(PCT1187) (Translation) Silicon wafer and Process for producing the sane
[ 0001] The present invention relates to the technical field of

sem conductor waf er production, particularly a silicon wafer wherein the
occurrence of both slip dislocations and war pages during a device
production process can be suppressed and the process for producing the
sane. [0002] A silicon wafer used as a substrate for a sem conductor device
is producé8CBY18[icing a silicon single crystal ingot and subjecting the
sliced ingot to a heat treatment or a mrror finishing. As process for
produci ng (gughsaasibhgon single crystal ingot, the Czochral ski method (CZ
net hod) is exenplified. The CZ nethod accounts for a nmjor part of
processes for producing a silicon single crystal ingot since it makes it
possible to easily obtain a single crystal ingot wth a |arge dianeter or
to control defects relatively easily. [0003] A silicon single crystal

pul | edby theiednnphlhed Gher erBakker for” Béoduicingnehddaamer ystal defects
called "grown-in defects". The CZ-Si takes oxygen between lattices in a

super sat ur state, and suych supersaturated oxygen causes the  induction
of fine déﬁéﬁﬁi T alPEHSBBFleWEPBQBBfé@%aFﬁérEPnégﬁeF?chBWG@} A ef6l Pdwi ng
heat treatnents (anneal). -1 [0004] The formation of a sem conductor device
on a siligemnivahatctbequiffica@s nedwdtysdal pdet eetisakrDya SiElt caGaes: pirhdewiiee

formation

the occurrence of both slipdislocations andwarpages during a device
production process can be suppressed and the process for producing
the same.

[(0002] Asiliconwafer used as a substrate for a semiconductor device
is produced by slicing a silicon single crystal ingot and subjecting
the sliced ingot to a heat treatment ocr amirror finishing. As process
for producing such a silicon single crystal ingot, the Czochralski
method (CZ method) is exemplified. The CZ method accounts for a
major part of processes for producing a silicon single crystal ingot
since it makes it possible to easily obtain a single crystal ingot
with a large diameter or to control defects relatively easily.
[0003] Asiliconsinglecrystal pulledby the CZmethod (hereinafter,
“CZ-8i”) includes crystal defects called “grown-in defects”. The
CZ-S1i takes oxygen between lattices in a supersaturated state, and
such supersaturated oxygen causes the induction of fine defects

called Bulk Micro Defect (hereinafter, “BMD”) in following heat

fLreatments (anneal}.



“region. This is because, if crystal defects are present on a surface where
acircuit is formed, a circuit breakage is caused by the defects.

. Meanwhile, a silicon wafer is required to include a proper amount of BMDs

i nside, since BMDs serve to getter metal inpurities, which cause

sem conductor device mal function. [0005] To fulfill the above requirenents,
a process whereby an Intrinsic Gettering |ayer (hereinafter, "IGlayer") is
formed by [00A4lcThg BMIeat heh def @ seliiconduator d¢vanaeahiagitiHewi Mader
wafer at a high tenperature, while grown-in defects present on the surface

of the si Eb&ﬁ@rg@f Bb @Egrg%’étl' B%'f'e%*&%d l‘ho f%%_%o'}?%lﬁ‘é%‘} é%%ce( rif%rr_‘?d::1'%*?’Lfotner

"DZ layer™) "hardly inclading crystal defects, is enploye

concrete exanple, a process whereby grown-in defects on a surface are
reduced byedhABal This 4 srbPecaiyen. a}éé@aygu%tdeefte@t%@ra e e fpet Sgiace
whil e BMDs containing nitrogen as nuclei are forned inside the substrate,

has been prepesedi f&Referentarbd, a QLR thieMe ge Qg)ég@@e@wené@@tﬂe@t% in
Dz | ayers forned on the front and back faces of a silicon wafer by the

above- nen&lone high-te eratur anneal roces are fﬁérene | ow because
of the EEPKRAE 187 f P uSt ”tﬂfﬁg‘e&sdﬁreﬂ Q;rﬁ-‘é“la Ot 1R&t WRRtd PAPREL &Lyt
the restrai nt of dlslocatlon def ect extension on the front and back -2

faces of afvalfes irssicimsisderabByMDe eskuces tcagdtdes| ettt i anmplefiaciss, which
(hereinafter, "slips") easily extend fromfine flaws having been introduced

during the,300egkmRtaa853 b Ged:RY! KadRuhe bront and

[0005] To fulfill the above requirements, a process whereby an
Intrinsic Gettering layer (hereinafter, “IG layer”) is formed by
inducing BMDs inside a silicon wafer by annealing the silicon wafer
at a high temperature, while grown-in defects present on the surface
of the silicon wafer are extinguished to form a Denuded Zone
(hereinafter, “DZ layer”) hardly including crystal defects, is
employed.

[0006] As a concrete example, a process whereby grown-in defects
on a surface are reduced by annealing a nitrogen-added substrate
at a high temperature, while BMDs containing nitrogen as nucleil
are formed inside the substrate, has been proposed {Reference 1).
[0007] However, oXygen concentrations in DZ layers formed on the
front and back faces of a silicon wafer by the above-mentioned
high-temperature anneal process are extremely low because of the
external diffusion of oxygen during heat treatment. As a result,

the restraint of dislocation defect extension on the front and back
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" back faces of the wafer, resulting in a problemthat strength of the
silicon wafer is reduced because of said slip dislocation extension. For

. exanple, when a silicon wafer is annealed in a state supported by heat
treatnment ports, slip dislocations often extend fromthe supported portions
around the back face of the wafer. In addition, slip dislocations sonetines
extend fromthe edge of a silicon wafer. [0008] Wen the strength of a

sili con wadeesisf readaded, isheonal deraboul tediecerhneyet dirs ncakarnddeifrgts
producti on process. However, DZ |layers are inevitable for sem conductor

devi ce for | 8.5t LLeon ' - o [
strength 6§g%gggﬁgggghassgggﬁ 8e§¥$£g§ %%%%3?:ﬁﬁxgq%g#iFﬂgg?ﬁggggpggggbﬁn

t he above Reference 1, reduction of silicon wafer strength was not

consi der edntAAHUFAdaAYTIRE dhavaiiErea pirs@sesd tRéPebybihl axttdissifaonds agdi p
di sl ocation could not be avoided. [0010] Meanwhile, in order to prevent the

occurrencgak s468sSbfPrhdiwd£eal i suB OGRS Wieakn BMas ahe caener atred
in a high density has been proposed. [0011] Specifically, a silicon wafer

production process wherein -3 a substrate cut qut of a_silicon single
brystal iPBotSiiicap] Befed +EoTaIPABRAPEERPEFaPr 821 HoPeadl G d8ErES NG
heat treatnment in an atnosphere of nitrogen gas, inert gas or a gas m xture
of anmmoni axtgasiand Foekkagad et whAehenpendicohewofe bl Gnhealed0On G kaatd: to

supported by heat treatment ports, slip dislccations often extend
from the supported portions around the back face of the wafer. 1In
addition, slip dislocations sometimes extend from the edge of a
silicon wafer,

{0008] When the strength of a silicon wafer is reduced, the wafer
could be damaged or broken during a production process. However,
DZ layers are inevitable for semiccnductor device formation, and
asiliconwafer having DZ layers andexcelling in strength properties
has been desired.

[0009] In a prior art disclosed in the above Reference 1, reduction
of silicon wafer strength was not considered, and in a silicon wafer
produced thereby the extension of slip dislocation could not be
avoided.

[0010] Meanwhile, in order to prevent the occurrence of such slip
dislocation, a process whereby BMDs are generated in a high density
has been proposed.

{0011) Specifically, a silicon wafer production process wherein
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" 600 mnutes to form oxygen precipitation nuclei with sizes of 20nm or |ess
in an density of 1 X 1010 atons/cnB or nore in a BMD | ayer, has been

. proposed (Reference 2) . A silicon wafer wherein BVMDs are generated in a
hi gh concentration (1 X 1010 /cnB to 1 X 1012 /cnB) by repeating heat
treatment steps several tinmes, has also been proposed (Reference 3).
Reference 1: JP Patent Appln. Disclosure No. 10-98047 Reference 2: JP

Pat ent Appl P 5T @ <iirte ONGS. 0 Dopedogum sRepdeeptrsBal Jmant dift supgeRted

Di scl osure No. 08-213403 Problemto be solved by the invention [0012] In
recent yegpsa Jgp/w%mp@lr@%@rbh@nekea@&ﬁ?/aéc@eg!shh@oneaﬂvafﬁaﬂ_wél@qeﬂan
enl arged and the degree of integration of a sem conductor device pattern
has been increased, vvgr ages occurrin in a wafer besides slip _dislocation
occurr encBRASPREESRE Thh I ETRAS: [OGES] Ao8yF Cal Ik Sgia 5t OFf PREORAG
war pages introduced by a heat treatnment is showmn in Fig. 1. Heat treatnent
furnaces gesghhy imettides -a& tamveekipeds tafref bEna0es°Catbal A0 F Lhhaee dndoan
RTA (Rapid Thermal Annealer) . Since the degree of heat distortion is

di fferent tween bqoth_furnace the .,of. war pa and.slip, occur ce in
a waf er |6§8a ls%u%ﬁ? %éjr éfﬁﬁ“ Y &' G otucdy iur%gr%lawéght%ﬁ?%éﬁggi%ﬁ

bet ween a wafer back face and a wafer holding portion, or a wafer edge part
The i nt podlessl igl igpsderséng of b 11041 afiomsltohorsnoeti e BMdude veat er
damage or breakage. A warpage is a deformati on caused
has been proposed (Reference 2). A siliccn wafer wherein BMDs are
generated in a high concentration (1 X 10*° /cm® to 1 X 10? /cm®)

by repeating heat treatment steps several times, has also been

proposed (Reference 3).

Reference 1: JP Patent Appln. Disclosure No. 10-98047
Reference 2: JP Patent Appln. Disclosure Nco. 2(306-40%880

Reference 3: JP Patent Appln. Disclosure No. 08-213403

Problem to be sclved by the invention

[0012] In recent years, however, since the diameter of a silicon
wafer has been enlarged and the degree of integration of a
semiconductor device pattern has been increased, warpages cccurring
in a wafer besides slip dislocation occurrence has become
problematic.

[CO13]A typical example of slips and warpages introduced by a heat

treatment isshowninFig.1l. Heattreatment furnacesroughlyinclude
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by heat distortion during a heat treatnent. On a wafer of {100} plane, for

exanple, hill- and valley-shaped parts appear, as shown in Fig. 1. A

war page of a silicon wafer before a heat treatnent conducted for rendering

desired properties to the wafer, is usually suppressed to not nore than

| Opm After a heat treatnment |ike RTA, however, the difference in the

hei ght between the hill- and the valley-shaped parts sonetines increases up
to tens ofWankindsapHefurpapage 3 Ralkds Bedtach enskpes ifd dRagisedneshiddcet or

device pattern on a wafer surface, causing the reduction in the yield of

sem condughREaldeyi ashcd @8E4dedhee RTORE £MOfs A Iage s s RecoBS se beeys ethen
a wafer dianeter is 200 mmor nore . This problem could not be avoi ded just

by specifging a high density of BMDs as above. [0015] The problen1toﬁbe
sol ved byPPhE HHERBRESt ntRALYBN 5 YAIRAMRIAW S (QOH MRS 1hhér ¥ Sthe
occurrence of both slip dislocations and warpages during a sem conductor
devi ce produglsondproeesatcanlips heestippresseddafidoinha ppacassihar point
producing said silicon wafer. Method for solving the problem[0016] For

Furnace A8 ARERTA P HEHE 0t B0 RoRBEng BEor i prDRe it Bel 1 B8R 1 P ddoes
shoul d be taken. [0017] As a result of a dedicated study, the present
i nvent or sefige@arftouiite t hatoduced séfifpectitand hnavidi dl Ingiwac page, scuetiimeg by
the wuse of a batch furnace, to reduce a stacking fault called BSF (Bul k
cause wafer damage or breakage. A warpage is a deformation caused
by heat distortion during a heat treatment. On a wafer of {100}
plane, for example, hill- and valley-shaped parts appear, as shown
in Fig. 1. A warpage of a silicon wafer before a heat treatment
conducted for rendering desired properties to the wafer, is usually
suppressed to not more than 10um. After a heat treatment like RTA,
however, the difference in the height between the hill- and the
valley-shaped parts sometimes increases up to tens of um. A large
warpage retards accurate exposure of a semiconductor device pattern
cnawafersurface, causingthereductionintheyieldocf semiconductor
devices,
[0014] The problem of warpages becomes serious when a wafer diameter
is 200 mm or more. This problem could not be avoided just by specifying
a high density of BMDs as above.
[0015] The problemto be solved by the present invention is toprovide

a silicon wafer wherein the occurrence of both slip dislocations

and warpages during a semiconductor device production process can
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" Stacking Fault), which occurs in a silicon wafer, apart fromBMD. [0018]
They have al so found that it is effective in avoiding warpage occurring by
.the use of an RTA, to reduce the density of BMDs with conparatively |arge
sizes contained in a silicon wafer. [0019] They have further found that it
is effective in avoiding slips occurring by the use of a batch furnace and
an RTA, to adjust the density of BVMDs with conparatively small sizes

cont ai nedPPnSURPEPEFEEN2REf RSt Brac§gecitPircPvarueing foid, saddcrecvpeiTshed
the present invention. [0020] Nanely, the present invention relates to a

silicon watehodWaekekB1BVRg WhithpsBBhkmsi zes are forned in a high density,
while the density of BMDS with Farge sizes is reduced, and furthernore,

t he densi f. BSFs is reduced, [002 More specifically, the present .

