[Title] Annealed Wafer and Manufacturing Method of Annealed wafer [Field
of the Invention] 5 [0001] The present invention relates to an anneal ed
waf er and a manufacturing nmethod of the anneal ed wafer. [ BACKGROUND OF THE
I NVENTI ON] [0002] 10 Sem conductor substrates, particularly, silicon single
crystal wafers_ (hereinafter, also sinply referred to as "substrates") are
used as sub5tfaebs for fabricating highly-integrated MOS devi ces. Many of
the silicon single crystal wafers are substrates which are obtai ned by
slicing a Asneklé¢dohasenghedclgsubbctngongndatfiadt of elinhyalhe @abehral sk
(CZ) nethod. [0003] In such a silicon single crystal wafer, oxygen

i ntroduced during single crystal production is present in a supersaturated
20 concentration. The oxygen is precipitated in |ater device processing, and

oxygen preeipiigtep i€ fQLORM; LR the substrate. Wien a sufficient anmount
of the oxygen precipitates are present in the substrate, the precipitates

getterﬁbeag¥ gggals, which are introduced during the device processing, in
the substraf® and have an effect of maintaining the substrate surface

which 1 is a device active |ayer clean.
The present invention relates to an annealed wafer and

a manufacturing method of the annealed wafer.
{BACKGROUND OF THE INVENTION]
[0002]

10 Semiconductor substrates, particularly, silicon single
crystal wafers (hereinafter, also simply referred to as
“substrates”) are used as substrates for fabricating
highly-integrated MOS devices. Many of the silicon single
crystal wafers are substrates which are obtained by slicing a

15 silicon single crystal ingot manufactured by the Czochralski
{(CZ) method.

[0003]
In such a silicon single crystal wafer, oxygen introduced
during single crystal production is present in a supersaturated

20 concentration. The oxygen is precipitated in later device
processing, and oxygen precipitates are formed in the substrate.
When a sufficient amount of the oxygen precipitates are present
in the substrate, the precipitates getter heavy metals, which
are introduced during the device processing, in the substrate

25 and have an effect of maintaining the substrate surface which



[ 0004] A technique to which such effect is applied is called intrinsic
gettering (IG and used for preventing 5 characteristics deterioration due
to heavy netal contam nation. Therefore, an appropriate degree of oxygen
precipitation is required to occur during device processing in a silicon
single crystal substrate., [0005] 10 In order to ensure gettering ability,
oxygen preéfpht aBBsCCoRChlFPedaYBENThBE density or nmore have to be present
inthe center in the thickness of a silicon single crystal wafer. As a
result of pé8fdiests, it is known that when 5x108 or nobre oxygen
precipitates per cnB are ensured in the center in the thickness 15 of a
silicon single caysé@hnighertogehi€ni sgchbefréytfos hppyyednetaksiseah as
Fe, Ni, and Cu is provided even in heat treatnment in a |lowtenperature

devi ce prog i ng; LRt rghe e u L | to or less than

1100C. [Ooggf§igglﬁggégggfggss?F?goahgeﬁgggngggtg?egggggggtes obt ai ned by

hi gh-te eggture heat trea nent.(hereinafter, referred to as "annealing")
on

of sili PRIFESEFFELEP Sfer' L Her Bt HEPtEt DoAY ¥ T PG LA A€l ed

wafers") are widely used in fabrication of high-density highly integrated
devi ces. 2Bhf0eb7re?2 #erebpropriptendsongkectr 9syvakrnwatecspwipghonavé not

required to occur during device processing in a silicon single
crystal substrate.
[0005]

10 In order to ensure gettering ability, oxygen precipitates
of a predetermined density or more have to be present in the
center in the thickness of a silicon single crystal wafer. As
a result of past tests, it is known that when 5x10° or more oxygen
precipitates per cm® are ensured in the center in the thickness

15 of a silicon single crystal wafer, gettering ability for heavy
metals such as Fe, Ni, and Cu is provided even in heat treatment
in a low-temperature device processing wherein the highest
temperature is equal to or less than 1100°C.

[0006]

20 Meanwhile, silicon semiconductor substrates obtained by
high-temperature heat treatment (hereinafter, referred to as
“annealing”) of silicon single crystal wafers (hereinafter,
referred to as “annealed wafers”) are widely used in fabrication
of high-density highly integrated devices.

25 [0007]



under gone annealing before delivery are referred to as "mrror wafers", and
substrates before undergoing annealing are referred to as "substrates" so
as to distinguish themfromeach 5 other. [0008] It is known that the
anneal ed wafers do not have grown-in defects such as COP (Crystal
Originated Particles) on the substrate surfaces and are good in device
characteristics,H¢peing ekhhpPe, SiRIED ¢Hasea bxydeerat whifhyhave not
characteristics. This is for the reason that the grown-in defects present
bear the sunlistgate surdalciesy dlerfionrle delvaaryhrcredglr rieidghe taenperiatrore
annealing, and, as a result, defect-free layers are fornmed in the regions

within sevgaakrgicronBt eBstreBEEhBesUrEaca8ergddnf0808kalowegvere the
anneal ed wafers are al so known to have inferior gettering characteristics

conpar ed "%gew&i écl‘%{%'%&k%{?&ge%“' 0L s %&%t“i"{{gm‘% E‘H{a.lﬁlaf%c?r& each
deposi ti on. concel vabl e reason for that i1s that,” generally, oxygen 20
precipitation nuclei serving as nuclei of oxygen precipitation vanish due
to anné%liﬂ@h%F'llooc or nore, and therefore oxygen precipitation does not
occur in the device processing thereafter. [0010] 25 As nethods which
conpensat e[P0P8insufficient oxygen 3 precipitation in the anneal ed wafers,
for exanpl e,

It is known that the annealed wafers do not have grown-in

defects such as COP (Crystal Originated Particles) on the
substrate surfaces and are good in device characteristics, for

10 example, in GOI (gate oxide integrity) characteristics. This
is for the reason that the grown-in defects present bear the
substrate surfaces shrink or vanish through high-temperature
annealing, and, as a result, defect-free layers are formed in
the regions within several micrometers from the surfaces.

15 [0009]

However, the annealed wafers are also known to have
inferior gettering characteristics compared with the
thus-described mirror wafers without epitaxial deposition. A
conceivable reason for that is that, generally, oxygen

20 precipitatioﬁ nuclei serving as nuclei of oxygen precipitation
vanish due to annealing of 1100°C or more, and therefore oxygen
precipitation does not occur in the device processing
thereafter.

[0010]

25 As methods which compensate for insufficient oxygen



manuf act uri ng nmet hods of anneal ed wafers using nitrogen-doped substrates as
substrates have been proposed (see Patent Docunents 1 and 2 below). 5
[0011] This is for the reason that, when nitrogen is doped, thermally
stabl e oxygen precipitation nuclei are formed during crystal growth, and

they do not shrink or vanish even during an annealing st t hus, oxygen
preci pi t at BE€G+B1HBREPEL &B Ebeb3§88a6ﬁdsﬁéﬁeéﬁygéﬁrp?éémﬁiﬁat|on nucl ei in
device heat treatnent after annealing. Wien such substrates are used as
subst r at esmanrygenupiegipitedomwiabneeadndead fogs caile nidnogeaddopedl2] 15
However, as the dianeter of recent annealed wafers is increased from200 mn
to 300 nm sabBevateguasepebbtabodt b¥ygebeefr pebpobatii gBeeha@rnaeheri sti cs has
energed. The requirenent is to control the oxygen precipitate density to be

uniformin gcuﬁgﬂ§gr§tgnglgngelggf_reason for that is that, if there is a 20
| ocati on ere the oxygen precipitate density is lowin the substrate

pl ane, f §hi?ﬂ ability at that part becones weak, which leads to

deterio i in device yield. In order to manufacture an anneal ed wafer in

whi ch the oxygen precipitate density is uniformin the plane, growh

condi tions of niThbyehs DBrdbpedresrysrarbBahavehen %étp@@@ﬂséﬁydéﬁﬁﬂrolled

In 4 conventional techniques, the growmh conditions of the nitrogen
thermally stable oxygen precipitation nuclei are formed during

crystal growth, and they do not shrink or vanish even during
an annealing step; thus, oxygen precipitates are generated

10 based on such oxygen precipitation nuclei in device heat
treatment after annealing. When such substrates are used as
substrates, oxygen precipitation after annealing can be
ensured.

[0012]

15 However, as the diameter of recent annealed wafers is
increased from 200 mm to 300 mm, a new requirement about oxygen
precipitation characteristics has emerged. The requirement is
to control the oxygen precipitate density to be uniform in a
substrate plane. The reason for that is that, if there is a

20 location where the oxygen precipitate density is low in the
substrate plane, gettering ability at that part becomes weak,
which leads to deterioration in device yield. In order to
manufacture an annealed wafer in which the oxygen precipitate
density is uniform in the plane, growth conditions of nitrogen

25 doped crystals have to be precisely controlled. 1In



doped crystals are not taken into consideration. Therefore, annealed wafers
manuf act ured by such techni ques cannot solve this problemsince |ocations
where oxygen precipitation 5 densities are | ow are generated in the
substrate plane therein (see Patent Docunents 3 and 4 below). [0013] Al so,
manuf act uri ng nmet hods_of anneal ed wafers in which the oxygen precipitation
densiti es @PBVERFEORATitEHE Pleire theco ¥ Patle mONSd&d e S5 th@ 16 TH8FEW)
Japanese Patent Application Laid-Open (kokai) No. 2003-59932 discloses a

met hod i n dbhpedh ciy & ah$ chré snohetafercrystalcomslildearg tgaraneffées eiforadj ust ed
to within a certain range so that the entire substrate beconmes a speci al

regi on cal hftfle aDe £Gka f €84 Gitan ¥ 56t u d&d ane s dPatterth nlisuARpP ldataidtos ollaied- OQpen
(kokai) No. 2003-243404 discloses a manufacturing nethod in which the

crystal p“gh%@gggéﬁfgﬁtSinXéCﬁoE§t§HHBr§ﬁé?g 59yﬁ§828réc5@999t%@hCh is 0.175

or nore an or |ess. However, In such ne sincte the crystal

pul l'in paraneter V/Gis limted to an extrenely narrow range, control 20
of cryst al IPUFFHGS BECONEY AF FIITUTEat WhientRs SHASCIHN® 6o % RBFEaL)i el d.
Particularly, there are problens that, since the uppernost limt of the
crystal pul$¢agPapeell Pacregntat édandt Aebplp¥i ng speed cannot be
sufficiently increased, and productivity is lowered. 25 [0014] 5 As
descri bed above] it has been difficult to manufacture

Also, manufacturing methods of annealed wafers in which

the oxygen precipitation densities are uniform in the plane

10 (Patent Documents 5 and 6 below). Japanese Patent Application
Laid-Open (kokai) No. 2003-59932 discloses a method in which
V/G which is one of crystal pulling parameters is adjusted to
within a certain range so that the entire substrate becomes a
special region called an OSF region. Also, Japanese Patent

15 Application Laid-Open (kokai) No. 2003-243404 discloses a
manufacturing method in which the crystal pulling parameter V/G
is suppressed to be in a range which is 0.175 or more and 0.225
or less. However, in such methods, since the crystal pulling
parameter V/G is limited to an extremely narrow range, control

20 of crystal pulling becomes difficult, which is a factor of
lowered yield. Particularly, there are problems that, since
the uppermost limit of the crystal pulling speed is regulated,
the pulling speed cannot be sufficiently increased, and
productivity is lowered.

25 [0014]



an anneal ed wafer in which the oxygen precipitate density is high and
oxygen precipitates are uniformy distributed in the substrate plane. 5

[ Patent Docunent 1] Japanese Patent Application Laid-Open (kokai) No.

