1 SILI CON WAFER AND METHOD OF MANUFACTURI NG THE SAME DESCRI PTION 5

- TECHNI CAL FI ELD [0001] The present invention relates to a silicon wafer
and a nethod of manufacturing the same yhich can suppress occurrences of
slip dislocation and warpage in the field of 10 a sem conduct or wafer

manuf acturing technique, in particular, in a device manufacturing process.
BACKGROUND ART [0002] A silicon wafer used as a substrate of a

sem conductor 15 device or the |ike is manufactured b¥ slicing a silicon
si ngl e-crystal i hetCARIHEFR P G- BHPRR P E ¢ MY FRRTUR Wr?%@-gﬁ%
finishing, and the like. As a nethod of manufacturing a silicon
single-crystal ingot, for exanple, a Czochralski nethod (to be referred to

as a CZ nethod 20 hereinafter) is gi nmet hod occupies a | arge
part of manufacturing of a siliconb§§£%¥éFﬁQ§§tal i ngot because a

| ar ge- di aneter single-crystal ingot can be easily obtained and defect can
be relatively easily controlled. [0003] 25 In a silicon single crystal (to

be referre " CZ-_.Si~ hereinafter) pulled up by the CZ nmethod, a
crystal5 de %§ﬁﬁigﬁ#fiféi%romn-in defect is present. The CZ-Si 2 includes

oxygen betwegf,{attices in an oversaturated state. However, the
over sat ur at ed oxﬁgen causes a m croscopic

The present invention relates to a silicon wafer and a
method of manufacturing the same which can suppress
occurrences of slip dislocation and warpage in the field of

10 a semiconductor wafer manufacturing technique, in
particular, in a device manufacturing process.
BACKGROUND ART
[0002]

A silicon wafer used as a substrate of a semiconductor

15 device or the like is manufactured by slicing a silicon
single-crystal ingot and performing a heat treatment,
mirror-like finishing, and the like. As a method of
manufacturing a silicon single-crystal ingot, for example,
a Czochralski method (to be referred to as a CZ method

20 hereinafter) is given. The CZ method occupies a large part
of manufacturing of a silicon single-crystal ingot because
a large-diameter single-crystal ingot can be easily
obtained and defect can be relatively easily controlled.
[0003]

25 In a silicon single crystal (to be referred to as "CiZ-
Si" hereinafter) pulled up by the CZ method, a crystal

defect called a grown-in defect is present. The CZ-Si



defect called a Bulk Mcro Defect (to be referred to as a "BM'
hereinafter) by a heat treatnent (annealing) 5 perfornmed later. [0004] In
- order to forma sem conductor device in a silicon wafer, a crystal defect
is required not to be present in a sem gonductor device formng region.
When a crystal defect 10 is present on a surface for formng a circuit,
the defective portion causes a circuit breakdown or the like. On the other
hand, an appropriate nunber of BMDs are required to be present in the
silicon wafer. This is because the B function to getter t al

Trur ity or LEREUASS| PRUTRR| CHEEAREL3 AL SERFCORARE: BYCUSFECSARBRT GhEE fon
[0005] In order to sggisf t he_above reguest, a et hod _whi ch Berforns

hi gh- t enper 4P P& annelfi RYST Bt REEFT CoXIRRT EFUEES PnBuEECPHREPBND in the

SiTicon vl g cbac oLman Lnblipsleced GErLeri neol guet (o be teferred to as

an "1 G |ayer ér ef na m rates a grown- eing present on

the surface gt NeepblhaoDopar B1. 5and. LOE B RyRROUGe R oZReng( (0 be referred

to as a "DZ layer ererna ayer having an extremely small nunber of
crystalfpef5g3ﬁokﬁegsg ter25 [0006] As a concrete exanple, a nmethod (Patent
Docunent 1) ch perfornms high-tenperature annealing to a nitrogen 3
containing sghsifate to reduce grown-in defects on the surface and forns
BVMDs having nitrogen as cores in the substrate, is proposed.

In order to form a semiconductor device in a silicon
wafer, a crystal defect is required not to be present in a
semiconductor device forming region. When a crystal defect

10 is present on a surface for forming a circuit, the
defective portion causes a circuit breakdown or the like.
On the other hand, an appropriate number of BMDs are
required to be present in the silicon wafer. This is
because the BMDs function to getter a metal impurity or the
15 1like which causes a semiconductor device malfunction.
[0005]

In order to satisfy the above request, a method which
performs high-temperature annealing to the silicon wafer to
induce the BMD in the silicon wafer to form an Intrinsic

20 Gettering layer (to be referred to as an "IG layer”
hereinafter), eliminates a grown-in defect being present on
the surface of the silicon wafer, and forms a Denuded Zone
(to be referred to as a "DZ layer" hereinafter) layer
having an extremely small number of crystal defects is used.

25 [0006]

As a concrete example, a method (Patent Document 1)

which performs high-temperature annealing to a nitrogen-



[0007] 5 However, the DZ | ayer fornmed on the upper and | ower surfaces of
the silicon wafer by the high-tenperature annealing process has an oxygen
concentration which is extrenely | ow begause of outward diffusion of
oxygen during heat treatnent. As a result, prohibitive power of 10

di sl ocati on defect extension on the upper and |lower surfaces of the wafer
is extreamly low. For this reason, due to mcro-scratches on the upper and
| ower surfaces caused in the annealing step, dislocation defects (to be
referred t oc“ARE2ERPT FRr 2Rt ety B2IHFS %E?%%a%niﬂ65e55?k9n15h?he
extension of the slip dislocation undesirably decreases_the strength of
Che si1i o WaTere P  ERENpI BI0REAY 219 viat 6FOFSN aimeah BB whT | BN Bel ng

support ed q¥ a_ heat treatnent rt or the like, a slip dislocation
frequent |y 2X%endd efr%ﬁn%ﬁ%%%%%&ted portion on a peripheral portion on the
20 | ower suL6@§§ of the wafer. The slip dislocation may extend from a
silicon wafer edbe. [ 0008] When the strength of the silicon wafer is

deteriogated. tns.uoLer oY b dapRochofhiyng, ! be magLactinl ogystens, o

25 the waf er oken down. wever, I ndi spensabl e to

manuf act uri fg- of c&s SeA @ﬁé‘dé‘fiﬁéoﬁe\}léf& o} @héiﬂni(jgﬂté\@rﬁ&a gybng a DZ

| ayer and an excellent strengt characteristic 1s"desired. [0009] In the

convent i Onaénﬁé?&f'ﬂh?l!lﬁr@@égé ibed 4R LRE ERt 88t cert PREVORNhichdeterioration
of strength of a siTicon wafer is

extremely low because of outward diffusion of oxygen during
heat treatment. As a result, prohibitive power of
10 dislocation defect extension on the upper and lower
surfaces of the wafer is extreamly low. For this reason,
due to micro-scratches on the upper and lower surfaces
caused in the annealing step, dislocation defects (to be
referred to as "slip" hereinafter) easily extends in a bulk.
15 The extension of the slip dislocation undesirably decreases
the strength of the silicon wafer. For example, when a
wafer is annealed while being supported by a heat treatment
port or the like, a slip dislocation frequently extends
from a supported portion on a peripheral portion on the
20 lower surface of the wafer. The slip dislocation may
extend from a silicon wafer edge.
[0008]
When the strength of the silicon wafer is deteriorated,
the wafer may be damaged during the manufacturing steps, or
25 the wafer may be broken down. However, the DZ layer is

indispensable to manufacturing of a semiconductor device.



not considered. A silicon wafer forned by the above nmethod cannot avoid

- extension of slip dislocation. [0010] On the other hand, in order to
prevent occurrence of 10 the slip dislogation, a nmethod which generate
BMDs at a high concentration is al so proposed. [0011] Mre specifically, a
silicon wafer manufacturing nethod in which a rapid heat raising/falling
tenperature 15 heat treatment is performed to a substrate cut out of a
silicon single- crystal ingot in an atnosphere of a gas m xtur

ni t rogen galg ot L BpoR ned feHaBavinand akfohf ¥e§adnd and ﬁﬁcﬁﬂaé?fltgé*érﬁflgéh
tenperature of 500C or nore to 1200C or less for 1 mnute or nore to 600
m nutes or ?%%%a%ﬁefbs?b?n%%x?%%hr%%p05|t|on cores each having a size of 20
nm or |ess BVMD | ayer at a concentration of 1 x 1010/cnB or nore is
pr oposed (PB@@%? Docunent 2). A silicon wafer nanufacturing met hod in

whi ch heat t t t havi
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having a size, Ratlégofan gt L350 o, g?@;rs]e&&gg&weleﬁ 5 x 5 109/cn8 or nore

i s proposed(Pat ent cunent T co n which a heat treatnent
is repeated;ggygfal times

On the other hand, in order to prevent occurrence of
10 the slip dislocation, & method which generate BMDs at a
high concentration is also proposed.
[0011]
More specifically, a silicon wafer manufacturing
method in which a rapid heat raising/falling temperature
15 heat treatment is performed to a substrate cut out of a
silicon single-crystal ingot in an atmosphere of a gas
mixture of a nitrogen gas or an inert gas or an ammonia gas
and an inert gas at a temperature of 500°C or more to
1200°C or less for 1 minute or more to 600 minutes or less
20 to form oxygen deposition cores each having a size of 20 nm
or less in a BMD layer at a concentration of 1 x 10'°/cm® or
more is proposed (Patent Document 2). A silicon wafer
manufacturing method in which a heat treatment is performed
to a silicon wafer having an oxygen concentration of 1.2 x
25 10*® atoms/cm® to 1.4 x 10'® atoms/cm® and a carbon
concentration of 0.5 x 10'® atoms/cm® to 2 x 10* atoms/cm®

in a non-oxidizing atmosphere under the conditions: a



to generate BMDs at a high concentration (1 x 1010/cnB to 1 x 1012/cnB) is
- proposed (Patent Docunent 4). Furthernore, a silicon wafer in which BVDs
each of which is located at a 10 positioan having a depth of 50 pmfroma
surface and has a size of 10 nmor nore to 50 nmor less are forned at a
concentration of 5 x 1011/cnB to suppress slip and warpage is also

pr oposed (Patent Docunent 5). [Patent Docunent 1] Japanese Unexam ned
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treatment furnace and an RTA are known lip is brought
to generate BMDs at a high concentration (1 x 10%/cm® to 1
x 10'%/cm®) is proposed (Patent Document 4). Furthermore, a
silicon wafer in which BMDs each of which is located at a
10 position having a depth of 50 um from a surface and has a
size of 10 nm or more to 50 nm or less are formed at a

concentration of 5 x 10'%/cm®

to suppress slip and warpage
is also proposed (Patent Document 5).
[Patent Document 1] Japanese Unexamined Patent
15 Application Publication No. 10-98047
[Patent Document 2] Japanese Unexamined Patent
Application Publication No. 2006-40980
[Patent Document 3] Japanese Unexamined Patent
Application Publication No. 2006-269896
20 [Patent Document 4] Japanese Unexamined Patent
Application Publication No. 08-213403
[Patent Document 5] Japanese Unexamined Patent
Application Publication No. 2008-160069
DISCLOSURE OF THE INVENTION

25 [Problem to be Solved by the Invention]