11T con whb 8T 60R0R: AZORRBEY. THenR OBt AR AL ar AR EpE dnild *BR OBROB RLELdRE at
a depth of 50 um -6 or nore fromthe surface of the silicon wafer, the
density obyBbRe ubavefiga dbagomafusiaee afndicin IREFS  tears ul@ snmels@ omalii o 1te
than 50 nmis not less than 1 X 1012/cnB, and the density of BSFs with

;ié§ZntogF gé %gééféggghégggbhgvgggﬁg?% e%ggggﬁaﬁeéggééﬁg-cggggﬁirEPfon of
not nore than 6 X 1017 atons/cnB, and the density of BMDS w th di agonal
si ze of noPOLEé3sAs Rane200tmf shdetlidicheedottudmpr ¢ hiehpnegeXt oW antomss bage
[ 0023] The present production process is a process for producing
found that it is effective in avoilding warpage occurring by the
use of a batch furnace, to reduce a stacking fault called BSF (Bulk
Stacking Fault), which occurs in a silicon wafer, apart from BMD.
[0018] They have also found that it is effective in avoiding warpage
occurring by the use of an RTA, to reduce the density of BMDs with
comparatively large sizes contained in a silicon wafer.
[0019] They have further found that it is effective in avoiding
slips occurring by the use of a batch furnace and an RTA, to adjust
the density of BMDs with comparatively small sizes contained in
a silicon wafer to a specific value or more, and accomplished the
present invention.
[0020] Namely, the present invention relates tc a silicon wafer
wherein BMDs with small sizes are formed in a high density, while
the density of BMDs with large sizes is reduced, and furthermore,
the density of BSFs is reduced.

[0021] More specifically, the present silicon wafer contains BMDs

in an octahedral shape, and of BMDs present at a depth of 50 um

-6 -



- the present silicon wafer as stated above, characterized in that a
substrate is subjected to a heat treatnent conprising: A a |low tenperature
~heat treatnment step wherein the substrate is heat treated at a tenperature
of not less than 700 Cto not nore than 800 C for not |ess than 30 m nutes
to not nore than 5 hours; B: a tenperature increasing step follow ng the
above | ow tenperature heat treatnent step, wherein the substrate is heat
treated uprt@mord pomn thet sarface of thensdridanre vahereatbe clemdpity &xfs BMpsn

0.5 C /mnute to not nore than 2 C /mnute; and C. a high tenperature heat

treat nent ngepqf @i bgwhag theet siparat Ue8s kRGHEAd AG $beRotWhagkel Rhkhe 50
substrate is heat treated at a tenperature of not less than 1,000 C to not

nmore than 1,250 C in such a way that the diffusion |ength of interstitial
oxygen i sNMpb$ NodsdefRaam lgi 107" [ 0024 Rrentha oty CheBpFagseiith sizes
production process is a process for producing the present silicon wafer

above, charagberiiged tRant halnd S4Sdd ierd scisabj eckedot oo heat treat ment
conprising: A a lowtenperature heat treatnment step wherein the substrate

is heat t at _a tenperature of nat_less . .than 700, C to not. npre than
800 C ror RG27 euEE PRaNeTD Hi b€ Meshoe b re T 8 Hodrs L h okyakh
tenperature increasing step following the |ow tenperature heat treatnent
step, wherennehheastbatoftreot sndreathbneat ¥d10p' tat oms foaripesrad whee afernzdtt Yl ess
than 900 Cto not nore than 1,000 C at a rate of tenperature increase of

not |ess B@aﬁMBS5w§£ﬂnaPQ§8n£9 size of not less than 200 nm should be not

more than 1 X 107 atoms/cm®.

[0023] The present production process is a process for producing
the present silicon wafer as stated above, characterized in that
a substrate is subjected to a heat treatment comprising:

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

C: a high temperature heat treatment step following the temperature
increasing step, wherein the substrate is heat treated at a
temperature of not less than 1,000 °C to not more than 1,250 °C
in such a way that the diffusion length of interstitial oxygen is

not less than 20 pm.



not nore than 2 C/mnute; and C. a tenperature decreasing and taking out
step followng the tenperature increasing step, wherein a tenperature in a
furnace is decreased at a rate of tenperature decrease of not less than 1
C/ mnute to not nore than 10 ¢ m nute, and when the tenperature of the
substrate beconmes not |ess than 600 C to not nore than 800 C, the substrate
is taken out of the furnace and cooled down to room tenperature; and D. a
hi gh tenpergégre heat treat ment stepf(ﬂlomﬁn%.the t enperature decreasing
and t aki ng8df |stapadfpheiern &hfeRperafitr BrPAYUChd OPUPKREESS & SdEcPERSEF Sdown
to not less than 600 Cto not nore than 800 C and the substrate is inserted
t her ei nt ofoangrbhacti agpehat pireseht theisdhswadee bdovRGr etsed cak rd zkal d nof
tenperature increase of -8 not less than 5 Cmnute to not nore than 10

C mnute | he ra f fromthe substrate.insertion tenperature.to |ess
Chan 1, 106P€" BndCRECE=Fa 4 0P UPARFOra: §6 o REPoass SOl oL Lol tinands
C/mnute to not nore than 2 Cmnute in the range of fromnot less than 1,
100 C to Aotanborwe tdrgrerst 250 heatatderlimesubst ept ehé sehmi thaimddt constiant | y
at a tenperature in said range in such a way that the diffusion |ength of

| nter st Uhal OXYgERCliSa POl | 255 LhAR 20,@ B 1LQ025] bbb ErESEN: more

producti on process, the interstitial oxygen in the
above step D should be not less than 20 gm The interstitial nitrogen

d
concent r athanr BROt He fmsotatlessshbandBhaimutents apsmrEastian © ROIGEE
atons/cnB8. And the interstitial

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

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

D: a high temperature heat treatment step following the temperature
decreasing and taking ocut step, wherein a temperature in the furnace
is decreased down to not less than 600 °C to not more than 800 °C
and the substrate i1s inserted thereinto, and the temperature of

the substrate is increased at a rate of temperature increase of
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carbon concentration in the substrate should be 2 X 1016 atons/cnB to 2 X
1017 atons/cnB. [0026] In the present invention, BVMD wth an octahedral
shape nmeans BMD surrounded with plural {111} planes and ot her planes as
shown in Figure 2. Odinarily, there are BVMDs surrounded with eight { 1111
pl anes as shown in Figure 2 (1) or Figure 2 (3) , and those surrounded with

{100} planes in addition tp {111} planes as s R Figure 2(2). BMD
et pundeBon 1P EaRES S o e tPIRS e FR60) K ahdE L e reth daie 20988
[0027] BMDs present in a wafer can have a plate shape besides an octahedral

shape, andfsficdmpllad ersdraped BVDBsiestdotr oangedavwurk twoleconraratli, A€ldy °lcar ge
1100) planes and ot her planes as shown in Figure -9 2(4) and Figure 2(5).

BMD sonet LS S rite sh |n5|de S
oct ahedr aﬁngh%ggl % ?{em S %P ncri%aesaeploz?eogh%% \AZ}““P{

sizes in the {100} and {010} dlrectlons viewed fromthe (001} direction as
shown i n Epgupe Bpret hbahoAgéf/mheute deptbeentadeasfAfann nhé skest shaone

is represented as B. BMD with the ratio of A/B (hereinafter, "ellipticity")

of ~not mprepphan J@ﬁot%.ﬁ@%rh%%dloésehe@r%'noﬁwea@&'b%%tfg Mintained
ellipticity exceelngl as pl at'é-shaped BVD. Since BMDs in a silicon

waf er have a variations in shapes, the determ nation whether BMD present in
a waf er haSN&RBELEheHr 2l tLYRRPERBRIR I st & Hehge shbAUF e ifede thypt the
measuring A/B of plural BMDs present at different positions in a wafer,

cal cul ati pgrtheiaueraggehhereohtéher i Dait8%ygen is not less than 20 um.
[0025] In the present production process, the diffusion length of
interstitial oxygen in the above step D should be not less than
20 pm. The interstitial nitrogen concentration in the substrate
shouldbe 5 X 10 atoms/cm®tol X10*® atoms/cm’®. And the interstitial
carbon concentration in the substrate should be 2 X 10%® atoms/cm’
to 2 X 10" atoms/cm’.
[0026] In the present invention, BMD with an octahedral shape means
BMD surrounded with plural {111} planes and other planes as shown
in Figure 2. Ordinarily, there are BMDs surrounded with eight {111}
planes as shown in Figure 2 (1) or Figure 2(3), and those surrounded
with {100} planes in addition to {111} planes as shown in Figure
2(2). BMD surrounded with planes other than {111} and {100}planes
sometimes appears.
{0027] BMDs present in a wafer can have a plate shape besides an
octahedral shape, and such plate-shaped BMD is surrounded with two

comparatively large {100} planes and other planes as shown in Figure
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"mean ellipticity") and confirm ng whet her the obtained value exceeds 1.5
or not. If the value exceeds 1.5, the optimal BMD size distribution for
suppressing the occurrence of slips and warpages becones different fromthe
range of the present invention since distortions applied to crystal lattice
around BMDs are different. [0028] In the present invention, the diagonal
size of an octahedral BMD neans the |onger direction A of the above {100}
and {0l 0} rections 0 n the resent nvention, BSF neans a .
disk-likezéggcﬁpﬂgFlQHELtgigkurﬁwﬂgsp StdBey PFuéoﬁeﬂéFéFedgE?HS aPREE
treatnment. Said stacking fault is forned by the aggl oneration of
interstithaalshow? iat PIgurOyden phecodidladdon Rialpe iswhisthi lpciortee BSkEom
nuclei, are present in the stacking fault. BSF is formed since interstitial
atonms emtied from duri heat _tr tnent ag Io ra i sk- I
round a BOE RUETBUSTRR B2y BeRTaPaei I SR Roe) el et of b atomd TR
nucl eus, different from other BMDS, has the ablllty to aggl onerate
interstitﬁareaténnsavbewddifrOﬁhtEEiQJ%bbabEmectinﬂ1aa1ahmwgedanQQMQEt§bion
nucl eus has a formand a size different fromthose of other BMDS. Some

per cent ag f r | el I SFs,
Bnd the T onai e e e e e s i S e e ars 1o of “ReFe re en
increased as_the increase of the density of BMDS. [0030] BSF is a defect

di f f erent @fr BmOBMD @&Fhj hg #pS§kO| PkePdBadRPHELINPAGPE s 0CEdAAPRG Cok Vi e OF
surface of a wafer when the wafer is oxygenated.

not more than 1.5 is regarded octahedral BMD and BMD with an

BSF

ellipticity exceeding 1.5 has a plate-shaped BMD. Since BMDs in
asiliconwaferhaveavariations inshapes, thedeterminationwhether
BMD present in a wafer has an octahedral shape or a plate shape
should be made by measuring A/B of plural BMDs present at different
positions in a wafer, calculating the average thereof (hereinafter
"mean ellipticity”) and confirming whether the obtained value
exceeds 1.5 or not. If the value exceeds 1.5, the optimal BMD size
distribution for suppressing the occurrence of slips and warpages
becomes different from the range of the present invention since
distortions applied to crystal lattice around BMDs are different.
[0028] In the present inventiocn, the diagonal size cof an octahedral
BMD means the longer direction A of the above {100} and {010}
directions.