2000- 26196 [ Patent Document 2] Japanese Patent Application Laid-Open
(kokai) No. 10-98047 |[Patent Docunent 3] 10 Japanese Pat ent Appllcatlon
Lai d- Open (kokaJ§SNEE‘?@66“?8?966'[P5ﬂ5ﬁ%bE@Bu%%ﬁglﬂT Y danesy tpstEse
Application Laid-Open (kokai) No. 10-98047 [Patent Docunment 5] Japanese
Pat ent AppbkhcannealéedideBpeniy kokitl) tNe 200F5PIZZ1ipis JtRatdems ibocdisent 6]
Japanese Patent Application Laid-Open (kokai) No. 2003-243404 [ DI SCLOSURE
OF THE | NVENGh QM4 [RPRBIEMre 2@ i[tRALS] akt hsi for@by efis of i hiee Pries ehte
invention to provide an annealed wafer in which oxygen precipitation after

anneal i ng sh%s%PEEEC#?QEEy hi gh and radial distribution of oxygen
precipitate density Ts uniformand a manufacturing nmethod of 25 the

annealgg M?Eggéng EQE&N?HEC§]SCLVING THE PROBLEM [ 0016]

Japanese Patent Application Laid-Open (kokai) No. 2000-26196
[Patent Document 2]
Japanese Patent Application Laid-Open (kokai) No. 10-98047
[Patent Document 3]
10 Japanese Patent Application Laid-Open (kokai) No. 2000-26196
[Patent Document 4]
Japanese Patent Application Laid-Open (kokai) No. 10-98047
[Patent Document 5]
Japanese Patent Application Laid-Open (kokai) No. 2003-59932
15 [Patent Document 6]

Japanese Patent Application Laid-Open (kokai) No. 2003-243404

[DISCLOSURE OF THE INVENTION]
[PROBLEM]
20 [0015]

It is an object of the present invention to provide an
annealed wafer in which oxygen precipitation after annealing
is sufficiently high and radial distribution of oxygen
precipitate density is uniform and a manufacturing method of

25 the annealed wafer.



The present inventors have carried out extensive studies for the

manuf acturing nmet hod of the anneal ed wafer which is free 5 fromthe above
descri bed probl ens of conventional techniques, wherein oxygen precipitation
after annealing is sufficiently high and the radial distribution of oxygen
precipitate density is uniform As a result, in view of the fact that the
radi al di syeabgt FOR 9bdrvxygenHpr erpprtAties is closely related to 10 defect
regions of the substrate wherein growth conditions of a nitrogen-doped
crystal are g Fe controlled, the present inventors have found out that the
radi al dlstrl ion of oxygen precipitates can be made uniformby optinally

troll t al wt h dit h V/ G W h f the 15
i 11 ogen. doped UISSEAL SR AGEBHBPE At R arBYent L TRASHIS BiF S CPE0TH)

Specifically, the present invention relates to (1) an anneal ed wafer having
a surface @efddrenaprefpayurinadietdxakpidite geneetpAgiadny whychnls figeentire
waf er surface, 20 wherein a m nimum val ue of an oxygen precipitate density
in the 5 anfeahethavafervepbase rii®etxp 08 Las a3y f Moh&enaidnan axygenques,
precipitate density radial distribution variationis 0.5 or less. [0018]

25 The preggdbel AVERFION SO S J?&@%fé‘ntaqftg (a%)ne%l%tgh% fsg'ff%rl"é‘h%‘igu” ng

an anneal ed wafer, conprising annealing a silicon single crystal strate

whi ch doesh“&ﬁ and the radial distribution of oxygen precipitate density

is uniform. As a result, in view of the fact that the radial
distribution of oxygen precipitates is closely related to

10 defect regions of the substrate wherein growth conditions of
a nitrogen-doped crystal are to be controlled, the present
inventors have found out that the radial distribution of oxygen
precipitates can be made uniform by optimally controlling
crystal growth conditions such as V/G upon growth of the

15 nitrogen-doped crystal and accomplished the present invention.
[0017]

Specifically, the present invention relates to
(1) an annealed wafer having a surface defect-free layer and
excellent gettering ability in the entire wafer surface,

20 wherein a minimum value of an oxygen precipitate density in the
annealed wafer plane is 5x10%/cm® or more, and an oxygen
precipitate density radial distribution variation is 0.5 or
less.

(0018]

25 The present invention also relates to



include a V region (region in which volume density of voids having a size
of 50 nmor nore is 1x105/cnB or nore) and an | 5 region (region in which
density of dislocation pits having a size of 1 mor nore is 10/cn2 or nore)
as defect regions, and does not include a region in which the size of voids
is 50 nm to 150 nmand the density of the voids is 109/cnB or nore and

105/ cnB or (hbess. mdéhd DS i NI ihg (e spneSerld Waven, i edmpeliatiay to (3)
the nmethod for manufacturing an anneal ed wafer described in (2), wherein a

Si11,o0n i ngheasrystal o 2,050%0: haLhe, Lol othpgc Lapae, gmr)ﬁa al ngrowt h

condi ti ons at nanu?acturln i Gon S|ng cry stal t he ochralsk
met hod: a V/ G upper |imt valueﬁ%nn12/ i Eﬁ ?
nitrogen coRELhtFati BnF B9t BRs/EREY PRx W }EPlYO H8<a d@? Fowel Vo F value

(mR2/Cmn) is exp (-7 . 1 x 10-16 x nitrogen concentration (atonms/cnB)) X
(VIGcrit BOvimbez esze \Wf S& rpuldy mprepeesd 1T Aem) or Bdrs)a amsamn I
tenperature gradient (Cm) in a crystal growh axial direction froma

mel ting poragide 185@Con (Mt Ghich tddrss it @edilsiiida tianugiafs h¥hv@nwhiach does
not include the | region as a defective region in the silicon single

I
crystal toowhl ol LLogen)scnol Gonse o%%a@s{eayélfmdét”%% 4 5afel eaion

to which excesswe |n erst| ons are Intro

nvertace guring erystal, ar o and.a, 5L opal o0, B 5, snefats%d%m

3 or more and

to 150 nm and the density of the voids is 10*/cm
10°/cm® or less.
10 [0019]
Furthermore, the present invention relates to
(3) the method for manufacturing an annealed wafer described
in (2), wherein a silicon single crystal is grown in the
following range as crystal growth conditions at manufacturing
15 a silicon single crystal by the Czochralski method:
a V/G upper limit value (mm?/°C min) is 1.6 x exp(1.0 x 107%°
x nitrogen concentration (atoms/cm3)) x (V/G)crit and
a V/G lower limit value (mm?/°C min)is exp(~7.1 x 107*®* x nitrogen
concentration (atoms/cm®)) x (V/G)crit
20 (wherein, Vis a pulling speed (mm/min), G is a mean temperature
gradient (°C/mm) in a crystal growth axial direction from a
melting point to 1350°C, (V/G)crit is a lower limit value of
V/G which does not include the I region as a defective region

in the silicon single crystal to which nitrogen is not doped,

25 wherein the I region is a region to which excessive interstitial



a substrate is sliced fromthe nitrogen-doped grown silicon single crystal
in which the nitrogen concentration is Ix1014 5 atons/cnB or nore and
5x1015 atonms/cnmB or |ess and serves as a substrate; and the substrate is
subj ected to heat treatnent at 1150C or nore and 1250C or less for 10

m nutes or nore and two hours or less in a rare gas having an inpurity of 5
ppm or | esstéms ialteai dOr didiie O ifdioz H1§1 Bd-DSPhed & nit B rhicend wni o cde stiallm

t hi ckness after the heat treatnment is suppressed to 2 nmor |ess. (0020]

The present LpvenihQna a&§9168£€£8§ bor (4} LbgepREDQY;for manufacturing an
anneal ed wafer described 15 1n (3), wherein as the crystal grow h

condi tions_at acturi e silicon si e crystal t he ochr al ski
mothod, a RoBFPRE:FAEe: Bf > ??663 52a0beE; B S eRuEbEr REekN°sTERERRT oF
THE INVENTION] [0021] 20 According to the manufacturing nethod of the
present i aveale onrysbalehti vhathsthe coht 5paRh ecenrysen b arhanf aet ixl fig
appar atuses according to the CZ nethod can be used without nodification,
and conpl extomaytattolr Mg eprodessesane onel/ cmpesf draed artdheregfyeas a

hi gh-quality silicon sem conductor 25 substrates can be stably supplied

w thout | aggetyripsreasing 9 the cost. [0022]

the substrate is subjected to heat treatment at 1150°C or more
and 1250°C or less for 10 minutes or more and two hours or less
in a rare gas having an impurity of 5 ppm or less or in a
10 non-oxidizing atmosphere in which an oxide film thickness after
the heat treatment is suppressed to 2 nm or less.
[0020]
The present invention also relates to
(4) the method for manufacturing an annealed wafer described

15 in (3), wherein as the crystal growth conditions at
manufacturing the silicon single crystal by the Czochralski
method, a cooling rate of 1100 to 1000°C is 4°C/minute or more.
[EFFECT OF THE INVENTION]

[0021]

20 According to the manufacturing method of the present
invention, conventional silicon single crystal manufacturing
apparatuses according to the CZ method can be used without
modification, and complex manufacturing processes are not
performed; therefore, high-quality silicon semiconductor

25 substrates can be stably supplied without largely increasing



In addition, according to the present invention, the annealed wafer which
has no ununiformty of oxygen precipitates 5 and is excellent in device
property can be provided. In addition, the anneal ed wafer is an opti nal
substrate for manufacturing a substrate for MOS device which requires high
degree of integration and high reliability. [BEST EMBODI MENTS FOR CARRYI NG

OUT THE | NVBRITFEORF- 10 [0023] Hereinafter, best nodes for car

rying out the

invention wll be described. [0024] At first, a crystal manufacturing
met hod for [@gh2éving 15 oxygen precipitates radial uniformty wll be
described. [0025] The oxygen precipitate density of an anneal ed wafer using

a nitrogen-dopedssuhsd{eten dependsd ongtbe hé regeseneconseaht abhpnthand the
hi gher the nitrogen concentration, the 20 hi gher the oxygen precipitate

densi ty. ThigelBofiola dient R hgﬁnunmﬂegggw%eﬁg%@l 9xYgen

preC|p|tat|on nucl ei are stabl e even at “a er at re are forned
in the substrate, t hey,do not vanish apd re n al so.after annealin
N the S antRAl c8 GEFEILPRC VA CHESKGBaREBPEErBi CabI BR HEGNSReFemal . 25 =

oxygen precipitates are formed in the heat treatnment of the

10 follomnng

devi ce stepddiheonunble ahnepdedxygénrpiecapi eatioal AubFerakki éRTare stable

even at a high tenperature is dependent

manufacturing a substrate for MOS device which requires high

degree of integration and high reliability.
[BEST EMBODIMENTS FOR CARRYING OUT THE INVENTION]

10 [0023]

Hereinafter, best modes for carrying out the invention

will be described.

[0024]

At first, a crystal manufacturing method for achieving

15 oxygen precipitates radial uniformity will be described.

