation of Si02 gas or 002 gas into nmolten silicon liquid, because
t he gas géneérat esanmsi geoseheachambberadconpaniiéd owicth el ting of silicon

by hepsingowLthetBe BeaLer (dorB-Abdthagupegnd of the gl dhasi de the

this region has increased strain, resulting in easy

generation of dislocation.

That ié, when ﬁhermal stress caused by heat treatment

20 goes beyond critical value, plastic deformation
generates and causes warpage of the silicon wafer,
therefore, it is considered that presence of a large
dislocation generation places where the two {111} planes
cross each other, as shown in Fig. 5, brings lattice

25 defect such as dislocation excessively inside the
silicon wafer, by which critical wvalue of thermal stress
decreases and mechanical strength of the silicon wafer
after heat  treatment weakens, and thus warpage easily
generates.

30
Fig. 6 shows a TEM photograph image of dislocation

generated placé, where the two {111} planes cross.
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liquid cooling structure 21 and a cooling body 22 are arranged so as to
surround the growing single crystal. The liquid cooling structure 21 is a
structured body in which a liquid coolant is circulated inside. In Fig. 9,
10 the liquid cooling structure 21 is configured as a water cooling
chanber made of stainless steel, using water as the cool ant. The cooling
body 22 made of a high thermal conductivity 15 material is arranged so as
‘to cool the growing single crystal S. A material conposing the cooling
~body 22 camprbhersabeetedifrom sybshaneesnw trhdhieghrheab, canduat gty and
heat radiation rate, for exanple, silver, a silver alloy, carbon, copper
or the |iRegepsratianepiarewrthtde RiEgHeReat levrduEiEHPERL188 - wel | as
havi ng no.g8ReeEn, ol hcopLam nayi ga.gk he 18l LeRsiugkd Phathe singl e
crystal, use of silver or a sifver alloy is nost preferable. A nethod for
coati ng gdidlorasiibuegeneranedl boythheredbeontsiflhemouetaeadof copper or a

copper. 25 _all oy can a d as_ well. The cooling body 22 is jointed to
t he Ii%ui8X%88ﬁﬁn8nsggﬁc?Eﬁi?zﬁiagﬁd the jointed part of the cooling body

22 and the liquid cooling structure 21 forns an 30 expl osively jointed

‘part 25 jointed explosively. In explosive jointing, materials thensel ves
to be joi AE8BIaPE &FFPaffedSi h1paialFel tB5cRTE6EREF WVR" LG P4BFe space

apart. Chr%Q%aQEd”%EﬁEiEbscoﬁHEBQQH%gaﬁB%@EOQqunp%xRE@%@ﬁ%n%&t%ounted via
a buffer material, and explosion of this one end is initiated wth a

det onat or BMPofeeikildénboth mheesildlison whigrogress Orregpiesi 6P 5, and
Doy L neg  Rac ey hage e bhul dah ) K BIRRRav LAY Abulndnc il A RO ot PY

very high or rmat 1 on "spee réssure, generating netal jet flow
forward feam t{he,cgkheshonopobiit diBaoause oan aaxittiez 8HDf idemrersasgas

adsorbed | ayer on the metal surface is renoved by this 10 netal jet flow,
a. cl ean sE?%HiE?PHu%naggﬁﬁ?@ﬁei%naﬁﬁépéﬁecpgsgpﬁ H?Qﬁﬁgﬁgﬁﬁésgﬁﬁ , and
both mat etir-abhsmiaknt e9gpl at ehywsWat REMELRbLSt b¥ctyiecaBegamse the j oi nt
part of the cooling body 22 and the 15 liquid cooling structure 21 is
explosively jointed, a good joint part is forned, irrespective of being a

J o ntypar ko0l ALl gt enhaklnd OhoiBhaheg,ad B, hehel bak PAgsihle to
secure nearly 100% of contact ratio in"the contact area. Therefore, heat
transfer fidoiit béaneoliinngotal planes surrounding BMD is adeopted.
That is, as shown in Fig. 7, ratioc of length of the
{111} plane to total length of the circumference is
determined, when BMD is projected'in a <110> direction.
20 As‘described in detail in Examples later, according to
experiments by the present Inventors, it was found that
Warpége amount after heat treatment i1s suppressed to
equal to or smaller than 10 pm when a ratio of the {111}
plane becomes equal to or lower than C.3.
25
Based on the above results, the silicon wafer of the
present invention is excellently superior in having
small slip and warpage generating in the device
production process. More specifically, the silicon
30 wafer of the present invention, particularly in the
silicon wafer having controlled size, density and

morphology of BMD as above-described, is characterized



20 body 22 to the liquid cooling structure 21 proceeds extrenely good, and
it is possible to decrease tenperature of the cooling body 22. The cooling
body 22 is arranged at positibn to shield radiation heat fromthe crucible
or the nmolten liquid L to the single 25 crystal S by taking nearly
rotation symretrical shape to the center axis of the grow ng single
crystal S, and is jointed with the liquid cooling structure 21 at the
upper part of the cooling body 22. 30 In Fig, 9, the cooling body 22 is
shown to havengyl iRdgEinshapencardigogtact-aarag afisbhenexpkosiwel y jointed
part 25 of the cooling body 22 and the liquid coolin structure 21 has
near |y thérsarBeafeasofcéloysngedti 6FLEETERY ﬁﬁpﬁtbdgypéﬁaﬂﬁ§rcoollng
body. As a erty .of o] dy.22 y t he i nner
e of LS SUAPTES GOGORSHEY oBl sHBEsEREhan BACknoartl (HRELRASRS ons
rad|at|onoﬁrwadpagbngfcaheb@a£b$oaﬁear Thetoutrertyrds of Ehea¢o©blng body
22 facing tolthe UCI n be a surface with high reflectance, so as to
reflect h&at ?§8|§5F8n rP@glating. 10 The liquid cooling structure 21 is
a wat er cooling chanber having doughnut-1like shape, and is arranged
between the side wall of the internediate Chanbher 2c _and the heating
chanber 24&- @BdﬁFr§PlVea?HrﬁrBaﬁcmﬁﬁppﬁéogyng9é38P9§9a#e§gtgh@n pper

structurenbady, Baving LBevRUkbzip;:ehamben, 2heabhe hher ppdhate chanber 2c
and the liquid cooling structure 21 eprOS|ver jointed wth the cooling

body 22, uéusébaranednfm@ﬁhpﬁelﬁe@pﬁﬁgbéﬁanbeﬂHZQOIPolycrystalI|ne 20
N 1) ?ggsaa%hcg ' Ac IRl enaL b§”BU%&5h%a%gglgﬁrglg Laggnamount as

dopant’s exa phosphorous in the case of an n-t boron in the
case of ampctypeopetqherseﬁeetede&SrapﬂrmprmatéTEM”ObUalmnalddsdred

sem conduct or and if neces ar a n|tr gen cont ai g.25 substance and a
car bon- cofit & ?Hﬁegﬁﬁgtgﬁgg nBBthﬁ ﬁﬁéoﬁhgeégﬁ%l P&, S ;ﬁﬁ then the

upper stryetupeabody bﬁdahb@ﬁhgd againtt o ft hecheatliingrchamber o2a. By
turning the heater 4 on in this state, nelting of the sem conductor

mat eri al Fh@lBéeﬁﬁétcﬁﬂﬁﬁﬁﬁéopsaﬁﬁlP@G P3¢ NS A aEHY ddmiESRduct or materi al
beco aM@QEE‘E%méB%t?s ¥di g@% 3 ENpULLedy ihoRECaReALK: hatQ

at nosphere 1 nside the crysta “up furnace for grow ng the
‘ specific measurement method for slip dislocation in the

present description, an X-ray topography is used; and as
a specific measurement method for warpage amount in the
present déscription,,it is possible to evaluate by

20 observation using FT-90A, manufactured by NIDEK Co.,
Ltd, or the like. '

A second aspect of the present invention is a method for
producing a silicon wafer, comprising the steps of
25 subijecting & silicon substrate wafer obtained by cutting

out a silicon crystal to heat treatment step (A), heat
treatment step (B) and heat treatment step (C):
the heat treatment step (A} comprising the steps of:
inserting said silicon substrate wafer to a heat .

| 30 treatmént furnace by setting a temperature thereof at
700°C to 800°C; increasing the temperature at a

témperature increasing rate of 5°C /minute te 10°C

- 17 —



silicon crystal, and the pull-up wire 8 is descended by actuating the wire
w nder 11, so that the seed crystal 9 attached to the chuck 10 contacts
with the surface of the nolten liquid L. When the single crystal S starts
5 to growing on the seed crystal 9, in this state, then by pulling up the
wire winder 11 at the predeterm ned speed, the single crystal S is nade
grown. A nethod for adding nitrogen or carbon to the silicon 10 crystal