[0029] In the present invention, BSF means a disk-like stacking
fault occurring inside a silicon wafer during a heat treatment.

Said stacking fault is formed by the agglomeration of interstitial
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“In this case, interstitial oxygen formng a stacking fault is supplied from
an oxygenated filmon the surface of a wafer. OSF nuclei are considered to

. be oxygen precipitates having already been present during crystal grow h.
Thus, the occurrence of OSF depends on conditions for crystal growt h.

Effect of the invention [0031] The present silicon wafer contains BMDs
havi ng an octahedral shape, and of BMDS present at a depth of 50 gmor nore
fromthe 258FFaceX¥eeR P ISP edh MRIBICIshe HE RPGBVE RAFSS -dP&Gonal
-11 size of 10 nmto 50 nmis not less than 1 X 1012 /cn8, and the density

of BSFs ipresentoia thanstaXklf§ fauBt.| BSYi iku€oemeslasdnteatuterstifiéal
occurrence of both slips and warpages during a device production process is

cons! e 2l S UBRE 28357 cLIURRLONYLD,SLLERILD €30 Peck! SYERLA Lhguch Lhe

di aneter (typically not less than 200 nm can be produced. Conpared with a
m rror wafléskhavkadynorBh ianBEHejuc iches pAasenygsn b mori pidfari drandic) ec@uses
slip dislocations and warpages and has the high gettering ability. [0032]

Accor di ”ngchhSe%ﬁé@”E Bé?dHEEEQBsPrBE?%érehPef%ﬁ%”aﬁ@E BMP I’Sﬂtg% ghiehs

e
and war pages during a device production process can considera
suppressed, and a high_quality silicon wafer which can prevent the

reduct i onabi LsE¥diypBIL ABEEAT AAVILRY S& b2 Alagkens arouns bt odlidedi s PeGagpe
Conmpared with a mrror wafer having no BMD inside, the present
such an oxygen precipitation nucleus has a form and a size different
from those of other BMDs. Some percentages of oxygen precipitation
nuclei become BSFnuclei and form BSFs, and the remainder are observed
as BMDs. Thus, the density of BSFs is increased as the increase
of the density of BMDs.
[0030] BSFisadefect different fromOSF. OSF is adisk-1like stacking
fault occurringonthe surface of awafer when thewafer is oxygenated.
Inthiscase, interstitial oxygen forminga stacking fault issupplied
from an oxygenated film on the surface of a wafer. OSF nuclei are
considered to be oxygen precipitates having already been present

during crystal growth. Thus, the occurrence of OSF depends on

conditions for crystal growth.

Effect of the invention
{0031] The present silicon wafer contains BMDs having an octahedral

shape, and of BMDs present at a depth of 50 um or more from the

surface of said silicon wafer, the density of BMDs having diagonal
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silicon wafer hardly causes slip dislocations and warpages and has the high
gettering ability. Brief description of drawing [0034] [Figure 1] Figure
.showi ng slips and warpages introduced by heat treatnment [Figure 2]
Schematic figure showing the difference between -12 octahedral BMD and

pl at e- shaped BMD Best enbodi nent for carrying out the invention [0035] The
present invention is closely explained on the basis of {he enbodinent for

carrying &d€etdl Linverita 67 Mh isheof dlgTnithgn Lebt 18n. /F1038(18re Idess Wk er )
The present silicon wafer is characterized in that the occurrence of both

slips andcwappreess dust Nebve AHLE PL OTCY bR, ProGess ARt ¢ansl dendhirg,be
suppressed. [0037] For carrying out the invention, the size of a wafer

(di amet er thi ckness) is.not, limted. Also it is not Limted whether .doping
Shoul 6. be tEBHIEL BT o T TS NG Lt SRAGEPES. T Ah osREhEnT FereN ot
doped. These can properly be sel ected depending on the kinds of desired
seni condupteresi| ieonomataerabdP38ippreasied i oeduet sami dormductrgt ldedcde
produced using the present silicon wafer is not particularly limted, and

present S%'rie%%t\é@f@ﬁou&ﬁ%h%%i‘@@l:iaﬁ%é@ef Be PLOSH ALY, Oh n¥ A | R Suldngs, Of

sem conduct or

devices with a large diameter (typically not less than 200 mm) can
be produced. Compared with a mirror wafer having no BMD inside,
the present silicon wafer hardly causes slip dislocations and
warpages and has the high gettering ability.

[0C32] According to the present production process, the occurrence
of both slips and warpages during a device production process can
considerably be suppressed, and a high quality silicon wafer which
can prevent the reduction of strength though having a DZ layer can
be produced.

[0033] Comparedwith amirror wafer having no BMD inside, the present
silicon wafer hardly causes slip dislocations and warpages and has

the high gettering ability.

Brief description of drawing

(00343

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

[Figure 2] Schematic figure showing the difference between
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“silicon devices. The present silicon wafer can be applied broadly to the
production, specifically of an epitaxial wafer having a surface on which an
.epitaxial layer is forned, a lam nated SO wafer, a SIMOX wafer having been
subj ected to the SIMOX (Separation By |Inplanted Oxygen) treatnent or an

Si Ge waf er having a surface on which a SiGe layer is fornmed. -13 [0039] The
pr esent SIlICBn mag .S C cterlﬁed in_that BVMD has an octahedral shape,
and of BMPSTRPESEARE HHD: RE d@ fheorsged BGr  rmore fromthe surface of said
silicon wafer, the density of BMDs having diagonal size of 10 nmto 50 nm

i s not |esesthambbdiméOi2ferBcarthisag subased anveheiphesent inventors

know edge as expl ai ned below. [0040] That is, in a silicon mafer cont ai ni ng

BMDs with t ahedr al sha pr t a d

fromthe s@pégﬁe@ﬁﬁa%e £ IC}fuencleonor‘}stlgf SFgge?f(Peslg? s?l pts rbav\s/alrspé)gfes
and of those BMDs, BMDs mnth di agonal size of 10 nmto 50 nm exhi bit great
ef f ect of tbeppmbediingnthéogcecarrynng oitstihps inaedtiiona isi tiheod o Mafemg
containing said BMDs in a high density of not less than 1 X 1012/cnB, the
occurrencgef ;sli ps can considerably be suppressed to a snall |evel
(typically not nore than 10 nmm) in a general device production process. In
virtue of this, if a slip occurs froma wafer holding portion during a
devi ce pr ¢848fil ol SprécessafRE) exposure of the slip on the surface of the
silicon wafer can be prevented, and if a slip occurs in the edge of a

waf er, theharpir¥aknefsihecoslidrat iz seAkeenduetbel deviker HtHdRIHQT He@@eon
can be prevent ed
cof both slips and warpages during a device production process can
considerably be suppressed.
[0037] For carrying out the invention, the size of a wafer (diameter,
thickness) is not limited. Also it is not limited whether doping
should be conducted, and if doping is conducted, which element should
be doped. These can properly be selected depending on the kinds
of desired semiconductor silicon wafer.
[0038] Inaddition, a semiconductor device producedusing the present
siliconwafer is not particularliy limited, and present silicon wafer
can be applied to the production of various kinds of semiconductor
silicon devices. The present silicon wafer can be applied broadly
totheproduction, specificallyofanepitaxial waferhavingasurface
on which an epitaxial layer is formed, a laminated SOI wafer, a
SIMOX wafer having been subjected to the SIMOX (Separation By

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

which a SiGe layer is formed.
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" and adverse influence on devices can be prevented. [0041] In the above
range, |onger diagonal size and higher densities are preferable since the
.effect of suppressing slips becones greater. Meanwhile, the concentration
of oxygen contained as solid solution wunder the conditions of the general
CZ single crystal growth is -14 about 1 X 1018 atons/cnB, and in the state

where B formed in a high density, .nearly all of themare
precipi?gigagsiﬁﬁg? REesqnt g n yadi fFéug¥a¥%cF%Fﬁ?%éI%Préhﬁ§u§Mﬁ BgSnal
size in the above range in a density exceeding 5 X 1012/cnB. [0042] In

addi ti on, ahhecpalesenil sdldon amf ef BEDEhpraséet i ziedHy deph® d€ns0t ¥ nobrBSFs
with sizes of not less than 1 u mis not nore than 1 X 106/cn8. This is

based on p nt, I n " kn e . bel,ow. h i.S,
when a thé?%ﬁlkgéﬁeégéiéggé% ?éﬁgﬁ%¥%§%%ﬁéf%§hégﬁﬂgﬁsﬁﬁ?’fﬁ%8§a§£9 u%&%ﬁlts
to a loop dislocation, and as a result of the nove and extension of the

| oop di sl bewtihgriiadmnalakerzecafisds nmpt@Stli smdief ootrat ¢ on thesullt Kng Of 7 drive

occurrence of warpages. The | oop dislocation here is a closed |oop-1like

fine dislegatijamiashbn %BEEEBHtiiﬂﬁiéﬁ:@ré’”ﬁfqﬁ&wlé‘ﬁﬁé@sﬁ%ﬁgﬁ’f&i@ééﬂbe@oﬁﬁ.er S

fromslips generally neaning dislocation faults intfodu f romawaf er
hol ding portion or a wafer edge portion. Particularly, BSF having a size

of not | e$89ERAMPETAF eddl B PIdR&TGES F RE GOBITSIHLRG FALT Ha 5D amactppedral
suppressing the density of said BSFs to not nore than 1 X 106 / cn8B, the

occur r encgh8heWaENBYBSTfedt bRt Gh ddptipee 6an Ne SHMRRIRSFESm the surface
have an influence on the properties of slips or warpages, and of
those BMDs, BMDs with diagonal size of 10 nm to 50 nm exhibit great
effect of suppressing the occurrence of slips, and in a silicon
wafer containing said BMDs in a high density of not less than 1
X 10*%/cm®, the occurrence of slips can considerably be suppressed
to a small level (typically not more than 10 mm) in a general device
production process. In virtue of this, if a slip occurs from a wafer
holding portion during a device production process, the exposure
of the slip on the surface of the silicon wafer can be prevented,
and 1if a slip occurs in the edge of a wafer, the arrival of the
slip at a semiconductor device formation region can be prevented
and adverse influence on devices can be prevented.
[0041] In the above range, longer diagonal size and higher densities
arepreferable since theeffect of suppressingslipsbeccmes greater.
Meanwhile, the concentration of oxygen contained as solid solution

under the conditions of the general CZ single crystal growth is
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“to an extrenely small, typically, the increase of warpages from before to
after heat treatnent could be suppressed to not nore than 10 gm The size

. of BSF here neans a diameter of a disk-like BSF. In view of the experinents
havi ng been conducted by the present -15 inventors, the above phenonenon
frequently occurs particularly in a batch furnace. In an RTA, the

phenomenon that BSF inside a wafer changed into dislocation is not

obser ved, 2BAHtt heXeri0ar gerime/ @1 . Wachages hes shatecisse BYDRSEre[ 604HEd n
general, BSF density had correlation with BVD density, and BSF density is
known to be abloujhlddsioy l/dea®DP 0f1 BMD tdensidne prEaipitatdds gemer,alily
difficult to generate BMDs in a high density of 1 X 1012/cnB while the
density of BSF_ is pr.essed ot -nore hap_1.X 108/ cnB. .[ 0045] .Furt her,
the proseh SPTTEan RaPLETT S hal ol AP BY DR n eRaP SGpOBRAY Brededt Stoa
depth of 50 umor nore, the density of BMDs havgga di agonal size of not

| ess t hanaBBfenmahgendh aodenshang é&xcXedl@rig/ en d/¢his is based on the
present inventors' know edge as shown bel ow. [0046] That is, when a thernal

stress is he wafer i 4t j t] i:nsd
et o stattrRg 1 o e SR R e rEe S e B g
or nore from the surface, and as a result, the wafer causes plastic

def or mat i 6he deesityiaf BHE's el Grclirdesned obtwdegagébanThe ot duir neric @ogk

di sl ocation often starts from BMD havi ng di agonal size of not |ess

than 1 X 10%/cm®. This is based on the present inventors’ knowledge

as shown below.