[0025]

The oxygen precipitate density of an annealed wafer using

a nitrogen-doped substrate depends on the nitrogen

concentration; and the higher the nitrogen concentration, the

20 higher the oxygen precipitate density. This is for the reason

25

that, when nitrogen is doped, oxygen precipitation nuclei which
are stable even at a high temperature are formed in the substrate,
and they do not vanish and remain also after annealing. 1In the
annealed wafer in which oxygen precipitation nuclei remain,

oxygen precipitates are formed in the heat treatment of the

10



on the nitrogen concentration. Therefore, when the nitrogen concentration
is increased, the oxygen precipitate density is 5 also increased. Wen the
nitrogen concentration is 5x1019 atons/cnB8 or nore, the oxygen precipitate
density becones 5x108/cnB. Therefore, gettering ability for heavy netals
such as Fe, Ni, and Cu is ensured even in | owtenperature device

processi ngfbgabwingaleeinie whepei NTheerdnighestt tleepenaid eriesipi®@aticaC or

| ess. [0026] As a result of detailed research, the follow ng i ndex was

obt ai ned fgr-1adiai H skl uihoa é%ferpé}fgé?'ﬂi%'heﬁé iRk ESre 13PBELENGRKLY, when
t he oxygen precipitate density is nmeasured I5 in the radial direction of an

anneal ed vafer, . and. when, an, oxygen, . preci Ritale densify 1 adial, dighibut i on
vari ati on éxpressed yg the 1o OW hg expression is nore than 6.§,g8ecrease
in device yield due to jnsufficient gettering becones notable. The K oxygen
preci pi t at €OUEPRFFT+ali BT SIS gﬁev%¥Y%chﬂF%9&P%ﬁP?ﬁaQﬂﬁ§%tﬁ©dsby t he
foll ow ng expression. [0027] Oxygen precipitate density radial distribution
vari ation alexyfeorpasedpi ten demsin it mege muoonva@dnterat txygesn 5Spr@&di pitate
density m ni num val ue) /oxygen precipitate density 25 maxinmum value 11 Wen
the oxygenape@s)y et ade mcweh Al £l Sdky K i}ﬁr&@fﬁﬂat@%néiwtkﬁ@é@m@i an

anneal ed wafer, wherein a nitrogen-dope
5x10%/cm®. Therefore, gettering ability for heavy metals such
as Fe, Ni, and Cu is ensured even in low-temperature device
processing heat treatment wherein the highest temperature is
10 1100°C or less.
[0026]

As a result of detailed research, the following index was
obtained for radial distribution of oxygen precipitates.
Specifically, when the oxygen precipitate density is measured

15 in the radial direction of an annealed wafer, and when an oxygen
precipitate density radial distribution variation expressed by
the following expression is more than 0.5, decrease in device
yield due to insufficient gettering becomes notable. The
oxygen precipitate density radial distribution variation can

20 be obtained by the following expression.

[0027]

Oxygen precipitate density radial distribution variation
= {oxygen precipitate density maximum value - oxygen
precipitate density minimum value)/oxygen precipitate density

25 maximum value

11



Substrate is used as a substrate, was researched in detail, it was found
out that | ocations where the oxygen precipitate 5 density is |ower than
surroundi ng areas were present. \Wen | ooking at an oxygen precipitate
density profile, that part is depressed |like a valley. Therefore,

herei nafter, such region where the oxygen precipitate density is |ow w ||
be referred to Ween Precepyyari pAeviPleytechrdhel VbatrhBupieri prtati on 10
valley region is present, the oxygen precipitate radial variation degree
beconmes 0. beat mzratm¢ O] ant anasalledndabeit, tdtedreim at he tecagenetoaed
anneal ed wafer using nitrogen-doped crystal, the precipitation valley

region 15s{igsekosel Vs cRfdesBOAH UKk ikt d@hecte 588k8Red Th d®ANS, tikat when
the crystal dianeter is increased to 300 nm controlling defect regions in

the crystal.pl ape, fegopes,dif {beulioqandnibe cradbal dhsteiBytien.af the
oxygen precipitate density al SO beconmes uneven sin & t'he 60 ing rate
during crystal gromh_is 20 different qutside and inside of the crystal.

[0029] Her €FRatt¥érisat PERTdEEER BPRGOERELEI aFFBA BELReBASPRET -ni ¥idgen
concentration and V/G and defective regions in a substrate, how the

preci pi t at €oghihgytr egi orygentree aimiad eel 2B sidfyeprp§idel atedt tratthe sdef ect
region of the substrate will be 12 described. [0030]
depressed like a valley. Therefore, hereinafter, such region
where the oxygen precipitate density is low will be referred
to as a precipitation valley region. When the precipitation
10 valley region is present, the oxygen precipitate radial
variation degree becomes 0.5 or more.
[0028]
It was found out that, in the case of an annealed wafer
using nitrogen-doped crystal, the precipitation valley region
15 is closely corresponding to a defect region. This means that
when the crystal diameter is increased to 300 mm, controlling
defect regions in the crystal plane becomes difficult, and the
radial distribution of the oxygen precipitate density also
becomes uneven since the cooling rate during crystal growth is
20 different outside and inside of the crystal.
[0029]
Hereinafter, after describing the relation between the
nitrogen concentration and V/G and defective regions in a

substrate, how the precipitate valley region of the annealed

25 wafer is related to the defect region of the substrate will be

12



Figs. 1(a) and 1(b) are explanatory drawi ngs for explaining the relation
bet ween defect regions and a nitrogen 5 concentration in a silicon ingot
which is pulled in accordance with the Czochral ski (CZ) method. Fig. 1 (a)
is a graph showing the relation between the defect regions which are
present in _ a substrate used as a substrate before annealing and nitrogen
concent r at P6RCTaRE89Fi g. 1(b) is a schematic draw ng showing the 10 def ect
regions and nitrogen concentration distribution in the silicon crystal

i ngot 200 dOPBAG pul ling. [0031] In the CZ nmethod, as is publicly known, the
single crystal ingot 200 is grown while it is gradually pulled up from
molten 15 silicphng01]1 (Aheandi b (B) subst eapeanbtarpedrhyisbiscifeg t he i ngot
200, as shown in Fig. 1(a), three types of defect regions (V region, OSF

region, a”@x?l%?ﬁh%)tﬁéer&fa?@%ﬁ bd Q32 gLhecY FEgQAsi $n@ 4 €GItQ1ded Whi ch

excessi ve vacancies are 20 introduced froma solid-liquid interface during
crystal _growh, _and.voids forned by, a eqgations of .the atom c vacancies
are priscREnrRBE &P ofoDsd] SHie OB PRGE O AL A or Byt bR H' AN AR s
generated when 25 a silicon single crystal wafer is subjected to oxidation
heat 13 tFé&hndr Czaehdiad skihéCobmehefl sktiigkel §2 hdld AP FaRM SheAlingg  a
di aneter of about several m wherein oxygen precipitates (OSF

the relation between the defect regions which are present in

a substrate used as a substrate before annealing and nitrogen
concentration, and Fig. 1(b) is a schematic drawing showing the
10 defect regions and nitrogen concentration distribution in the
silicon crystal ingot 200 during pulling.
[0031]
In the CZ method, as is publicly known, the single crystal
ingot 200 is grown while it is gradually pulled up from molten
15 silicon 201. Then, in a substrate obtained by slicing the ingot
200, as shown in Fig. 1(a), three types of defect regions (V
region, OSF region, and I region) are present.
[0032]
The V region is a region to which excessive vacancies are
20 introduced froma solid-liquid interface duringcrystal growth,
and voids formed by aggregations of the atomic vacancies are
present therein.
[0033]
The OSF region is a region in which OSF is generated when

25 a silicon single crystal wafer is subjected to oxidation heat
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nuclei) are present at the center thereof. The OSF is forned when
interstitial atons, which are generated froman oxide 5 filmsilicon

i nterface when oxidation heat treatnment is carried out, aggregate around
the OSF nuclei. The OSF nuclei are, anbng oxygen precipitates, particular
oxygen precipitates that have property of collecting interstitial atons,
and it is cesaehweabl.e Hbaéihheyhanaral § eddk{Irigeept abRihbef substhatimqgat 10
the point imediately after crystal growth. Since the size of the OSF

nuclei is ST lnd coneal ablY <ML B Ji889): 0 oLEX foc ité‘?égcgv%dfmared

exi sting evaluation methods such as foreign asu nment an

t onogr aphy. Therefore, the resence of .the b for he
Frot ) Mo nHAaR T 18F SR RTTBh Todt s FRRtFent TEEoBrr | CoE QOtT ToOSA

region is a region to which excessive |nterst|t|al atons are |ntroduced
from the s¥he8- ingardtisterds aéengur Whg Chcayst gengraner, famm d@inswdals on

| oops forned by gathering of 20 the interstitial atons are present therein.
In the § régilorisilaxypgempedqe vathakida tnain headiting aooent; 1 arrefiede, in
an anneal ed wafer using a substrate containing an | region, a region where

the OXygenoBEe(‘dg\flaxtegjaec&"é%hhﬁ #1%e bAW A aener @’%%%SFE%Q:%@l &Pe AGERd Ng to
conventi onal defective regions 14 of a substrate is determ ned

by, Che ni'tLogennconeertiatlon, A, Syokab,gLent b eongi 1Lens HahGue

property of collecting interstitial atoms, and it is
conceivable that they are already present in the substrate at
10 the point immediately after crystal growth. Since the size of
the OSF nuclei is small (conceivably, 10 nm or less), they are
not detected by existing evaluation methods such as foreign
matter measurement and infrared tomography. Therefore, the
presence of the OSF can be confirmed for the first time when
15 oxidation heat treatment is carried out.
[0034]

The I region is a region to which excessive interstitial
atoms are introduced from the solid-liquid interface during
crystal growth, and dislocation loops formed by gathering of

20 the interstitial atoms are present therein. In the I region,
oxygen precipitation do not readily occur; therefore, in an
annealed wafer using a substrate containing an I region, a
region where the oxygen precipitate density is low is generated.
[0035]

25 According to conventional knowledge, defective regions
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(mimn), G nmean tenperature gradient in crystal growh axis direction
froma nelting point to 1350C (C/mm ) (V. V. Voronkov, 5 K Crystal G ow h,
59 (1982) 625, and M lida, W Kusaki, M Tamatsuka, E. lino, M Kinura and
S. Muraoka, Defect in Silicon, ed. T. Abe, W M Bullisetal (ECS.,
Pennington N. J., 1999) 499) . [0036] In the case of a substrate sliced
from si ngl efss lsutet rall® d¢sydéatrindnaliph thiet nDgeoges dwicaoped; iohemdV/ G i s

| arger than a particular value, atom c vacancies are excessively

i ntroducedcy @EgltB?oythegbﬁﬂlQﬁoh@eo@SE/CeghﬁgrbinfOW”E u1n ithe splehst rate.
Wen VIGis smaller thanapartrcu ar value, interstitial atons are

excessi vel y i ;tnr og g and trrrne eIrare on 'a? f%rtrred |]r1 t.he 151:05W strate.
Meanwhi | e, 68 f FEet'S TR HATIHE §F2PRe af‘orﬁcyv% i es an
interstiti aI atons introduced froma solid-liquid i nterface. Therefore, the
def ective dégeohsonffram substriateprointdd 1BoATRI(TE ogrh) ddped. Sorcadevsi ngl e
crystal can be shown in a two-dinensional defective region map wherein 20
the nitfog&n CopsealraroenhandoVi®a2e 625 viawgl ab. tliclagxds a&ssashiowi.i n
Fig.l(a). [0037] As shown in Fig. 1(a), one nitrogen-doped-crystal ingot

has a certekfawsdkh, im, t['ilﬁoml\ﬁrﬁgﬁlﬂrﬁoé‘&?@t Nt Lok 2N deVeerang sid3 hown by a
rectangul ar region (referred to as "growth condition 15 region") in "t he

nirogen cgnoant fatl on- ! G AWM, TEES. | SerQhddlf §53°0Mm 408 43§ Shown

in Fig. Iovver

[0036]
In the case of a substrate sliced from single silicon
10 crystal to which nitrogen is not doped, when V/G is larger than
aparticular value, atomic vacancies are excessively introduced,
and the V region or the OSF region is formed in the substrate.
When V/G is smaller than a particular value, interstitial atoms
are excessively introduced, and the I region is formed in the
15 substrate. Meanwhile, nitrogen affects the amount of the
atomic vacancies and interstitial atoms introduced from a
solid-liquid interface. Therefore, the defective regions of
a substrate sliced from nitrogen-doped silicon single crystal
can be shown in a two-dimensional defective region map wherein
20 the nitrogen concentration and V/G are serving as two axes as
shown in Fig.l(a).
[0037]
As shown in Fig. 1l(a), one nitrogen-doped-crystal ingot
has a certain width in the nitrogen concentration and V/G and