(or the silicon substrate wafer cut. out fromthe silicon crystal grown) is

not parti gukanky Eb%‘hegan?@do@ epBvenkktenabhy tknpwhateirBodicanibe used
preferably. In nore: specifically, as the addition nmethod of nitrogen, by
addi ng a Sitlilcen §HB§$¢§¢@ Héﬁﬁﬁgta Ai tEMBeTa5UER| Rt BSABFten i quid for

putling URibhecs! Lheea gt X8t Bhe gb&bggaeuegng%ngr@Ehgergtugae resul tant
silicon substrate wafer ca adj usted; and as the addition nethod of

car bon, bynad&aﬁgngambma powdéc lenuteehOIQﬁﬁldmﬁoﬂtsuﬁptng up the

3111 ta b 20 £t | t N
Subst 1t 6 KAPEF G Do RAFuE Lol CPnad U0l tRe 07 BoBls. SFCBRBM HgCt he

singl e cryshakratwhil ecpokl engouptbham-thecrakuen blquleOEC tadi ant |ight
25 fromthe single crystal S irradi ates the coolln%Bbod g%de of a high

thermal coéralct ¥ty Thaleri &P, ‘BECRNSE CRETEESIPHgTHEAY =3P I “EXfl osi vel y

jointed wihtrhghhg higyi d -egeki-ng %h&%%%@r§t2$ eapbedabyra |iquid cool ant
and kept at low tenperature, exchange of the radiation 30 heat with the

si ngl e crystakasing geoe, oand @odmﬂﬁgtﬁaﬁé 6P ° ?héméﬁﬁéﬁe Erydhdl S can be
enhanggd. \Q %qutggﬁlceﬁcgﬂﬁgtr% 20,2001 1Y 8 LhACSHROLE s6r ¥8bal

during puII eneration of cry ect of the S|ngle
crystal Stdeetm&aesfexhae&eby aThempemheumelbédTOp §i ngl 80€Ffyskald S, which
is the silicon cryst the p an be obtained. By

e t
Cutti ng PO RBIsFRg e Sy 08 BaEatrrsg are =" BonE o PO

temperature;
the heat treatment step (B) comprising the steps of:

15 inserting said silicon substrate wafer to the heat

| treatment furnace by setting a temperature thereof at

700°C to 800°C; performing a heat treatment at the
temperafure being a constant temperature of 700°C to
800°C for 30 minutes to 5 hours; increasing the

20  temperature af a temperature increasing rate of 0.5°C
/minute to 2°C /minute, up to a temperature in which +
50°C is added to the constant temperature or higher;
decreasing the temperature of said heat treatment
furnace at a temperature decreasing rate of 1°C /minute

25  to 10°C /minute; taking out said silicon substrate wafer
to outside of the furnace at a temperature of 700°C to
800°C; and cooling the substrate down to room
temperature:;
the heat treatment step (C) comprising the steps of:

30 inserting said silicon substrate wafer to the heat
treatment furnace by setting the temperatd:e therecof at

700°C- to 800°C; increasing the temperature at a



up, and by polishing (mirror finiShing) if necessary, the silicon
substrate wafer (or a mrror wafer) of the present invention can be
~obtained. By subjecting the 10 silicon substrate wafer obtained here to
the heat treatnment steps (A to (C of the present. invention, the silicon
waf er of the present invention can be produced. The silicon substrate

waf er of the present invention can 15 be prepared as a desired one,
specifically, by suitably controlling single crystal growth conditions.
(crystal puhbeRdtURer ah8re8EYabakageobitngerayainatucbl eoratation, gas
flow and the like). In addition, limtation of size (dianmeter, thickness
or the |iKajingteoforha spnpeopiwaher 1R6ETERENs FRIEERASURSt PAt 82Af er) of
the preseqt hpuentigne aod Limtatbon etnBeeseqce or shsshce of dope of
vari ous elenments are not especially required, and they can be sel ected as
appropriaﬂéODﬁCrespomsesLngthd aﬁdppeatamﬁanteaotembérgtUW@on waf er 25
requirgd. ,"Silicon sub trate w?f mﬁnh@ the Es?ntnd sCrl Qtlon neans t he
sil'i coh waP'eF SaRi-ef Fg ot Thé PERPEE 56f or & Re&t [FFest nent st eps
(A to (Ckembe&heu@ées@ﬂgeBGflmyemtﬂQDQOcncbudQﬁg°wafaESpsub]ehbed to a
step other than the heat_treatnent such as chanferi 2@ ggproprlate after
cutting olfMPREASHFPCEA BFy&t GPTEF e “SPPELERt TFn{ n@ . “"&°li con wafer"

in the presegbcdeser ikpbion EBanshwakers satt-ekspayf enal Rgmphe akeat
treatnment steps of the present invention. (The héat treatnent step (A))

The heat ptfestddntestepreArmentt Aurpeesent enieRPEEAtESRpri ses the steps
f h t t f b
| {per Lo Lhe sl LLpanosubstr ghe walet ! agachoqt g eat wpal f urnace by

settlng a tenpera reo i hcreasing the 10
tenperatutekahgaouenpeﬁatHielcnareabBMgamat@a@érSﬁo/mmmuuQEt@floc /[ mnute
for a range insertion teggerature of the silicon sg%%gra e wafer to

f th
a tenpera 6F§ BﬁageFBﬁﬁiTﬁﬁé InRPESs Piig 2t HETPERPEFAFUFE 4t a -t &per at ur e

i ncreasi ngopnate of 1C /mnute to 2C 15 /minute for a tenperature range of
from 1100C to 1250C;, keeping the tenperature to be at a constant
tenperature of 1200C to 1250C for from2 to 4 hours; decreasing the

te”pe[§tuﬁﬁe9ébghe'gﬁﬁg gggg&g&gttbubg%g%c%taasgqqggaamg@%rdecreasing rate
of 1C7minute t0'10 _
capable of suppressing generation of both of slip and
warpage, in the device production step, to an extremely
small level, and preventing the silicon wafer from
decrease in strength while having the DZ layer, and
20 having large diameter (typically equal to or larger than

200 mm) and high quality.

Hereinafter, explanation will be given on an example of
the preferable production method for the silicon crystal
25 of the present invention thereafter the production
method for the silicon wafer .of the present invention,
by segmenting to each‘of the heat treatment steps (A} to
(C).
(The production method for the Siliqon crystal)
30 '
The silicon cfystal of the present invention is not

particularly limited, as long as it is one obtained by a



20 /minute; taking out the silicon substrate wafer to outside of the heat -
treatnment furnace at a tenperature of 700C to 800C, and cooling the
sili‘con substrate wafer down to roomtenperature. 25 As for effect of the
step (A) on norphology of BVMD, it is understood as follows. Usually, after
grow h of the silicon crystal, in cooling process of the crystal to room

t enperature, oxygen, point defects, and other elenents in the silicon
crystal aggregate to formmcro 30 BVD nuclei, which exist in the silicon

subst r at e kel prByius¥Rbeckich8cBUEhicS lisC @hes ubsidnate swaf ek thedheat
treatment, oxygen aggregates around these BMD nuclei as the center to
f orm END Wil losdaoy Bpuacsise TiBND poPredd HCIuCK &hsr ddéss ténds to a

oY POl 00) 18ES9TRARKLAO LG LLLLY PLARE L Ouide, khenchand, in the case

where the silic substrate wafer is su to"heat treatnent. 5 at
equal to @ézdohghkdskiharth200Cs suelicasbilee heat treatnment step (A), the
m cro BMD nucl ei dissolve once. After that, it is understood that by
formng the BVMD nuclei again in the heat treatnment step (B), and grow ng
it in thepke&brt reat peRdustepn( @ethakdond Witlh doyn efrfyeet 116 fofchear bon or
hydrogen to be described later, BVD, which_.is difficult to acconpany the
{111} pl aR&eseEtf dP¥EBL1PR -t REPIREF TACT MitlHe PPUCHIEE PEAREr &Cur e when

i nsertinggthe cshhibhaen substrratepwafl @npodside tihe f wheage dawcsebrat 15
bel ow 700C, it incurs decrease in life tine of a furnace heater and thus

it is not mptéber dblre thwhisiid itthe rcapérdt @rel ¢heower 1BOOCY@EST i orates a
| arnafl, (REIRG AN haNR Ll RNt Rl B A R Rl fea et [ 10

t enperat uré-irficreasi fro nute to m nut'e for a range
of insert wanht egferahuee tof stkhepdielsi, c el csupstirat expdfern ttiona drenper at ur e

of bel ow 1100C, _and tenperature increasing rate of .from1C /mnute to 2C
/minute of'& f@lteé{ﬁﬁgr Searder ghgeter £ PISHETS™ hat such

t enper at U PLERGEEASI NTiKat ® Gan sbe Akhmitied db sk -gereranaheati i eat ment
furnace, and can be a tenperature increasing rate which shortens total
heat treaBREHENG pRE SR 1lehefs e 6r Sk €&pishg it MEAREriC8 a const ant

tempefat uLe, 1 8a3AN thoheS AN nt R ! QMYALUNGRIMElorL.O The
single crystal production'apparatus shown in Fig. 9 has
a member for melting a semiconductor material and a
mechanism for pulling up a grown single crystal; the
member for melting arsemiconductor méterial is held

20 inside a heating chamber 2a; and the mechanism for

pulling up the single crystal is equipped at the inside
and the outside of a pull-up chamber 2b, which
constitutes a part of an upper structure body made
separable from this heating chamber 2Z2a. This upper

25 structure body has a intermediate chamber 2c as well.