[0012]



froma contact between the | ower surface of a silicon wafer 10 edge and a

- silicon wafer holding portion or a silicon wafer edge portion. The brought
slip extends in [110] direction, and, dgpending on circunstances, the
silicon wafer nmay be damaged or broken down. Warpage is a phenonenon in
which a silicon wafer is deforned by thermal distortion in a heat 15
treatnent. A warpage of a silicon wafer before a heat treatnent to give
desired characteristics is perforged is suggressed to 10 %£1or | ess.
However, the heatCYFLafmeh? TFSCPErYorhed, "Bl edeP Ui FPRr BALET bet ween a

peak and a troqgh reach s_several §n rom nduct or

fevi co pat t BV CanRdt - e BRHESEE" o oBpEr L b EEESESppaRs e BRlae h
decrease | nodholdh 8l SEMACONIUCLOL. devL oppe LO014] s Theaproblem gl the

war page i s conspi cuous wh nor e

particular,, @T8£PQ$8818§U§f99bdlél$@£P§8§ IQa?%Q%%UBCEMP§lH at pt geat ment

cannot be solved wifhout giving atfentioh to concent atlon 7 and a

size of sa syéfggebé@gﬁés psodesqit bed above, even though BMDs are merely
regul ated to be forned at™ a position having a depth of 50 pmor nore and

to have smajhopszes, the problem cannot be avoided. 5 [0015] A problemto
be solved by the invention is to provide a nethod of manufacturing a

silicon wafer whighhdas er&tnbéayerubaytayg, ag ]@Q’Qéﬂpf%@éehé&@a and controls
a BVMD concentration which can suppress occurrences slip
treatment furnace and an RTA are known. Slip is brought
from a contact between the lower surface of a silicon wafer
10 edge and a silicon wafer holding portion or a silicon wafer
edge portion. The brought slip extends in [110] direction,
and, depending on circumstances, the silicon wafer may be
damaged or broken down. Warpage is a phenomenon in which a
silicon wafer is deformed by thermal distortion in a heat
15 treatment. A warpage of a silicon wafer before a heat
treatment to give desired characteristics is performed is
suppressed to 10 um or less. However, the heat treatment
is performed, a level difference between a peak and a
trough reaches several ten micromillimeters. A
20 semiconductor device pattern cannot be exposed on a wafer
surface correctly to cause a decrease in yield of
semiconductor devices.
[0014]
The problem of the warpage is conspicuous when a wafer
25 diameter is 200 mm or more. In particular, a problem

caused by a warpage in a batch type heat treatment cannot

be solved without giving attention to a BMD concentration



10 di sl ocation and warpage in device manufacturing processes. [Means for

- Solving the Problen] [0016] The present inventors performfaithful
research to solve the problem As a resgylt, the present inventors 15

obtai ned the foll owi ng know edge to get the present invention. That is, of
BVMDs i mmedi ately under a DZ | ayer, BMDs each having a size of 200 pm or
nore are controlled at a concentration of 2 x 109/cnB or less in a bulk

having a de éh of , 50 or nore, and BMDs acg havig a_size of 10 20 nm
or more to S6Int OF2Felb arSUEGREFOlFERTt o ASdBRSIEY R boYS1083FEmE or

: t hat f sli d d b batch _t heat
treatment fOPRAEE PHOCGRUTCBShANr ACPUFFAG procEEses "aN BE SuppPosecd.
[0017] 25 )0, gnQaLchobypecpesh hheatTRat, ankePReRabr &n i Cerence
bet ween a waf er erlpﬁ ral ~por i bn and ma?er cent ral por?lon i NCréases. As

aresult, 5%585§r$ﬂi8@ 8anflsforus t,fequaf er into a convex shape or a
cts. Th

concave shape e stress acting at this tine is zero at a center of
thi ckness apgoipgreases toward a portion near the surface of the wafer. On
the other hand, as a cause of 5 warpage, dislocation occurring froma BMD

is given. Wien fhgrsbzemototBe BYPyk8 bargge dhebacabhonseasi byoosemrs.
Therefore, when a BMD having a large size is present near a surface of a

waf er havi ng hatgedsbressnudhstoeahyon 9€cuesn (EEBYt haiBNDhagnd bhe waf er
is easily warped. The present 10 inventors found that control of a
concentrati payandhavshgean appropriate area and controls a BMD
concentration which can suppress occurrences of slip
10 dislocation and warpage in device manufacturing processes.
[Means for Solving the Problem]
[0016]
The present inventors perform faithful research to
solve the problem. As a result, the present inventors
15 obtained the following knowledge to get the present
invention. That is, of BMDs immediately under a DZ layer,
BMDs each having a size of 200 pm or more are controlled at
a concentration of 2 x 10°/cm® or less in a bulk having a
depth of 50 pyum or more, and BMDs each having a size of 10
20 nm or more to 50 nm or less are controlled to a density of
1 x 10*%/cm® or more, so that occurrences of slip and
warpage caused by a batch type heat treatment furnace in
device manufacturing processes can be suppressed.
[0017]
25 In a batch type heat treatment, a temperature
difference between a wafer peripheral portion and wafer

central portion increases. As a result, stress which



of BMDs being present at a relatively deep position (position having a
depth of 50 pmor nore) in a wafer was not inportant to inprovenent of a
war page characteristic, rather than congrol of a concentration and a size
of BMD 15 near a surface |ayer (position having a depth of 20 pmor |ess)
was very effective to inprove the warpage characteristic. Any one of the
conventi onal techniques described in conventional docunents 1 to 5 does
not refer %9 contrqh A concentration and?a size of BMDs Iocgted at 20 a
position sHATTOME tHan"a Shridk? ByCon'pin orePes8r FofCltAYS PR3RBGN, in

t he conventiognal t chnl gues ge. characterlst%c in_ a atch

Lo e paa M E0E I RRILAESs AT AP POSER0L 8L BELSHL ol el PR 7, 1
present VERLRNLELal o5, L0, fLceLLLCODARLET. WILED, deppsi s, BUDS ot 3 i gh

concentration "in a suppress slip dis ron an decCreases sizes 9

of BMDs neap,arSULTREE | QVEL s WNET enTax) UG AT &es§s % cgﬁgéréked in a

batch type eat_ TFeaf nent 1o Suppress Wwar page an

manuf aC%ur'»mgrw@es'éwg@ca@I&a dbecph SFPém'QV%E'QE' ypgbHdesyt bg
fol | owi ng i nventionhs 3 00 (1) A siliconh wafer having BMDs

each havi ng:id s9£éa@§d9ﬁe5®@®elsCP@fﬁéte&iéf@céﬂléﬂaéag%@§ gashrwhich is
| ocated at a 10 position shallower than the silicon wafer  surface by a
depth of 20rp&anerdaswidesli 200Mal nd €084 ha0f 220 8L Er i 80pLesent near a
surface of a wafer having large stress, dislocation occurs
from the BMD, and the wafer is easily warped. The present
10 inventors found that control of a concentration and a size
of BMDs being present at a relatively deep position
(position having a depth of 50 pum or more) in a wafer was
not important to improvement of a warpage characteristic,
rather than control of a concentration and a size of BMD
15 near a surface layer (position having a depth of 20 um or
less) was very effective to improve the warpage
characteristic. Any one of the conventional techniques
described in conventional documents 1 to 5 does not refer
to control of a concentration and a size of BMDs located at
20 a position shallower than a surface by 20 pm or less. For
this reason, in the conventional techniques, a wafer
warpage characteristic in a batch type heat treatment
cannot be improved.
[0018]
25 More specifically, the present invention relates to a

silicon wafer which deposits BMDs at a high concentration

in a bulk to suppress slip dislocation and decreases sizes



has a concentration of 2 x 109/cnB8 or nore, and BMDs each of which is

| ocated at a position having a depth of 50 pm or nore and has a di agonal
|l ength of 10 nmor nore to 50 nm 15 or | gss has a concentration of 1 X
1012/ cnmB or nore. [0020] (2) A nmethod of manufacturing the silicon wafer
described in the (1), characterized in that a nitrogen concentration of a
substrate is 5 x 1014 20 atons/cnB or nore to 1 x 1016 atons/cnB or |ess,
a carbon concentration is 1 x 1015 atons/cnB or nore to 3 x 1016

atoms/ cnB ol 1B4ES ek THERGRNtAYRE| VAT HY: MRAYNEN| BRRt eRbEFFULE heat
t reat ment stgg ofT%gcferforni a hea% treatnment in a tenperature range of
650C or notE IR a3 | RRSCH of YRE (RedF r EC R PAR  bf T30S WPREERE  or nore to
5 hours or less; 10 B) furthernpre, a_heat treatnent.which raises a

t enper at ur '3 TPAI¢ e?ﬁ)cir%ltlﬁ?%h?gn‘gg BFINYLAE BUBEBE HEC aSerg%%r ‘&?E?E' rai si ng
rate of O. mnute or more to 2C/mnyte or less; 5.(0). er at

(ol Ting and B8 aesTRy Sresbfon coerhilt foPhe  Efpbodiboli BroaPPER At ac a
tenperagurg% f@é;ing rate of 1C mnute or nore to 10C mnute or less and
extracting %he'Substrate out of the furnace at 600C or nore to 750C or

| ess to coojydfgy substrate to a room 10 tenperature, and (D) a
hi gh-tenperature heat treatnent of setting the tenperature of the furnace

to 600C or nore EP)ZéogiP{COD wafer having BMDs each having an
octahedon shape,
characterized in that BMDs each which is located at a

10 position shallower than the silicon wafer surface by a
depth of 20 pm and has a diagonal length of 200 nm or more
has a concentration of 2 x 10°/cm® or more, and BMDs each
of which is located at a position having a depth of 50 pm
or more and has a diagonal length of 10 nm or more to 50 nm

15 or less has a concentration of 1 x 10*?/cm® or more.

[0020]

(2) A method of manufacturing the silicon wafer
described in the (1), characterized in that

a nitrogen concentration of a substrate is 5 x 10**

20 atoms/cm® or more to 1 x 10%® atoms/cm® or less, a carbon
concentration is 1 x 10'° atoms/cm’ or more to 3 x 10%¢
atoms/cm’ or less,

a heat treatment including:
(A) a low-temperature heat treatment step of

25 performing a heat treatment in a temperature range of 650°C
or more to 750°C or less for a required time of 30 minutes

or more to 5 hours or less;



| ess after the tenperature falling and extracting step, inserting the

- substrate into the furnace, raising the 15 tenperature of the furnace in a
tenmperature range of Iess than 1100C atjya tenperature raising rate of

5 mnute or nore to 10C mnute or less, raising the tenperature in a
tenperature range of 1100C or nore to 1250C or less at a tenperature
raising rate of 1C mnute or nore to 20 2C/ mnute or |ess, holding the
tenperature at 1000C or. nore to 1250C or less to nmake a diffusion |ength
of inter- lattictox{yemSHoRT ord Meati sTpRIFer metN1F005315€¥3% A net hod
of manufacturing the silJicon wafer 25 described in tgeﬁé‘ﬁ: characteri zed

in that a niSPOUEh Conceht? at TR B LA S ub3t9ar @l j ¥P st alt Ghs/ cnB or
nore to 1 x 1016 g{LgnB/an or |ess concentration is 1 x 1015

11
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i ncl udi ng: ) I temerat.ure heat treatnment step of 5 perform ng a heat
treat nent iénd%zfnﬁélrlr%\ég;gturgsfsdnge of 650C or nore to 750C or less for a

required tine of GP 1 Ouhes, o 06 I0E8 E 005 NOUT SxPlaLensy (BlpfyEthermre, a

heat treatnment Ich raises a erature 1n a tenperature range of up to

g?olcegts_ aﬂ%%%é)%?ﬁr‘éﬂ%{%rﬁ%é?% Ji:é abe O rQrp&ddn ﬁ{:‘tg PLmPOELLhPe 20 M nute
; , gh-tenperature heat treatnent 1n which a
heat raisingy P peessatp 4P 1 @Ssithan L0QG S to 10°C/minute or less
and extracting the substrate out of the furnace at 600°C or
more to 750°C or less to cool the substrate to a room
10 temperature, and
(D) a high-temperature heat treatment of setting the
temperature of the furnace to 600°C or more to 750°C or
less after the temperature falling and extracting step,
inserting the substrate into the furnace, raising the
15 temperature of the furnace in a temperature range of less
than 1100°C at a temperature raising rate of 5°C/minute or
more to 10°C/minute or less, raising the temperature in a
temperature range of 1100°C or more to 1250°C or less at a
temperature raising rate of 1°C/minute or more to
20 2°C/minute or less, holding the temperature at 1000°C or
more to 1250°C or less to make a diffusion length of inter-
lattice oxygen 50 pm or more is performed.
[0021]
(3) A method of manufacturing the silicon wafer
25 described in the (1), characterized in that

a nitrogen concentration of a substrate is 5 x 10

atoms/cm® or more to 1 x 10%® atoms/cm® or less, a carbon



performed at a tenperature raising rate of 5C/ mnute or 15 nore to
10C/mnute or less and in a tenperature range of 1100C or nore to 1250C or
less at a tenperature raising rate of 3@ mnute or nore to 2C/ m nute or

| ess, and the tenperature is held at 1000C or nore to 1250C or less to
make a diffusion length of interstitial oxygen 50 pmor 20 nore is
performed. [0022] 1In this case, according to the present invention, a BM

havi ng an oct ahedron shape ans. &sBMD having a shape _surrounded by a

D urali ty GrOTIR A Eos s bt PEARBLERIsT HrgERer IS £l ehapes

i ncl udes aéshc?npse/ smwrourlded by eight {111} planes and a shape surrounded
by {111} pl athes ang 2 {eis(fO} pl anes. Pl anes other than {111} plane and