25 shown by a rectangular region (referred to as “growth condition
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in the ingot 200 of the nitrogen-doped crystal, the higher the nitrogen
concentration, and V/Gis lowin the crystal outer 5 periphery portion
conpared with the center portion. [0038] N trogen addition to a CZ-silicon
single crystal is carried out by use of a nitrogen-doped nelt; however, it
is knowmn that the percentage (segregation coefficient) of the nitrogen 10
concentr at iregion¢or por ahednftongeéhecorténtvat henevVyStdlagpan. skiigiifs cation
is very snmall. Therefore, nost of the nitrogen in the nmelt renmains in the

melt, and tthe dhé r%brﬁ;w}fﬁﬂt Bat 5ABwni 1n tAiey mal(b)i, sthBcIeAsetL s st al
growth progr esses. result, the nitrogen concentratl on becorres high in

t he | ower %?\C?k%tm 1ft)fzotohgf y%%aftrgﬁqu‘g&é gx c&g‘%tgﬁantBS t{z] tl i ng

gradient G he crys gr owt Irection’from

point to 1350C degends on cr)éstal cool [ n% power;  however, G.is Iar%é

the crystaPloGPEFpEPPEREIFEPTPOFYi GRY IV Ficd St REWCAPSERE GEVST adeAUsRer al
portion is generally readily 20 cooled. As a result, VIGis Iovver in the
cryst al 5 oureripperiypherah opocompared03eh Mhencenéemap@etdbngrommh
conditions of one nitrogen-doped crystal ingot is overlapped with the

t wo- di mensijgngbjdefective 25 region map wherein the nitrogen concentration
and V/ G are 16 serving as two axes, the defective regions of the crystal can

be described. Foy;£x8gRheaahDeofi’ ¥8t @l cOLs91OWEN GORGhLI 8BSstal is

carried out by use of a nitrogen-dopedmelt; however, it is known
that the percentage (segregation coefficient) of the nitrogen
10 concentration incorporated from the melt to the crystal upon
solidification is very small. Therefore, most of the nitrogen
in the melt remains in the melt, and the nitrogen concentration
in the melt is increased as crystal growth progresses. As a
result, the nitrogen concentration becomes high in the lower
15 portion of the crystal. Meanwhile, the mean temperature
gradient G (°C/mm) in the crystal growth axis direction from
the melting point to 1350°C depends on crystal cooling power;
however, G is larger in the crystal outer peripheral portion
since the crystal outer peripheral portion is generally readily
20 cooled. As a result, V/G is lower in the crystal outer
peripheral portion.
[0039]
When the range of growth conditions of one nitrogen-doped
crystal ingot is overlapped with the two-dimensional defective

25 region map wherein the nitrogen concentration and V/G are
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range shown in Fig. 1 (a) , the Vregion is present in the crystal center
side, and the OSF region is present in the crystal outer 5 peripheral
portion. When the nitrogen concentration range is fixed, and V/IGis
increased, the void region is spread over the entire substrate surface.
When V/Gis reduced, the void region shrinks to the substrate center, and

the | regi earivingphcatvovetes | therlkkifleetiwdstegti ensusfaciee et AN Gars
fixed, and the 10 nitrogen concentration is increased, the OSF region is

generated LpograprPYEET PESE RN POME QN APd: $Pr AL A I ® ol s
substrate surface. [0040] The rel'ation between precipitation valley regions

in an 15 anneal ed waf.er _and defect.regions in.,a substrate re _.researched,
and. s a PESURLS ML vdsF EBur Thtt TDRal - oae CEnba ST ¢ BreyC T 3 by
the precipitation valley region has a close relation wth the defect

regi ons i nCeRESEUHELS atdad tgﬁe‘éfﬁ?ir@:ﬂﬂ%ﬂ 18 preYep: it £BA ¢AYs eyl rdgicdn of
the anneal ed 20 wafer is generated in the |location corresponding to the V

regi on Sbopedapyiecehlt hbersiubst r dilesn ah@d hherpgghomonsestirghi by expanded to
the V region side and the OSF region side. [0042] Fig. 2(a) is a graph

showi ng the;kebatdeq et weemd heas28, HiHd 09€R FaRcentiiatbeBaanslyd? Gnd n the
graph, in a gromh 17 condition region 1, the nitrogen concentration is
5x1013 to e:rl'1)t(:}9%451%so@£€g%uarr%%c\é/.6 M)g}l%})é/%svraeldﬁec)ecil,s t%‘e3v<t>9d 2r'e]g;ioinn a
shrinks to the substrate center, and the I region is spread over
the entire substrate surface. When V/G i1s fixed, and the
10 nitrogen concentration is increased, the OSF region is
generated from an outer peripheral portion and spread to the
entire substrate surface.
[0040]
The relation between precipitation valley regions in an
15 annealed wafer and defect regions in a substrate were
researched; and, as a result, it was found out that, as shown
in Fig. 2(a) and 2(b), the precipitation valley region has a
close relation with the defect regions in the substrate.
Specifically, a precipitation valley region of the annealed
20 wafer is generated in the location corresponding to the V region
boundary of the substrate, and the region is slightly expanded
to the V region side and the OSF region side.
[0042]
Fig. 2(a) i1s a graph showing the relation between the

25 nitrogen concentration and V/G. In the graph, in a growth
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grow condition region 2, the nitrogen concentration is 1x1014 to 5x1014
atons/cnB and V/G (relative value) is 1.3 to 2.1; in5 a gromh condition
region 3, the nitrogen concentration is 1x1015 to 5x1015 atons/cnB8 and the
VIG (relative value) is 1 .3 to 2.1; and, in a gromh condition region 4,
the nitrogen concentration is |x1015 to 5x1015 atoms/cnB and V/ G (rel ative
value) is toAdieiod. @eglOn[ A042heFindtr2gkh cdnacahart iSMHOWsNGxAXYYerb
precipitate radial distribution in substrate plane, whether the oxygen

preci pi tat g, gensicyns/SrPA%8L ¥2¢01 r OPLE; fhag, Bxd08f cmB prefot (', eans

it is equal to or nore than 5x108/cnB8 and "X" nmeans 1t I1s less 15 than

5x108/cnB (hereinafter, sane.in sim.lar .drawi ngs)), and__.whether _the;0oxygen
preci pi t at ragnSPPQlféSPa¥e%%%?rftnﬁ?%nPl 5%3%ﬂiégbqg?téﬁﬁéfnf&so}xﬁ ss than
0.5 or not ("O" ans it is equal to or less than 0.5, and "X' neans it is
| ar ger thai© BxEO(hakemadfierand e j(wediafilivar valadi ngs) 3 - 3 AsC shokin it t he
20 chart, when the growth condition region includes the precipitate valley
regi on, 5t ha avopgencpneétt pohategyidensj tthe miadi @femdicshriehtitriaan onar $ akil 617

exceeds 0.5. [0043) In the case of the growmh condition region 4 in Fig. 2

(a) , 25 sbnpe dhe tBhRGidei tald RewBld eYe 1 801 08 via3 oIt 1 s ncluded iin 13,
substrates, the oxygen precipitate density radial distribution variation of

0.5 or les%ncgrbpﬁd@?@o%vﬁdcid_rp%\éﬁ%n '4? Q}rlger{itrogen concentration is
1x10% to 5x10'° atoms/cm® and V/G (relative value) is 1.0 to
0.6.

10 [0042]

Fig. 2(b) is a chart showing oxygen precipitate radial
distribution in substrate plane, whether the oxygen precipitate
density is equal to or more than 5x10%/cm® or not (“O” means
it is equal to or more than 5x10%/cm® and “X” means it is less

15 than 5x10%/cm® (hereinafter, same in similar drawings)), and
whether the oxygen precipitate density radial distribution
variation is equal to or less than 0.5 or not (“*O” means it
is equal to or less than 0.5, and “"X” means it is larger than
0.5 (hereinafter, same in similar drawings)). As shown in the

20 chart, when the growth condition region includes the
precipitate valley region, the oxygen precipitate density
radial distribution variation exceeds 0.5.

[0043]
In the case of the growth condition region 4 in Fig. 2(a),

25 since the precipitation valley region is not included in
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to satisfy these conditions, V/G has to be reduced, in other words, the
crystal pulling speed V has to be reduced. Reducing 5 the crystal pulling
speed Vis not preferred in ternms of manufacturing since productivity is
reduced. [0044] As described above, in conventional manufacturing
conditions, the V/G range which can achieve precipitate density 10 radi al

uni form tyswastextesnet e BRF/GRW, p MK b v@iSe ide@@AYE§Nt £dial RliRMtaGib g .on
Therefore, in order to find manufacturing conditions which can expand the

VG range yhiheeBR BENbeeor PLEELPLLASe ARS] Vel adiply il Ori Wbgdyesear ch
focused on crystal growh paraneters other than the nitrogen concentration
15 and V/ G was _carried out. As a result, it _was fqund out that, setting the
cool i ng rat& 8f fﬁéycg%fﬁl CRRAFLRIPES 1180 B f(ﬁ)g?? r(ftftj‘i‘?'?géq'cr%tozzl%egr owt h
to 4C mnute or nore affects the oxygen recipitate radial distribution.
[0045] 20vPrgs, Brarrawdad(bylaiegeqiethdtony tor Bairrdusent . &gslugiimiang
condi tions for manufacturing anneal ed wafers in which oxygen precipitates
are uni$or mheFcgys86a) pusd langr apkedsWowsngothe re¢katricdn ibetrwears tdfe ni trogen
concentration and VG and Fig. 3(b) is a chart show ng defect

di stributi ﬁ@nu‘ﬁ’ﬁ@%h%&n@stih@:eobké%%‘&cl%%it?i tat ecdgpaigty is equal to or nore
than 5 x 19 108/ cnB orf not, and whether the oxygen precipitate density

radi al varw@bhgT is equal to or less than 0.5 or not. In a shown

As described above, in conventional manufacturing
conditions, the V/G range which can achieve precipitate density

10 radial uniformity was extremely narrow, which was inconvenient
in practice. Therefore, in order to find manufacturing
conditions which can expand the V/G range which can achieve
precipitate density radial uniformity, research focused on
crystal growth parameters other than the nitrogen concentration

15 and V/G was carried out. As a result, it was found out that
setting the cooling rate of the crystal which is 1100°C to 1000°C
during crystal growth to 4°C/minute or more affects the oxygen
precipitate radial distribution.