Inside the heating chamber 2a, a crucible retaining
molten liquid L is eguipped by a rotation shaft 5, and
this crucible is supported in a free rqtation and free
30 hoisting state, and the rotation shaft 5 is rotated and
hoisted by a drive unit not shown. The\drive unit

ascends the crucible just by lowered changed of liquid

— 20 -



or higher than 1200C or the tine equal to or longer than 2 hours is
because it is capable of naking the ratio-of the MI plane of BMD to equal
to or lower than 0.3, and suppressing warpage to equal to less than 5 10
pm after conpletion of the high tenperature heat treatnment step of the
heat treatnment step (C)..The tenperature of the heat treatnent furnace of
over 1250C causes severe deterioration of an annealing 10 furnace nenber,
and thus it is not preferable, while the tine for keeping at a constant

tenper at usarebcaver 4dohpHhsaks NekeRhabehablkacduehoddecrease in
productivity. Tenperature decreasing rate is_preferably from1C /mnute to

10C / mi nueeCompirelipanvbEharrdilAgd Bp a 28ngéReFalsfaindeedthe furnace
tenperatutg of joel o ZQ%§’tWQeﬁoE%%F??iﬁﬂﬁth? %HQSE%%%erB%aEQ% outsi de of

the furnace 1 ncurs the decrease in etine of the furnace heater, and

thus it is$hrotrprébéeableayehihe thieeptredpératinedofrotwéro800C det eri orat es

the furnace 20 nenber,.and thu referag):%fe.a1 The_heat treatnent
t

. it.is t
step (B)) TRAVHASY -t r SAENERECLPES (B) CHPSERG IpFos Jantr

i MVention conpri ses
the stepscelicibnserkingntihe sirbbtefesubstiatle 25 wabeectanghehheat
treatment furnace by settin% a tenperature thereof at 700C to 800C;

per f or m n§tathBaf feedfhbnPlat NENELLEAPEFat Gr BEBEFAg ‘a TOSNTEAHE Y

t enper at Ug g0t ; 700Gt 95800C,f.0E43QoMLBUESS s4:@ rBuR@UAs,s i ncreasing the
tenperature at a tenperature increasing 30 rate of 0.5C /mnute to 2C

/ minute, gprromderceamper ablr 8henouikicke #f5001ss hgdded to ERe const ant

,tenpgrature or. higher: decreasing t er r f. the. heat.. treatnent
furna@% aﬁngu gﬁﬁggaﬁaFgggéérggéigﬁ ?gﬁggo f%&%ﬁﬁn%ﬁgﬁgglfgcgﬁM nut e;
t aki ng ouhethefsbhi cansshbateat ¢ waf ¢het heattisigdehafnbelre 2byr nace at a

tenperature Of 700C to 800C, and cool.i ng Lheu%%bstrate 5 down to room

t enper at uFEYLBYSPefPoffi hg CHETPEPEVANT Redf IrELERERt step (B), the micro
BVD nucl ei di ssolved once in the heat treatnment step (A) can be forned
again. 10 In the heat treatnent step (B), the heat treatnent furnace

t enper at uPé shebBnéW-EBOChaBbs P  proPlde “BRDWIEENEY i JRiSH fitci ent | y

becaUﬁg 0Buh85%£1585ﬁnghgiEEBSQQQl of the ceiling of the

intermediate chamber 2c¢ and one end thereof is fixed to
a wire winder 11 is prOvided; and at the lower end of
this pull-up wire 8, a chuck 10 for holding a seed
crystal 9 is attached. The wire winder 11 pulls up the

20 single crystal S growihg_gradually at the lower end side
of the.seed crystal 9,raccording to the growth speed
thereof or the like, and at the game time, makes the
crystal rotated always in an opposite direction to a
rotation direction of the crucible.

25 _
From a gas inlet 13 formed at the holding part for the
pull-up chamber 2b, a gas mixture of argon and hydrogen
is introduced, and this mixed gas is discharged fiom a
gas vent 14}'after circulating the inside of the heating

30 chamber 2a. Reason for circulating the mixed gas inside

the chamber in this way is, as described above, to

prevent contamination of 510, gas or CO; gas into molten

— 2 —



of oxygen, and thus it is not preferable, while even 15 when the
tenperature is over 800C, there are many usel essness, because there is
little influence on BVMD optim zation, and thus it is not preferable. The
tine of heat treatnment, performed at a constant 20 tenperature of from
700C to 800C, of below 30 mnutes is insufficient as tinme for formation of
BVMD nuclei, while the tine of over 5 hours decreases productivity
extrenely, and thus it is not preferable. 25 Further, the tenperature

i ncreasi ngihatenof i Fhed! oweratger egeofanf gbakewr8s5CnkBUtBeCcannoOt secure
stable tenperature increasing rate, while the tenperature increasing rate
of over 2ChemPAGt acesuPandrdappehr "BVDIBEPES Bédl CaRIPYhHEFE s not

pref erabl g. t fipnal tenperature of the tenperature increasing
step is bgﬁgﬁygﬂﬁeﬁ%gﬁg%u?é which is + 50C higher than the keeping
tenperature of the |ow tenperature heat treatnent step, the BMD, which

thus. (11 8nbeoprBrarBoPD. T ne REAP LEr ASCAER LPeB "t T s The heat

treat ment 1sap4d( Epodinfhetpuesant pnventi ancooimnigsesdihé2steps of :
inserting the silicon substrate wafer to the_ heat  treatnent fﬂrnace by

setting actEAPEREt GPedEhEPedRTEPUPI0E EO I86HERT REPEASI AGYPHE 10

. tenperat uggeat ; gt 8MPEL AL HEE skRGESRASENG 1T ake 106+ Gt tiradt BoHe 16C /minute
for a range of the insertion tenperature of the silicon substrate wafer to
a tenper avbiehot bébphdigoobanitnéceadicny ehedt énpéegtur éhafid -t émperature
i ncregsing, rate of .1C / m put 5 »Lm. nut, enper.a range of
1100 o] %5?0 'qﬁggpg%BE}H§ g%%&%%%%rgltégbggg%g Hgsgnggt%nﬁgﬁgfure of
1200C to t2b0Cnfjochimbarlmbass ofiourts;indecseaskerd,t espegavaterofst he heat
treatment furnace at a tenperature decreasing rate of 1C /mnute to 10C 20
/minute; A8 FARiIAGTout the silicon substrate wafer to outside of the heat
treatnment furnace at a tenperature of from 700C to 800C. By perform ng
the heat treatnment step (C), BMD nuclei, 25 which are difficult to
acconpany 'hRecpeiipdpbady, 2¢afiae grodn g t§eEBAdi FEPERLRILTn the heat

L{Sﬁgg?ntmaksBig§3isb¥r§shbgagsbh%sk%%pb%%lt%ﬁge@%bw&%ga%i%@Q@l to or

crystal S. A material composing the cooling body 22 can
be selected from substances with high heat conductivity
and heat radiation rate, for example, silver, a silver
alloy, carbon, copper or the like. As a material with

20 high heat conductivity, as well as having no concern of
contamination of the molten liguid or the single
crystal, use of silver or a silver alloy is most
preferable. A method for coating gold or silver or an

alloy thereof onto the surfdace of copper or a copper

25 alloy can be adopted as well.

The cooling body 22 is jeinted to the ligquid cooling
structure 21, and the jointed part of the cooling body
22 and the liguid cooling structure 21 forms an

30 explosively jointed part 25 jointed explosively. In
iéxplosive jointing, materials themselves Co be jointed

are arranged in parallel each other with a suitable



30 than 1200C, or the retention tine at equal to or longer than 1 hour, it
is possible to attain the diagonal |ength of BVMD of equal to or |onger
than 10 nm by growh of the BVD nuclei, then, slip after the heat
treatment can be suppressed to equal to or less than 10 pmby slip
shielding effect. 5 It is considered that by subjecting the silicon
substrate wafer to the heat treatnent, which includes these heat treatnent
steps, (A to (C) as an inseparable one set, BVMD which is difficult to

acconpany gpdde tdigAd1l1loplane ds dotaethl § hedui gaies afn@mofosldp and 10
war page in the device production process can be both extrenely suppressed
At nosphed® Brs ke Hedictriad ekt 3tpsf Rt SHOt particul arly

limted, and ihey,mayr be,perdor ndy undein 15 Nidd agien, af nmsihese, r hydrogen
at nosphere, "oxygen atnosphere, rare gas (Ar or the |ike) atnosphere; and
there is ro |¢ahltiald drotdh mapparat usiidh beremesss h mexthkatianeat ment

steps (A to. (O - vent.i.Q f N, S: ed
pr ef er gbl yatfndSpb?@cﬁi}} ?é:bgtlalals,co%g% ‘tls%d%aﬂt(lc\kfag%%%ﬁ#?lca -rlé{@gce%fsur nace, a
bat ch- systwmemi Meritdrec glointperyf wrarac érhgvi degt R t(rapispaderaned hi®at nent) or

oxygen purging, function etc. are included As_for the prodyction nethod
‘for the si%ec%“'r”%%{f é}renoefra%Smt%én%raejgéh%i%voe"htfiooﬂ"fari f|J“gOHb(rice %erabl e that

t he sili caibisubsitdrate wedf.er Bdcdde: pireseniditaentilon @o agass ni trogen. |t
i s because by containing nitrogen in the substrate, i{ﬁggﬁ;e anount of

war page caftIRFasH thfefe s Whridss e tdt & Fe 178151 1§ %qual to or

30 smapl erpdan R PMLowl NS .cidarl SsiPeeausesniby dppdneld sdppessidg
i ncrease anmount "of war page, a higher performance device can be produced.
Ni trogen comesity &y di-dhgings suiee siane g Bubsraatie Vaf 1 F t he present

invention i @e@eefﬁm%hl-n@%aoﬂ%@%ﬁﬁ@ﬁ to 5x1015 atoms/cn8, and nore

preferably 014

Because the joint part of the cooling body 22 and the

15 1liquid éooling structure 21 is explosifely jointed, a
good joint part is formed, irrespective of being a joint
part of different kind of metals, and further it is
possible to secure nearly 100% of contact ratio in the
contact area. Therefore, heat transfer from thé cooling

20 body 22 to the liquid coodling structure 21 proceeds
extremely good, and it is possible to decrease
temperature of the cooling body 22. The cooling body 22
is arranged at position to shield radiation heat from
the crucible or the molten liquid L to the single

25 crystal S by taking nearly rotation symmetrical shape to
the center axis of the growing single crystal 5, and is
jointed with the liquid cooling structure 21 at the
‘upper part of the cooling body 22.