{100} pl ane may? %ﬁfgr%ﬁéﬁo‘é}.@%&eﬁﬁlﬁﬁﬁs of BMDs being present in a

wafer also 5 inclu shape ot her than the octahedron. A

plate-1ike BID igyp BM)NavlAg. 2 80Ape, SUE T OMOgERBY Ligp §200} pl anes
(0]

which are relatively | arge and er pl anes. n i1 nside of the BMD may have

a tree-ki k%é@%u@_&fﬂéﬂ@%f@%@@ﬂtﬂeﬁ 5h@e%&é@$€9£&r‘r§ﬁeﬁ%g]nésb*@

plate- 10 I'i ke shape is perfornmed as foll ows. sizes in a

direction ahd gofdHA] fHoectdonaherrod eneddul ed Qe ot rEctdigitas | ong
size is defined as A, and a short size is defined B. In this case, a shape

havi ng a ratt andfe AB Ltoube sefrsged to as an "obl ateness” hereinafter)
of 1.5 or 15 less is defined as an octahedron, and a shape having a
(B) furthermore, a heat treatment which raises a
temperature in a temperature range of up to 850°C at a
10 temperature raising rate of 0.5°C/minute or more to
2°C/minute or less; and
(C) furthermore, a high-temperature heat treatment in
which a heat raising process up to less than 1100°C is
performed at a temperature raising rate of 5°C/minute or
15 more to 10°C/minute or less and in a temperature range of
1100°C or more to 1250°C or less at a temperature raising
rate of 1°C/minute or more to 2°C/minute or less, and the
temperature is held at 1000°C or more to 1250°C or less to
make a diffusion length of interstitial oxygen 50 pm or
20 more is performed.
[0022]
In this case, according to the present invention, a
BMD having an octahedron shape means a BMD having a shape
surrounded by a plurality of {111} planes and other planes.

25 In general, the shapes includes a shape surrounded by eight

{111} planes and a shape surrounded by {111} planes and



ratio of A/B of larger than 1.5 is defined as a plate-like shape. Since

- BVMD shapes in the silicon wafer fluctuate, determ nation whether the shape
of a BMD being present in a wafer is ampctahedron shape or a plate-like
shape may be 20 perfornmed as follows. That is, the AAB ratios of a
plurality of BVMDs at different positions in a wafer ar e measur ed, an
average of the A/B ratios (to be referred to as an "average obl at eness”
her ei nafter) 8 calculated, _and it is determ_ned whether the _value exceeds
1.5. Wen t ht80)5P{args- exBeanss106hest pag é#lalspéﬁpﬁoﬁngctﬁﬁ§}on cryst al
lattices around the BVMDs are different fromeach other. For this reason,
an optinun1gxfp P8YdPBPFPbuti on to 13 suppress occurrences of slip and
war page |s ?hég ent from that in the spirit and scope of the invention.

[ 0024] g esent invention, a di agonal length of an 5 octahedron BMD

nmeans a Ionger O?E FR?RegngEhg %ggpéogg%sﬁgkrggt|0@a§gq tqg [ 010]

direction. [EffecC Inven ’8n ha si Fi ¢6n wafer accordlng

to the QieSEHElhﬂéthbQ te19 g%Dgnagé 8tﬁb&'ﬁﬂﬁnW@B%roQ%gpggr%ﬁDg gach

having an octa ron s ch "havin diagonal ngt f 200 nm

or nmore of ?WE%eL EﬁéegMﬁtlé %OEMb'HBv1ﬂ ﬂgsﬁaggpg %un%gdpﬁngQQQa

surface of the si |con waf er have a con ntration o 2 X 109/¢nB or |ess,
and BMDs eamohf}ivbmgnéé andiagqnal r%@@gtlk}quy 19&@ Qh T8 elO i%nré@ or Iess

of BMDB |ocated at a position having a depfth 50 pm or nnre have

An inside of the BMD may have a tree-like shape.
Discrimination between the octahedron shape and the plate-

10 like shape is performed as follows. Of sizes in a [100]
direction and a [010] direction when viewed in a [001]
direction, a long size is defined as A, and a short size is
defined B. 1In this case, a shape having a ratio of A/B (to
be referred to as an “oblateness” hereinafter) of 1.5 or

15 less is defined as an octahedron, and a shape having a
ratio of A/B of larger than 1.5 is defined as a plate-like
shape. Since BMD shapes in the silicon wafer fluctuate,
determination whether the shape of a BMD being present in a
wafer is an octahedron shape or a plate-like shape may be

20 performed as follows. That is, the A/B ratios of a
plurality of BMDs at different positions in a wafer are
measured, an average of the A/B ratios (to be referred to
as an "average oblateness" hereinafter) is calculated, and
it is determined whether the value exceeds 1.5. When this

25 value exceeds 1.5, states of distortion acting on crystal

lattices around the BMDs are different from each other.

For this reason, an optimum BMD size distribution to



a concentration of 1 x 1012/cnB or nore. For this reason, occurrences of
slip and warpage in device manufacturing processes are extrenely

m ni m zed, the silicon wafer can be 20 prevented from being deteriorated in
strength while having a DZ |ayer, and | arge-scale (typically, 200 mm

hi gh- quality devices can be manufactured. [0026] |In the silicon wafer
according to the present 25 invention, in conparison with a mrror wafer

casi by ocouf PBFECE NG GELEST T n%pca‘pé' R R o L e
TO CARRY'NQJSHT ﬂﬂEt% %??%%fiﬁﬁ % 2 JP?gHén%89&n£9¥ﬁ?t'°” wll be

described b BRce odr nen [0028] (Silicon
Wafer) A S|t©@9@ waf er according to the present invention is 10
characterized i n that occurrences of both slip and warpage in device

manuf act uring pr pgesges, £a8-he fﬁ&é§€?bﬂ §1HEQ?5691 10R49} oknahhis case,
di mensi ons (di aneter and thickness) in which the present

invention iscterbhzed amd &@§n§r55§8ﬁ§é§béﬁ80§ oF depgtRE vArtAds (ebenents
are not limted to specific ones. These characteristic features can be
appropri at ejyréeet esh esndepead{ 0go pndt hectypg. of a
[Effect of the Invention]
[0025]
In a silicon wafer according to the present invention
10 which is a silicon wafer having BMDs each having an
octahedron shape, BMDs each having a diagonal length of 200
nm or more of BMDs located at a position having a depth of
20 pm from a surface of the silicon wafer have a
concentration of 2 x 10°/cm® or less, and BMDs each having
15 a diagonal length of 10 nm or more to 50 nm or less of BMDs
located at a position having a depth of 50 pm or more have
a concentration of 1 x 10*2/cm® or more. For this reason,
occurrences of slip and warpage in device manufacturing
processes are extremely minimized, the silicon wafer can be
20 prevented from being deteriorated in strength while having
a DZ layer, and large-scale (typically, 200 mm) high-
quality devices can be manufactured.
[0026]
In the silicon wafer according to the present

25 invention, in comparison with a mirror wafer being free

from BMDs therein, slip dislocation and warpage do not



requi red sem conductor silicon wafer. 20 [0030] A sem conductor device
manuf acturing by using the silicon wafer according to the present
invention is not linmted to a specificqgne. The present invention can be
applied to manufacturing of various sem'conductor devices. 25 Mre
specifically, a silicon wafer according to the present invention can be

w dely applied to manufacturing of an epitaxial wafer having a surface on
which an epitaxial 15 layer is forned, a silicon on_insulator (SO) wafer,
an S| MOX v@RetlY o°HRFEN %ﬁdsﬁmhyg%s%%EF%¥i6ﬂ E@pﬁﬁbiéﬁyeeancﬁﬁgen) process
is perfornmed, and an Si Ge wafer having a surface on which an SiGe layer is
formed. 5 [ %ﬂ}n "the characteristic features of the silicon wafer

o oet angar B LBeE ARG oo e *HBESREPR Sngth of 200 nmor more
of BMDs |oc 6@2 ﬁt a 10 position having a depth of 20 pmfroma surface of
t he SI|ICOﬂ ¥ r have a concentration of 2 x 109/cnB or |ess, and BMDs

each haying a dipgonal oLengt by of, A0-AMmer, TBL el e B0 IML0S ol esy of BIDs

| ocat ed "at a posi avi ng nor € have a concentration

of 1 x 1012&89§i9rW%§hnP%g%ﬁ%?ééméé @mggg¥$?gggrmhich i s expl ained bel ow by

the present rnventors. re spec y, in the silicon wafer
havi ng BMDspgagh has an octahedron shape, BMDs |ocated at a position

(Silicon Wafer)
A silicon wafer according to the present invention is
10 characterized in that occurrences of both slip and warpage
in device manufacturing processes can be extremely
minimized.
[0029]
In this case, dimensions (diameter and thickness) of a
15 wafer in which the present invention is realized and the
presence/absence of dope of various elements are not
limited to specific ones. These characteristic features
can be appropriately selected depending on the type of a
required semiconductor silicon wafer.
20 [0030]

A semiconductor device manufacturing by using the
silicon wafer according to the present invention is not
limited to a specific one. The present invention can be
applied to manufacturing of various semiconductor devices.

25 More specifically, a silicon wafer according to the present
invention can be widely applied to manufacturing of an

epitaxial wafer having a surface on which an epitaxial



20 having a depth of 20 pmfrom a surface influence a warpage

- characteristic. Furthernore, BMDs each having a diagonal Ilength of 10 nm
or nore to 50 nmor less and |ocated at ;& position having a depth of 50 pm
or nore influence a slip suppressing characteristic. In general device 25
manuf acturi ng processes, occurrences of warpage and slip can be extrenely
mnimzed. In this manner, even though slip occurs froma wafer support

t the d 16 facturi b
brevent ed 11oH %Z%quamg’"%‘% FHEOh Sl B G Take Qéwnw%)ﬂ%%ﬂha& b
f f d b hi
2 com conduttrT dETEe Tarng 1y SO bo ST R P pEEah b bt Blent o from

adversely %}%fgc%a%@rggé/dsggjt% %é)pé%lmé/@enal%ae%)ngl Géen%%? }?%v al ocat ed

at a positio Mg a mor Nnore are sna nm or

when a con §ﬁ¥f§%éc%hfﬁ?f@ﬁbaﬁs%ﬁﬂ@|i§ e%hfg {0 X0 é@lZ/an 10 the BMDS do

not easily serve as s ICient barrier |Tp  propagation. Although the
den3|ty5and @@@@pnal | engt hs of BMDs which can serve as barriers to slip
propagatlon do not have upper limts, for the reason (will be described

later), in a r@wetr\{\é"&ﬁ‘a@@t@ﬁlé@%'E@&'t@ﬁ'e@”o@%h‘é"s§li&89r‘w¥\@é§r 15
the upper Iimt of the diagonal length of the BMDis 50 nm Mre

speci fical | Yec@mBMS e presemt atvénhigh, €rocent 1abhoharalnpst all
solid solution oxygen is precipitated as BVDS. On the other hand, the

nunber of OXYPENeAtOMBaPlRgi Ph t & €shaGr BVDShHoes IBI@]Dseé@@lehéhEngZQ number
of oxygen atons solved in CZ-Si, and a solid
diagonal length of 200 nm or more of BMDs located at a
10 position having a depth of 20 um from a surface of the
silicon wafer have a concentration of 2 x 10°/cm® or less,
and BMDs each having a diagonal length of 10 nm or more to
50 nm or less of BMDs located at a position having a depth
of 50 pm or more have a concentration of 1 x 10'%/cm® or
15 more. This is a knowledge which is explained below by the
present inventors.
[0032]
More specifically, in the silicon wafer having BMDs
each has an octahedron shape, BMDs located at a position
20 having a depth of 20 pym from a surface influence a warpage
characteristic. Furthermore, BMDs each having a diagonal
length of 10 nm or more to 50 nm or less and located at a
position having a depth of 50 pum or more influence a slip
suppressing characteristic. In general device
25 manufacturing processes, occurrences of warpage and slip

can be extremely minimized. In this manner, even though

slip occurs from a wafer support portion in the device



sol ution oxygen concentration is 1 x 1018 atons/cn8 at nost. Therefore,

- when the BMDS are present at a high concentration, the concentration of
the oxygen atons precipitated as BVMDs qgy be constant at about 1 x 1018 25
atons/cnB. In this state, when the BMD concentration increases, diagona

| engt hs decrease. Mre specifically, the diagonal |engths of BMDs which
are present at a certain 17 concentration or nore have an upper limt, and
the BMDs havin %:concentration of %}x 1012/ cnB cannot be réatized by