[(0045]

20 Figs. 3(a) and 3(b) are explanatory drawings for
explaining conditions for manufacturing annealed wafers in
which oxygen precipitates are uniform. Fig. 3(a) is a graph
showing the relation between the nitrogen concentration and V/G,
and Fig. 3(b) is a chart showing defect distribution, whether

25 the oxygen precipitate density is equal to or more than 5 x
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grow h condition region 5, the nitrogen concentration is 1x1014 to 5x1014
atons/cnB and V/G (relative value) is 1.3 to 1.5. 5 Herein, an NF region in
Fig. 3 (a) is a new defective region found between a V region boundary and
an OSF region boundary. This region is found for the first time when the
cooling rate,of the crystal which is at 1100 to 1000C during crgstal growt h
is 4C mi ndPe’/ G RF 0tand i T sedith IV IR AF B HMES TR 18D are not
present. [0046] As is clear fromconparison between Fig. 2 and Fig. 3, when
t he cool i ngaddte ofirpattiystisl eaval t@0or d ekF00Can Y ACHImi MRt €  Ior arsgrain whi | e
t he boundary positions of the OSF region does 15 not change, the boundary of

the V regi gRol$ hShbAd £6i bR dhtf orl gWeindIinti 98GR naREn bé Shr ¥ Cofide 1x1 0
Accordingly, the precipitate valley region is also shifted to the

ow nitroggn sead gL/ Ges! dey fscaiietilive 1aves Toung oulothay the

range of t ni trogen concentration oyed in order 20 to

uni formthe oxygen cipitate radial, distribution_is, .enlarged to th

[ ow-ni 7 0gBR2ATE " HIGNEVIGILTUE™ 184731 nt T R BT Gl CEdih £ PORCP LG 3 and
5 of Fig. 3(a), although the part out of the OSF region is present, the
radi al 25bgityeenbatV otedfomayEtipnedng aat @8Fi segheh drondaee. t Hé iz
precipitation valley region is not included therein. In other words, the
oxygen preekepiibat £s rfadiral fdirstné bt 0N tiidqen®hen the cooling rate of the

crystal which is at 1100 to 1000°C during crystal growth is

4°C/minute or more, and it is a region in which OSF and voids
10 are not present. »

[0046]

As is clear from comparison between Fig. 2 and Fig. 3,
when the cooling rate of a crystal at 1100 to 1000°C is 4°C/minute
or more, while the boundary positions of the OSF region does

15 not change, the boundary of the V region is shifted to the
lower-nitrogen and high-V/G side. Accordingly, the
precipitate valley region is also shifted to the low-nitrogen
and high-V/G side. As a result, it was found out that the range
of the nitrogen concentration and V/G to be employed in order

20 to uniform the oxygen precipitate radial distribution is
enlarged to the low-nitrogen and high-V/G side.

[0047]

In the growth condition regions 3 and 5 of Fig. 3(a),

although the part out of the OSF region is present, the radial

25 distribution of oxygen precipitates is uniform since the
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related to the distribution of the OSF region. In the case of the growth
condition region 5, precipitate radial uniformty 5 can be achieved by a
substrate not including the OSF region. [0048] According to conventional
know edge, for exanple, in Japanese Patent Application Laid-Open (kokai)
No. 2003-59932, the relation between the defect region and oxygen

precipitatgri@igensiciyndvsiIéPutdponas tihsaunssediaretrbyelin.ref@tdtoemi t h
the OSF region. Therefore, there has been nerely the idea that the OSF

region has,heqQe ¢aat BQIyte; ed E)Q%CQ?XQ%@eprr%@' 5 Bht At § chradh@li ondiigt Hfut i on

control. Howevef, as a r his research it has been foun out as

new knowt o8t gl AN L5 ta{r&' Yokl PR UL Y ohh Pt e 2

the precipitate valley region associated with the V region distribution.
[0049] 20tRs dreeshl ¢0Be1BkPANEEDHODBIO 4 R afiiRidgdre davtbentt raddifeymitange to
the lownitrogen side, the nitrogen concentration range is expanded.
Consequént kyn bheaohygeadpbeca psilateratensitt Vi reanudiengvitded YSFomewdldred i n
accordance with requirenents fromdevice users. As a result of expansion of
25 VIGto 56@45 hgh-V/ G side, productivity of silicon single crystal 21 can
be i nproved since the pulling speed V can be further increased.

According to conventional knowledge, for example, in
Japanese Patent Application Laid-Open (kokai) No. 2003-59932,
the relation between the defect region and oxygen precipitate

10 density distribution was discussed merely in relation with the
OSF region. Therefore, there has been merely the idea that the
OSF region has to be controlled for oxygen precipitate radial
distribution control. However, as a result of this research,
it has been found out as new knowledge that what is truly

15 important for controlling the radial distribution of oxygen
precipitates is not the OSF region, but control of the
precipitate valley region associated with the V region
distribution.

[0049]

20 As a result of expansion of the nitrogen concentration
range to the low-nitrogen side, the nitrogen concentration
range 1s expanded. Consequently, the oxygen precipitate
density can be widely controlled in accordance with
requirements from device users. As a result of expansion of

25 V/Gtothe high-V/G side, productivity of silicon single crystal
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[ 0050] The range of V/ G where the oxygen precipitate density 5 radial
distribution variation is equal to or less than 0.5 is between the | ower
boundary of the precipitate valley region and the | region boundary as
shown in Fig. 3(a). Wien various experinmental results are put together, the
above descri bed VG range can be expressed as a function of the nitrogen 10
concentratF&ﬁ.bSpé@PFP8§%I?}npﬁetWFGpﬁﬁééPglﬁﬁﬁ@dvgl&@n(ﬁﬁyﬁErQH%B is 1.6 x
exp(1.0 x 10-15 x nitrogen concentration (atoms/cnB)) x (V@ crit, and the
V/ G | ower Hingireaggdue (mm2/C nin) is exp(-7.1 x 10-16 x nitrogen
concentration (atonms/cnB8)) x (M Qcrit, (wherein (V/Qcrit is the V/IG val ue
of the partfobsogorresponding to the boundary of the V region and the |
region in a silicon single crystal to which nitrogen is not added.) [0051]

The oxygen preci phLatbAger el 9l cdlabELbULLOBL0e. poubsLiaLEAng K0Lg T adial

di stribution of a substrate are in g refation. Figs.

and 4(b) are graphs explaining radial distribution of yoids and i.al
rstri bht | SRC0H BRFGEnDRFSERLTE A BELORI 5 AU 10 2ol SR ChON oy e

rel ati on between the nitrogen concentration and V/G and Fig. 4(b) includes
gr aphs shoRefyerasute doperdepgndasy f theiriec B it Wakdey begige a0fd 50 to
150 nmin respective regions of A, 22 B, and C, neasured in the substrate
radi al direbki anregli@d5Bbundary as shown in Fig. 3(a). When various

experimental results are put together, the above described V/G
range can be expressed as a function of the nitrogen
10 concentration. Specifically, the V/Gupper limit value (mm?/°C
min) is 1.6 x exp(l.0 x 10™*° x nitrogen concentration
(atoms/cm®)) x (V/G)crit, and the V/G lower limit value (mm?/°C
min) is exp(-7.1 x 10716 x nitrogen concentration (atoms/cm®) )
x (V/G)crit, (wherein (V/G)crit is the V/G value of the part
15 corresponding to the boundary of the V region and the I region
in a silicon single crystal to which nitrogen is not added.)
[0051]
The oxygen precipitation radial distribution of a
substrate and void radial distribution of a substrate are in
20 the following relation. Figs. 4(a) and 4(b) are graphs
explaining radial distribution of voids and radial distribution
of oxygen precipitates. Fig. 4(a) is a graph showing the
relation between the nitrogen concentration and V/G, and Fig.
4 (b) includes graphs showing results of densities of voids,
25 which have a size of 50 to 150 nm in respective regions of A,
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In the Aregion in Fig. 4 (a) , the nitrogen concentration is 1x1014
atons/cnB and V/G (relative value) is 1.3 to 2.1; in 5 the B region
therein, the nitrogen concentration is 5x1014 atons/cnB8 and V/IG (rel ative
value) is 1.3 to 2.1; and, inthe Cregion therein, the nitrogen
concentration is 5x1015 atons /CMB and V/G (relative value) is 1.3 to 2.1.

[ 0053] 10BpsasbHo@Gm mratheedr aphshel subasrbéenrbdund dutretchdtont.he
precipitation valley region is the region in which voids having a size of
50 to 150 novpape present in the substrate within the range of the densities
of 104 to 2x105/cnB. Herein, the void size is represented by a di aneter of

2 Sphere. havi ng the RARe, d8oK0l U AS 4105, TEAD MR PLNE Al off N de

the precipitation va ron is the regionin he maxi mum  val ue of
the void size is 150 nm or gnre or the density of the voids having a size
of 50 to 156 hii@Xcebassisndsindd/ Colrsilaéivengappesi pFtht d orP vl diey I egi on
is the region in which the void 20 size is equal to or less than 50 nm or
the voi &8l déhsi Byregibesshetrkan,1@4kcnBtrbgebothntketiraside amsd 5ed0s1 de t he
precipitation valley region, the oxygen precipitate density is larger than

the precipatainsgbmVadd@ew /@i eflad 0254lal 2y The Ir.easen amhy 4t dxy ger
precipitate density of the 23 region in which the voids having a size of 50

to 150 nm are, Prasent b, Uik A8RRbLYL AN0COf - 30 40 139 0RF 8B s AR |

and V/G (relative value) is 1.3 to 2.1.
[0053]

10 As shown in the graphs, it has been found out that the
precipitation valley region is the region in which voids having
a size of 50 to 150 nm are present in the substrate within the
range of the densities of 10? to 2x10°/cm’. Herein, the void
size is represented by a diameter of a sphere having the same

15 volume as the mean volume of the voids. Inside the
precipitation valley region is the region in which the maximum
value of the void size is 150 nm or more, or the density of the
voids having a size of 50 to 150 nm exceeds 2x10°/cm®. Outside
the precipitation valley region is the region in which the void

20 size is equal to or less than 50 nm, or the void density is less
than 10*/cm®. In both the inside and outside the precipitation
valley region, the oxygen precipitate density is larger than
the precipitation valley region.
[0054]

25 The reason why the oxygen precipitate density of the
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surrounding area is not known. The voids are fornmed when atom c vacancies
aggregate in a tenperature zone around 1100C during 5 crystal growt h;
however, the renmmi ning atom ¢ vacanci es not aggregated as voi ds conceivably
serve as nuclei of oxygen precipitates in a |ower tenperature zone (around
1000C) during crystal growth. In the region in which the voids having the
size of 50Tre§iPROIMINAFE ThreEeALsie HNg ¢ &ige of SOned 8RS §TEPIHSEIT- to
2x105/cnB is expected in the state wherein the remaining vacancy

concentr at iianthe deasimgl resigeaedondi‘ngot pxd0herm® nechanildry. tHE55heThe
reason that the precipitation valley region is 15 changed in a substrate

pl ane by i ReEASINAL nYNer&4 YStRbt &PBnNG ThatR ifs 420G dranekPRRENI X omic
concei vably that the radial dist r| bution of the void density is changed by

d | f. 1100 00C. 056 0 Th | h
{enper at ur d256RG 6F 186551 0° 10bGC-PBRTFy5E MO BRI LERE” %Efw%ﬁt °

causes the shift of the precipitation valley region shown in Fig.
concei vabl yr Yp5 1t HE OWEPGWPEEI G - [t@657]ema2511§&pért§§‘tl§r FOEF &G @Ot
vacancies introduced froma 24 solid-liquid interface upon crystal growth

ag?r egat e aggaeganed 2300C1dshercelyeifvabdiyngevdiedas Wherd etihe feropgtasin cool i ng
rate
precipitates in a lower temperature zone (around 1000°C) during
crystal growth. In the region in which the voids having the
size of 50 to 150 nm are present in the range of the density

10  of 10* to2x10°/cm’ is expected in the state wherein the remaining
vacancy concentration is the smallest according to other
mechanisms.