30 In Fig: 9, the cooling body 22 is shown to have cylinder

shape, and contact area of the explosively jointed part

25 of the cooling body 22 and the liquid cooling
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5 atons/cnB to 5x1015 atons/cnB. The nitrogen concentration of. below the
above range nmakes surface defect remained after high tenperature heat
treatment, and thus it is not preferable, while the nitrogen concentration
of over the above range generates 10 pol ycrystallization and could
decrease yield, and thus it is not preferable. In the production nethod
for the silicon wafer of the present invention, it is preferable that the
silicon 15 substrate wafer of the present invention contains carbon.

Car bon concenic@itoni shqs efexaby yoi¢ anmmbx 1046 ab HNEY CnB-$ @ 2XAi0 17

at ons/ cnB, re preferably from5 101 ons/cnB_to | x1017 atons/cnB.
The car borP oA is HE I5t b1 bttt THer HEbvRST Ao mmide THe 92 0 20 of

the {111} w&@g@c@g cﬁ!\/[h@eft@cﬁoﬁi}ﬁ@Uﬁicﬂ?mp,f phendi ohy temperataw e heat
treatnment step. (C) be over 0.3, and thus it Is not preferable, while the

carbon contiift e FFODVRY AN efFEHR gt at B PET yEFYEEA | i zati on
and coyl d éj%lra?tﬁ.se &l %a@fﬁti&&'sllzéacﬁaﬂﬁq%%arpr@é enabl @,ed n the

production method for the silicon wafer e present invention, it is
pr ef er abl e'ficharutoxy geile ot emne atoohing hddy s37 | Coni subse rdie wafer of the

30 present. Ve on,d 5, prefarably fyam 81013, 2 ol o0, {0, 94017

at ons/ cnB. € rel evant oxygen concentra ibove range
causes BMR aerssilttaott dhdrer beddiat i dix 1ddadicaBBin@and thus it is not
preferable, while the oxygen concentration of over the above range could
decrease yield of the crystal, and thus it is not preferable. 5 In the

pr oduqgbi on_rrfmtmczﬁlﬁcprcddleuﬁgIs@ﬁbw@rzpflgh@ wasetod MeNtion, it is
preferabl e that hydrogen partial pressure inside the crystal puII-up

furnace WHERTRAY iy (RS o ke yEtaed 25t & #RJ9%hd nore 10

pref er abl },c3Q:deth 40P 1 NG, SEL tcsflqzrgi e i oged fdldvat Bf esgure to be
3 to 40 Pa can nake the ratio of the M| plane of BMD to be equal to or

| over t harkl® headdeausdhagibatheladdi ti on of constant ampunt of hydrogen
into the crystal along with by effect of .carbon. The 15 case where the
hydrogen partial pressure inside the silicon crystal pull-up furnace is
bel owl8 Paiorstdwer 40 Radlecimepses: pulddlng ampysticel & oftHeheimgrapst al , - and

F;‘lhlulsclotn Ic%}:g:?t R g)r?éjbp'r é‘sagv(r)ﬁrl% nt{;g%zﬁu%lhhel{ﬁ %@abl ’cgﬁrbo:lo;rtehgoped in
the sili Cqmltf@:ln{ed},'aq:‘é Ghaask e sidd aote crygiad  ddo 0Ty tindetugas _
at nosphere i ncl udi ng hydrogen inside the silicon crystal pul | -up furnace.
And, it iglfﬁaﬂ%gslvely jointed with the cooling body 22, is
separated from the heating chamber Za. Polycrystalline
20 silicon material as a raw material, impurities of very
trace amount as dopants (for example phdsphorous in the
case of an n-type, boron in the case of a p—ty@e, etc.,
seleéted as appropriate to obtain a desired
semiconducter); and if hecessary, a nitrogen-containing
25 substance and a carbon-containing substance are inputted
into the crucible, and then the upper.lstructure body is
attached agaih to the heating chamber 2a. By turning
the heater 4 on in this state, melting cf the
semiconductor‘méterial inside the crucible is waited.
30 'When the semiconductor material becomes a meolten state,
hydrogeh ig inputted, if necessary, into atmosphere

inside the crystal pull-up furnace for growing the
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25 preferable that hydrogen partial pressure inside the crystal pull-up
furnace for growing the silicon crystal is 3 to 40 Pa, and nitrogen of
4x1011 to 5x1015 atons/cnB and carbon of 5x1015 to | x1017 atons/cnB are
added into the silicon nolten liquid. 30 crystal at, 000C to 900C is
equal to or higher than 5C m nute. The cooling rate of below the above
range provides the ratio of the {M plane of BMD of over 0.3, after
conpl etion of the heat treatnent step (C), 5 and thus it is not

pr ef er abl es1 1Gafdon-sencant ratd ahe PpdrLYEN Wwoneentiratdartantkdxygen
concentration in the-silicon crystal, and carbon concentrati on,]ng'%]trogen

" concent r at3 giENF D eV 4 i 6if i A the e AT A% 14 waf er.

are subst aitdatdan the §amesnmAsc the &dilid Los gt alhofsdhea g esent
invention, it is parti_cul_arlﬁ/ preferabl e that by setting hydrogen parti al
15 pressurd§ fdden Grapsithil pulfisp g n%lc‘éﬂf%rcﬁf%ﬁ/ﬁ%% sHiaFsili con

crystak ated rom3 dP A0 7 and. contyaldi ng & ,c09liNg rate, afhsai, silicon
crystal at 1000C to , 900C to be equal to or higher than 5C m nut'e,
ni trogen condenta atd dieofwittee wirldeonl b ustle eonedetregbtrgiched by 20

zcuttingo sajd.sili crysaglt s from. %A{\L}_@tonﬁ/cnﬁto 5x1015
atoms/crrB;qstpaene ’oxta{geensciglglnlceencigrya Jriéoln glsl%nr%an(f% 17 ‘atoms/cnB to 9x1017
atons/ cnB; and carbon concentration is 3x1015 atonms/cnB to 2x1013
atonms/cnB _(as conyve tec%{) . JETTA). 25 The silico fer of. the present
vent | on PSR ) et Rt SR FHasOo By Hopt TP (rbgeif did CaPbon to i he
silicop mitenrdl qud s adoviesorandisd sty wsidtg de &id i sistrate
waf er grown under gas atnosphere 30 including hydrogen inside the silicon
crystal p@il-igeT (rvace ! i Atdi thiom o R Hadie thedtieic st 0¥ (A) to
(Q), can URRSEHEARAANSY eMovdERRIEdPAf 1 ikanG ra@Rags,. and
generation of slip dislocation-in the device producti on Process.
In more specifically, as the addition method o
nitrogén, by adding a silicon substrate having a nitride
15 £ilm to molten ligquid for pulling up the silicon
crystal, nitrogen concentration of the resultant silicon
substrate wafer can be adjusted; and as the addition
method of carbon, by adding.carbon powder to molten
liquid for pulling up the silicon crystal, carbon
20 concentration of the resultant silicon substrate wafer

can be adjusted.

Thus, in the process of growing the single crystal S
while pulling up from the molten ligquid L, radiant light
25 from the single crystal S irradiates the cooling body 22
made of a high thermal conductivity material. Because
the cceling body-22 is explosively jointed with the
liguid cecoling structure 21 cocled by a liquid coolant
and kept at low temperature, exchange of the radiation
30 heat with the single crystal S is good, and cooling rate
of the single crystal S can be enhanced. In addition,

because rapid cooling of the single crystal S during
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A nmeasurenment nethod for concentrations of nitrogen, 5 carbon and oxYgen
included in the silicon substrate wafer and the silicon wafer of the
present invention is not particularly limted as well, and they can be
nmeasured preferably by a conventionally known nethod. More specifically,
as the method for measuring nitrogen 10 concentration, nitrogen :
concentration: can be neasured by using a secondary ion nmass spectroneter
(SIMS). As the nmethod for measuring oxygen and carbon concentrations,
these conggntyatd Qs CAMNHDEs IBERS U Qth dya tsd o BNc a1 etk @hsorgt i on

met hod, and determned by value of 15 JEITA (Japan El ectronics and

| nf or mat i oM T etHHbl DL Ml t ¥ | P3RS AT orf@sY a conversion factor.
EXAMPLES Expl anation wi Il be given bel ow on Exanpl es of the 20 present

i nvention. However, the present invention should not be Iimted to the

fol | owi ng BempltEs: rihdted syp tdiend ot | oy sigp BxGinpilesclaris rgrel v

exenpl i.ficati.ons, and _any one .shqul d be enconpassed | “echnol ogi cal
scope 3f tfﬁeljpcroe%e%liysﬁa\r}en?%so k,le $" %%‘gt as'y laosn'ZBé‘gf]I?legzarﬁénol ogi cal concept
and subst asddalded samey canstiddtion @nd ekerls ciydtar agtulbedf f ect as
described in the clains of the present [nventjon. -Exanple 1 30 Pulling-u
of a singl"®crdRd &Y H45 B s Perfor thg? ) JE%I‘? on° TSt al P
product i onapparatdisn siieststddLomedy st Prvded+ o Bpparst ushaised in the
present Exanple is a single crystal production apparatus having the

cool i ng bREEZEANL SHERGIPIF gn e Rt ErdppdiatiPieclssd F# a silicon
crystah Productdpn s s Isiate ol naid & ugidliesti ameter used in
t he apparatus was 5 22 inch, a silicon sem conductor material introduced
in the crucidstmeandts stGPkg(Alantb t &) sthdifee arystat St ss © 8 i nch
crystal. §.i-\ve £rl . 00l | 0 and

i nner di a%ejtlelrgoon\fl\qfah%srgg)o]f?tn}ge B%}de;g%é m%v%g%%nééo&u?%ér)qg%%%%% t her eof
was 300 rani and length thereof was 280 mm As the liqUi d cooling