BVDs each HMAWE Q'S HYOMF TRty of "F aF 4E THAPSPHRYSFRer EF e, the
ranges of the concentration and the_diagonal 5 | ength of BNDs ich can
suppress sIHP Propagsd i Or° ar 4" xwafl%ﬁzgﬁrga%?' mﬁge%nﬁhﬁﬁg]ﬁn? tPnore to 50
nm or | ess, ectively. [0034 Fo his p 0s an_ | rsiiti xygen
concentrati%cn&%i% if}sé%riefwear%%? yeésg?( a%ﬁ%l%r?bn@égn%f%? ?%}%ggé%%%éeﬁ!é er

1 L Al st pgenisey s ol o0, b

about 2 x I e Tnters oxygen ~ conce ion cannot be

cast |y LUrtOGL degs cased DAOARE, foa VELYS | ARG LLER, Neate LE oot gealy ust be

performed at a lo 15 tenperature. st ze distribution and
the interstjggpsd; oxygen concentration described above are desirably
realized over an entire surface of a wafer. However, depending on 20

appl i cati ons, thﬁq&ﬂ%{é@éﬁéPnl@xﬁk?tlﬁé‘eoﬁoiﬁ!@lﬁé‘tI@éé@é‘d”ﬁt’ beposeatbged in
some region. For exanple, when only a typical

having a depth of 50 pum or more are smaller than 10 nm, or
when a concentration of BMDs is smaller than 1 x 10”/cm3,

10 the BMDs do not easily serve as sufficient barriers to slip
propagation. Although the density and diagonal lengths of
BMDs which can serve as barriers to slip propagation do not
have upper limits, for the reason (will be described later),
in a range which can be realized by an actual silicon wafer,

15 the upper limit of the diagonal length of the BMD is 50 nm.
More specifically, when BMDs are present at a high
concentration, almost all solid solution oxygen is
precipitated as BMDs. On the other hand, the number of
oxygen atoms precipitated as BMDs does not exceed the

20 number of oxygen atoms solved in CZ-Si, and a solid
solution oxygen concentration is 1 x 10%® atoms/cm® at most.
Therefore, when the BMDs are present at a high
concentration, the concentration of the oxygen atoms
precipitated as BMDs may be constant at about 1 x 1018

25 atoms/cm®. In this state, when the BMD concentration

increases, diagonal lengths decrease. More specifically,

the diagonal lengths of BMDs which are present at a certain



slip brought froman edge portion of the wafer is prevented, in a region
- distanced froma wafer center by 80%or nore of a wafer radius, the BMD
size distribution and the 25 interstitigl, oxygen concentration nmay be able
to be realized. This is because a slip brought fromthe edge portion of
the wafer frequently occurs in the region 18 distanced fromthe wafer
center by 80% or nore of the wafer radius. In order to prevent only

war page of a typical, . wafer, the BMD size distrjbution and the_jnterstitial
oxybon. concai T GHE 1) b HHE O bes carFobaL it heveti FAF dBPag! on

h 80% | h f dj b
i 51 ocat i o FEI Ge? & VYPTER Ul &Yt whi i badSHS SErPAgeT r ECREhErs Bhour s
in a regloq%¥ﬁgv%§@h899@fg%les 5 & of thf fafe{hrg.lr?e%%oogg%%a% %He silicon

waf er accor he” present Ton $S exce I'p and

tarpage oceKIIORLE, doM ofyn uéacgv | 09, PLOCPESES, AL £ SURL | s ML R

speC|f|caIIy a accor resen nvent i on
particukar,y di h e t 5, dgs¢ribed
above and an | eré??ﬁt;b\ﬁg% %&%ﬁ%\g@%ﬁn%%%% osnfl ﬁp&%g(gaeg%% cﬁgrgct erized
in that a 'ﬁﬂgvl@m@f?@ ﬁéfﬁ 2ECH [hfido} b e 191 bovhRdoheat Ly eatment i s
very smal | (typlc l ength of th ipis 10 nmor Tess, and an
anount of ,ned after the heat treatment is 10 20 pmor |ess).
[ 0037] Nbre speC|f|c ly, as a test to evaluate slip and

[0034]

For this purpose, an interstitial oxygen concentration
10 is preferably 5 x 10*" atoms/cm® or less. On the other hand,
the lower limit of the interstitial oxygen concentration
may be about 2 x 10Y atoms/cm®. The interstitial oxygen
concentration cannot be easily further decreased because a
very-long-time heat treatment must be performed at a low
15 temperature.
[0035]

The BMD size distribution and the interstitial oxygen
concentration described above are desirably realized over
an entire surface of a wafer. However, depending on

20 applications, the distribution and the concentration may be
realized in some region. For example, when only a typical
slip brought from an edge portion of the wafer is prevented,
in a region distanced from a wafer center by 80% or more of
a wafer radius, the BMD size distribution and the

25 interstitial oxygen concentration may be able to be
realized. This is because a slip brought from the edge

portion of the wafer frequently occurs in the region



resi stance to occurrence of warpage in device manufacturing processes, a
heat treatnment which holds a furnace 25 tenperature at 900C, inserts a
wafer into the furnace, and holds the tigperature at 1100C for 30 mi nutes.
[0038] 19 1In the heat treatnment, in a tenperature range in which slip and
war page easily occur, thermal stress is practically maxinum For this
reason, when dislocation is prevented fromoccurring at a tenperature
raising/fallln t he t epperatu ng it can be said that the
Si1icon wat et oRRera ﬁﬁoToE?ﬁewigggeﬁ?nfﬁSeﬁY Bhs 6-of0sP) pEohBgabarern
which slip an occur

nanufactur.ﬁﬁgbr%£2§§%50r€%63ér oSEHhe o PaLl Pathadeurt nEvERERLs and
di agonal | engehs of .t 5 gL Dec NIRRT 0f, BYDS, desgcl bed.gbove. a
O re

known neasurrng ne & genera y use specr |ca a net hod

per f or ed by, g, Lt ansl 53103 L ELECREON D1 GF09C0Beo (10, PO, LAT hr H to as a

"TEM' and an rare |nter erence tlca recrpltate

Profilers (tPnQFderﬁéGEJSrgdhg{?f.ﬁ‘gt 893" g’PleLJgr fneﬁéerquerergayse &99%0]

Met hods of neasuring and eva I ng ip drs ocation and an amount o

war page of aswgfeguasenyd ltl &bﬂ%éﬁ@'ra@b@n QQs%th%i%' %e&agnaaegpaeglamunt
of warpage can be generally neasured by a known nethod. Mre specifically,

an X-ray toRp8raphits Hs8€8ebOowarasyEersbiefts oee&hee iAngapeyibn of
war page can be observed and eval uated by using

having 80% or less of the wafer radlus.

[0036]

10 The silicon wafer according to the present invention
is excellent in that slip and warpage occurring in device
manufacturing processes are small. More specifically, a
silicon wafer according to the present invention, in
particular, a silicon wafer in which BMDs are controlled as

15 described above and an interstitial oxygen concentration is
reduced is characterized in that a length of a slip
occurring in the following heat treatment is very small
(typically, the length of the slip is 10 mm or less, and an
amount of warpage obtained after the heat treatment is 10

20 pm or less).

[0037]

More specifically, as a test to evaluate slip and
resistance to occurrence of warpage in device manufacturing
processes, a heat treatment which holds a furnace

25 temperature at 900°C, inserts a wafer into the furnace, and

holds the temperature at 1100°C for 30 minutes.

[0038]



avai l abl e from NI DAK corporation. 25 [0041] 20 Furthernore, in order to
nmeasure an interstitial oxygen concentration, a Fourier transformation
infrared absorption spectroscopy (FTIRy«an be used. [0042] 5 (Method of
Manuf acturing Silicon Wafer) The silicon wafer according to the present
invention has the characteristic features described above. Therefore,

met hods to manufacture silicon wafers having the characteristic features

bi t il 10 ficall t al i .
condi ti ons (crysia é’h#ﬁ% ErEREReEt pothl2 BoPPREaFare, fapdkl bh e PagaL i on,
gas flow, afd the treatnen%hcond ns_(heat treatnent

I .
tenperature %?n%nd ?%%u?%s}%Ys?%§V¥al rmaia% Th f?ke) are
appropr'a?g%y?ﬁgféifi'eﬂa%9maake bbe 1PnPg féggsntOﬁgggféﬁgigggt@oﬁl&gcon

waf er havi aracteri sti ures.’|[ e present

 nventi on, } e@@ﬁﬁé&uégsT0§%9§§#ln§rsetgeeémﬁgﬁa@u§gg§5£§£ﬁ /2P gher ab! ¥

performed in steps his case e substrate ans ilicon

wafer te waich g,hegd %éﬁ@éﬂ?@urésrgﬁéePeiﬁoégﬁdbe3991é|%Haﬁeéﬂé a
substrate which is cut out of a single crystal ingot and to which steps

such as chagigiépg Rhher hbapribegheat ctRe presbAeninfeptPSAT 95Med. [ 0045]
silicon wafer in which slip and warpage minimally occur in
almost all the device manufacturing processes.

[0039]

10 In order to measure the shapes and diagonal lengths of
the BMDs and the number of BMDs described above, a known
measuring method can be generally used. More specifically,
a method performed by a transmission electron microscope
(to be referred to as a "TEM" and an infrared interference

15 and a method of Optical Precipitate Profiler (to be
referred to as an "OPP" hereinafter) are given.

[0040]
Methods of measuring and evaluating slip dislocation
and an amount of warpage of a wafer are not limited. The

20 slip dislocation and the amount of warpage can be generally
measured by a known method. More specifically, an X-ray
topograph is used to measure slip dislocation. An amount
of warpage can be observed and evaluated by using FT-90A
available from NIDAK corporation.

25 [0041]



21 Alimtation of the size (diameter, thickness, and the like) and a
limtation of the presence/absence of dope of various elenents are not
especially set, the size and the presenge/ absence of dope can be
appropriately selected 5 depending on the type and performance of a
required silicon wafer. [0046] An interstitial oxygen concentration
included in a substrate nmay be an oxygen concentration of contained in a

10 silicon in silicaon single ecrystal growh perforned a . t hod under
ror ol condi i onEE e et e S e RS L e B LY St i Al
treatment described bel ow, referﬁ€$%t%%he concg ion falLls wi,thin a

ange of 8. G o1 ST Onk7 R ore o e E0ehaLt &e BRETert ese.
When 15 thealﬁ%%éﬁf i&g?n%??é%%égg%%gl(%mgytc % %Qeugggge, BMDs are not

forned at a concentration, eac aving a |large size
undesirably{@@gz hi gh-concentration. [0047] In the present invention,

divided heat treatnents, 20 nore preferably, includes (A a

| ow-t enper at ure mé?l{?&ge@f nﬁ%uf@&@@r?ﬁ%f §{ﬂ§c‘?‘é2§§%e£;eat ment in a

tenperature range of 650C or nore to 750C or or arequired tine of

30 m nutes or ”DfﬁetQiﬁi@&Wéaf’éﬂ§§§@r&§%3f€6t9ﬁé@£§sen€ heatnttsat ment
whi ch raises a tenperature up to 850C at 5 a tenperature raising rate of

0. 5C/ m nut en®s PME echOr 2L 8 DYt Bc OF b €88es (& sariBapespbyee fahtiragoand
extracting step decreasing a tenperature of a furnace at a 22

methods to manufacture silicon wafers having the
characteristic features are arbitrarily used. More

10 specifically, single crystal growing conditions (crystal
pulling rate, crystal cooling rate, crucible rotation, gas
flow, and the like) and heat treatment conditions (heat
treatment temperature, time, temperature raising/falling,
and the like) are appropriately controlled to make it

15 possible to manufacture a silicon wafer having the above
characteristic features.
[0043]

In the present invention, in particular, a heat

treatment for a substrate is preferably performed in steps.