(00431 That is, when a thermal stress is applied to a wafer, BSF
inside the wafer unfaults to a loop dislocation, and as a result
of the move and extension of the loop dislocation, the wafer causes
plastic deformation resulting in the occurrence of warpages. The
loop dislocation here is a closed loop-like fine dislocation fault
occurring inside a wafer, which essentially differs from slips
generallymeaning dislocation faults introduced fromawafer hclding
portion or a wafer edge portion. Particularly, BSF having a size
of not less than 1 um easily changes into dislocation lcop, and
by suppressing the density of said BSFs to not more than 1 X 10°
/cm3,theoccurrenceofmmrpagesleabatchfurnacecankxesuppressed
to an extremely small, typically, the increase of warpages from
before to after heat treatment could be suppressed to not more than
10 um. The size of BSF here means a diameter of a disk-like BSF.

In view of the experiments having been conducted by the present
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than 200 nm and the occurrence of warpages during the general device
production process can be suppressed to an extrenely small level, typically
20 u mor less by suppressing the density of the above -16 BMDs to not nore
than 1 X 107/cnB. [0047] Besides the features explai ned above, the present
silicon wafer should have a reduced average value of interstitial oxygen
concentration. [0048] Here, an interstitial oxy gen concentration is usyally

measured FRVERE Rﬁol%h%é'rqovcﬁ PREEPIERoR haterenihY AL TFeRT AR hld B a2 hiadtr ed
includes a DZ layer in addition to a BVMD | ayer. However, since a DZ |ayer
i's much tHiutech tiamaacd3MDnl ayeRTA ArtHenipdlesioimenain tﬁ&}thﬂFCﬂ[E‘ﬁm e tvia@er
nmeasured in the overall silicon wafer can be assuned to be equal to an
interstiti gen,_conce ion in |nterst|t|
oxygen coRBRREFALTBRC AET hecab b 19 o e Ly U0 dek Radayeidy &=
manner on the basis of the inventors’ unpresunable knomﬂedge that t he

opti nal BwBrgdagesi bat hoh ¢siizedahd BBE€nsity) explai ned above sonetines
varies with conditions for a heat treatnment in a device production process

due to th?ogﬁ@?lghtﬁére leP%%%B i%%é fﬂad”86¥¥%lé¥1 ShiiRs 3 W@h@%ﬂg;gare

soneti mes caused hIS pur pose, t e interstitial
concentration should be not nore than 6 X 1017 atons/an. The lower limt

of the iAREEBIT dealsisyyyeknsntEntbatibontcanlBeadddmd@ 0 of FBIBsTS 14 vX

Thus, it is generally difficult to generate BMDs in a high density
of 1 X 10'/cm® while the density of BSF is suppressed to not more
than 1 X 10%/cm’.

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

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

production process can be suppressed to an extremely small level,

typically 20 gym or less by suppressing the density of the above
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1017 atons/cnB. This is because reducing the concentration to a |evel |ower
than the above lower limt requires a heat treatnent at a -17 |ow
tenperature for extrenely long tinme, and such a heat treatnent is difficult
to conduct actually. [0051] In addition to the features expl ai ned above, the
present silicon wafer should have an interstitial carbon concentration of
not less than 1 X 1016 atons/cnB. If the ¢arbon concentration is I|ess than
sai d rangBMDa BSFEEnsPES EReeeds™ 1 1R 108 /cn8 when a BMD density is not

|l ess than 1 X 1012 /cnB. Such carbon concentration is not preferable.

[0052] It [0c4UpsReablies titad fdrer ooy eV isicre aicsid,l hilel phedret BRe@icon
interstitial oxygen concentration are achieved on the overall surface of a

waf er, but _they m achi eved, on art_of the region dependi.ng_on

i poses. MEEFELE RO W ot v SRt G R Yl dcad LoF PERCaRS SAG8eBar
of a wafer, it is sufficient that the above BVMD size distribution and the

i nterstittcahcerygehiconcentration are achieved in the outer region distant
fromthe centre of a wafer by 80 % or nore of the radius of the wafer. This

I s becausepgsghi Rerbt Bﬂdﬁéﬁ%gafsE9{?&Bfﬂ?oﬁgg%np?gphc%t?aﬁkﬁ i r gaueay Ly
occurs in said” region. In addition, it sufficient for just preventing
typi cal warpage of a wafer, that the above BMD size distribution and

i nterstitMapsSBxggehn coir eftdla inaytacd dchiiébedn wafas, i R4 de HesHih thPe| ess
than 80 % of the radius of the wafer. This is because typical high density

di sl ocati pRakOsbEei Rc YEASE . a WH QR &3US8Sa84VRE BAYEs a BMD layer. However,
since a DZ layer is much thinner than a BMD layer, an interstitial
oxygen concentration measured in the overall silicon wafer can be
assumed to be equal to an interstitial oxygen concentraticn in a
BMD layer.

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

[0050] For this purpose, the interstitial oxygen concentration

should be not more than 6 X 10'" atoms/cm’. The lower limit of the
interstitial oxygen concentration can be assumed to be about 4 X
10'" atoms/cm®. This is because reducing the concentration to a level

lower than the above lower limit requires a heat treatment at a
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frequently occurs in said region. -18 [0053] The present silicon wafer is
extrenely excellent in respect that slips and warpages occurring in a

devi ce production process are snall. Mre specifically, the present silicon
wafer, particularly a silicon wafer wherein BMDs are controlled and an
interstitial oxygen concentration is reduced as stated above, is

characterized by sli Wi h extrene hort sizes occurring als inth
o oo o L FE e Pir ok ESEENEY DOR% s e RoRCSHER' & st Rk Lr B
and i ncrease of a warpage of a wafer after the heat treatnent is not nore

than 10 uirp dsféxplhidatned behduct[ 8654h1The above expl ai ned shape, across
corner dinension and nunber of BMD5 are ordinarily measured by publicly

Known mai&)‘b%?@“&ngﬁﬁﬁﬁg%n Q/Br%hép%(e‘%% Eéls' gy @Q%?ﬁe&?%ﬁ%%emgﬁgeﬁgﬁ‘é%hfﬁg

the trans ron m croscopé ersi nar tica
Precipitate Profiler (hereinafter, "OPP') . As for BSF, the size and the
nunber canlbeonrasieechnulskhasts ee emtﬁrﬁglt{ﬂbaﬁ}rlﬂygmwttrlﬁélsm gt
di sl ocation or the amobunt of a warpage of a wafer, the neasurenent and the

eval uati o o@i%? Fﬁéﬁ ok 1@:‘: tha{otgﬂs%f’\zzlbrée i rtﬁgl Ca ﬁ th nEé %@EB‘BT lilsy be

measured by pu known re speci ocation can
be neasured by the X-ray topography, and the anount of a margage can be
eval uat ed1eB§ ?ﬁ@ﬁéﬁ#ﬂﬁbrﬂﬁéema@dﬁgﬁ<¥%ﬂﬁﬁ}YF$X9©Adﬁvhl*a%pe TGt v B TDEK BMD
Corporation. [0056] In addition, interstitial oxygen concentration can be

density is not less than 1 X 10 /cm®. Such carbon concentration
is not preferable.

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

frequently occurs in said region.
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-19 neasured by the Fourier transforminfrared spectroscopy (FTIR). [0057]
(Process for producing silicon wafer) The present silicon wafer has the
above expl ained features. Thus, any processes for producing a silicon wafer
having said features can be applied without limtation. Mre specifically,
a silicon wafer having the above features can be produced by controlling
conditions for a single crystal growth (crystal puIIing-uF rate, crystal
cool i ng r&PE53¢rTes Bire sestasiidacogasa 5e ¥ darpahdenBeyl ¢kedllent dondesPress f or
heat treatnment (heat treatnent tenperature, tine, increasing/decreasing

tenperatugg.andi i be éﬁ&%aré&&é@oé&ffﬁcﬂi@rﬁeamdeivrl\é%” @R cith oS process

particularly preferable tha a substrate is heat treated step by step.
[0059] The substrate here neans a pre-heat treatnent silicon wafer, which
i s cut ou@réfSﬁaéﬂﬂgM@rér§§?§Ffﬂﬁagﬂyanﬁh?spﬁﬁéﬁéﬁlﬁléaﬁPécWééerto st eps
i ke chanfer and the like, in addition to heat treatnment. [0060] The size

of the SU@&&EQEQIQQE?U@F@&lithCKagéﬁ)whérBQh BRIkt bekl abhy rbil TetiednaAne it
is not particularly Timted whether doping should be conducted and if doing

i s conducted, which elenment shoul d be doped. These can proper]y. be selected
dependi ngtBhEFAG: CRPRAORRASENEORETH b REHER b7 ZEQRTT Gt SI1ANEsh ARaver. 1o
[0061] The interstitial oxygen contained in the substrate should have an
oxygen cophepnhtatironedubiynglipe with cort sénngl  sHorst ali grsowidau iy niche 164

met hod under ordinary conditions, and during the production -20
in the following heat treatments (typically, slip length is not
more than 10 mm and increase of a warpage of a wafer after the heat
treatment is not more than 10 um) as explained below.
[0054] The above explained shape, across corner dimension and number
of BMDs are ordinarilymeasuredbypublicly knownmeasurement methods.
More specifically, they can be measured using the transmission
electronmicroscope (hereinafter, “TEM”) andtheOptical Precipitate
Profiler (hereinafter, “OPP”). As for BSF, the size and the number
can be measured by selective etching.
[0055] Regarding the slip dislocation or the amount of a warpage
of a wafer, the measurement and the evaluation methods are not
particularlylimited, andtheycanordinarily bemeasuredbypublicly
known methods. More specifically, slip dislocation can be measured
by the X~-ray topography, and the amount of a warpage can be evaluated
by observing the warpage using FT-90A available from NIDEK

Corporation.

[005€6] In addition, interstitial oxygen concentration can be
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by the heat treatnment explained below, the concentration should preferably
be 6.5 X 1017 to 8.5 X 1017 atons/cnB. If the oxygen concentration is |ess
t han the above range, BMDs are not formed in a high density, and if the
oxygen concentration exceeds said range, BSFs or |arge-sized BMDs are
formed in a high density. Both concentrations are, therefore, unpreferable.
[0062] In the present invention, the above heat treatnent preferabl
conprlsesm€ﬁyuradfbYsﬁhﬁeEPUFiéétﬁﬁﬁﬂsﬁﬁémeﬂﬁfféﬁﬁérépﬁﬁérp§copﬁcK5§§Bd-from
700 Cto 800 0 Cfor 30 mnutes to 5 hours; (B) a second heat treatnent

wher ein tg@oseqmﬁ:%eégsl %oEUpt:B@ﬁcm%r g@igeonuna&cerﬂr 000 0 C at a rate of
0.5to 2 C/ mnute for 5to 10 ours; and (C) : a third heat treatnent

wherein the te erature is nmaintajned mnthln a range, of fron11 000 g Cto
1,250 C LRe sent vx‘-falythFPJt waf&rg Fﬁu%h%r@?‘é‘ﬁ%t%%aﬂf‘éﬁ SEHTES i & USxygen
is not less than 20 Mm [0063] In the step (A , a heat treatnent

t enper at uafyl 88céB88s 700r grodiscimprefLnalleh siates theidig susidomieat u@xggen
insufficiently occurs, resulting in the insufficient fornation of BMDs. A

tenperature xceedi ng 700 Iso unpr ef er,abl e sinc tenper ture
oy Hegn B8 aRPL AR I n ke iR sl RRe, SlBer s PROSEIPHY Iy oAr S11hdeh
i neffectiveness. The tinme of the heat treatnent | ess than 30 mnutes is

i nsuf fici eafetohavhagf thaatbonef fBVDnuekercaantdehprooeedxbgedond rol lhagr s
i ncredi bly reduces productivity and thus unpreferable. -21 [0064] In the

step (B), CBHSiE?EﬁsOffol:oé{v §ﬂ{§Ié eémﬁsr@atlurg%c;ﬁ% e(%%%stal pulling-up rate,
crystal cooling rate, crucible rotation, gas stream and the like)
or conditions for heat treatment (heat treatment temperature, time,
increasing/decreasing temperature and the like).
[0058] In the present invention, it is particularly preferable that
a substrate is heat treated step by step.
[0059] The substrate here means a pre-heat treatment silicon wafer,
which is cut out cf a single crystal ingot and is properly subjected
to steps like chamfer and the like, in addition to heat treatment.
[0060] The size of the substrate {diameter, thickness) is not
particularly limited. And it is not particularly limited whether
doping should be conducted and if deing is conducted, which element
should be doped. These can properly be selected depending on the
kind and the performance of a desired silicon wafer.
[0061] The interstitial oxygen contained in the substrate should
have an oxygen concentrationduringthe silicon single crystal growth

by the CZ method under ordinary conditions, and during the production
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|l ess than 0.5 C mnute is unpreferable since a stable rate of tenperature
i ncrease cannot be ensured, and the rate exceeding 2 ¢ mnute is also
unpreferabl e since precipitated BVMDs coul d di sappear. The interstitial
oxygen concentration of not nore than 6 X 1017 atons/cnB is preferable for
keepi ng the density of BMDs having sizes of not |less than 200 nmat a | evel
of 1 X 107/cnB or less, since the interstitial oxygen concentration in a
silicon wafethafheatt heeatwapteekphadhetdhbel ol obhagchnghnteapéprat sheuldat
treatment easily becones not nore than 6 X 1017 atons/cnB. It can be

pr esuned I Cur i nce7 i stiyiahio ans ;i:nsi.de i.Li con
waf er ga%EggegégagdB%NEé§m2%ﬁ@ iH?%ﬁ%t%t%a?boxéégﬁﬂvg%bkté?ngb?yogyngsed
during the high tenperature heat treatnent (C). [0065] The step (C) has a
pur pose ofoReeRtAgtacpdzipajepsbyhert EhAaprbyvedrahasi ngMPat erst neicaosmpgen.
In this step, a tenperature less than 1,000 Cis unpreferable fromthe

vi ewpoi nt ; f sPROGHCHEME Yy, T 8HHCE FOBKEI Be@gbhecextenpaktdbhf UgieBdal said
interstitial oxygen takes™ long tine, and a tenperature exceeding 1, 250 C
is also unpreferable since the degradation of the nenbers constituting a