:E :: 32{ 3::@ 1e’ ssi Cihcoan Csourgéigrugtaxet IV?anfe\Arlasoflstefge tgl?etsetnhc Jl_rln%'lrlliglocﬁ)ocléz{]g

15 ©be prepared as a desired one, specifically, by suitably

controlling single crystal growth conditions (crystal
pulling up rate, crystal cooling rate,rcrﬁcible
rotation, gas flow and the like). 1In addition,
limitation of size (diameter, thickness or the like) of
20 the silicon wafer (or the silicon substrate wafer) of
the present invention, and limitation of presence or
absence of dope of various elements are not esﬁecially
required, and they can be selected as appropriate in
response to kind and performance of the silicon wafer

25 required.

“gilicon substrate wafer” in the present description
means the silicon wafer which is not heat-treated before
the.heat treatment steps (A} to (C} of the present

30 invention, including wafers subjected to a step other
than the heat treatment such as éhamfering as

appropriate after cutting out the silicon crystal of the
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31 was set as a doughnut-shaped water cooling chanber 15 having a cooling
wat er pipeline inside and attached to the |lower part of the internedi ate
chanber 2c. Specifically, the relevant production apparatus is a pull-up
furnace 1 where a heat shielding body 36 was 20 cool ed by the above net hod
for increasing pulling-up rate at equal to or higher than 1100C, or a
pul | -up furnace 2 having general pulling-up rate. In the pull- up furnace
1, a joint part of the cooling body 22 and the liquid cooling structure 21

was expl ospmeiant Oimtdth i @25, Omdiei @sherahawrd, in ntideg paddnp furnace 2, a
joint part_of the cooling body 22 and the liquid cooling structure 21 was

bol t j oi NtERECTHE I INGANT rdhereS . A vRis RREP IO tidhh 29 cool i ng 30
rate of S5G J/Jddmi,a agte%p@g;ffotg@%sm {hepuldsup furnace 2 was used to

attain 2C /mnute. The silicon crystal, grown by utilizing this apparatus
was p-typelTiborigatddpebtiygpe) ofem Gonduction-type, and crystal size
(dianeger)' was 200 mm (8 inch). The addition .of nitrogen was perfornmed by
inputting a wafer having a nitride filminto the silicon nolten |iquid.
The addit e dfescartyera twasntpertfay meeh byf i tiputdrarggercarborerpowder into the

il | t liquid. N troc ncentrati f the sili f
ot ai ned B RS H T (e Drget At HH G o oes R B By ng a

secondary wafe eSS =SpRcit aneleimdrS Myrn{e/gen aid igaf kon concentrati ons
were neasured by an infrared |ight absorption nmethod, using value of JETTA
(Japan El eI Tend hefest et of Orde Hrfol By Gindiidrgasing U oci ati on) .

That g, _theyeanMens o fAOIHe 0f td M erd Aldd 6Ry oamgeneaongentration is
3.03x1017/cn?, and the conversion factor of carbon concentration is

8. 1x1016/ AN Tre Mdfler/ THawitiy &or M trasgen dordentizmdonial equal to or
| ower than

i 11 ogen CoAEEr M oD T s By T T ol s oty osi on ves. used.
Expl anat i drempidrla tve egiofe foebledvovi 1100 “dit dirlcrerassivgh tdre edguessitonre
at a temperature increasing rate of 1°C /minute to 2°C
15 /minute for a temperature range of from 1100°C to
1250°C; keeping the temperature to be at a constant
temperature of 1200°C to 1250°C for from 2 to 4 hours;
decreasing the temperature of the heat treatment furnace
at a temperature decreasing rate of 1°C /minute to 10°C
20  /minute; taking out the silicon substrate wafer to
outside of the heat treatment furﬂace at a temperature

of 700°C to 800°C; and cooling the silicon substrate

wafer down to room temperature.

25 As for effect of the step (A} on morphology of BMD, it
is understood as follows. Usually, after growth of the
silicon crystal, in cooling process of the crystal to
room temperature; oxygen, point defects, and other
elements in the silicon crystal aggregate to form micro

30 BMD-nuclei, which exist in the silicon substrate wafer.
By subijecting such silicon substrate wafer to heat

treatment, oxygen aggregates around these BMD nuclei as
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25 The nethod for adding nitrogen in the production nethod of the present
invention is not particularly Iimted, and known nethods can be used,

t hese include for exanple, a method for introducing nitrogen gas during 30
di ssolving a silicon raw-material; a nmethod for mxing a silicon substrate
deposited with a nitride by a CV/D nethod or the |like, during dissolving a
raw material. Segregation coefficient k, which is ratio of inpurities
taken in the crystal after solidification of the silicon nolten |iquid,

relative tihe GRGRIEY ald Gbdm dMe WK efbdedvaulidl, s 5 7X HMD ffgriide case of
nitrogen (W Zulehner and D. Huber, Crystal Gowh, -Pro ertles and

Appl i cat i o, SYIB 3 GG REEL RN r@ewwh@lomezaccw

concent ration it gkemd Nt @d hercrystal f4.0m the sid icon rm{éLe@ dhQui d to be
used in the production 10 met hod of the present invention is calcul ated as

fol |l ows: Bépriexs) gribs Nateogerf oncem#tsdred a Heataftereatnent (1- 15
sol i di §i cali At &) rﬁﬁ&ﬂ‘{éﬁﬁ*ﬁ“réﬂdﬁ”bé Hdhe, ten liquid
Ni t rogen congg%traﬁio%hiﬁlﬁmgé te iquid may al soqb é%ﬂed as initial
ni trogen dnma&ﬂanﬂlsﬂapr(HHwaﬁhﬂtm&nﬁm)BManutlﬂiﬂdﬂssﬂﬂvehanQH|on rate
(g) of th n cry t al |s S foI
Solidific2¥ﬁ6ﬁ7r§{ % S |c6%q%}3§t %9 1n%?§H%§ih S|I|con
crystal lizedldi (Elg'HJlﬁ aln Iﬁﬂd Gmaaltl quightwsdrghtgtep (B), and growing
it in the heat treatment step (C), along with by effect
10 of carbon or hydrogen to be described later, BMD, which

is difficult to accompany the {111} plane, is formed.

In the step A, if the furnace temperature when inserting
the silicon substrate wafer inside the furnace is set at
15 below 700°C, it incurs decrease in life time of a
furnace heater and thus it is not ﬁreferable; while the
temperature of over 800°C deteriorates a furnace member

and thus it is not preferable.

20 Reason for setting a temperature increasing rate of from
5°C /minute to 10°C /minute for a range of insertion
temperature of the silicon substrate wafer to a
temperature of below 1100°C, and a temperature
increasing rate of from 1°C /minute to 2°C /minute or a

25 temperature range of 1100°C to 1250°C is that such
temperature increasing rate can be attained by a general
heat treatment furnace, and ¢an be a temperature
increasing rate which shortens total heat treatment
time.

30
In the step for keeping the wafer at a constant

temperature, reason for setting the temperature equal to
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Measur enent val ues [atons/cnB] of nitrogen concentration are described in
the following Table 1. 30 -As the hydrogen partial pressure [Pa],
conditions described in the following Table 1 were set. In this way, a
plurality pieces of substrates were cut 5 out fromthe sanme site of this
single crystal using a wire saw, then, they were subjected to mrror
finishing to obtaih the silicon substrate wafer (a thickness of about 725
pn). Thereafter, the relevant silicon wafer was used as a subetrate to

prepar e t her anngad ed-waf er2o0dec byr peid or hagedeat ¢4 et nemigaecording to a
. heat treatnent gattern shown in Fig. 8. Heat treatnent was performed under
at nospher -1 1D0WHIYors BGAptes 2,13 @R a5 5iN3ieH waters were '

produced by,#:ne sang, ey @ it Sxanpt egdp  wndesuLondi thonsegdewn in the

followi ng Table 1. (Measurenent and eval uation of the anneal ed wafer) 20
On each ofthadre Gnhealed swaferss obrai vtbagrlcko t4rudpr dparagsdrtedndi ti ons,

the foll ow E§H($Ee[q; eval uat.i ed,.. ( asur enent
of BNDSde#sqj%llﬁr’g A sap?r%d[el(%/l\llgs at}gg@n Ptf\f%}r?n tgegﬁl'%on a %‘%%%/Et h of 100
pm from t hereiimieatte dfet ket drinedtegt wafertmdie Sttt s&pl e was observed

with TEMto count BMD having a diagonal |length of equal to or |onger than
10 nm for at least 10 or nore pieces. Volune of the observed regi on 30

was cal culmied dnprpdiolal of et bsesy et av tlerkEM @t sanpt eotdit ckness, and
vol une density of BVMD was cal cul ated from BVD count number- and vol une of
t he obser vedP %%ﬁQﬁﬂseS gevere deterioration of an annealing
10 furnace member, and thus it is not preferable; while the
time for keeping at a constant temperature of OVer 4
hours is not preferable due to decrease in productivity.
Temperature decreasing rate is preferably from 100
/minute to 10°C /minute, which can be attained by a
15 general furnace. The furnace temperature of_below
700°C, when taking cut the substrate to the odtside of
the furnace incurs the decrease in life time of the
furnace heater, and thus it i1s not preferable, while the
temperature of over 800°C deteriorates the furnace

20 member, and thus it is not preferable.