20 [0044]

In this case, the substrate means a silicon wafer to

which a heat treatment is not performed, and also means a
substrate which is cut out of a single crystal ingot and to
which steps such as chamfering other than the heat

25 treatment are performed.

[0045]



tenperature falling rate of 1C mnute or nore to 10C/ mnute or less after
- the heat raising step and extract the substrate out of the furnace when
the tenperature of the furnace is 600C,qr nore to 750C or less to cool the
5 substrate to a roomtenperature, and (D) a high-tenperature heat
treatment which sets the tenperature of the furnace to 600C or nore to
750C or less after the tenperature falling and extracting step, inserts

the wafer into the ., furnace, raising the erature_of the furnage_jn a 10
tenperature ran ]ojfmhﬁ)a?boril‘bgct}éef %l%%ni)‘g?%f‘%?%rf aF B+ fEReTat 2B the

5C/ m nute .gore to 10C/ mpnute or Less, raises e tenperature in_a
emerat ur oL PGS 31500 W TR <°F cthd S eror eee LR o hnera: O o

rai si ng rate o{ 10 m nute _or pore to 2C/{r<1_;1fff1t eS(Ie ssthangig(gl %%?dtpﬁe

t enperature At 15° 1000C 0F° ndre 197 1230C oF " 18s¥° o make“a”di FTusron | engt h

of int ers“véai er?ééb%@sér?cé’"%?rd%?éecaJa2$%gie%p%§%§f‘%3§a£e££8€%gem in the

present invention, nore preferably, in tenperature heat

treat meat 29, i esf r 4 FeqpeLat Vreqr ange-of

650C or rBrmr ee%!\%l‘%% (I(S)r %ﬁs&%?a%n%i%%?ﬁ% ér:?ﬁ%t e%po%él&rn)%gce1 to gcﬁours
or less, (B)jfurthernore, a heat treatnment which raises a tenperature up
to 800C at a tenperature raising rate of 0.5C/ mnute or nore to 2C/ m nute

or less, 25 @pgls{C) furthernore, a high-tenperature heat treatnent which
raises a tenperature in a tenperature range up to |ess than 1100C at a

ﬁ:irrgggataure rai samgifedeseft 231 S GRNUEEnOENPPEELILR 1REl eyt enos | ess and
substrate may be an oxygen concentration of contained in a

10 silicon in silicon single crystal growth performed by a CZ
method under normal conditions. When the substrate is
manufactured by the heat treatment described below,
preferably, the concentration falls within a range of 8.0 x
10'7 atoms/cm® or more to 9.5 x 10' atoms/cm® or less. When

15 the oxygen concentration falls out of the range, BMDs are
not formed at a high concentration, and BMDs each having a
large size undesirably has a high-concentration.

[0047]
In the present invention, divided heat treatments,

20 more preferably, includes (A) a low-temperature heat
treatment which performs a heat treatment in a temperature
range of 650°C or more to 750°C or less for a required time
of 30 minutes or more to 5 hours or less, (B) furthermore,
a heat treatment which raises a temperature up to 850°C at

25 a temperature raising rate of 0.5°C/minute or more to

2°C/minute or less, (C) a temperature falling and

extracting step decreasing a temperature of a furnace at a



tenperature in a tenperature range of 1100C or nore to 1250C or less at a
- tenperature raising rate of 1 mnute or nore to 2C/ mnute or |less, and
hol ds a constant 5 tenperature at 1000C,or nore to 1250C or less to nmake a
diffusion length of inter-lattice oxygen 50 pmor nore is perforned.

[0049] In the step (A), since oxygen is not sufficiently 10 diffused when
a tenperature of a heat treatnent is |ower then 650C, it is not preferable
that BVD formation does Qgt sufficiegt{ylpccur. On_t he other hand, when
the tenper &t aXeeedEe 75079 THES hRht LT EHHER Far®sF il uences

optim zatio and wast e ndeﬁgraq#%315 i.ncreases. Ti for the heat

r811

B ,
Pttt TRt B U A e i e s 5 e ot o
i 187< 0 i VD |
decr eases undesTIABT ot T 0080) OF SR BufErerrar ArhnepRelEHEE e i o
Lemper at ur ek sLag L al e Lihe, Nogl.d SIS 6 S JLOWRY ANy
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24 DZ layer. In this step, when a holding tenperature is |ower than
1000C, it isomat Jv efrahle i9pokebds 1@ks after the temperature
falling and extracting step, inserts the wafer into the
furnace, raising the temperature of the furnace in a
10 temperature range of up to 1100°C at a temperature raising
rate of 5°C/minute or more to 10°C/minute or less, raises
the temperature in a temperature range of 1100°C or more to
1250°C or less at a temperature raising rate of 1°C/minute
or more to 2°C/minute less, and holds the temperature at
15 1000°C or more to 1250°C or less to make a diffusion length
of interstitial oxygen 50 pm or more.
[0048]
A batch heat treatment in the present invention, more
preferably, includes (A) a low-temperature heat treatment
20 which performs a heat treatment in a temperature range of
650°C or more to 750°C or less for a time of 30 minutes or
more to 5 hours or less, (B) furthermore, a heat treatment
which raises a temperature up to 800°C at a temperature
raising rate of 0.5°C/minute or more to 2°C/minute or less,
25 and (C) furthermore, a high-temperature heat treatment

which raises a temperature in a temperature range up to

less than 1100°C at a tempefature raising rate of



production decrease that a long tinme is required to outwardly diffuse
~interstitial oxygen. Wien the holding 5 tenperature exceeds 1250C, the
quality of nmenmber in an annealing furnacg is extrenely deteriorated

undesi rably. Wen a diagonal length of the interstitial oxygen is a
nunerical value calculated on the basis of a tenperature and a tine in the
step. More specifically, the nunerical 10 value can be cal cul ated by the

foll i i. i). 0052] Diffusi, | t f inter-latti
ovton 09, R b5 miqh o AR AT ANg ety J e s arBrEsednd < 0. 17

-2.53 - 8.6 10 5 t t K I t hi heat
?rggﬁnént mﬁ?%ﬁeﬁﬁgﬁgﬁsl% %i?%ﬁggggtg¥§ng?%%%oggnigﬁo pg;ﬁ@o%?éggrable to
f | = Sj d D | havi idth of 5 o [ 0Q53] Al
et ag BT o ra s A elb A TS ks e m e O e mata
furnaces arg used a@ég e, &1, 1 eper atyr e [neat t e@érﬂ?t?ﬁ and a

Rleat “tteat ment ent-tu

hi gh-tenperature are per'forned in ditfer rnaces,

respect invel yor, 25, Yen Lhe {68PRCId Y G dleatcd remaRNGY qte Advantagequsly

perfornmed int urnaces to I nprove the productivity, the

Lenper atur eg1 2k 5L 0gn AN SXAT SEL LR L ER: EPcel SxPEERCHADLY BddgdrEo;divide
the heat treatnents into"a |owtenperature heat "treatnent and a
hi gh-t enperlgéyfgnh@@'g treat ment.
[00409]
In the step (A), since oxygen is not sufficiently

10 diffused when a temperature of a heat treatment is lower
then 650°C, it is not preferable that BMD formation does
not sufficiently occur. On the other hand, when the
temperature exceeds 750°C, the heat treatment rarely
influences optimization of BMDs, and waste undesirably

15 increases. Time for the heat treatment is shorter than 30
minutes, time required for BMD core formation is not
sufficient. When the time exceeds 5 hours, productivity
extremely decreases undesirably.

[0050]

20 Furthermore, in the step (B), when a temperature
raising rate in the heat raising step is lower than
0.5°C/minutes, a stable temperature increasing rate cannot
be secured. When the temperature raising rate exceeds
2°C/minute, deposited BMDs are not undesirably eliminated.

25 [0051]

Furthermore, the high-temperature heat treatment step

(D) is to outwardly diffuse interstitial oxygen to form a



[0054] 5 A tenperature raising rate in the tenperature raising and

- extracting step is preferably 1 mnute or nore to 10C/ m nute or |ess

whi ch can be realized by a general furpace. A tenperature of the furnace
when a substrate is extracted fromthe furnace is undesirably |ower than
600C 10 because the life of a heater in the furnace is shortened. The

t enper at ure undesirably exceeds 750C because nenbers of the furnace are
deteriorateg 0055] ﬁ erature oﬁ a fu ﬂ% g a ma%er 15 is
inserted i n°¢h a%?@h t ?u?%eQEaY ??e%tﬂ% 174 eNHEsPFEbFy tPower t han

600C and ungdesira h than . 750 for ame. reason as_the
t enper at urefi PATT | ggst%%?&g,& tgt et atur (% &5 slfanbg raltreethep 1o (?LflOOC IS

preferably , pGhmnUL ?éo?@égetQh%9C£”18Héra? o! 855,041 £PGapobe 20

realized bypa genera urnace a tenp ure"rarsrng ra 8in a

tenperature @»@9:%9% %%?9&8%1‘{’%? E?t}§§0&g§rp n! €SFnLA E’é@f b8k ¥g

1C m nute OI’ nore m nute or ess erature and a range of a

di ffusien |g eg%ergiu%yeﬁeeeae P heat, ttr}?é"t%]?eaeldl 3 a(}xg%?k?élr”ﬁea@re as

descri bed 25 ove tenperature rai'sing s tenperature

after the highsierperaihecbeat Lixeptmeny HétePEé%QE@&duﬁaésBPébhy”‘ted to
specific ones. 26 0056] An apparatus used in the series of heat

treatments wElescs i desyabovelangrnobr| tndt edeépsepechlii 6xpgen apdaa
conventional known apparatus is preferably used. Mre
numerical value calculated on the basis of a temperature
and a time in the step. More specifically, the numerical
10 wvalue can be calculated by the following equation (i).
[0052]
Diffusion length (um) of inter-lattice oxygen = 2 x
10* x (D x time (second))??®
where
15 D (cm’/second) = 0.17 x exp (-2.53 + 8.62 x 107 =+
temperature (K))
In this manner, a heat treatment which obtains a diffusion
length 50 pm or more is preferable to form a large-sized DZ
layer having a width of 5 pm or more.
20 [0053]

An extracting step is added to the heat treatment when
two heat treatment furnaces are used and when a low-
temperature heat treatment and a high-temperature heat
treatment are performed in different furnaces, respectively.