[0055]
The reason that the precipitation valley region is

15 changed in a substrate plane by increasing the crystal cooling
rate of 1100 to 1000°C is conceivably that the radial
distribution of the void density is changed by rapid cooling
of 1100 to 1000°C.

[0056]

20 The crystal cooling rate in the temperature zone of 1100
to 1000°C upon crystal growth in the CZ method causes the shift
of the precipitation valley region shown in Fig. 4 conceivably
for the below reason.

[0057]

25 Supersaturated atomic vacancies introduced from a
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of 1100 to 1000C is high, the tine that the atom c vacancies aggregate is
not sufficient, and the void size becones small. 5 As a result, the region
in which the voids having a size of 50 to 150 nmare present in the range
of the density of 104 to 2x105/cnB shown in the nitrogen concentration V/IG
map is shifted. 1In the NF region between the V region and OSF regi on shown
in Fig. 3aplydidsghad hgtearfice gforbOrpatel dmse lapggregatievablarout@®
present. [0058] Specific exanples of silicon single crystal manufacturing

and anneal gd gyad ery fEBU A g Widilgsheximbg rdeserydedh AR if %aﬁ’é; a

silicon single crystal manufacturing nethod, the CZ~ nmethod in iC

crystal is uﬁm frofﬁ .t in crucible il row ng the crystal is
wi del y perPgr hgg s @%J%lsm Illggcmué?n Jrrgec%as%gi naa\rlzﬁiuq‘“glcci G’raicr?g “rethod, in
the first gl ace, 20 olécrysi’:%,li_ne silicon is gué in a.crucibl eggﬁg_re of
quartz as 24IFSHPHEL &F i P I HEYawaRgh ERPaYOTe St &F IS K .
(in-furnace structures such as the heater and a heat insulating naterial
are col § ecBbvelseswlter tée regdaonaihovhiome)hs yoicsndiaigngi . sThemt 20seed
crystal is |owered fromabove the nelt in the 25 crucible and brought into
contact wi th tbhe ARl brsupfraeentAin2%hei rghgecpystak WHavisigya oFr adét esm ned
dianeter is fabricated by upwardly pulling up the seed crystal while
rotating t5916Q%%9shownlethenitrogenconcentrationV/Gn@pjj;shifted.
In the NF region between the V region and OSF region shown in
Fig. 3a, voids having a size of 50 nm or less are conceivably
10 present.
[0058]
Specific examples of silicon single crystal
manufacturing and annealed wafer manufacturing will next be
described.
15 [0059]
As a silicon single crystal manufacturing method, the CZ
method in which a crystal is pulled from a melt in a crucible
while growing the crystal is widely performed. In such a
silicon single crystal manufacturingmethod, in the first place,
20 polycrystalline silicon is put in a crucible made of quartz as
a raw material, and the raw material is melted by a heater
(in-furnace structures such as the heater and a heat insulating
material are collectively referred to as a hot zone) surrounding
it. Then, a seed crystal is lowered from above the melt in the

25 crucible and brought into contact with the melt surface. A

25



crystal and controlling the pulling speed V. As the crystal grows, the
silicon nelt decreases; and, in accordance with this, 5 crystal growh

envi ronments such as heat conduction and flow in the silicon nelt is
varied. In order to stabilize crystal growh by maintaining these

envi ronments constant as nmuch as possible, various arrangenent has been
made i n actdalbler gsyatalphaufagt arpredetepsingdrdisaea e, 1 ydmdrmidated he
cruci ble 10 position is pulled up in accordance with the pulled crystal

wei ght i n oydepwsodkeeulilhenpopi thorseeld st stah wiellte sothadeg chastet with
respect to the heater during crystal pulling. The variation in the heat

transition goReLLi QA8 ebnthe1cingt @heSpde11hg EPeeBrocesss iﬂhéMH:r%}“Stta!le
crystal is grown is extrenely sma 15 conpared with the nelt side, is

|1
general ly term.ned : ruct t t . trycture in
t he furnacg?O%gh .%S§¥6MP§‘W%#ggggﬁF?%Fg'fﬁﬁgcggg é%%gﬂﬁf?%8?§8§gp¥§ta

| ength. [0060] 20 Cenerally, the tenperature gradient Gin the crystal

growt h ?nt EFFEEE] §rHHFhuﬁP¥6FﬁPWﬁn‘éscW§Paﬂ'i‘s piedle Comficter g tad gy
tenperature gradient in the crystal growh interface is larger in the
crystal outier ther$phecah makt iigh vidhded.t héncoydenl toerttadri lpiore icorystBlis i s
for the reason that the 25 crystal side surface is nore readily cool ed by
radi ati on g@ekitROby2@ainefihbagCilssal est deoseh 88 coddesef e maenat a

sanme pulling speed V, V/G becones lower in the crystal outer
possible, various arrangement has been made in actual crystal
manufacturing steps. For example, generally, the crucible

10 position is pulled up in accordance with the pulled crystal
weight in order to keep the position of silicon melt surface
constant with respect to the heater during crystal pulling. The
variation in the heat transition conditions of the crystal side
in the process in which the crystal is grown is extremely small

15 compared with the melt side, is generally determined by the
furnace structure and the hot zone structure in the furnace,
and is slowly varied little in accordance with the crystal
length.

[0060]

20 Generally, the temperature gradient G in the crystal
growth interface is not uniform in a crystal plane. The
crystal-side temperature gradient in the crystal growth
interface is larger in the crystal outer peripheral portion than

the crystal center portion. This is for the reason that the

25 crystal side surface ismore readily cooled by radiation cooling
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peri pheral portion, and the OSF regi on which causes epilayer defect
generation is readily generated in the crystal outer 5 peripheral portion.
The crystal -side tenperature gradient G in the crystal pulling direction in
the crystal growth interface is strictly neasured by repeating experinents
in which, for exanple, crystal growh is actually carried out by inserting
a therno cddpfetits &rysystlalsideo SUFGELE -ThelSretaier neveryatalP §eB6t h
interface and the crystal cooling rate at 1100 to 1000C during crystal
growt h canpbélicgntspelelded by /iGe Hpacmiaselpwelrangi ndeGanystled soitied= | i qui d
interface and Gin the tenperature zone of 1100 to 1000C;, 15 however, in

order to ipeependentl yoeenbngl ahBefhet beF stegicdmirnehi @ dhesquildgingfay nace
has to be changed. [0062] In order to reduce V/G the pulling speed has to

be reduce@éfggﬁepgﬁer%§i% rﬁ%“&%adﬁq dg%%% %Ee%pqliQ%eriﬁﬁgﬁ%li%ggerzo to

1000C during crys growh is alsor Therefore, in er to reduce
VI G of ghe crﬁs%al gromﬂh i nterface whi
&"£66

rate at>1166” COBGFARG - CrIEeal Y Bt Ohah 6 Jsta v s 1A Kt s
i ncreasing the cooling power of a heat shielding plate which is placed so
as 25 to sutmroumdryRéadysklaing direqtiipadin thg qEE3I]L ghnoeEddmarface
manuf acture a ni trogen-doped CZ-silicon

is strictly measured by repeating experiments in which, for

example, crystal growth is actually carried out by inserting

a thermo couple in a crystal.

10 [0061]

The V/G of the crystal growth interface and the crystal
cooling rate at 1100 to 1000°C during crystal growth can be
controlled by respectively changing G in the solid-liquid
interface and G in the temperature zone of 1100 to 1000°C;

15 however, in order to independently control them, the structure
of the pulling furnace has to be changed.
[0062]
In order to reduce V/G, the pulling speed has to be
reduced; however, as a result, the crystal cooling rate at 1100
200 to 1000°C during crystal growth is also reduced. Therefore,
in order to reduce V/G of the crystal growth interface while
increasing the crystal cooling rate at 1100 to 1000°C during
crystal growth, special treatment such as increasing the
cooling power of a heat shielding plate which is placed so as

25 to surround the crystal is required.
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single crystal, for exanple, there are a nethod in which a nitrogen gas is
introduced during raw-material nelting or a 5 nethod in which a nitride is
incorporated into a deposited silicon substrate by the CVD nethod or the

| i ke during raw material nelting. The segregation coefficient k which is a
rate of an inmpurity incorporated in a crystal after solidification wth
respect toj[pheigoncentration in the nelt is 7x10-4 in the 10 case of
nitrogen (W Zul ehner and D. Huber, Crystal G owh, Properties and

Applications, p28, SPHLRIEH- MghhégcthﬁélXOBKtro%QQZBo QoﬁéLsIﬁ%cBhtroge“
concentration introduced fromthe nel t to 15 the crystal can be expressed

as the foll ow e _solidificatiaon rate (melght
of crystal FRORAS SPFESHy/ Con Erareddr e ‘C?%@ffshe)reofa FRaPER GPPreR oy
point. (nitrogen concentration in crystal) = k X glnltla| melt nitrogen
concent r at PéRYOLeP19gFkis ipd reRusededatiins ravgBAcealiley FELTHAIMNET Gonst ant
regardl ess of conditions such as the structure of the pulling furnace and

t he pul §i ngespeddint heiehoreninirtideges iccneeptraatidonncontar alepiosittleel cryst a
can be generally uniquely controlled by the nitrogen concentration of the

initial mekti;-2R EQQ@@ka%ﬁ by the oepuhachubi Bg Qheal§kb'@%&l%bngb® crystal
according to the CZ nethod, quartz is used as the crucible.

material melting. The segregation coefficient kwhichis a rate

of an impurity incorporated in a crystal after solidification

with respect to the concentration in the melt is 7x107™* in the

10 case of nitrogen (W. Zulehner and D. Huber, Crystal Growth,
Properties and Applications, p28, Springer-Verlag, New York,
1982).

[0064]
The nitrogen concentration introduced from the melt to

15 the crystal can be expressed as the following expression by use
of the solidification rate g = (weight of crystallized
silicon)/(initial melt weight) of the crystal at that point.
(nitrogen concentration in crystal) =
k x (initial melt nitrogen concentration) x (1-g)¥*

20 This relation is generally maintained constant
regardless of conditions such as the structure of the pulling
furnace and the pulling speed; therefore, nitrogen
concentration control in the crystal can be generally uniquely
controlled by the nitrogen concentration of the initial melt.