. | n
anneal fuFRBE8, Beltdids 1§&MroSd 2ePhBMHP 3 R ifGHMesh4ha o 1 Fhtdenstlity -aPOsRy gen

is a nunerical value calculated on the basis of tenperatures and tine in

the step tEhcentdacobapeheky, thereaorbe abhpakhedabye.ntegrating the
following formula (i) in accordance with the tenperature pattern -22 in the

step (CD:[OB%B?%&1thepresentinvention,theaboveheattreatmentpreferably

comprises (A): a first heat treatment wherein temperature is

increased from 700 ° C to 800 ° C for 30 minutes to 5 hours; (B):
a second heat treatment wherein the temperature is further increased
up to 1,000 ° C at a rate of 0.5 to 2 ° C / minute for 2.5 to 10
hours; and (C): a third heat treatment wherein the temperature is

[+]

maintained within a range of from 1,000 ° C to 1,250 C in such
a way that the diffusion length of the interstitial oxygen is not
less than 20 pm.

[0063] In the step (A}, aheattreatmenttemperaturelessthan?OOo C
isunpreferable since thediffusionof oxygen insufficiently occurs,
resulting in the insufficient formation of BMDs. A temperature

exceeding 700 ° C is also unpreferable since such temperature hardly

has an influence on the BMD optimization, involving great
ineffectiveness. The time of the heat treatment less than 30 minutes
isinsufficient forthe formationof BMDnuclei, andthe time exceeding

5 hours incredibly reduces productivity and thus unpreferable.
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Diffusion length of interstitial oxygen (u n') 2 X104 X ( f Doxygendt) 0.
5 (i) [0067] Werein, Doxygen (cnR/second) 0.17 X exp(-2.53 = 8.62 X 10-5
= tenperature (K)). A heat treatnent resultl ng in a diffusion Iength of
interstitial oxygen of not less than 20 gmis preferable for formng a
broad Dz |layer having a size of not less than 5 m [0068] Tenperature
increase fromthe steps (B) to (C) is not particularly limted, and an
ordi nary f80&40f Inenperstay d B)nctbasratenyt proof exdlsL drearsddireThacresise
general rate of tenperature increase is not less than 5 C/mnute to not

more than égs%ﬁ‘igub%' Aca mEﬁ{IPSr i‘%“ﬁﬁg&@?ggi&ﬁef 5QH-R0Y Ls%%%ﬂehi‘% th 5‘%00 c

to |l ess t and not less t m nute to not nore

C/minute in a tenperature range of fromnot less than 1,100 C to not nore
than 1, 266mMPerpboEg]inaredre prasentds RUSHEREN, andhshabovies exgpedangre “C/
treat rrent nore preferably conprises: (A): a Iow tenperature heat treatnent

step wher g Authe SHPsE LA e:ef'e%aﬁ@%tsﬂﬂ@@ﬁ;?@c%l@a%mﬁé’é@l@ﬁlggpr%%S
than 700 Cto not nore than 800 C for not |less than 30 mnutes to not m)re

than 5 -23 hours; (B): a terrperature i ncreasing step follow ng the |
t enper at uFBe hBAETSEEALARNOXYOEP, CRREEBERALAENS AbsPAL BOLS Kban ©r &at up
to

atoms/cm® is preferable for keeping the density of BMDs having sizes
of not less than 200 nm at a level of 1 X 107/cm’® or less, since
the interstitial oxygen concentration in a silicon wafer after the
completion of the following high temperature heat treatment easily
becomes not more than 6 X 10'7 atoms/cm’. It can be presumed that
this occurs since interstitial oxygen atoms inside a silicon wafer
gather around BMDs while interstitial oxygen is externally diffused
during the high temperature heat treatment (C).

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

the following formula (i) in accordance with the temperature pattern
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a tenperature of not less than 900 Cto not nore than 1,000 C at a rate of
tenperature increase of not less than 0.5 C/mnute to not nore than 2 C
/mnute; and (C): a tenperature decreasing and taking out step follow ng the
tenperature increasing step, wherein a tenperature in a furnace is
decreased at a rate of tenperature decrease of not less than 1 C/mnute to
not nore than 10 ¢/ m nute, and when the tenperature of the substrate
beconmes not kbsssthan (600 C to not nore than 800 C, the substrate is taken
out of the furnace and cooled down to room tenperature; and (D) : a high
terrperatur[golag?t treatnment step, wherein a tenperature in the furnace is
decreased down"to not |less than 600 COto not nore than 800 C and the
substrate is inserted thereinto, and the tenperature of the substrate is

i ncr easedDaf fasiatelehgtbnpdér anticestiitdreasaygenndtuthiess than 5 C/ mnute to
not nore than 10 G mnute in the range fromthe substrate insertion

t enper at upe ae than 1 0.5C,and at a rate of tenperature increase of
not |ess ?hQ%QIg %?n%ﬂg%@@?%& ot %%Fe than 2 C/mnute in the range from not
less than 1, 100 Cto not nore than 1, 250 C, and the substrate is

nai nt ai ned90&3AsRRER}"at a tenperature in said range in such a way that the
-24 diffusion length of interstitial oxygen is not less than 20 g m The

heat decrgasi ng-apfsdakhag -0yt 15t &P ) (28 seonducted % m fhex- ¢agpMighs d wWo
heat treatngnt furnaces are used and the heat treatnents (A) to (C are

conduct ed(%%)ar ately fromthe heat treatnent (D)

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

[0068] Temperature increase from the steps (B) to (C) is not
particularly limited, and an ordinary rate of temperature increase
may preferably be used. Themost general rate of temperature increase
is not less than 5 °C/minute to not more than 10 °C/minute in a
temperature range of fromnot less than1,000 °Cto lessthan1,100 °C,
and not less than 1 °C/minute to not more than 2 °C/minute in a
temperature range of from not less than 1,100 °C to not more than
1,250 °C.

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

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

more than 800 °C for not less than 30 minutes to not more than 5
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~in different furnaces. In the case where each of the heat treatnments is
advant ageousl y conducted in separate heat treatnent furnaces for inproving
~productivity, it is preferable to add the step (C) and divide heat
treatnment into (A) to (C and (D). [0070] In this case, the tenperature at
the conpletion of the tenperature increasing step at a rate of not |ess
than 0.5 Cmnute to not nore than 2 Cmnute in the step (B) should

pref er abl jobes: not | ess than 900 C for obtaining the BVD density in an
anneal ed wafer of not less than 1 X 1012/crr8 The tenperature | ess than 900

C is unprgf eré‘béé%nﬁ% e%ﬁé?é’dﬂ%f o@%ﬂ?ﬁe‘&%et %?gw)t,éxtnﬂtéggture

i ncrease d| sappear oW Ng S step

tenperature at the corrpl etion of the terrperature increasing step at arate
of not | eBSathaRe@tBEy nftRR e P TRIN fdie ST T2t misnleat sHealcedpref EPabl y
be not nore than 1,000 C. This is because tenperature increasing in a

t enper at ug et &gy Qﬁaﬁﬁﬁéegfnﬁo@ 089sCchdRresopotchayengn hBtbuensg enobbecc
density of B In the divided heat treatment, it can be assumed that BMDS

formed at the corgl etion of the step (O have changed i nt g BMPS nei, t her
shrinki ng2hot T&h é’&pé&ﬂpﬁ&althlrtehén%?ﬁéﬁn A§ M nle St Bre néal MiRrEAEmeNt
step -25 (D) , since the substrate has once been cool ed down to room

tenperat ute nod hbeestrpn(L) *cBegaadgaeepf ahhi s, the divided heat treatnment
does not require increasing a tenperature up to 1,000 C at a rate of not
| ess than

| e52, Lhan 8, S ILAMLE1 0r0he TBL S a0 2y LT DuLe LG LhecofoRl | RYOUR et

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

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

than1,100 °Ctonotmorethanl, 250 °C, andthe substrate ismaintained

constantly at a temperature in said range in such a way that the
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“is increased up to 1,000 C after the conpletion of the steps (B) and (O,
the interstitial oxygen concentration is not nore than 6 X 1017 atons/cnB,
~and the above heat treatnment is preferable also for keeping the density of
BMDs with sizes of 200 nmor nore, at a level not exceeding 1 X 107/cnB. In
the step (B), the rate of tenperature increase of less than 0.5 Cmnute is
unpreferable since stable rate of tenperature increase cannot be ensured
and the daféuexosellengtB €fninttéeststabdocoxnperfes abde eaeetlpred it at.ed
BMDs coul d di sappear. The rate of tenperature decrease in the step (O

shoul d beppgt hlegﬁsdelcl}_‘éﬁslng/r HhBUEQkEHg”BEt”E"t@pt Wé” 19 CoRkikteqd ‘i’ﬂ'h%'ﬂeca”

be achieved by using a gen furnace. for the tenperature in

furnace at which the substrate is taken out thereof, a tenperature |ess
than 600 CAFS "iesiediua aph b LspAcEcsAifRIaRes 2F AHECE Addd 1 heat treatpentse
heater of the furnace to be shortened, and a tenperature exceeding 800 Cis

al so unpr eher abl ecsi aee @ahdut:%aeé@buﬁ:at@ws@szomt Iﬁﬂedﬁbgrcl erakitpendf (Dhe
menbers of a furnace. For the same reason as the above ( , the tenperature

in the furnace _-26 at. which a substrate is inserted e step shoul d
be neit het? ézje%%e’t%ﬁt f¥eHaEe[or i ilge‘a‘i"ﬁ% i FQ?Q?%W Erle%f%‘eé]fts
tenperature increase should be a rate which can be achieved by the use of a

gener al fusnadeaandgeansshorbaduthedovar akbatrbfe hertt hecaheahtt faahaerts,
specifically, not less than 5 Cjntnute to not nore than 10 Cmnute within

a range Of fr?Hb%o%% eﬁ%& th§%l Y, Pt is preferable to add the step (C)

and divide heat treatment into (A) to (C) and (D).