25 When the respective heat treatments are advantageously

performed in the different furnaces to improve the

productivity, the temperature raising and extracting step



5 specifically, a normal batch type vertical furnace, a batch type

- vertical furnace with an oxygen purge function, and the |like are given.
[0057] In the manufacturing nethod accgkding to the present 10 invention,
the substrate preferably contains nitrogen. This is because the substrate
contains nitrogen to suppress warpage to a |lower |level (typically, 15 pm
or less). In this manner, the marpage is further suppressed, so that a

hi gher - perf ornance devj ce nuf cture 15 [0058] A concentration of
nitrogen added¥or e%#% ﬁﬂﬁ%ﬁ% ?éﬁ%%ﬂ%a x- 101 S oisreh® dr nore
to 1 x 1016, at ons/ cnB en the con entrat on exceeds t nge,
pol ycryst al ‘?"ﬁattef%e%tdé%? r}é%él‘g/ Ot Hec a}hl%l et g A L B6° b Reaf

decr eased. {005 ! I n the manufacturing nethod according to the present

i nvention, Yrate preferably contains carbon. This is because the

substrate c ps carbon to advantageously 25 form BVMDs even though the
| ow-t enperatu heat treatnment is perfornmed at a low tenperature for a

comparatj vel y shri. S 0001 I o d 0004 cansentiarl op, of g bon

added for this purposeis pre or nore

1016 at oms/ &8 eﬁré@éﬁquv{'gél}%“ Oﬁﬁ\? e?dgﬁ?}?dl% nﬁn‘?&%cec!}t W@ lPr il gher 5

than the above range sadvant ageousl y
10°C/minute or less which can be realized by a general

furnace. A temperature of the furnace when a substrate is
extracted from the furnace is undesirably lower than 600°C

10 because the life of a heater in the furnace is shortened.
The temperature undesirably exceeds 750°C because members
of the furnace are deteriorated.
[0055]

A temperature of a furnace when a wafer

15 is inserted in the high-temperature heat treatment is
undesirably lower than 600°C and undesirably higher than
750°C for the same reason as the temperature falling step.
A temperature raising rate up to 1100°C is preferably
5°C/minute or more to 10°C/minute or less which can be

20 realized by a general furnace, and a temperature raising
rate in a temperature range of 1100°C or more to 1250°C or
less is preferably 1°C/minute or more to 2°C/minute or less.
A temperature and a range of a diffusion length of oxygen
in a heat treatment at 1000°C or more are as described

25 above. A temperature raising speed and a pulling
temperature after the high-temperature heat treatment is

performed are not limited to specific ones.



decreases in crystal manufacturing. Furthernore, when concentration is

| ower than the range, the BVMD concentration of a bulk is difficult to be 1

x 1012/cnB or nore. Furthernore, the cagbon concentration is nore 10

preferably 1 x 1016 atons/cnB or |ess. [0061] Methods of addi ng nitrogen

and carbon to a substrate are not limted to specific nethods, and a

conventional known nethod is preferably used. Mre specifically, as a 15

nmet hod of aﬁi&y nitrogen, substrate with nitride filmis added to a

singl e-crys %hlling melt to make it possible to adjust a nitrogen

concentration of, the obtained substrate. And as a met hod_ of addéng car bon
t

powder is added 2% RPTIhGIe- RIS tH DT I TRG FRI O t S HaKer FEtPodsT bl e to 20
adj ust a caybon goncentration, of ,am gbtal ned, Sé“k?es%:[ﬂce'oné 0062} et hods of
Ja car bon, “"and oxy (

measuri ng concentrations of nitrogen, Xygen ctontained in a

bst r at | i j £ ti
be 25 pret aabl e ol SRR Bhere AR d SRy rord! ! one can
speci figal | y,0 4 ¢ RS enent, of ; A k%t%k? HLEOnCLNt Lal | flirna é@@ﬁg

e i
concentration a secondary ion mass anal yzi'ng 28 apparatus (Sl MS) can be

used. The oxygen, SONGER TALHMULANG £ hen SO PO GOERA! £ B ON0AT eafigasUr ed

by an infrared absorption nmethod, and can ated as converted
coef fici entghdy avvad e ofvdapan El ectronics and 5 Informati on Technol ogy
I ndustries Association (JEITA). [Exanples]

[0057]
In the manufacturing method according to the present
10 invention, the substrate preferably contains nitrogen.
This is because the substrate contains nitrogen to suppress
warpage to a lower level (typically, 15 um or less). In
this manner, the warpage is further suppressed, so that a
higher~performance device can be manufactured.
15 [0058]

A concentration of nitrogen added for this purpose is
preferably 5 x 10'* atoms/cm® or more to 1 x 10'® atoms/cm?
or less. When the concentration exceeds the range,
polycrystallization undesirably occurs because an yield may

20 be decreased.
[0059]

In the manufacturing method according to the present
invention, the substrate preferably contains carbon. This
is because the substrate contains carbon to advantageously

25 form BMDs even though the low-temperature heat treatment is
performed at a low temperature for a comparatively short

period of time.



[0063] The present invention will be described belowin detail by

- exanpl es. However, the present inventionis not 10 |imted to the
exanpl es. [0064] (Method of Manufacturibag Anneal ed Wafer) Single-crystal

i ngots were manufactured under various conditions (wafer dianeter,
conductivity type, oxygen, 15 nitrogen, carbon concentration), and the sane
portions of straight body parts of the single-crystal ingots were cut by
using a mﬁrf iﬁﬁg The portions obtained by performng mrror processing
having a th Q s of 725 pmor nore to 750 pn1or | ess were used as
substrates. Ann Ied wafers_ 20 we e nufa % fromthe substrates by the

following neth Trb%%%t]raﬂ?/rﬁa% foﬁ tioht AP RERCSUbSEr at e was
t bat h t o) t |3h t t t t f

put, 10 2 balehedue 14 a%‘ﬁentg%&bﬁ's grenrfg?rre%rr?e o-The Subbtr atETS{RE

substrat e Sl@ %eapwﬁ} Xefé'géé @egﬁd%r@éﬁ@?ﬁér£9£8§0§i%ﬁ od a 29

hi gh- tenper ure was per ornmed inh an ar nospher e.

A diffusg O“tﬂe%'g%rbe ofy, déﬁé ef (%egratﬁ%r(lcyg&?ﬁtel u%?@l&” %Piécﬁ’%’ﬁ{ é'&&%?:t

treat ment was obtai ne 1 on accor

tenperatur edédlpé‘ééé‘é N §t£‘1 %?ﬁﬁf@@ﬁﬂ%‘rﬁrg heat { K eALIELL - w}'n‘@f’i‘t

treatnent conditions o e exanpl es and c arative exanp1es w il be
descri bed tE%ﬂH%ntratlon is lower than the range, the BMD

concentration of a bulk is difficult to be 1 x 10*?/cm’® or
more. Furthermore, the carbon concentration is more

10 preferably 1 x 10'® atoms/cm® or less.
[0061]

Methods of adding nitrogen and carbon to a substrate
are not limited to specific methods, and a conventional
known method is preferably used. More specifically, as a

15 method of adding nitrogen, substrate with nitride film is
added to a single-crystal pulling melt to make it possible
to adjust a nitrogen concentration of the obtained
substrate. And as a method of adding carbon powder is added
to a single-crystal pulling melt to make it possible to

20 adjust a carbon concentration of an obtained substrate.
[0062]

Methods of measuring concentrations of nitrogen,
carbon, and oxygen contained in a substrate are not limited
to specific methods, and the concentrations can be

25 preferably measured by conventional known methods. More

specifically, in measurement of a nitrogen concentration,

the nitrogen concentration a secondary ion mass analyzing



[ 0066] Batch Heat Treatnent 10 An obtai ned substrate was put in a batch

- type vertical heat treatnent furnace, a |owtenperature heat treatnent
and a high-tenperature heat treatnment wesge perforned in an argon gas
atnosphere in the sane furnace. A diffusion length of interstitial oxygen
in the high-tenperature heat 15 treatnent was obtained by integrating the
equation (i) according to a tenperature pattern of the high-tenperature
heat treatnent. Heat &%fﬁggent condi tigns O&Fthe exanBIes and t he

conpar at i ve2BRARPFBE eCaBskFi BE8bel ORF POBEFT COBCERERPFLSVof Feat
Tr eat ment anples 1 to 3: at 700C for 4 hours, ,tenperature wa raised to
800C at 10/ WRUFE-PEP SHOESFbFAbiABUr TS PERDRFAPLPE Ghs HEEPEESed at

3C mnute, substrate was, ., extracted at, 700C. an ogled to a roo

Cenperat a2t 55tefbge B enis Piterelurd: CTHBI f e ar arfpler el

raised/decrgggggig%eégggéyggaga%&Qogfagﬁgéig%?gggg?ggﬁag erature was

rai sed/ decreased a nore a or 0 hour
Exanpl e 4: ol e - i t at
0. 50 m i e S0 IeheoR of o oot TR L e e ok e R e T i nute
substrate wagygxtiacjed at 700C and cooled to roomtenperature, substrate
was inserted at 700C, tenperature raised/ decreased at |ower than 1100C at

5C/ minute, [pegperature was raised/ decreased at 1100C or nore at

The present invention will be described below in
detail by examples. However, the present invention is not

10 limited to the examples.

[0064]
(Method of Manufacturing Annealed Wafer)

Single-crystal ingots were manufactured under various
conditions (wafer diameter, conductivity type, oxygen,

15 nitrogen, carbon concentration), and the same portions of
straight body parts of the single-crystal ingots were cut
by using a wire saw. The portions obtained by performing
mirror processing having a thickness of 725 pm or more to
750 pm or less were used as substrates. Annealed wafers

20 were manufactured from the substrates by the following
method.

[0065]
Divided Heat Treatment
An obtained substrate was put in a batch type first

25 vertical heat treatment furnace, a low-temperature heat

treatment was performed to the substrate. The substrate

was put in a second vertical heat treatment furnace, and a



10 1¢ m nute, at 1200C for O hour Exanple 5: at 700C for 4 hours,

- tenperature was raised to 800C at 0.5C/ m nute, tenperature was

rai sed/ decreased to 1100C at a 8C/ minute,g tenperature raised/ decreased at
1100C or nore at 1C/ mnute, at 1200C 15 for 5 hour Conparative Exanples 1
to 4: at 700C for 4 hours, tenperature was raised to 800C at 1C/ m nute, at
800C for 0O hour, tenperature was decreased at 3C/ m nute, substrate was
extracted a%.?OOC and ¢ eratu strate_was

0C, Eoled Lo a r00£1te£p ture. 20 aub a
ig/se_rtefleat 7H0C S TRApe Léfznr%a_‘%a?]é%ﬁ IHE‘& eﬁ%%ﬁpgg Polier that ;iﬁ%&“at
5 mn , . A1)
1C7n1nﬂte, %%ggggég%ﬁ%gr 'ho%rhggg%g?§§i§§Sg§§n%%e9ggég%tgggg}f%?yﬂeﬁours,
substrate 25 wag ﬁf@é@g%ﬁg%g%t@@%é‘gg £poledef o g?éggfg}éggggﬁggﬁzure’

substrate was I nsert tenperature railse | ower than

1100C at 5 ] : r i crease or nore
Yy T el TR SN e e M S S

hours, ot enper et Hf €o WaghE ah S§H-t OnBOPSk At e Ona&t Nt P Emeft . 80AC, S for O
hour, tenperature was decreaSed at 3C/ m nute, substrate was extracted at

700C and coptegdthént é@@ﬂlti@ﬁ@eéﬁtﬂhg,e§§ﬁ§lé§t§n&ﬂ§o%?§§étﬁdeat 700C,
tenperature raised/ decreased at |ower than 1100C at 5C/ m nute,

t enper at ur ec yaspl as Sedl Uess eassdrabed 10800 nore at 10 1C minute, at 1200C
for 1 hour
[0066]
Batch Heat Treatment
10 An obtained substrate was put in a batch type vertical
heat treatment furnace, a low-temperature heat treatment
and a high-temperature heat treatment were performed in an
argon gas atmosphere in the same furnace. A diffusion
length of interstitial oxygen in the high-temperature heat
15 treatment was obtained by integrating the equation (i)
according to a temperature pattern of the high-temperature
heat treatment. Heat treatment conditions of the examples
and the comparative examples will be described below.
[0067]
20 Examples of Heat Treatment
Examples 1 to 3: at 700°C for 4 hours, temperature was
raised to 800°C at 1°C/minute, at 800°C for 0 hour,
temperature was decreased at 3°C/minute, substrate was
extracted at 700°C and cooled to a room temperature,

25 substrate was inserted at 700°C, temperature

raised/decreased at lower than 1100°C at 5°C/minute,



[ 0068] Manufacturing conditions of the manufactured wafers (Exanples 1 to
-5 and Conparative Exanples 1 to 6)(wafer dianeter, conductivity type,
concentrations (nitrogen, 15 oxygen, andgcarbon) in a substrate, and
diffusion lengths of interstitial oxygen in each heat treatnent) are
listed in Table 1. In this table, a P-type is boron dope, and N- type is
phosphor ous dope Adj ust nent and neasurenent of concentrations of

i ncl usi d the | k f d I
nown ot hol ETEDRGT [ TabI E° A7 25%%3615%%3%%@%%%!@ Pyett orygen

Carbon Diff n Di,amet ( atons/c (atons/c Length of (nm
Type nB) rrB#%réO?) THter elat]téot:@eéc %?% gf H gh- tenperature Heat