25 [0065]
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quartz crucible nelts into the silicon nelt little by little during crystal
pul l'ing; therefore, oxygen is present in the 5 silicon nelt. The oxygen
nmelted fromthe quartz crucible noves due to flow and diffusion of the
silicon nelt, and the nost part thereof evaporates fromthe nelt surface in
the formof an Sl g However, a part thereof is introduced into the
crystal. The oxyBehPPnPRBHGEEE ALY Righ ?éﬁﬁé?&tﬁﬁ@gﬁ§ §&ﬁéF§éturated 10
in the process that the crystal is cool ed, thereby causing aggregation and
form ng nm Rgceréiygero c*;lh@s@ém@tdmd,ngu@rystia usedal$ nge Jhesebteust®rs serve
as precipitation nuclei, are precipitated as SiOx in the process of device
heat treatgRatrtzattacibllel Bel@deinbbotBe SsllLodn Shépt €l Cf ybd aby Vieiftedle and
beconme 15 oxygen precipitates. [0066] Substrates for anneal ed wafers are

ted fj |t I
generar ed. LUaThg sy e AR 1915 cG O nIAEe o YSlRlen 90T, FRNAI ald ¥

silicon singl S's by use o saM/o a i nner ade

slicer, _and, ubstra s are fabricated thraqu h ste s of chanferi etchln
3G 15 or SOLPOR L E W SARKBBRTOHAS TREBCHT Baebi CEReRoo rﬂgoo v

precipitation accel eration or defect elimnation is to be added, generally,
a heat tredusehe flomogedslisiwanren od oue stiHdceal ett, Howede, mpat e tcase of
the 25 substrate described in the present invention to which nitrogen 29 is
added, suchhetrepfi svapbraegni fech tardmell tcanrbecéab ittad €drm 6ftde Siteeps
sane as a general silicon substrate.
gas. However, a part thereof is introduced into the crystal.
The oxygen introduced at a high temperature is supersaturated
10 in the process that the crystal is cooled, thereby causing
aggregation and forming minute oxygen clusters during crystal
cooling. These clusters serve as precipitation nuclei, are
precipitated as SiOx in the process of device heat treatment
after it is made into a silicon single crystal wafer, and become
15 oxygen precipitates.
[0066]
Substrates for annealed wafers are generated from a
resultant silicon single crystal ingot. Generally, the
silicon single crystal is sliced by use of a wire saw or a inner
20 blade slicer, and substrates are fabricated through steps of
chamfering, etching, and mirror polishing. When an additional
heat treatment step for oxygen precipitation acceleration or
defect elimination is to be added, generally, a heat treatment
process is carried out thereafter. However, in the case of the

25 substrate described in the present invention to which nitrogen
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[ 0067] The heat-treating furnace which carries out annealing may 5 be a
commercially avail abl e furnace, and no particular regulation is inposed
t hereon. However, it has to be arranged that an oxide film does not grow
equal to or nore than 2 nmduring heat treatnent. This is for the reason
that, when the oxide film adheres on the surface, contraction/elimnation
of defectsitOaddedngsacnestémad sidthiiebutedd, Spedi {t cadit \he AnArircgeEnt
such as reducing the amount of inpurities incorporated in an atnospheric

gas during;heahet 5@RLRERLMAS ABUGH @5,eRASSIskhe oh s1@dweiaRg i nclusion of air
fromthe surrounding area as nmuch as possible upon insertion of a wafer

into a furg%§%7is required. 15 The used atnospheric gas is desirably a rare
gas such a rgon in which, for exanple, inpurities are suppressed to 5ppna
or less. [0068] Quartz or the like is used as the nmenbers which retain 20
a waf er. These nERBdredtarte etgiis feaRery ety FF At @8 AMfednERRliBAMSY i ng
tenperature is increased too nuch. Therefore, they have to be frequently
repl acefl, wki ehcosmartdefldy efraiiiabdeasdédrnampeyf acdunongacadiculBre anneal i ng
tenperature is preferably 1250C or | ess. When the annealing tenperature is

| owered to0@e2R10¥ERN 1HE AHdREH QR BReedoREvEE] et $1aReE8Me AW nged
t herefore, O elimnation takes tine, and productivity is | owered.” The

anneal i ng tgmperatytg i s Af gLeably (HR0% 041 T8 S mMENe A8 2 nm during
heat treatment. This is for the reason that, when the oxide
filmadheres on the surface, contraction/elimination of defects
10 during annealing is inhibited. Specifically, an arrangement
such as reducing the amount of impurities incorporated in an
atmospheric gas during heat treatment as much as possible or
reducing inclusion of air from the surrounding area as much as
possible upon insertion of a wafer into a furnace is required.
15 The used atmospheric gas is desirabiy a rare gas such as argon
in which, for example, impurities are suppressed to S5ppma or

less.

[0068]
Quartz or the like is used as the members which retain
20 awafer. These members are significantly deteriorated when the
annealing temperature is increased too much. Therefore, they
have to be frequently replaced, which is a factor of increased
manufacturing cost. The annealing temperature is preferably
1250°C or less. When the annealing temperature is lowered too

25 much, the contraction speed of defects become slow; therefore,
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annealing tinme is short, defects remain in the substrate surface since the
defects are not sufficiently elimnated when the 5 annealing tine is short.
When the annealing tine is long, productivity is |owered since the tine
required for one annealing is |engthened. Therefore, the annealing tinme is
desirably 10 m nutes or nore and two hours or less. [0069] 10 The oxygen

preci pi t at koAmAuekebnf 6awed itAma, ANGr pgedudeped tyubst nate nshi.chThse used as
a substrate are thermally stable by virtue of the effect of nitrogen and

are not e'hﬁ%@%i ag%ﬁﬁeQHEpggeagﬁ%reéf ;@t%ﬁﬁ)F”SEe@8§ed“WhQ§1E%@e

anneal i ng step I ona

Gur i nb t neARGLETAG CteR TIPTHace %sg%‘s”?e%%%f@n (e SRRGHT b Codg heal

treatnent is carried out at a tenperature |ower than that of the annealing
step. Howevénce whendsfieRtadarei opal sgfépciienidded liminpdedmamesr thiehe time
of 20 the entire annealing step is | engthened; thus, productivity is

| ower ed; amdneamuhgctumend scasibrits imneﬁasnd.amme&hlsgregmedis Lontthe case
of the nitrogen-doped substrate described in the present invention, such

step is noprbeduihedyl EgAIYBng]red2§1EQQ7Q}1e3%1§'el ieom 1 $ieR0 e 1Clopet al
manuf acturing apparatuses used in this exanple are those used in general

silicon Slgg%gaﬁ X8t§g lengthened. Therefore, the annealing time is

desirably 10 minutes or more and two hours or less.
[0069]

10 The oxygen precipitation nuclei formed in a
nitrogen~-doped substrate which is used as a substrate are
thermally stable by virtue of the effect of nitrogen and are
not eliminated even during rapid temperature increase during
the annealing step. An additional heat treatment step for

15 oxygen precipitation acceleration or defect elimination is
sometimes carried out during the annealing step. In that case,
before the annealing step, heat treatment is carried out at a
temperature lower than that of the annealing step. However,
when such additional step is added in that manner, the time of

20 the entire annealing step is lengthened; thus, productivity is
lowered, and manufacturing cost is increased. 1In this regard,
in the case of the nitrogen-doped substrate described in the
present invention, such step is not required.

[EXAMPLE]

25 [0070]
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manuf acturi ng according to the CZ nethod. The apparatuses are a first

pul ling furnace in which a heat shielding plate is cooled 5 in a particul ar
met hod in order to increase the cooling speed of 1100 to 1000C and a second
furnace having a general cooling speed. Wen the present invention is to be
carried out, no particular limtations are inposed on the pulling furnaces
as long as the gidowtbncointhld erssak 1tdenpfasent indweplhiran Gt heed Ik
carried out. [0071] A silicon single crystal grown by utilizing the

appar at use$hRasc 2 fPNdUCEd A d YP&s R VPG ADPE PN foped) anth e Grstal
dianeter: 8 inches (200 nmm). 15 [0072] N trogen dopi ng was perforned by

putting substrate having nitride films.in silicon lts. [0073] Relative
UG var uos TaPETaErERadt fOTRER BT Ihg madrerod 20T iR aBRRT FT1EET disace
having the same structure as the furnace in which the nitrogen added
crystal wad piiiteRU1ELpStIERaGe 1T thesdeph badd Ead i tket & aestlesdded
were pulled at various pulling speeds V, radial distribution of

di stribfiti an pipasrwasulaheckddhdyint bedeet hodi teses s dethd ater), i randpicel
boundary position 25 of the | region was obtained. For exanple, when the

DL ond SSTSPRES S5 0t s ek Ecopdom Sl syt Ddne ol chorat
speed. When the present invention is to be carried out, no
particular limitations are imposed on the pulling furnaces as
long as the growth conditions of the present invention can be

10 carried out.
[0071]

A silicon single crystal grown by utilizing the
apparatuses has a conduction type: p-type (boron doped) and a
crystal diameter: 8 inches (200 mm).

15 [0072]
Nitrogen doping was performed by putting substrates
having nitride films in silicon melts.
[0073]
Relative V/G values are defined in the following manner.
20 In a pulling furnace having the same structure as the furnace
in which the nitrogen added crystal was pulled, crystals to
which nitrogen and carbon were not added were pulled at various
pulling speeds V, radial distribution of distribution pits was

checked by the method described later, and the boundary position

25 of the I region was obtained. For example, when the pulling
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i n-plane distribution of the dislocation pits was checked, and the position
where the dislocation pit density is lower than 5 10/cnR2 was set as the
boundary of the I region. The V/Gvalue at that position is set as

(M Qcrit, and a relative VG value of the nitrogen-added crystal pulled in
the pulling furnace_ having the same structure is set as (VG / (VIG crit.
In other wBEES, ixhérvtr h&heelatfiove odoe wdldge iiss 1D, tHeGT Fegdpdl, 340
(MGcrit. [0074] Crystals to which nitrogen is not added are pulled from
the first plubliongtfionngdesardet lyenseaderd phlelreig .f uinatkatTheser ekaki ve VI G
val ues are obtained, and a nitrogen 15 concentration-V/ G map i s gener at ed.

[0075] As ancedhinRgdiateibnemdbdlO0che dP906AUl NG iy fhal cl9eéontd, anthen the
m ni nrum val ue anong crystal growth axial direction tenperature gradients in

th 1 . 0 . Y/ I cul it
bl oyod adng PER 2ok AEr 4R EnFra1 SR IO o b FentBte PR P ISD S e
sliced fro and the substrates after

mrror 525qbpg§é3§¥§§*§§%§ %BS}gngégggqﬁﬁﬁ%E{%Lg?gFHErebph%r ducidligiess
anneal ed wafers. [0077]
at that position is set as (V/G)crit, and a relative V/G value
of the nitrogen-added crystal pulled in the pulling furnace
having the same structure is set as (V/G)/(V/G)crit. 1In other
words, when the relative V/G value is 1, V/G is equal to
10 (V/G)crit.
[0074]

Crystals to which nitrogen is not added are pulled from
the first pulling furnace and the second pulling furnace. The
relative V/G values are obtained, and a nitrogen

15 concentration-V/G map is generated.
[0075]

As acooling rate from 1100 to 1000°C during crystal growth,
when the minimum value among crystal growth axial direction
temperature gradients in the range of 1100 to 1000°C was G2

20 (°C/mm), VxG2 was calculated and it was employed as a
representative value.
[0076]

Substrates (silicon wafers) were sliced from the same

part in the single crystals, and the substrates after mirror

25 ©processing were subjected to annealing, thereby producing
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The nitrogen concentrations were neasured by using a secondary ion nmass
spectroneter (SIMS) after sanpling sanples 5 fromthe anneal ed wafers and
perform ng polishing of 20 min order to renove nitrogen out diffusion

| ayers of the surfaces thereof. [0078] In the V region of the substrates,
excessive atomc 10 vacancies were introduced fromliquid-solid interfaces
during cryshablgdowhlierand, as a result, voids are generated. Therefore,
the V region of the substrates can be specifically defined by the density
of the voidgg7H9079] 15 Regarding the voids in the substrates, void radial
di stribution of the substrates are neasured by use of LSTD scanner (MO 6)
produced by hAtsHhehAQ£ng ggdcgngltkggth.s %td., m@i%h ig a commercially
avai | abl e def ect @Val'Gat ' on appgrgpus. 1TRP s VDT 66 seg VSPSFQQItht

| aser fromthe Brewster angle, 20 and detects a scattered inage of

p- pol ari zaFFERNESTH HeR d&1SS iSPEFE 1Pt craref¥Sdi 2pbeedamP Y Hed vyl leal
direction. Since the |aser perneates nerely up to 5 pmfromthe substrate
surface; debactbeidntdel depidfofs I peafolrhé ngupsi t ahenguscfaze eadmbe
measur ed. Upon neasurenent, the detection sensitivity was 25 adjusted so

that a voi drhavi ng Perddve Ot RNt HREEuBRBA 18¢esoNVEriRd durfa @ ssphere
can be neasured. The volune density of the voids was cal culated fromthe

ar ea densik%eggokhe measur ed

[0078]
In the V region of the substrates, excessive atomic

10 vacancies were introduced from liquid-solid interfaces during
crystal growth, and, as a result, voids are generated.
Therefore, the V region of the substrates can be specifically
defined by the density of the voids.