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

disappearing in the following high temperature heat treatment step

-25-



the substrate is inserted to a tenperature of less than 1,100 C, and not
less than 1 C mnute to not nore than 2 Cmnute within a range of from not
|l ess than 1,100 Cto not nore than 1,250 C. The ranges of the tenperature
and the diffusion I ength of oxygen in the heat treatnment at a tenperature
of not less than 1,000 C are as stated above. The rate of tenperature
decrease and the tenperature at which the wafer is taken out are not

parti cul akPy, siingettdie spbotIptFhe sappas keas aselded dewe &or5q9iyteuperpéuseri es
of the above heat treatnents is not particularly limted, and

conventiopaltye Anh bl gy akRWA FaPRAE at tise RN RIET ¢l ¥ RAtHReR. does
Specifically, an ordinary batch vertical furnace or a batch vertica

furnace with oxygen purging function may be used. [0072] | n the present
product i oRCpr beddsret HeChpRTEnS ubst$RRE SHOER P dohtlaidP i & dder. TRhesOfs
because the increase of warpage can further be suppressed (typically, to
not nore hHanlssMtivhrern the cyuhisiutat e aebtabhs thim gueT/mikeidy adwet kg of
devices with higher performance -27 becones possible by suppressing the

i ncrease of rpage.in.such _a way 0073]. The . concentration of nitrogen to
e added POPLENBOAB SR PaF pBLBetE N MAra s X TOR STONLFERe: CETRek 2RO T8
atons/cnB. The nitrogen concentration |less than the above range is

unpr ef er abkeis¢cneased upenoigd0di LI afitert othsuppnebst idre ¢ hdateaseepls WaH page
to not nore than 5 umthough it is possible to suppress the increase of

warpage  ,n4 (C), the interstitial oxygen concentration is not more than

6 X 10! atoms/cm’, and the above heat treatment is preferable also
for keeping the density of BMDs with sizes of 200 nm or more, at
a level not exceeding 1 X 107/cm3. In the step (B), the rate of
temperature increase of less than 0.5 °C/minute is unpreferable
since stable rate of temperature increase cannot be ensured and
the rate exceeding 2 °C/minute is also unpreferable since
precipitated BMDs could disappear.

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

For the same reason as the above (C), the temperature in the furnace
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to not nore than 10 gm The concentration of nitrogen exceeding the above
range i s al so unpreferable since polycrystallization occurs and the yield
of wafers could be reduced. [0074] In the present production process, the
substrate should contain carbon. This is because a silicon wafer with a
carbon concentration of not less than 1 X 1016 atons/cnB8 can be produced
when the substrate contains carbon. [0075] The concentration of carbon to be

added for 2Ehehhpb\a sylpsidsde $RobnaeheeAoin tées stRrEn (B) xehoakd HoREAERE Tt o

not nore than 2 X 1017 atons/cnB. The carbon concentration | ess than the

above rangesksthHApPkeherabherskbReeetiggCa8nhoONCCOoNERNb-aEk@BbIR Ratlkl bgon
waf er becones less than 1 X 1016 atons/cnB. The concentration exceedi ng

t he above range is al so unpreferahl e since polycr staII zatioon occurs and
the yi el d5CBPERAFEFS %%%¥%£%%f? &e pob b 6088 R BTV dith e
nitrogen or carbon to a substrate are not particularly limted, and
convent i ongkl yf andyguidd Clfudaaawn and?8apr shesses thae grefel hldd ndeEadisethe
Mor e concretely, a process for adding nitrogen mherein substrates with

nitride fi are added tq a |t sol ut | for ioNg, UR sin c ta
in order bo melftnes STIC d’tcr;“&tlrydnn&L* rog ‘i’ ml ualEtriai gn?et mﬁ%%
obt ai ned, and a process for addi ng carbon mherern carbon powder is added to
a melt sthenhi d6 févmpobktengiopia si mghgecpystfabm a teteeriasucenetolwhiche

carbon concentration in a substrate tobe obtained can be enployed. [0077]

The procesggssfgse PRASW L NG, U 1 Q9]Y, CRERBA-2PA 2XYB8Tess than 1,100 °C,

and not less than 1 °C/minute to not more than 2 °C/minute within
a range of from not less than 1,100 °C to not more than 1,250 °C.
The ranges of the temperature and the diffusion length of oxygen
in the heat treatment at a temperature of not less than 1,000 °C
are as stated above. The rate of temperature decrease and the
temperature at which the wafer is taken out are not particularly
limited.

[0071] The apparatus used for carrying cut the series of the above
heat treatments is not particularly limited, and conventionally
and publicly known apparatus can preferably be used. Specifically,
an ordinary batch vertical furnace or a batch vertical furnace with
oxygen purging function may be used.

[0072] In the present production process, the above substrate should
containnitrogen. This is because the increase of warpage can further
be suppressed (typically, to not more than 5 um) when the substrate

containsnitrogen. The productionof deviceswith higher performance
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concentrations in a substrate are not particularly limted, and said
concentrations can preferably be neasured by conventionally and publicly
known processes. More specifically, nitrogen concentration can be neasured
usi ng a secondary ion nmass spectronetry apparatus(SIMS). The oxygen and
carbon concentrations can be neasured by the infrared absorption
spectronmetry, and cal cul ated using values defined by JEITA (Japan

El ect r oni BSCARAS| RPSFARIEORY TEERAGSENYI hAEsLPcEsasss 6 HPTeAPeagn Such
conversion factors. Exanples [0078] The present invention is closely

expl ai nedaogat/he basis of exanples in the follow ng section, but it is not
particularly limted to those exanples. [0079] (Process for producing

Coator - 300aP bR RO ReEhEEe Tt oh Sy T ER S TR RgeR Cha POk BEoss

concentrations), the sane portions of the straight trunks of the obtained
singl e crygsballdi bgots >Xere? cat omslf ciasitng 1a >0 IE ¢ savoasdem3ubjes treid: #dyen
mrror treatnment to formsubstrates with a thickness of 725 to 750 gm From

these subg%ﬁg%ﬁ?rﬁgggﬁahgg ﬁgﬁ%ﬁit¥%; alnedfsu St b gjll%'teg Tnt

(1) and ( trea tes were inser into
a batch vertical heat treatnent furnace, and subjected to the first heat
t r eat ment beaomeB dhff Cruahdte mecaRl theati ncreaseent (OFpiae e argomore
at nosphere
than 5 um though it is possible tc suppress the increase of warpage
to not more than 10 pm. The concentration of nitrogen exceeding
the above range is also unpreferable since polycrystallization
occurs and the yield of wafers could be reduced.
[G074] In the present production process, the substrate should
contain carbon. This is because a silicon wafer with a carbon
concentration of not less than 1 X 10'® atoms/cm® can be produced
when the substrate contains carbon.
[0075] The concentration of carbon to be added for the above purpose
should be not less than 2 X 10%° atoms/cm® to not more than 2 X 10
atoms/cm’. The carbon concentration less than the above range is
unpreferable since the carbon concentration in a silicon wafer
becomes less than 1 X 10! atoms/cm®. The concentration exceeding
the above range is also unpreferable since polycrystallization
occurs and the yields of wafers could be reduced.

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

are not particularly limited, and conventionally and publicly known
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in the sane furnace. The diffusion lengths of the interstitial oxygen in
the second heat treatnment were obtained by integrating the above formula
(i) on the basis of tenperature and tine in accordance with the tenperature
pattern in the second heat treatnent. [00801 The first heat treatnent: After
mai ntai ned at a tenperature of 700 O C for four hours, the tenperature was
increased at a rate of 1 g C/.m nuyt e from700 0 Cto 1,000 O C, The second
heat treaPhBRESSEReCERNPET HELR € | H5La i LCR GRS L Yof 35 PTELFSSUESTF r om
1, 000 Cto 1, 100 C, at a rate of 1 Cmnute from1,100 0 Cto 1,200 0
C, and af he@dingi niarogdnathdr20f Substeated haouh, niheitenpelasuseewasided
decreased at a rate of 1 0 CUmnute from 1,200 Cto 1,100 C, at a rate of

> 000 0 Ctb BESE Rt fak QuntiBiddp B A0 TR rRvied P gf sy B BERELPAIT o

of 700 C. (2) Heat treatnent 2 The obtained substrates were inserted into
a first bahehcorcentabtibeadf tneromen furanaod sndhtaf tter behebtanplest, i andof
the first heat treatnent (A, B and C) , the substrates were inserted into

the secong opgLelbsvepti %%%iiﬂﬁaEaEBSﬁt WRDEeL i pacsoAndostbkestedatiodt be o

second heat treatnent an argon atnDsp ere fusion Iengths of
the interstitial oxygen in the second heat treatnment were obtained by the
sane way BSlinsehetheatfer gatldemio Bp Fheinpgistcheatal rigndisinr taf ceptrol

mai ntai ned at 700 C for four hours, the tenperature was increased up to

900 O C:aﬁhéc%%%%ﬂﬁoﬁbeﬂﬂﬁﬂﬂﬂﬁ@inasubstratetobeobtainedcanbeemployed.
[0077] The processes for measuring nitrogen, carbon and oxygen
concentrations in a substrate are not particularly limited, and
sald concentrations can preferably be measured by conventionally
and publicly known processes. More specifically, nitrogen
concentrationcanbemeasuredusing a secondary ionmass spectrometry
apparatus (SIMS). The oxygen and carbon concentrations can be
measured by the infrared abscrption spectrometry, and calculated
using values defined by JEITA (Japan Electronics and Information

Technology Industries Association) as conversion factors.

Examples

[0078] The present invention is closely explained on the basis of
examples in the following section, but it is not particularly limited
to those examples.

[0079] (Process for producing annealed wafer)

Single crystal ingots were produced under various conditions (wafer
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and the tenperature was thereafter decreased down to 700 0 Cat a rate of 3
0 Cmnute. The substrates were taken out at a tenperature of 7000 C from
t he furnace and cool ed down to roomtenperature; The second heat treatnent:
The substrates were inserted at a tenperature of 700 C, and the
tenperature was increased from700 C to 1,100 Cat arate of 50
C/mnute, from1,100 0 Cto 1,200 0 C at a rate of 1 Cmnute, and after
mai nt ai nediafeteppocondrgEion hyne; PR¥EILBApeRatiPgehasandcFéssed from 1, 200
Cto 1,100 C at arate of 1 0 Cmnute, from1,100 Cto 1,000 C at a

rate of BonEtAtREteoabd, f R damd0forG é®s 700 tife &ty @it tafunks G/fMtRut €,
and the substrates were taken out at a tenperature of 700 C. -31 The

condi ti onsb{:or. tge TEroﬂucti on o{ the silicon Wa{ers waf er di.aneter,
conduct i oRPE§pBECcBHEENEr afYBha! (BFIRET bomt e Y StEn 9 Ay Sew ene
substrates and diffusion lengths of interstitial oxygen in the heat

t r eat ment shbweceedumrarmzedot rt realiinee il tbnf dablsebst rapasypeétheantibéness
dope. And the concentrations of contained substances (such as oxygen) were

cont ol | ode 2 IeasHAd B oS dlnar iy a0d. PUBL ey KNP P 2883881, LO08
by the following processes (1) and (2):
(1} Heat treatment 1
The obtained substrates were inserted into a batch vertical heat
treatment furnace, and subjected to the first heat treatment (A,
B and C) and the second heat treatment (D) in an argon atmosphere
in the same furnace. Thediffusion lengths of the interstitial oxygen
in the second heat treatment were obtained by integrating the above
formula (i) on the basis of temperature and time in accordance with
the temperature pattern in the second heat treatment.
{0080] The first heat treatment: After maintained at a temperature
of 700 ° C for four hours, the temperature was increased at a rate

of 1° C/minute from 700 ° C to 1,000 ° C;

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

1,000 ° C and at a rate of 2 ° C/minute from 1,000 ° C to 700 ° C,

-30 -



T Ta N=Xgo0) zi 00 vpp 'tea WA T mooer oomVdad.200C) Fno
co CO0) cow cn O (DCONNN_ NN CCCCcccCCCcCCa Cdd-=C°C
ddd=cocddmatl mmTa OOmmis OOmmmm ULLLYI") LLL
t+ Vtt L= C-nNNGC~~nnr, Q CDtnM +++ ~~ +++ BEM ++++ X o rti~rti X
chi COC X2 ~Mwu-s 65 wti oo Ocoi oo O 10 co oo cd oo CO tocotocto
Occc Ncoll+ E+++0EM+ + + EEbut int - co tbt Et bo or d;
r d' 1t3 8pdothet sNosERRbevoreEeubakan eutudtsa~teyresetypecow viCo) EE w U
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(2} Heat treatment 2