(The heat treatment step (B))

The heat treatment step (B) of the present invention
comprises the steps of: inserting the siiicon substrate
25 wafer to the heat treatment furnace by setting a
temperature thereof at 700°C to 800°C; performing a heat
treatment at the temperature being a constant
temperature of 700°C to 800°C for 30 minutes to 5 hours;
increasing the temperature at a temperature increasing
30 rate of 0.5°C /minute to 2°C /minute, up to a
temperature in which + 50°C.is added to the constant

- temperature or higher; decreasing the temperature of the
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(2) Morphology of BMD 5 A TEM sanpl e was taken from position at a depth of
100 pmfromthe surface of the anneal ed wafer. The TEN sanpl e was observed
fromthe <110> direction to determne the ratio of the {111} plane of BMD,
according to the nethod of Fig. 7. At least 10 BMDs were observed 10 to
determ ne an average value of the ratio of the {111} plane. (3) Slip

| ength The anneal ed wafer was subjected to the foll ow ng heat 15
treatment using RTA. The heat treatnment under the foll ow ng condition was

repeated I:di MeSsatmsar tﬂwfnacf@om tee e ti e e npeE B Al in d nefteAasi ng
rate: 50C /mnute, 20 Retention; '1100C for. 1 mnute Ten%er ature

decr easi nftr at & AVEYLR dit elel'ackl M-’ YHORT enperdttire W i pher e:

argon T%@Méﬂd«mlert@f&@wsw@ deathd rm&r{m A@sy observed 25 with
an X-ray topography, and maxi mal | ength anong slip | engths observed was

adopt ed ast%merp?rté%tcaﬂ i A0 \Fémfé B ATIUhtC ST VIR pltfe STHes taifftieal ed

waf er was §Uhj Gl ttéarg) O ng heat treatnent, ‘as the assunption of
a device process 0(A t treat ment 780C, 3 hours + 1000C, 16 hours,

dry oxygen at rmsphere (B) Deposition of an oxidized film 950C, dry oxygen
at mospher eBy apefrl O@I&imgc neessre evantmﬂéa%) eDanSfrlletr{tonstoe]fp a Eﬂ' t r' de f Hm
micrc BMD nuclei dissolved once‘in the heat treatment
step (A) can be formed again.
10
In the heat treatment step (B}, the héat treatﬁent
furnace temperature of below 700°C does not provide BMID
formation Suffidiéntly because of insufficient diffusion
of oxygen, and thus it is not preferable, while even
15 when the temperature is over 800°C, there are many
uselessness, because there is little influence on BMD

optimization, and thus it is not preferable.

The time of heat treatment, performed at a constant

20 temperature cof from 700°C to 800°C, of below 30 minutes
igs insufficient as time for formation of BMD nuclei,
while the time of over 5 hours decreases productivity

exﬁremely, and thus it is not preferable.

25 Further, the temperature increasing rate of the low rate
region of below 0.5°C /minute cannot secure stable
temperature increasing rate, while the temperature
increasing rate of over 2°C /minute could disappear BMD
deposited, and thus it is not preferable. When the

30 . final temperature of the temperature increasing step is
below a temperature which is + 50°C higher than the

keeping temperature of the low temperature heat
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- CvD, 780C, a filmthickness of 150 nm (D) Heat treatnment by RTA 5 . Heat
treatment under the follow ng condition was repeated 10 tines. Insertion:
roomtenperature Tenperature increasing rate: 50C /mnute 10 Retention: at
900C for 1 mnute Tenperature decreasing rate: 30C /m nute Taking out:
room tenperature Atnosphere: argon And, warpage of each of the anneal ed
waf ers, before the 15 pseudo device process heat treatnent and after the
pseudo device process heat treatnment, was neasured using FT-90A,

manuf act urete MMM IDEK 0., . sMb O wWelet e fhefedsed- anpunt of war page
= war page after heat treatment - warpage before heat treatnent. 20 (Each
of measur rfFMETHER IR BT bR sul t o eHe SrftRdt e @ ers) In

Table 1, omanngaled waf els.frepared under preparation conditions shown in
Table 1, as Exanpl es and 25 Conparative Exanples, density and

i nter-I|attilde dheafert okt attiein 0F) BVD havi ng predeternined size
measurgd, and slip and warpage anount, generated by the pseudo device
process heat treatnent, are sumarized. al

. The heat treatment step (C) of the present inventicn

comprises the steps of: inserting theusilicon substrate
ﬁafer_to the heat treatment furnace by setting a
temperature thereof at 700°C to 800°C; incréasiﬁg‘tbe

10 temperature at a temperature increasing rate of 5°C
/minute to 10°C /minute for a range of the insertion
temperature of the silicon substrate wafer to a
temperature of below 1100°C; increasing the temperature
at a temperature increasing rate of 1°C /minute to 2°C

15 /minute for a temperature range of 1100°C to 1250°C;
keeping the temperature to be a constant temperature of
1200°C to 1250°C for from I to 4 hours; decreasing
temperature of the heat:treatment furnace at a
temperature decreasing rate of 1°C /minute to 10°C

20  /minute; and taking out the silicon substrate wafer to
outside of the heat treatment furnace at a temperature

of from 700°C to B00°C.

By performing the heat treatment step (C), BMD nuclei,
25 which are difficult to accompany the {111} plarie, can be

grown.

Tt is considered that in the heat treatment step {(C), by
setting the keeping temperature at equal to or higher

30 than 1200°C, or the retention time at equal to or longer
than 1 hour, it is possible to attain the diagonal

length of BMD of equal tc¢ or longer than 10 nm by growth
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of the BMD nuclei, then, slip after the heat treatment
" can be suppressed to equal to or less than 10 um by slip

shielding effect.

5 It is considered that by subjecting the silicon
substrate wafer to the heat treatment, which includes
thése heat treatment steps (A) to (C) as an inseparable
one set, BMD which is difficult to accompany with the
{111} plane is formed, then, generation of slip and

10 warpage in the device production procesé can be both

extremely suppressed

Atmosphere of the heat treatment steps {A) to (C) is not
particularly limited, and they may be performed under
15 nitrogen atmosphere, hydrogen atmosphére, Qxygén
atmOsphereh rare gas (Ar Qﬁ the like) atmosphere; and
there is no limitétion on ‘apparatus to be used in the
heat treatment steps (A} to {C), and a conventionally'
- known apparatds can be used preferably. Specifically, a
20 usual batch-system vertical-type furnace, a batch-system
vertical-type furnace having RTA {rapid thermal

treatment) or oxygen purging function etc. are included.

As for the production method for the silicon wafer of

25 the present invention, it is preferable that the silicon
substrate wafer of the present invention contains
nitrogen. It is becausé by containing nitrogen in the
substrate, increase amount of warpage can be further
suppressed to a small level (typically, equal to or

30 smaller than 5 um). Thus, it is because, by further
suppressing increase amount of warpage, a higher

performance device can be produced.
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Nitrogen concentration inside the silicon substrate
wafer of the present invention is preferably 1.5x10%
atoms/cm® to- $x10'® atoms/cm®, and more preferably 4x10'*
atoms/cm® to 5x10%° atoms/cm’®. The nitrogen
Concenfration of'below the above range makes surface
defect remained after high temperature heat treatment,
and thus it is not preferable, while the nitrogen
concentration of over the above range generates
polycrystallization'and could decrease yield,rand thus

it is not preferable. -

In the prodﬁction method for the silicon wafer of the
present invention, it is preferable thét thé silicon
substrate wafer of the presént invention coﬁtains
carbon. Carbon concentration is preferably from 3x10%°
atoms/cm® to 2x10*7 atoms/cm®, and more preferably from
5x10" atoms/cm® to 1x10Y atoms/cm?. The carbon
cohcehtration of below the abové‘range makes the rstio
of the {111} plane of BMD after‘completion of the high
temperature heat treatment step (C) be over 0.3, and
thus iﬁ is not preferable, while the éarboﬁ
concentration of over the above range generates
polycrystallization and could decrease yield, and thus

it 1s not preferable.

In the production method for the silicon wafer of the
present invention, it is preferable that oxygen
concentration of the silicon substrate wafer of thé
present invention is preferably-from gx10"" atoms/cm® to
9x10*" atoms/cm®. The relevant oxygen concentration of

below the above range causes BMD density to be below
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c1x10™ /em®, and thus it is not preferable; while the

oxygen concentration of ovetr the above range could
decrease yield of the crystal, and thus it is not

preferable.

In the production method for the siiicon wafer of the
present invention, it is preferable that hydrogen
partial pressure inside the crystal pull-up furnace when
pulling=-up the silicon crystal is 3 to 40 Pa, and more
preferably 30 to 40 Pa. The setting of the hydrogen .
partial préssure to be 3 to 40 Pa can make the ratio of

the {111} plane of BMD to be equal to or lower than 0.3,

because of the addition of constant amount o¢f hydrogen

into the crystal along with by effect of carbon. The
case where the hydrogen partial pressure inside the
silicon crystal pull-up furnace is bélow 3 Pa or over 40
Pa decreaseé.pulling up yield of the crystal, and thus.

it is not preferable.