4518 0. 0E 1y TREHE £ T8, %%TCE%%‘O% R be S mdtr 58 5o
SO & OGO IBRE Y SRR jSIAE BP0 Roduteris 0 0mT
5 temperature was decreased at 3°C/minute, substrate was
extracted at 700°C and cooled to room temperature,
substrate was inserted at 700°C, temperature
raised/decreased at lower than 1100°C at 5°C/minute,
temperature was raised/decreased at 1100°C or more at

10 1°C/minute, at 1200°C for 0 hour

Example 5: at 700°C for 4 hours, temperature was
raised to 800°C at 0.5°C/minute, temperature was
raised/decreased to 1100°C at a 8°C/minute, temperature
raised/decreased at 1100°C or more at 1°C/minute, at 1200°C

15 for 5 hour

Comparative Examples 1 to 4: at 700°C for 4 hours,
temperature was raised to 800°C at 1°C/minute, at 800°C for
0 hour, temperature was decreased at 3°C/minute, substrate
was extracted at 700°C and cooled to a room temperature,

20 substrate was inserted at 700°C, temperature
raised/decreased at lower than 1100°C at 5°C/minute,
temperature was raised/decreased at 1100°C or more at
1°C/minute, at 1200°C for 1 hour

Comparative Example 5: at 700°C for 4 hours, substrate

25 was extracted at 700°C and cooled to a room temperature,

substrate was inserted at 700°C, temperature

raised/decreased at lower than 1100°C at 5°C/minute,



Pam ve exenpl e2VC 200 N 1.9E+15 9. 3E+17 2. 6E+15 23 ple =anfJve 200 P

- 3.3E+15 8. 6E+17 1.0E+16 23 e.1Z Canp-""e P 14E+15 9. 0E+17 3.5E+15 23 200
Cnpere"Ve 200 P 1.4E+15 8. 7TE+17 3. 3E+15343 exanple 5 ex M\6Ve 200 P

3. 2E+15 8. 6E+17 1. 3E+16 23 WManufacturing Conditions of Manufactured
Wafers, and Concentrations in Substrates [0070] 5 (Measurenent and

Eval uation of Anneal ed WAfer) Each anneal ed waf er obtai ned under the

fact dit d and I the foll 1
(2), (3) . R R Nt BB Sanpr S5 et | P00 b BRI of (1) and

(2) was obt d as follo 48 10.i the wafers were polished by a
preci si on gd @hlé]rsctd aﬁc\é@’eQ[O En’&ﬁéd d Pﬁs (50 pm 100 pm and 300 pm,

and the sarrpl esc g\ﬁgﬁ)@{@éﬁ)@ar@éf%o .cggt%%ri;dronll pr wafer and a

portion distanced oman e such that a focus

I's set 1o p{&gﬁé%{‘& ed,depthss by PO dGoand, (1 F!i"‘cf/gﬁ%% Surfta%%obé‘yer) of

the wafers pre et erm ned positions (center rom edge) .

[0071] 33 £d) @qﬂ@u@ n@éh@@rﬁuma?@a@@crw@eaag@ FRABYAIERNT sanpl e was

measured tw ce while changing a scan direction
substrate was extracted at 700°C and cooled to a room

temperature, substrate was inserted at 700°C, temperature
raised/decreased at lower than 1100°C at 5°C/minute,
temperature was raised/decreased at 1100°C or more at

10 1°C/minute, at 1200°C for 1 hour
[0068]

Manufacturing conditions of the manufactured wafers
(Examples 1 to 5 and Comparative Examples 1 to 6) (wafer
diameter, conductivity type, concentrations (nitrogen,

15 oxygen, and carbon) in a substrate, and diffusion lengths
of interstitial oxygen in each heat treatment) are listed
in Table 1. 1In this table, a P-type is boron dope, and N-
type is phosphorous dope. Adjustment and measurement of
concentrations of inclusions (oxygen and the like) are

20 performed according to a normal known method.
[0069]

[Table 1]



of an OPP into <110> direction and <100> direction, and (A BMD obl at eness
was determined) a ratio of signal 5 intensities obtained by both the
" measurenents. More specifically, a relationship between the ratio of the
signal intensities and the BMD obl at enes® was exam ned in advance, and a
obl at eness was cal cul ated fromthe ratio of the signal intensities.
Measurenment was al so perforned by 10 a TEM At this tine, the obl ateness
was neasured and cal cuI ated froma mcroscopic i nage viewed from[001]
di rection. TSI TS, c M S NANE  OREET[B.Hed] ON[ WaS .o, PET QEed. Al
| east 10 B i Moeac Ig ndtBe [Sapl es yefzeonsneds wteth,/ c afdank /Ot @&rare e
obl at enesses| were averaged td Ddecal cylmt e an |[aver age ‘pbllat eneqsycdif ' as®
det erm ned et her ge obl at gnesses gxceeded [. 5. [0072?Jlgr( 2) BMD

Si ze and Concentrati ¢n: Sizes| and conpcentratijons wer e} obtai ned erature
measuring a [portion ' 0 a depth of |esg than 20 pm fromija; ggqggn@ce
| ayer by usijng an OPP and neagsuring ajportion [having a depth of pm or
nore by usipg—a—FEM S-efv-at--o—-estH-t-s—ef—+he—BMD: ety —tH
fol | owi ng e ftgAe1] |and@08)  lcond®nt r ht1.3Ek15 o 9 7mp1h§551§“m a 52
predet er m nedEsize gwre 208 cul at 8. 2% WGEtHe |c8@EHI{r fitd. Bhat 18 BMDs 5@ach
havi ng the pre;daaﬁlergn nedpes! ze, aQ averpge+ysl(ue 3E+1t7h| eesperg ijons &2 a
predet erm ne RS Was, s edr 34510 ’.’TSQE-HS IVE g_%fﬁﬁe 1t4 154 By g4SI ng
an ODP ava|| Example 5 T I_z\lﬁ TNT reCToT0 IiiEﬁ-f‘s Ol ' %.‘_17“ c‘éft 1y5 ot lﬁu Uy
S&Tn%“l':‘f“ 200 P 1.3E+15 | 9.2E+17 | 15E+15 23
Samples 200 N 1.9E+15 | 9.3E+17 | 2.6E+15 23
cxanpies© 200 P 3.3E+15 | 8.6E+17 1.0E+16 23
oanpled 200 P 14E+15 | 9.0E+17 | 3.5E+15 23
s 200 P 1.4E+15 [ 8.7E+17 | 3.3E+15 23
canpib 200 P 3.2E+15 | 8.6E+17 | 1.3E+16 23

Manufacturing Conditions of Manufactured Wafers, and
Concentrations in Substrates
[0070]
5 (Measurement and Evaluation of Annealed Wafer)
Each annealed wafer obtained under the manufacturing
conditions was measured and evaluated in the following (1),
(2), (3), and (4). TEM samples of samples used in
measurements of (1) and (2) was obtained as follows. That
10 is, the wafers were polished by a precision polisher to
predetermined depths (50 um, 100 um, and 300 um), and the
samples were obtained from a center portion of the wafer
and a portion distanced from an edge by 10 mm. An OPP was
set such that a focus is set to predetermined depths (5 pm
15 and 15 pm from a surface layer) of the wafers and
predetermined positions (center, and 10 mm from edge).

[0071]



perform ng signal processing electrically to a phase 5 difference of

- transmtting | asers caused by BMDs was neasured. As neasurenent range in a
direction of depth, a range in a depthgf 5 pmfromthe setting was used.
More specifically, when a focus was set at a position in a depth of 5 pm
froma surface, a range froma depth of O pmto 10 10 pm was neasured. Wen
the focus was set at a position in a depth of 15 pmfromthe surface, a

f d 1 t 0 d. ' ti f BMDs
wae per for med abit obPERET L ARa o ot B SARRShab oS RAGWAC SR EEES5r e
nmeasured by_an gPPl and_a_correction cur¥e of _15.the signal lgte §g£ies and
BMD sizes Was for nbd W%%Suﬁ%?r %f?%nw%ﬁ %echP?l%% Qed ?Pbga Belowl [ 0074]

BVD di agonal¢ | gngbhy (1) haying ap.oct aliedron shape 5 183;x. (OBRysignal)
Si ze arcul at e

0,43 20 By using e correction curve S weré " C from

si gnal inteﬂﬁ-té@f?§é§e§§|?Qéa&éegrﬂiné fn%5£§€§o gfgggggazignal removi ng

process (K. kai~ Revi ew o Screntitic trunents, 9 (1998) pp.

3283) was petfos {eds s Agel peLliof 588§ht£${étx¥e¥‘@§réﬁ&n£9.a Bareensitivity
I yengt of 80 i

at which a BMD having a di agona nm or nore could be

measur ed. [8048] £ BSa12), Mpassi £PBOLsRYp TEM wEEQM Be ML §F PSCOPI EnkMagE
obt ai ned by neasurenent, a concentration of BMDs each having a

predet er m negdyshzei Mesn §at cut atgd. tHEepMposE LAt EALEONWHBSGaheHbat ed from
t he nunber of BMDs
advance, and a oblateness was calculated from the ratio of
the signal intensities. Measurement was also performed by
10 a TEM. At this time, the oblateness was measured and
calculated from a microscopic image viewed from [001]
direction. From these results, BMD shape determination was
performed. At least 10 BMDs in each of the samples were
measured, and all obtained oblatenesses were averaged to
15 calculate an average oblateness. It was determined whether
the average oblatenesses exceeded 1.5.
[0072]
(2) BMD Size and Concentration: Sizes and
concentrations were obtained by measuring a portion having
20 a depth of less than 20 uym from a surface layer by using an
OPP and measuring a portion having a depth of 50 um or more
by using a TEM. From observation results of the BMDs
obtained by the following methods 1) and 2), concentrations
of BMDs each having a predetermined size were calculated.
25 As the concentration of BMDs each having the predetermined

size, an average value at three portions at a predetermined

depth was used.



5 observed in a field of view and a volune of a sanple corresponding to an
- Observed region. [0076] (3) N trogen Concentration of Anneal ed Wafer A
sanpl e was extracted from an anneal ed wafser and 10 polished by 20 pmto
remove a nitrogen outward diffusion |ayer on the surface. Thereafter, a
nitrogen concentration was nmeasured. [0077] Slip Length of Anneal ed Wafer
and Warpage Resistance 15 Evaluation A heat treatnent (to be referred to
as a "pseudﬁ agvice process heat treatnent” hereinafter) described in the
foll ow ng ( 90 13 performed to an anneal ed wafer. \Warpages of the anneal ed

f bef th do devi 20 heat t t t th
bacuto. devi ce. pr bhdRSs S HEGITT AT faRL wiF o eBE LT od By BT OORBLyAF FaRI o
f NI DEK ti t 0. cal cul at ' [ =
af ter heat HaSf nbnt ™o haY bage bef bYR- heht - tPont Kery = A" affieal ed waf er
ft th i ce. . 25 b b X-
Fopogr aph, SR SR MY SRR P e T SRgH HECbA OBy vER SIPHE Say dofined”

as 2 L¥lcalevabue. 30 (Aladeal. Trgal ouots uskig Bapohalype bea Treat ment

Furnace ( urnace tenperature at and IS

| nser ted | hi0asheeur nagendddl remdhit dadL eTRCS AN ECRL 0BODE §0B RO g nut es

in an 5 oxygen gas atnosphere, and then é&xtract the wafer at 90
range in a depth of 15 pm from the setting was used. More

specifically, when a focus was set at a position in a depth
of 5 um from a surface, a range from a depth of 0 pm to 10

10 pm was measured. When the focus was set at a position in a
depth of 15 pm from the surface, a range from a depth 10 pm
to 20 pm was measured. In size correction of BMDs was
performed as follows. That is, BMDs each having known
sizes were measured by an OPP, and a correction curve of

15 the signal intensities and BMD sizes was formed. The
correction curve will be described below.
[0074]

BMD diagonal length (nm) having an octahedron shape =

153 x (OPP signal)o'43

20 By using the correction curve, BMD sizes were
calculated from signal intensities. In calculation of the
sizes, a ghost signal removing process (K. Nakai Review of
Scientific Instruments, vol. 69 (1998) pp. 3283) was
performed. A detection sensitivity was set to a

25 sensitivity at which a BMD having a diagonal length of 80
nm or more could be measured.