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

The first heat treatment: After maintained at 700° C for four hours,
the temperature was increased up to 900 ° C at a rate of 1° C/minute,
and the temperature was thereafter decreased down to 700 ° C at a
rate of 3° C/minute. The substrates were taken out at a temperature
of 700° C from the furnace and cooled down to room temperature;
The second heat treatment: The substrates were inserted at a
temperature of 700° C, and the temperature was increased from700° C
to 1,100 ° C at a rate of 5 ° C/minute, from 1,100 ° C to 1,200 ° C
at a rate of 1 ° C/minute, and after maintained at 1,200 ° C for
1 hour, the temperature was decreased from 1,200 ° C to 1,100 ° C
at a rate of 1 ° C/minute, from 1,100 ° C to 1,000 ° C at a rate of
5° ¢/minute and from 1,000 ° C to 700 ° C at a rate of 2 ° C/minute,

o]

and the substrates were taken cut at a temperature of 700 C.
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r+,0pehd;, Ict MLoZ4 m'a M' Z0ONC4 p
Uu:Z2CCl1l2 0CL O c YU .0L ppptv o008~ to 0000 E E N~~tth cts E
NNC~~ 0 NNAC. | -c a ZNmMm(7 my WWtY WWO0) 6 0-0- Qp AmMAm mom Q
CLi DAZEEZEEEZE®W%%W%E% co C13 C13 as as co WWWWWW Uwww
[ 0082] (Measurenent and eval uati on of anneal ed wafers) -33 The anneal ed
waf ers obt ai ned under the above production caondjtions, K were neasured and
eval uat edTR% F%@ﬂéE%oﬁﬁ fRe Bl BRPAYCERPR P§)Fhe(§}}l€@? ﬁﬁéeEG)(Wafﬁé
ni trogen- added wafers were neasured also in respect of (5) nitrogen
concent r afii efRet &k, tdvhdEaimil @s typed doicdderatbassr@reohkrobn( i b2 hindTEM
sanpl es were obtained by grinding the wafers to the predeterm ned depths

and .t aken_out  fr

50 100 d 3 iLth I Si .grind
the twb pGSyrBhetn the SeREFEahSs eRtnakhaoEhEnpBEREEER 26 MHeaFeraitaRr om
h d
the edge oxygen in the heat treatments) were summarized in Table 1. In Table

et; } {, r—en pnt e

t ~
Uc
a/\

1, p-type means boron dope. And the concentrations of contained
substances {such as oxygen) were controlled and measured by
ordinarily and publicly known processes.

[0081] [Table 1]
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of the wafer. Measurenents were conducted by using OPP by setting focus to
the predeterm ned depths (50 um 100 ,um and 300 un) and the predeterm ned
positions (the centre position, the position 10 nmdistant fromthe edge)
in the wafers. (1) Determ nation of BVMD shape: BMD ellipticity was
determned on the basis of the ratio of signal intensities obtained by
measuring the sanme neasurenent sanple twi ce, while a scanning direction of
OPP was changed between {110} and {100} directions. That neans,

rel ation betwgermrthe T O (0] ind” The B
exanm ned in adgarce a hg e 1iréﬂﬂ-t£
signal intensi|és g syr gme ecc’@gl
ellipticity wi$ Bdborled|on ¢ osg £ B
{001} directi oz & o | BRI é1ai@ By
det er m ned. Tkg@t& i nat ifon tHE B 5
ellipticity ottﬁhg&i -4 e | 19 @ig| ti
measuri ng at I@_ “ 19 B c tI@Eamﬁias, b
whet her said yafie ékegddd e jal as i {The B
and density of theEsgPE < Me &s P ang EM: |l ¥ij en
observati on res%\:e &bt 8l i@ @ f. r ﬁgs.gl Eqrly 2)f 2
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Q)w_u"\ wyais | oy | yrr Q)m.ﬁ bond bomd &l G)m,-‘a """"'"?""_;
U)Ew'l""'l' D g i RARS o E + |41+
wittid] i E |wjwijw H] {H} R
=8 ENelEl s SlRlale | X8 5 RRNS
O=s wijr~|oo] |O & wir~lea| (O @ cojod|wa|eo
i N Lot Dt St I IR =N o bosd el c~_ 1 |2 |©
sealrlrE |8 2elEEE |8 etz
2 £ BEjlwjuiuy < & Elwwpwt = 5 E 1w
G lol==n |g2ojm|IB] {82 c|'[™N'[N
owr cinjlel 10 ® oN|I os ] Y
c = WUy c T it [T
e e b I R PN e e I R PN it
S ER Dl o EE [ijwiay) |9 EE [wlmjmiw
E 8RR |E o= |E 8¢ TS=Iw
S8 Opempn] 1S m C epnsl [Z -7 [ole-
5 S s
- 9 o = 2 o e 9O o
= glalclal |68 ajajc|al {65 Llalejals
S38= 382 S8
o o) =]
EE"“ E*a“s"“ == Eg'é‘c:o
L e E‘::-Egég S o g =
(3] T o (3] O QIO
= EERINS {2 § E[SIS]S S £ EINIR|IR
© © ©
- — AN < |0 |©
@ LD . oo I R -
— o) ol ol ol (o] olalo (o] SolfoltalS o
o 2 |E|ElE 2 |E|E|E A
S 55| 75| 8 Bap e
- L il njnjm

[0082] {(Measurement and evaluation of annealed wafers)
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1) Measurenment by OPP: Using OPP produced by Axent Technol ogy Inc, signal
intensity obtained by electrically signal-processing phase difference of
transm ssion | aser ascribed to BMD was nmeasured. BVMDs w th known sizes were
measured using OPP in advance, and a calibration curve showing the relation
bet ween t he si gnal intensities and the BM sizes were nmade. The calibration
curve was_as sho . [0084 D ago aI i of oct ahedr.al m = 153
R (PP o BRI GALS Y HRERTEHP o YRSt S Tobhig: SRS B OAOS Al t RaRBval
Treatment (K. Nakai Revi ew of SC|emjf|c I nstrunents, vol. 69 (1988), pp.
3283) waswepadued adred endetvadiiaardsénstéspety s@Isetf d1d duisgdggnee (29 hat
BVD with diagonal si ze of not l ess than 80 nmcould be nmeasured. [0085] 2)

Veasur ereps,) sl o TEM cTherflensi f Yo gL BARR. M A he pLEdRl S MNRG sl es Rs,

obt ai ned bas M Croscopi ¢ I na neasurenen
density mas obtalned fron1the - 35 nunber of BNCB observed within a f|eId of
vi ew and reepsot e (6ff natsagpheceonrertponddbmg Glothkesabpbeveatsaddicanthel)
BSF size and density After the conpletion of oblique polishing, the polished

surface pf,eaeOnSAPMLE V@S 231Pj(86T edinlOs $R) BOL I LTINS dL LS §ePhRi1AG 2

gmin a light etching solution, and the pit's of BSFs were observéd wusing an
optical m croscope. BSF was observed here as a linear or an ellipsoidal

pit. The Feagiafers &9 itheaprpietermined drgthsof S0t Henl dH§ araandiI®ets on
of an ellipsoidal pit was defined as the size of BSF. The area density of

BSF pits masyiodH @l pedclic@bntfieinder, and taken out from the two positions,
the centre position and the position 10 mm distant from the edge
of the wafer. Measurements were conducted by using OPP by setting
focus to the predetermined depths (50 pgm, 100 pgm and 300 pm) and
the predetermined positions (the centre position, the position 10
mm cdistant from the edge) in the wafers.

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

ellipticity was examined in advance and the ellipticity was obtained
fromthe ratio of signal intensities. Measurement was also conducted
by using TEM, and the ellipticity was measured on the basis of a
microscope image viewed from {00l}direction. On the basis of the
results obtained above, BMD shape was determined. The determination

was conducted on the basis of the mean ellipticity obtained by
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nunber of BSF pits with sizes of not less than 1 gmand the area of the
observed regi on, and BSF density (/cnB) was calculated by dividing the area
density by the etching anount to a depth of 2 ,um BSF density was obtained
by averagi ng the neasured values at predeterm ned three depths (50 g m 100
g mand 300 gm of the wafers . (4) Interstitial oxygen- and carbon
concentration in anneal ed fer_ ., The interstitial oxygen concentration in
anneal ed M?E?glﬂﬁsal%éé%G&gdeﬁ}lijﬁécnlﬁﬁﬁér%]Bt%%%?pkt’)’ Jie EPEI DRt H§38hd
the values defined by JEITA (Japan El ectronics and Informati on Technol ogy

| ndust ri es0 /88D¢ | @drit)neas ieorwehs bonthe acdmp Bes ,They canvars ahetaelrosaitor
interstitial oxygen concentration was 3.03 X 1017 /cnR and for interstitial
car bon conc ntratlon S %6/cn2. (5) Nitrogen concentration in
anneal ed ma %%egfﬁpFég mér% Ol l ected fromanneal ed wafers. After the
conpl etion of polishing up to 20 gmfor the renoval of a nitrogen externa
di f f usi onBMAy®lz@mnchdesgriftaceTheMecfizd aner densialy of trlogeamples were
concentration was neasured using SIMS. (6) Evaluation of slip length and

warpage rg ﬁé§ﬁ9@8%s@ é%ﬁ?EMW¥H¥1%?8%%%%%B¥§f¥5%f%Hf%éHPt§8§%Qih@dthe

foll ow ng heat treatnments (6)-A and ( herel nafter pseudo- devi ce
process heat treatnent . The war pages of anneal ed wafers before and after
the pseudB- HE@|E@lb@wéégspﬁ@a@S§eéaﬂgeﬁﬂdmé?e weasderaityi p§ BYPgoxith
produced by NI DEK Corporation, and the increase of warpage was

predetermined sizes was obtained. The density of BMDs with
predetermined sizes was obtained by averaging the densities at
predetermined three depths (50 um,100 um and 300 um).

1) Measurement by OPP: Using OPP produced by Axent Technology Inc,
signal intensity obtained by electrically signal-processing phase
difference of transmission laser ascribed to BMD was measured. BMDs
with known sizes weremeasured using OPP in advance, andacalibration
curve showing the relation between the signal intensities and the
BMD sizes were made. The calibration curve was as shown below.
[0084] Diagonal size of octahedral BMD (nm) = 153 X (OPP signal)®*’
When the sizes were obtained, the Ghost Signal Removal Treatment
(K. Nakai Review of Scientific Instruments, vol. 69 {(1988), pp.
3283) was conducted. The detection sensitivity was set to the degree
that BMD with diagcnal size of not less than 80 nm could be measured.
[0085] 2) Measurement using TEM: The density of BMDs with
predetermined sizes was obtained on the basis of the microscopic

image obtained by measurement. The density was obtained from the
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obt ai ned according to the foll ow ng equation: |Increase of warpage = warpage
after the heat treatnent - warpage before the heat treatnent The anneal ed
waf ers after the conpletion of the pseudo-device heat treatnment were
observed by the X-ray topography, and the length of the |Iongest slip of

t hose observed was defined as a representative val ue. (6)-A: Heat treatnent
using batch heat treatnent furnace (1) : A wafer was inserted into the
furnace WARTRSE PErfParereeTYrd thk-1in made Sues faiviea red &heggeluee Ofi )
After maintained in an oxygen atnosphere at a tenperature of 900 C for 30
m nutes, &heampiercwasctpkrainygt tat tBet 6BpEratdr eegidh.of 900 C. (6)-B:
Heat treatnent using RTA A heat treatnment under the follow ng conditions was

repeat ed |on.roomtemmrMUre Rate of tenperature
i ncrease: &38 B%#n?ﬁﬁ?e ?HFeEche at 1,100 C for 1 nminute;, Rate of
tenperature decrease: 30 C/ mnute; Taking out: room tenperature; and

At nospher 2ftargbhe( Memplieement ondbévghaapodnshésgl t shef pahnehkdd swaffecs)

Regar di ng the anneal ed wafers produced under the conditions as shown
of each sample was subjected to selective etching tc a depth of
2 ymin a light etching solution, and the pits of BSFs were observed
using an optical microscope. BSF was observed here as a linear or
an ellipsoidal pit. The length of a linear pit or the length of
the long axial direction of an ellipsoidal pit was defined as the
size of BSF. The area density of BSF pits was obtained from the
number of BSF pits with sizes of ncot less than 1 pum and the area
of the observed region, and BSF density (/cm®) was calculated by
dividing the area density by the etching amount to a depth of 2
um. BSEF density was obtained by averaging the measured values at
predetermined three depths (50 pm, 100 umand 300 um) of the wafers.
(4} Interstitial oxygen- and carbon concentration in annealed wafer
The interstitial oxygen concentration in annealed wafers was
measured by the infrared absorption spectrometry and the values
defined by JEITA (Japan Electronics and Information Technology
IndustriesAssociation) asconversion factors. Theconversion factor
for interstitial oxygen concentration was 3.03 X 10! /cm? and for

interstitial carbon concentration was 8.1 X 10*%/cm?.