It is further prefgrable that for the silicon crystal of
the present invention, nitrogen and carbon are doped in
the silicon melt liquid, and the silicon crystal is
grown under gas atmosphere'including hydrogen inside the
silicon crystal pull-up furnace:. And, it is further
preferabie that hydrogen partial pressure inside the
crystal pull-up furnace for grewing the silicon crystal
is 3 to 40 Pa, and nitrogen of 4x10** to 5x10" atoms/cm’
and carbon of 5x10'° to 1x10Y atoms/cm® are added into

the silicon molten liquid.

In the production method the present invention, it is

preferable that ccoling rate in pulling-up the silicon
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crystal at-1000°C to 900°C is equal to or higher than
5°C/minute. .The cooling rate of below the above range
provides the ratio of the {111} plane of BMD of over
0.3, after completion of the heat treatment step (C),

and thus it is not preferéble.

Carbon concentration, nitrogen concentration and oxygen
concentration in the-silicon crystal; and carbon

concentration, nitrogen concentration and oxygen

concentration in the resultant silicon wafer are

substantially the same.

As the silicon crystal of the present invention, it is
particularly preferable that by setting hydrogen pértial
pressure inside a crysfal pull-up fﬁrnace for growing
said silicon crystal at from 3 to 40 Pa and controllingl
a cooling rate of said silicon crystal at 1000°C to
900°C to be equal to or higher than 5°C/minute, nitrogen

concentration of the silicon substrate wafer obtained by

. cutting out said silicon crystal is from 1.5x10%*

atoms/cm’® to 5x10%° atoms/cm’; and oxygen concentration
is from 8x10'" atoms/cm® to 9x10" atoms/cm’; and carbon

concentration is 3x10%® atoms/cm® to 2x10Y atoms/cm® (as

“converted by JEITA).

The silicon wafer of the present invention shows
gynergistic¢ effect, by doping nitrogen and carbon to
the silicon moliten liquid as above, and also by using
the silicon substrate wafer grown under gas atmosphere
including hydrogen inside the silicon crystal pull-up
furnace, in additioﬁ Lo the heat treatment steps (A} to

{C), can suppress and prevent generaticn of slip and
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warpage, and generation of slip dislocation in the

device production process.

A measurement method for concentrations of nitrogen,
carbon and oxygen iﬁcluded in the silicon substrate
‘wafér and the silicon wafer of the present invention is
not particularly limited as well; and they can be
measured preferably by a cohventionally known method.
More 5pecificaliy, as the méthodrfor measuring nitrogen
concentration,,ﬁiﬁrogen concentration can be measured by
using a secondary ion mass spectrometer‘(SIMS). As the
method for measuring oxygen and c¢arbon concentrations,
these concentrations can be measured by using an
infrared absorption method, and determined by value of
JEITA (Japan'Electronics and Information Technology

Industries Asscciation) as a conversion factor.

EXAMPLES |

Explanation will be given‘beiow on . Examples of the
present inhvention. However, the présent invention
should not be limited to the following Examples. That
is, the following Examples are merely exemplifications,
and any one should be encompassed in a technological
scope of the present invention, as long as it has
technological concept and substantially same
constitution and exerts similar action effect as

described in the claims of the present invention.

Example 1
Pulling-up of a single crystal silicon was performed
using a silicon crystal production apparatus. The

silicon crystal production apparatus used in the present
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Exanmple is a single crystal production apparatus having
the cooling body 22, shown in Fig. 9. Such an apparatus
is used in a silicon crystal production by thelusual CZz
method, and crucible diameter uséd in the apparatus was
22 inch, a silicon seémiccnductor matérial iatroducéd in
the crucible was 100 kg, and the single crystal S grown

was an 8 inch crystal.

Silver was used as a material of the cooling body 22,

‘and inner diameter of the cooling body 22 was 260 mm,

outer diameter thereof was 300 mm and length thereof was
280 mm. As the liquid cooling structure 21, such a
configuration was used that the liquid cooling structure
31 was set as a doughﬁut—shaped watEr cooling chamber.
having a caoling water pipaline inside and attached to

the lower part of the iﬁtermediate chamber 2c.

Specifically, the relevant production apparatus ig a

pull-up furnace 1 where a heat shielding body 36 was
cooled by the above method for increasing pulling-up
rate at equal to or higher than 1100°C; or a pull-up
furnace 2 having general pulling-up rate. In the pull-
up furnace 1, a joiat part of the cooling body 22 and
the liquid cooling structure 21 was explosively jointed.
On the other hand, in the pull-up furnace 2, a Jjeint
part of the cooling body 22 and the liquid cooling

structure. 21 was bolt jointed.
The pull-up furnace 1 was used to attain the coocling

rate of 5°C /minute at 9%00°C to 1000°C, and the pull-up

furnace 2 was used to attain 2°C /minuté.
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The silicon crystal_grown by utiiizing this apparatus
was p-type (boron doped-type) of a conduction-type, and

crystal size {diameter) was 200 mm (8 inch).

The addition of nitrogen was performed by inputting a
wafer having a nitfide_film into the silicon molten
liguid. The addition of carbon was performed by
inputting carbon pdwder into the silicon molten ligquid.
Nitrogen ccncentration of the silicon wafer obtained by
slicing the crystal pulled-up was measured by usiﬁg a
sécondary icn mass spectrometer (SIMS). Oxjgen and
carbon concentrations were measured by an infrared light
absorption method, using value of JETTA (Japan
Electronics and Iﬂformation‘Technongy Industries
Association). That 1is, the converéion fac{or_of inter-

lattice oxygen concentration is 3.03x10Y/cm?, and the

conversion factor of carbon concentration is

'8.1X1dl6/cm2.

The wafer having a nitrogen concentration of equal to or
lower than‘5><1014 atoms/cn§ cannot be measured by using
3TMS, therefore nitrogen concentration determined by the
following expression was used. Explanation will be

given below in detail on such an expression.

The method for adding nitrogen in the production method
of the presént invention is not particularly limited,
and known methods can be used, these include for
example, a method for introducing nitrogen gas during
dissolving a silicon raw material; a method for mixing a
silicon substrate deposited with a nitride by a CVD

method or the like, during dissclving a raw material.
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Step A (=OH 0. HON  (00)v

Segregation coefficient k, which is ratio of impurities
taken in the crystal after solidification of the silicon
molten liquid, relative to concentration in the molten
liguid, is 7x107% for the case of nitrogén {(W. Zulehner
and D. Huber, Crystal Growth, Properties and
Applications; p28, Springer-Verlag, New York, 1982).

Nitrégen concehtration taken into the crystél from the

silicon molten liguid to be used in the production

- method of the present invention is calculated as

follows:

Expression 1
Niﬁrogen concentration in the,wafef = k x (1-

(k-1)

solidification rate) x nitrogen concentration in the

molten liquid

Nltrogen concentration ih the molten liguid may alsc be.

-Called as initial nitrogen concentration in the molten

liguid. Here, solidification rate (g) of the silicon

crystal is determined as follows:

Expression 2
Solidification rate {(g) of the silicon crystal = (weight
of silicon crystallized) / (initial molten liguid '

weight)

Measurement wvalues [atoms/cmS] of nitrogen concentration

are described in the following Table 1.

The addition of hydrogen was performed by introducing

hydrcgen mixed gas to each of the pulling-up furnaces.
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As the hydrogen partial pressure [Pa], conditions

described in the feollowing Table 1 were szet.

In this way, a plurality pleces of substrates were cut

5 out from the same site of this single crystal using a
wire saw, then, they were subjected to mirror finishing
to obtain the silicon substrate wafer (a thickneés of
about 725 um) . Thereafter, the relevant éilicon wafer
was used as a substrate to prepare the annealed waferf

10 by performing heat treatment according to a heat
treatment pattern shown in Fig. 8. Heat treatment was

performed under atmosphere of 100% argon.

Examples 2, 3 and 4
15 Silicon wafers were produced by the same way as in
Example 1, under_conditions_shown in the following Table

1.

(Measurement and_evaluation of the annealed wafer)
20 On each of the annealed wafers obtained under the
preparation conditions, the following measuremert and

evaluation were performed.

(1) Measurement of BMD density
25 A TEM sample was taken from position at a depth of 100
um from the surface of the annealed wafer. The TEM
sample was observed with TEM to count BMD having a
diagonal length of équal to or longer than 10 nm, for at
least 10 or more pieces. Volume of the observed region’
30 was calculated from total area observed with TEM and

sample thickness, and volume density of BMD was
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calculated from BMD count number and volume of the

observed region.

(2} Morphélogy of BMD

5 A TEM sample was taken from position at a depth of 100
pm from the surface of the annealed wafer. The TEM
sample was observed from the <110> direction to
determine the ratio of the {111} plane of BMD, according
to the method of Fig. 7. At least 10lBMDS were observed ;
10 to determine an average value of the ratio of the {111}

plane.

(3) Slip length
The annealed wafer was subjected to the following heat
15 treatment using RTA. The heat treatment under the

following condition was repeated 10 times.