[0075]



[0078] (Measurenent Results and Eval uation Results of Annealed Wafers) In
- Table 2, as exanples and conparative exanples, with 10 respect to anneal ed
waf ers manufactured under the manufactyging conditions shown in Table 1,
measured concentrations of BMDs each having a predeterm ned size and
slips and anmounts of warpage occurring in the pseudo device process heat
treatnent are |isted. The wafer nmanufactured 15 under any of the conditions
has a BMD aver age obl ateness was 1.5 or |ess. {007%1 e
............... ) Mepieratens LY T kPR @ RIGFRSCePEnsinaget7i o Mt
N P. clL) Qﬁg?'0D4ﬂtC)t~ d~m3 3 -'" COr, tl. N Cm o%ébt)i tc'i O p, Q
mto O ac) FEHINEN T WIFNAFTERF N N FPRFHGI S T 48 13IDS 1e3e ¢ € vy A
Wil wcyll CL 011 LUWWWW&EONNOOqC QCOCO,f;}(l) CV C5 Np3 MN
' avjyng a predetermined size was calculated. e
cv cv C'] st
concentration was calculated from the number of BMDs
5 observed in a field of view and a volume of a sample
corresponding to an observed region.
[0076]
(3) Nitrogen Concentration of Annealed Wafer
A sample was extracted from an annealed wafer and
10 polished by 20 pm to remove a nitrogen outward diffusion
layer on the surface. Thereafter, a nitrogen concentration
was measured.
[0077]
Slip Length of Annealed Wafer and Warpage Resistance
15 Evaluation
A heat treatment (to be referred to as a "pseudo
device process heat treatment”" hereinafter) described in
the following (4) was performed to an annealed wafer.
Warpages of the annealed wafer before the pseudo device
20 process heat treatment and after the pseudo device process
heat treatment were measured by FT-90A available from NIDEK
corporation to calculate an increase in warpage = warpage
after heat treatment - warpage before heat treatment. An
annealed wafer after the pseudo device process heat
25 treatment was observed by an X-ray topograph, and a maximum

length of lengths of observed slips was defined as a

typical value.
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in M, it) P%? Iéllao Ac%u g t0 émg gagure at 900°C, and a wafer is

inserted into the furnace
(IT): Holds a temperature at 900°C for 30 minutes in an
5 oxygen gas atmosphere, and then extract the wafer at 900°
[0078]
(Measurement Results and Evaluation Results of
Annealed Wafers)
In Table 2, as examples and comparative examples, with
10 respect to annealed wafers manufactured under the
manufacturing conditions shown in Table 1, measured
concentrations of BMDs each having a predetermined size and
slips and amounts of warpage occurring in the pseudo device
process heat treatment are listed. The wafer manufactured
15 under any of the conditions has a BMD average oblateness
was 1.5 or less.
[OO79]FMM

ﬂTable 2]
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in Table 2 is a concentration of BMDs each having a size of 200 nm or

nore, and an "inside bul k" of the BVMD 5 concentration nmeans a concentration
of BMDs each having a size of 10 nmor 3gpre to 50 nmor less. A value of a
concentration of the "surface layer” is a sumof concentrations neasured
at a depth of 5 pmand a depth of 15 pm 10 According to these results,
the followi ngs were obtained. (i) A surface |layer of a BMD concentration
is 2 X 109/fﬁ§ ?r | ess, an inside bulk of the BMD concentration is 1 x
1012/ cnB or ?% For this reason, a slip Iength is 10 mm or Iess and an
anount of war pag

concentration off%n§%5%2 %gésﬁgfe?uﬁgﬁgﬁ fﬁY? n?fr%g%&bmégﬁggb %Srent
froma ”'trfgeﬁg?fgnﬁeférétéﬁﬁ%QE€§££§9n'8§ B%@Q %gﬁeha$£§¢) 5%&9% 8?her

war pages of ype and an ype wer er ent om 2aé

(iv) The s ﬂ@oe$$38£5m¥§§ E?Q&aéged D; he, di hdﬁg pbgatgqpreatnments and the

batch heat treatnent ven in wafers in nltrogen oxygen, and

carbon sconcential FonSeh atbbs! Lol ENRES: $8HPor | BMDLCEREN 2hULSng28 heal
treatnments were changed, a slip characteristic or a warpage ¢ aracteristic

could be sabiséied. 1¢bM@vsf,m@9éhtot®@ fhabACt 855 Sti gSygeyLbdopoh be
satisfied. 39 CLAIMS 1. A silicon wafer having BMDs each having an
oct ahedron cshadgrrshasactertged snrthat BMasreach af swhieh is |ocated
concentrations measured at a depth of 5 pm and a depth of
15 pm.
10 According to these results, the followings were obtained.
(i) A surface layer of a BMD concentration is 2 x 10°/cm?
or less, an inside bulk of the BMD concentration is 1 x
10'?/cm® or more. For this reason, a slip length is 10 mm
or less, and an amount of warpage is suppressed to 10 pm or
15 less.
(ii1) A nitrogen concentration of an annealed wafer added
with nitrogen was not different from a nitrogen
concentration measured in a substrate.
(iii) Slips and warpages of a P-type and an N-type were not
20 different from each other.
(iv) The same effects were obtained in the divided heat
treatments and the batch heat treatment.
(v) Even in wafers in which nitrogen, oxygen, and carbon
concentrations in a substrate were same, low-temperature
25 heat treatments were changed, a slip characteristic or a
warpage characteristic could be satisfied. However, both

the characteristics could not be satisfied.



5 at a position shallower than the silicon wafer surface by a depth of 20
pmor | ess and has a diagonal |Iength of 200 nm or nore has a concentration
of not less than 2 x 109/cnB, and BMDs ®gach of which is located at a
position having a depth of nore than 50 pm and has a diagonal |ength of 10
nm 10 or nore to 50 nmor |ess have a concentration of 1 x 1012/cnB or
nore. 2. The nmethod of manufacturing silicon wafer according to claiml,
characterized in that 15 a nitrogen cggﬁﬁﬁ%gation of a substrate is 5 x
1019 atons/cnB or nore to 1 x 1016 at nB or |less, a carbon
concentration is 1 x 1015 atons/cnB8 or nore to 3 x 1016 atons/cnB or |ess,
a heat treatnent including: 20 (A) a |lowtenperature heat treatnent step of

performng a Ae%{ff%ﬁ?’\% 5% %3@?9?@ @ﬁb‘éeeéé‘ﬁgﬁagi <g59§ oftaflBhfo 5OC or

| ess for a reqU|r m nu nore to urs or ess

furthermores g, feat éf&@{é?g%%éic"hiﬁhtﬁé‘t SEMDE ezéhtsmﬁ%wgs' fo?ated

tenperature r ge O at a tenperature ralising rate

0.5C m But 63014 r?é@l%?on 2G M DY Er O{héﬁ‘séhe4911£g%naw£PQPe§é‘£f'£§efBﬂz' hkng

and extracting s decreasing a tenperature furnace at a

tenperaturedeﬁgﬁlépgzgaﬁ@ Of 1L 8 anhen9s 08 Eakond P Bhgthecerobgsam af ter
the heat raising step and extracting the substrate 5 out of the furnace

when the tespefgtelrRadfatbonéshiPaseidbs oBOREE 018Brentn 75QCI0t/deSs to
cool the substrate to a
and BMDs each of which is located at a position having a
depth of more than 50 um and has a diagonal length of 10 nm

10 or more to 50 nm or less have a concentration of 1 x

10%/cm® or more.

2. The method of manufacturing silicon wafer according to
claim 1, characterized in that

15 a nitrogen concentration of a substrate is 5 x 10
atoms/cm® or more to 1 x 10 atoms/cm® or less, a carbon
concentration is 1 x 10*® atoms/cm® or more to 3 x 10%
atoms/cm® or less,

a heat treatment including:

20 (A) a low-temperature heat treatment step of
performing a heat treatment in a temperature range of 650°C
or more 750°C or less for a required time of 30 minutes or
more to 5 hours or less;

(B) furthermore, a heat treatment which raises a

25 temperature in a temperature range of up to 850°C at a

temperature raising rate of 0.5°C/minute or more to

2°C/minute or less;



roomtenperature; and (D) a high-tenperature heat treatnment which sets the
tenperature of the furnace to 600C or nore to 750C or 10 less after the
tenperature falling and extracting step,g nserts the substrate into the
furnace, raising the tenperature of the furnace in a tenperature range of
|l ess than 1100C at a tenperature raising rate of 5Cmnute or nore to
10C/ mnute or less, raises the tenperature in a 15 tenperature range of
1100C or nore to 50C or | ess at enperature raising rate of 1C/ mnute
or nore to 2C7nf%ﬁt% B?m?%€§Fu5%dgﬁ%iﬂggtﬂ% t%ﬁE@?%Fh?& aFeRoﬁ%c or nore

to 1250C or less_ to naketa diffysion eng%h of inter- Jattice oxygen 50 pm
or nore is %%$¥%?%%%g 20-F"PTha" et hdt 3f - HaRdFact r?nteTR%rgFPf%on waf er

cceording 10,6l alin Lo shatasierl s o ol 2 ) Liopsnqensents iy of 2

substrate is or nore or T'ess, a

carbon 25 g??&?”%ﬁéthggti?a%sf%%g%é? E?ﬂ%lgggr§§t5§é§tggl§u§?%9§§e

atons/cnB or Teéss, a heaf freat i NQ: oW t enpérat ure

heat treat ngnt éfePthflﬁ’fv‘ﬁiQiE”&zl@%é‘;ﬂ?@%e&%&%@ﬁ?& L ?h%egggﬁgggrgsrange

of 650C or nore to 750C or [ess arequiredtine o O mnutes or nore
to 5 hours ghodess mABtd Urddrer BRr €es8 heakcbneahrerlpdiGh o &ises a

tenperature in a tenperature range of up to 850C at a tenperature raising
rate of 0. 5£8mNUERpOF 2 FREE; t Ond
(D) a high-temperature heat treatment which sets the

temperature of the furnace to 600°C or more to 750°C or

10 less after the temperature falling and extracting step,
inserts the substrate into the furnace, raising the
temperature of the furnace in a temperature range of less
than 1100°C at a temperature raising rate of 5°C/minute or
more to 10°C/minute or less, raises the temperature in a

15 temperature range of 1100°C or more to 1250°C or less at a
temperature raising rate of 1°C/minute or more to
2°C/minute or less, and holds the temperature at 1000°C or
more to 1250°C or less to make a diffusion length of inter-
lattice oxygen 50 pm or more is performed.

20
3. The method of manufacturing the silicon wafer
according to claim 1, characterized in that

a nitrogen concentration of a substrate is 5 x 10

atoms/cm® or more to 1 x 10'® atoms/cm® or less, a carbon

25 concentration is 1 x 10*® atoms/cm® or more to 3 x 10'°

atoms/cm® or less,

a heat treatment including:



2C mnute or less; and (C) furthernore, a high-tenperature heat treatnent
in 10 which a heat raising process up to less than 1100C is perforned at
a tenperature raising rate of 5C mnuteyar nore to 10C/ mnute or |ess and
in a tenperature range of 1100C or nore to 1250C or |less at a tenperature
raising rate of 1C/ mnute or nore to 2C/ mnute or |ess, and the 15
tenperature is held at 1000C or nore to 1250C or less to mnake a diffusion

length of inter-jattlce oxygen 20 P Ofca{™f &L 8nB8L " 9L 0B % ¢
performing a heat treatment in a temperature range of 650°C
or more to 750°C or less for a required time of 30 minutes
or more to 5 hours or less;

5 {(B) furthermore, a heat treatment which raises a
temperature in a temperature range of up to 850°C at a
temperature raising rate of 0.5°C/minute or more to
2°C/minute or less; and

(C) furthermore, a high-temperature heat treatment in
10 which a heat raising process up to less than 1100°C is
performed at a temperature raising rate of 5°C/minute or
more to 10°C/minute or less and in a temperature range of
1100°C or more to 1250°C or less at a temperature raising
rate of 1°C/minute or more to 2°C/minute or less, and the
15 temperature is held at 1000°C or more to 1250°C or less to
make a diffusion length of inter-lattice oxygen 50 pm or

more is performed.