(5) Nitrogen concentration in annealed wafer
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in Table 1, neasured density of BVMDs with a predeterm ned size and
interstitial oxygen concentration, and slips and anounts of warpages caused
by the pseudo-device process heat treatnment were sunmarized in Table 2, as
Exanpl es and Conparative Exanples. The nean ellipticity of BVMD was not nore
than 1.5 in the wafers produced under any conditions [ 0087] [Table 2] -38
mm gmmam.m R brm E. mm Sngmry ~3 A g}a 15a E %&mm mmm '

g~ mmm Y@@leQEr%%r'?n%il]ﬁc %ﬁrwpnéalﬁdlé”% ELE: Nt $n e \%ﬁmﬁilﬁfﬁlﬁn
c~lgnv E EVmMmmmMC-m m b Cm

of polishing up to 20 um for the removal of a nitrogen external
diffusion layer on the surfaces thereof, interstitial nitrogen
concentration was measured using SIMS.

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

Annealed wafers were subjected to the following heat treatments
(6)-A and (6)-B (hereinafter, “pseudo-device process heat
treatment”). The warpages of annealed wafers before and after the
pseudo-device process heat treatment were measured using FT-90A
produced by NIDEK Corporation, and the increase of warpage was
obtained according to the following equation:

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

The annealed wafers after the completion of the pseudo-device heat
treatment were observed by the X-ray topography, and the length

of the longest slip of those observed was defined as a representative

value.
(6)-A: Heat treatment using batch heat treatment furnace
(I): A wafer was inserted intec the furnace while a temperature in

the furnace was maintained at 900 ° C;

(I1): After maintained in an oxygen atmosphere at a temperature

of 900 ° C for 30 minutes, the wafer was taken out at a temperature
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of 900 ° C.

(6)-B: Heat treatment using RTA

A heat treatment under the following conditions was repeated ten

times:

Insertion: room temperature;

Rate of temperature increase: 50 ° C/minute;
Maintenance: at 1,100 ° C for 1 minute;

Rate of temperature decrease: 30 ° C/minute;
Taking out: room temperature; and
Atmosphere: argon

{(Measurement and evaluation results of annealed wafers)

Regarding the annealed wafers produced under the conditions as shown
in Table 1, measured density of BMDs with a predetermined size and
interstitial oxygen concentration, and slips and amounts of warpages
caused by the pseudo-device process heat treatment were summarized
inTable 2, as Examples and Comparative Examples. Themeanellipticity
of BMD was not more than 1.5 in the wafers produced under any
conditions.

[0087] [Table 2]
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[0088] In Table 2, BMD densities (1) and (2) nean a density of BMDs -39
wi th diagonal size of 10 to 50 nm and a density of BMDs wi th diagonal

of not less than 200 nm respectively. [0089] The nitrogen concentration
t he nitrogen-added annealed mafer did not differ fromthe nitrogen
concentration measur asgr.own. ggl Th se results show t hat |n the ¢

t ﬁa 3 dgng oty UnBMRAF t He dBRECHEA

(2) is not nore than 1 X 107/cnB and the BSF density is not nore than 1

108/ cnB,

t reat ment
increases
addi ti on,
(1) was |

sibe bengbvsletssthps abvenmi heecepaptetreon.of a batch furnace h
and an RTA heat treatnent are not nore than 10 mm and the

ages. are suppressed to not. more than 10 gm 0091
BT BRPVE et SRS R R il RS heEaerdToere Bib achg
ess than 1 X 1012/cn8, t he Iengths of slips after the conpletl

si ze
in

ase

sity
X

eat

|ty
on

of a batckWafarndte heatdiféarnEnomahbdeaniRTAgeheabntesstraeabneneeededdl0 mm
[0092] In the case where the BMD density (2) exceeded 1 X 107/cnB, the

i ncreases

affr¥@rpages after the conpletion of an RTA heat treatment

[0090] These results show that in the case where the BMD density
{1y is not less than 1 X 10*%/cm® and the BMD density (2) is not
more than 1 X 10'/cm® and the BSF density is not more than 1 X 10%/cm?,
the lengths of slips after the completion of a batch furnace heat
treatment and an RTA heat treatment are not more than 10 mm and
the increases of warpages are suppressed to not more than 10 pm.
[0091] In addition, Comparative Examples show that in the case where
fhe BMD density (1) was less than 1 X lOlz/cnﬁ, the lengths of slips
after the completion of a batch furnace heat treatment and an RTA
heat treatment exceeded 10 mm.

[0092] In the case where the BMD density (2) exceeded 1 X 107 /cm?,
the increasesofwarpagesafterthecompletionof anRTAheat treatment
exceeded 10 um.

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

[0094] In the present Examples, since tests for evaluating slips

accompanied by the precipitation of interstitial oxygen and warpage
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exceeded 10 gm [0093] In the case where the BSF density exceeded 1 X 108
/cnB, the increases of warpages after the conpletion of a batch furnace
heat treatnent exceeded 10 gm [0094] In the present Exanples, since tests
for evaluating slips acconpanied by the precipitation of interstitial
oxygen and warpage -40 resistance were conducted, the present silicon wafer
does not exhibit marked effect of suppressing the occurrence of slips and

war pages _in,the case where interstitial oxygen concentratjon is not.,.
oduced. TPR-ThaNCasEH A Ut e COF SaEeNe Rl 15 AECBASIRSERe by »PiRLt
precipitation of interstitial oxygen (for exanple, heat treatnents at a
conpar at i mekyel o ferpertsuperessfiorg sher tctunegncs chrglighs aout wvahpageer ,
the present silicon wafer wherein interstitial oxygen concentration is not
reduced c i ' : CCuYr, f i ar -41
B e e e o B R
characterized in that, of BMDs present at a depth of not less than 50 u m
from thelBukhaceast vhersipibeatwateptment bHendilvyastoBNBS1iRdvbHgthragonal
size of 10 nmto 50 nmis not less than 1 X 1012/cnB, and the density of

BSFs havi ﬂ%c’éh%%a@ioﬂ%f &ﬁ%é&%@@;h%&%ﬁem&d@éﬁa& a8, hest l%@%é%m%nt%-

The silicon wafer according to aiml, erein an interstitia

at a comparatively low temperature or for short time) is carried
ocut, however, the present silicon wafer wherein interstitial oxygen
concentration is not reduced can incredibly suppress the occurrence

of slips and warpages.
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oxygen concentration is not |less than 4 X 1017 atons/cnB8 to not nore than 6
X1017 atoms/cnB, and an interstitial carbon concentration is not |ess than
1 X 1016 atons/cnB. 3. The silicon wafer according to Claim1l or 2, wherein
the density of BMDs having di agonal size of not |less than 200 nmis not
nmore than 1 X 107 /cnB. 4. A process for producing the silicon wafer
according to,any one of Clains 1 to 3, wherein a substrate is subjected to
a heat treaf#BRt conprising: A a low tenperature heat treatment step
wherein the substrate is heat treated at a tenperature of not |ess than 700

C to not Doresilhadn Q@ eC Wigraioi BMPIS: 4 Haw c3Q hediuleshd®e hehatraee eriaedd
hours; -42 B: a tenperature increasing step follow ng the | ow tenperature

heat treat t, step, erein the substrate is_heat treated u o1, 000 C
Do ot o Tb B er b mMST REFRSRE 2P Rt Gt IR ol e e d % b £
nore than 2 C/mnute; and C. a high tenperature heat treatnent step

f ol | owi ngthhesurdgper af he sihtceasiaigrst epe demeridiynof BYDsubst iay diagohadt
treated at a tenperature of not less than 1,000 Cto not nore than 1,250 C

in such as%§ 5%‘% Bﬂecc?isfofh'rﬁii nlo%nﬂ%%s UG ELStigta m3°XX19§.”cﬂes deBQh £,£5S
than 20 um 5.7 Process T0Or producing the siTicon wafér adécording to any‘one

of Clains 1 to 3, wherein a substrate is subjected to a heat treatnent
conpri si ngf BSFs having sizes of not less than 1 um is not more than 1 X

10%/cm®.

2. The silicon wafer according to Claim 1, wherein an interstitial
oxygen concentration is not less than 4 X 10'7 atoms/cm® to not more
than 6 X10Y atoms/cm®, and an interstitial carbon concentration

is not less than 1 X 10 atoms/cm’.

3. The silicon wafer according to Claim 1 or 2, wherein the density
of BMDs having diagonal size of not less than 200 nm is not more

than 1 X 107 /cm®.

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

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

than 800 °C for not less than 30 minutes to not more than 5 hours:
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A: a low tenperature heat treatnent step wherein the substrate is heat
treated at a tenperature of not |less than 700 C to not nore than 800 C for
not less than 30 mnutes to not nore than 5 hours; B: a tenperature
increasing step following the |ow tenperature heat treatnment step, wherein
the substrate is heat treated up to a tenperature of not less than 900 Cto
not nore t{han_1, 000 at  a rate of tenperature in?éf se of not |ess than

C
0.5 C /mihufettBPChdt U rd TR 151 CSFRP Lowif Eheal o hsEPAn A & el Fehsi ng

and taking out step following the tenperature increasing step, wherein a
t enper at ut ecatment wteRacewhed3intidesubasedtati mheatet oéat eimer bb Ur,@delcease
of not less than 1 Cmnute to not nore than 10 ¢ m nute, and when the

tenperatu th trat C s _nQ ) n 6 0 NG 1 han
800 G- e 2 e PRbETRERTEIETERCTRE ©fTRal i 0%l & Tolin TeTPEEm
tenperature; and D. a high tenperature heat treatnment step follow ng the

t enper at ute ndecnensi bygaand {@kimgnete; steP, wherein a tenperature in the

furnace is decreased down to not |less than 600 Cto not nore than 800 C

and the sgbsifabg denddSRMRIANEAS € U Qe d therd EIDRI AL Wi CEmpbRSture

substrate I1s 1nCreased at a rate of tenperature increase of not |ess than 5
C mnute to not nore than 10 G mnute in the range, fromthe substrate

i nserti ontRPERPRT AbEr STEE /| SSRC¥HER Ihel0vl e adsa herle SFeRERPeratt uke
increase of not less than 1 C/mnute to not nore than 2 Cmnute in the
range frommpérdesset baMNdL 108s€ than 1,000 °C to not more than 1,250 °C

in such a way that the diffusion length of interstitial oxygen is

not less than 20 um.

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

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

C: a temperature decreasing and taking out step following the

temperature increasing step, wherein a temperature in a furnace

-43-



to not nore than 1, 250 C, and the substrate is maintained constantly at a
tenperature in said range in such a way that the diffusion |ength of
interstitial oxygen is not less than 20 it m 6. The process for producing a
silicon wafer according to any one of Clains 4 and 5, wherein the
interstitial nitrogen concentration in the substrate is not less than 5 X
1014 atons/c to noa/a re E % g 1016 tons/an -44 % g roc s for
produci ng*& STFFEOR“Haf er atebf dPhg™FBPamy Bﬁ@ dgFrepsPnRisnph 685 @Pn

the interstitial carbon concentratlon in the substrate i s not Iess than 2
X1016 at obs/G/MBirturenab not endrwanhad X0 LAY Aiaturs/ anf. whdd the temperature

of the substrate becomes not less than 600 °C to not more than 800 °C,
the substrate is taken out of the furnace and cooled down to room
temperature; and

D: a high temperature heat treatment step foillowing the temperature
decreasing and taking out step, wherein a temperature in the furnace
is decreased down to not less than 600 °C to not more than 800 °C
and the substrate is inserted thereinto, and the temperature of
the substrate is increased at a rate of temperature increase of
not less than 5 °C/minute to not more than 10 °C/minute in the range
from the substrate insertion temperature to less than 1,100 °C and
at a rate of temperature increase of not less than 1 °C/minute to
not more than 2 °C/minute in the range from not less than 1,100 °C
tonot more than 1,250 °C, and the substrate ismaintained constantly
at a temperature in said range in such a way that the diffusion

length of interstitial oxygen is not less than 20 pmn.

6. The process for producing a silicon wafer according to any one

of Claims 4 and 5, wherein the interstitial nitrogen concentration

3

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

than 1 X 10'® atoms/cm’.
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7. The process for producing a silicon wafer according to any one

of Claims 4 to 6, wherein the interstitial carbon concentration
in the substrate is not less than 2 X10'® atoms/cm® to not more than

2 X10Y atoms/cm®.

-45 -