Insertion: room temperature
Temperature incredsing rate: 50°C /minute -
20 Retention: at 1100°C for 1 minute |
Temperature decreasing rate: 30°C /minute
Taking out: room temperature
Atmosphére: argon
The annealed wafer after the heal treatment was observed
25 with an X-ray topography, and maximal length among slip
lengths observed was adepted as a representative value.
{4} Amcurit of warpage
The annealed wafer was subjected to the foliowing heat
treatment, as thé'assumption of a device process.
30 (A) Heat treatment .
780°C, 3 hours + 1000°C, 16 hdurs, dry oxygen atmosphere

(B) Deposition of an oxidized film
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9506Cy.dry oxXygen atmosphere, a film thickness of 15 nm
(C) Deposition of a nitride £ilm
CVD; 7806C,'a film -thickness of 150 nm
(D) Heat treatment by.RTA
5 -Heat treatment under the following conditibon was

repeated 10 times.

Insertion: room temperature
Temperature increasing rate: 50°C /minute
10 R@tentibn: at 900°C for 1 minute
Temperature deéreasing-rate: 30°C /minute
Taking'out: room temperature
Atmosphere: argon
And, warpage of each of the annealed wafers, before the
15 pseudo device process heat treatment and after the
pseudc device process heat tréatment, was measured using
FT-90A, manufactured by NIDEK Co., Ltd., to determine
increased amount of warpage = warpage after heat
treatment - warpage before heat treatment.
20 L
"{Each of measurement results and evaluatidn regults of
the annealed wafers)
In Table 1, on annealed wafers prepared under
preparation conditions shown in Table 1, as Examples and
25 Comparative Examples, density and inter-lattice oxygen
concentration of BMD having predetermined size measured,
and slip and warpage amount, generated by the pseudo

device process heat treatment, are summarized.
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DPATENT CLATMS:

1. A gilicon wafer comprising BMD with a diagonal length
of 10 nm to 50 nm, wherein, a density of said BMD which
exists at a position of a depth of equal to or deeper
than 50 pm from a surface of said silicon wafer is equal
to or higher than 1x10%/cm®, and a ratio of {111} plane
in total planes surrounding BMD, as morphology of said

BMD, 1is equal to or lower than 0.3.

2. A method for producing a silicon wafer, comprising
the steps of subjecfing a silicon substrate wafer
obtained by cutting cut a silicon crystal to heat
Treatment step (A), heat treatment step (B) and heat
Treatment step (C):

(A) the heat freatment step (A)comprising the steps of:
inserting said silicon substrate wafer to a heat
treatment furnace by setting a temperature thereof at
700°C to 800°C; increasing the temperature at a
temperature increasing rate of 5°C /minute to 10°C
/minute for a range of the insertion temperature of said
silicon substrate wafer to a temperature of below
1100°C; increasing the temperature at a temperature
increasing rate of 1°C /minute to 2°C /minute for a
temperature range of 1100°C teo 1250°C; keeping the
temperature to be a constant temperature of 1200°C to
1250°C for from 2 to 4 hours; decreasing the temperature
of said heat treatment furnace at a temperature
decreasing rate of 1°C /minute to 10°C /minute; taking
cut said silicon substrate wafer to cutside of said heat

treatment furnace at a temperature of 700°C to 800°; and
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5 o0of 10 nmto 50 nm wherein, a density of said BMD which exists at a
position of a depth of equal to or deeper than 50 pmfrom a surface of
said silicon wafer is equal to or higher than |Ix1011/cnB, and a ratio of
M| plane in total planes surroundi ng BVMD, as norphol ogy of said 10 BMD,
is equal to or lower than 0.3. 2. A method for producing a silicon wafer,
conprising the steps of subjecting a silicon substrate wafer obtained by
cutting out a silicon crystal to heat 15 treatnent step (A), heat

t r eat ment ceiéd ngBkadnd shedtcdrr eatremtatst e feC) dowd) -td heodwreat treat nent
step (A conprising the steps of: inserting said silicon substrate wafer to
a heat tré ﬁ?tgﬁﬁﬁaCe by setting a tenperature thereof at 20 700C to

800C, increasicng hhert emperadie Alerd (FMehR:ure dnaeasd g d ate of 5C
/mnute to 10C /mnute for a range of the insertion tenperature of said

si | i con siébsSerataonatad ©6 ld aoanpergtturd of"aié oW oL 1HGC,Saicr easi ng t he

t enper at ur. e r i.ncr i t f ] o 2C
/m nutsél fg?e%%%n%ﬁ%er%g?&%g%rg g%égﬁﬁf%go%cﬁéip%%(%re&gekﬁ?%% %etl tenperature .

to be a cdmstant O’ €nper &0Ure ;ofeelZ2@0Qiny 235Gt drrdfatamr tea- 4-thour s;

d [ t he t t f i d _heat t t t f t t t
30 docr eadF g P ALE 26 LRGPPt a1 6 ToCTIRAM G & 4l g Bt ai d o111 con

substrat e swaer fbe qut shidetels sal & healrd;r ealorenis ifndr Rrace at a tenperature
of 700C to 800'; and cooling said silicon substrate wafer down to room
t enper at uFEMPEEBYf UERe 2hedt HFEREREMT S t&F B 1[G pAtS B the St eps of :

i nseriyng /sahdcsi ki.corcsubgtrate g el 1o dhedieat, % tirealient f urnace by
setting a tenperature thereof at from 700C to 800C, performng a heat
t r eat ment S8t Ct he Bdaper aburd <baiong tando rSImHr stemser ttufe @fer700C t o 800C

for 30 m putes L9 éoﬁgg 35 AGLEASING, %%[itcfa%%rtattulfrpe Qe ft LEMperature

increasing rate o mnute to 2 m nute, 0O a tenperature in
whi ch + 5@CGrihscaddedat achipe reanstante dremeemat uree eoro thilghter/midenreeasi ng t he
t enper at ure ﬁ’:‘oogai d heat treatnent furnace at .a terép rature decreasing

n

rate of 1E°/ t éTEGUREE [Ai e Pkt Gt AT SIS et S dBSt S at e waf er
15 to1put sideuekibbeckurRace @haat enper aldw e 1eft1AR0G £ o BBACtand cool i ng

the substrate down to roomtenperature;

800°C; and cocling the substrate down to room
temperature;
(C) the heat treatment step (C) comprising the stéps of:
inserting said silicon substrate wafer to the heat

20 treatment furnace by setting the temperature therecf at
700°C to BO0®C; increasing the temperature at a
temperature increasing rate of 5°C /minute to 10°C
/minute for a range of the inserticn temperature of said
silicon substrate wafer To a temperature of below

25 1100°C; increasing the temperature at a tTemperature
increasing rate of 1°C /minute to 2°C /minute for a
temperature range of from 1100°C tc 1250°C; keeping the
temperature to ke a constant temperature of 1200°C to
1250°C for from 1 to 4 hours; decreasing the temperature

30 of said heat treatment furnace at a temperature
decreasing rate of 1°C /minute to 10°C /minute; and

faking out said silicon substrate wafer to cutside of
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(C the heat treatnent step (C) conprising the steps of: inserting said
silicon substrate wafer to the heat 20 treatnent furnace by setting the
tenperature thereof at 700C to 800C; increasing the tenperature at a
tenperature increasing rate of 5C/mnute to 10C /m nute for a range of
the insertion tenperature of said silicon substrate wafer to a tenperature
of below 25 1100C; increasing the tenperature at a tenperature increasing
rate of 1C /minute to 2C /mnute for a tenperature range of from 1100C to
1250C; keepiing hiche terpetatur & drndae atcenstcante daamper atfurfercaf 1200C to
1250C for fram1l tg Jours; decreasing the tenperature 30 of said heat
treat ment P4r raké &° act'errper ature decreasing rate of 1C /mnute to 10C
/mnute; and taking out said silicon substrate wafer to outside of said
heat treatnment furnace at a tenperature of from 700C to 800C. 3. The

met hod f of -plré&udieh§ofhd g IPres dndarte - hee dorldiang Irafeclaian@ingher ei n, by
setting a.parti re re .of rQgen Jnsi .CIY - furnace
for gr%vvi ﬁg) scéiaghsiﬁl'i %@%r%%gls't g)l\&dat Sqtdgljalo%%ara%%r& E{/raécsosﬁ#réoﬁﬁng a

cool i ng raterofticsaiidssidel @eorrgmystlalpuin 1Q00C e GO0t gydyeriegual to or

hi gher than.5C m.nute; b etting .an 10 oxygen ncentrati.on _of _the
silicon slpdfr&re’ flelgr&giﬁ flrom @?1&?7)%& c?r?sdlc%ﬁ% qoél%?fgf'flgataorrs/crr&
and by setbbngng earbonrcengentshiaticem Grytdre lsiid aamsubsty atoewafer to be

from 3x1015 atons/cnB to 2x1Q17 atons/cn8 . 15 4. The method for producing
the silicbf REfEAEECEPAPRg MEFIEEatMed WheFeiit Sy ettStig ™ @ r ogen

concepg r ab&?@eﬁf cbReeskhieanrsubstial & wafem Qe f4heml/x1Ql4 atons/cnB
to 5x1015 atons/cnB. 20

be from 8x10"" atoms/cm® to 9x10'7 atoms/cm®; and by

setting a carbon concentration of the silicon substrate

wafer to be from 3x10% atoms/cm’® to 2x10Y atoms/cm® .

15 4. The method for producing the silicon wafer according
to claim 3, wherein, by setting a nitrogen concentration
of the silicon substrate wafer to be from 1.5x10%

015

atoms/cm® to 5x1 atoms/cm®.

20
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