[0079]

15 Regarding the voids in the substrates, void radial
distribution of the substrates are measured by use of LSTD
scanner (MO-6) produced by Mitsui Mining and Smelting Co., Ltd.,
which is a commercially available defect evaluation apparatus.
This MO-6 emits a visible-light laser from the Brewster angle,

20 and detects a scattered image of p-polarization as a defect
image by a camera disposed in the vertical direction. Since
the laser permeates merely up to 5 um from the substrate surface,

defects in the depth of 5 um from the substrate surface can be

measured. Upon measurement, the detection sensitivity was

25 adjusted so that a void having a size of 50 nm or more when
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voi ds and the measurenent depth 5 m Then, the region where the volune
density of the voids was equal to or nore than 5 1x105/cnB was determ ned as
the V region. [0080] Meanwhile, in the | region of the substrates,
excessive interstitial atons were introduced fromthe solid-liquid
interface during crystal growh, and, as a result, they appear 10 as

di sl ocati ogopivtstedhenebornesphbeel caRh® Mmepsubed deflinred o lnd Rendansi ty of
the dislocation pits. [0081] The dislocation pits were neasured according to

the bel ow @feér{p%lﬁgrﬁs cgfﬂeuw@éarﬁt&n tﬁe%tr%@e&eﬁ?yléyrafbyh@m\éfalsgl%det ch

15 solutlon and the nunber of rhonbus- s ape or streamline-shaped
di sl ocati on EIIS whi ch mere\generated surface and had a S|ze of 1 m

or nore wa¥°ldantRd e JiRAT %ﬁﬂﬁﬂ?NHQHﬁ¥ y“@n dﬁﬁ?%al SGEBp & Sfe
measurenent was _carried out at a pitch of 10 mmin the radial direction of
the 20 subshrateluBfddeReéidysPécabPoNOple HpeacdEAsi tP Was"edlecHhated from
the visual field area. Then, the area where the dislocation pit density is
10/ cn? or mIe’as deteisteathiaed he the eyiren.idr0082] 25 The OSF

eval uation of the substrate was perforned 35 according to the bel ow net hod.
First, thergsybstrate was subjected to oxidation treatment in a
vapor-conta|n|ng oxygen

Meanwhile, in the I region of the substrates, excessive
interstitial atoms were introduced from the solid-liquid
interface during crystal growth, and, as a result, they appear

10 as dislocation pits. Therefore, the I region can be defined
by the density of the dislocation pits.
[0081]
The dislocation pits were measured according to the below
method. First, the substrate is etched by 5 ym by a Wright etch
15 solution, and the number of rhombus-shaped or
stream-line-shapeddislocation pits which were generated in the
surface and had a size of 1 um or more was counted through
observation by an optical microscope. The measurement was
carried out at a pitch of 10 mm in the radial direction of the
20 substrate, and the dislocation pit area density was calculated
from the visual field area. Then, the area where the
dislocation pit density is 10/cm® or more was determined as the
I region.
[0082]

25 The OSF evaluation of the substrate was performed

35



at nosphere at 1100C for an hour. Then, after an oxide film is renoved by a
hydrofluoric acid, it was etched by an anmbunt 5 corresponding to the

t hi ckness of 5 mby the Wight etch solution, and elliptical,

hal f-moon-1i ke, or rod-like OSF pits formed on the surface were observed by

an optical mcroscope. The nunber of the OSF pits was counted by scanning a
vi sual fiePFCORSHIAG R &P&n@@épwbﬂefh§dnn1Fhrﬁge EBsPraferarsneér
direction 10 by an optical mcroscope, and the OSF area density (pits/cnR)
was by di visdibigctked handerdafiemd @SR MEENts 1bya trap obsedvat i oing araaerThe
regi on where the OSF area density is equal to or nore than 100/ cn2 was

det er m ned agmolB@e@eFateqiionec (£883in Houdhe Thergen fifeaCifl tAlidN film
characteristics evaluation of the anneal ed wafer was carried out according

to the bel i anneal \waf i eGt heat
t r eat ment 9§§9§%§8??0?5}%?§g1 ours and%g?%?oggcﬁ?grégggggeﬁgﬁ%grs. Ttgn

the wafer was cl eaved, and the internal oxygen precipitate 20 densities were
measur ed by OBVOSERRCAY28r LROTA S LEdGESE Sy N PsH P hisg "EddSmsitGing Co. |
Ltd. The positions of the neasurenent points in the plane were |ocated from
t he substr &eéutépnerand elig phdalommehé-rvdge-aika, pin ¢ldofl ike @RF CiHe
m ni mum val ue of the obtained oxygen precipitate densities and the oxygen
25 preci pi fatreedensi tiye radt &l cdivgind bbkkearrear batdwroget£s eriiad scdpday t he
bel ow expressi on were obtai ned. [0084]
The number of the OSF pits was counted by scanning a visual field
having a diameter of 2.5 mm in the substrate diameter direction
10 by an optical microscope, and the OSF area density (pits/cm?)
was by dividing the number of the OSF pits by the observation
area. The region where the OSF area density is equal to or more
than 100/cm?® was determined as the OSF region.
[0083]
15 The oxygen precipitation characteristics evaluation of
the annealed wafer was carried out according to the below method.
First, an annealed wafer was subjected to double heat treatment
at 780°C for three hours and at 1000°C for sixteen hours. Then,
the wafer was cleaved, and the internal oxygen precipitate
20 densities were measured by BMD analyzer MO-4 produced by Mitsui
Mining and Smelting Co., Ltd. The positions of the measurement
points in the plane were located from the substrate center to
10 mm from the edge at a pitch of 10 mm. The minimum value of

the obtained oxygen precipitate densities and the oxygen

25 precipitate density radial distributionvariation represented
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The oxygen precipitate density radial distribution variation = (oxygen
preci pitate density maxi num val ue -oxygen 5 precipitate density m ni num

val ue) /oxygen precipitate density maxinmum value The eval uation results

i ncl udi ng conparative exanples are shown in Table 1. [0085] 10 [Table 1]
37 -+ N my~tt~c9 [ADDO O--~N--i \M*n ,y*oooa) 000O0a a OO
X x D< >< py the-bgjlow expression wersaobtaiweWtwi-. EEEEEEEEEEE

EEO o0CawCCLCNCG roa30rosEEE~EpP f~x Xx Xx XX XX X X
x0 000 \WMWMMMWWWWWWWWWUUUUMCEC Nu ORO,--+ NMN --i
--i NNMN--i NOcCcoNWOCO 000000000000O0O0O0O0OO0O0O0S+4.+ y S
Uy G a) 00 cone oky§bnCprelip)tateaceMbV¥6" riM0R10410k r'WW6onG K M0 0
000000000000DO0O0ODO0ONAa

variation = (oxygen precipitate density maximum value -oxygen
5 precipitate density minimum value)/oxygen precipitate density
maximum value
The evaluation results including comparative examples
are shown in Table 1.
[0085]

10 [Table 1]
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nzo U[O0086] Herein, (VG1 and (VG2 are the VIG | ower

fromthe nitrogen concentrations of the pulled crystals by using 5
respective exprefsicens, [(U087] arke @httbal edewafierds/ohiole satisfly tdiee
conditions that the

10

15

20

25

and the V/G upper 1limit value, respectively, which were obtained
from the nitrogen concentrations of the pulled crystals by using
respective expressions.

[0087]

The annealed wafers which satisfy the conditions that the
substrate nitrogen concentration is equal to or more than 5x10**
atoms/cm® and equal to or less than 5x10*° atoms/cm® and the range
of the relative V/G value is equal to or more than exp(-7.1 x
10718 x nitrogen concentration (atoms/cm®) and equal to or less
than 1.6 exp (1.0 x 107! x nitrogen concentration (atoms/cm?)),
and using the substrates of which cooling rate of 1100 to 1000°C
is equal to or more than 4°C/minute had the oxygen precipitate
density minimum value of 5x10%/cm® or more and the oxygen
precipitate density radial distribution variation of 0.5 or
less, and the oxygen precipitate radial distribution thereof
was good. The substrate before carrying out annealing did not
include the V region and the I region as defective regions, and
the regions in which voids having a size of 50 to 150 nm were
in the density range of 10* to 2x10°/cm® were not present in the
substrates.

[0088]
In the examples, the OSF was not present in the substrates

(substrates of the annealed wafers of Examples 1 to 3) sliced

39
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substrate nitrogen concentration is equal to or nore than 5x1014 atons/cnB
and equal to or less than 5x1015 atons/cnB and the range 10 of the relative
V/ G value is equal to or nore than exp(-7.1 x 10-16x nitrogen concentration
(atons/cnB) and equal to or less than 1. 6 exp (1.0 x 10-15 x nitrogen
concentration (atons /cnB)) , and using the substrates of which cooling

rate of 11@0@okmotHOUKy sl £@iaAlldd adr tHBI €od iy FEHE it @ 1badt b heo @ocygen
precipitate 15 density m ni numvalue of 5x108/cn8 or nore and the oxygen

preci pitat gedgasihinadi gy, FbStEEbULsop; Vafi 1P£‘n ff9r§a8é wh&8Stnhand the
oxygen precipitate radial” distribution thereo goo The substrate

bef t di d _not ude the «and the I
AR T R LR R e e R S

to 150 nmwere in the density range of 104 to 2x105/cn8 were not present in
the substRrAfedIudbHOBBIPY ﬂaeﬁﬁet]e%%mﬁjé)s atensgsm wagdnplae predlsehnitve Y
substrates 25 (substrates of the anneal ed wafers of Exanples 1 to 3) sI i ced
39 fromthwaerggtal okl vdratthde lcdokbndgegat & tof ok100ss0t1@Q00C 1 @nd
8C/ m nute by use of the first pulling furnace when the nitrogen

concentrat tg8 &Soett@tes O Ao Lrd YT BX20d4n 8k BB/ wde r ANE Elddip1le@ Or
| ess than 4x1015 atons/cnB and the relative VIG5 was equal to or nore than

L3 and eayaloly) onyless 1haR Zpd Evhcdhe AUbal 9es (RubsuAes 1ol he

anneal ed waf ers” of les 7 to |ce rom the cr at the coollng

rate of 1100
to 1000°C of 5°C/minute when the nitrogen concentration was

equal to or more than 1x10%* atoms/cm® and equal to or less than
10  5x10% atoms/cm® and the relative V/G was equal to or more than
1.3 and equal to or less than 1.5.
[0089]
The annealed wafer having the substrate nitrogen
concentration of less than 1x10'* atoms/cm® had the oxygen
15 precipitate density minimum value of less than 5x10%/cm® and
quality of oxygen precipitation was inferior to the Examples
(Comparative Example 1).
[0090]
When the minimum value of the relative V/G was less than
20 exp(~7.1 x 107'® x nitrogen concentration (atoms/cm®)), the I
region was present in the substrate; therefore, the oxygen
precipitate density radial distribution variation exceeds 0.5,
and quality of oxygen precipitationwas inferior to the Examples
(Comparative Example 2).
25 [0091]
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to 1000C of 5C/ m nute when the nitrogen concentration was equal to or nore
than 1x1014 atons/cnB8 and equal to or |less than 10 Sx1014 atons/cnB and the
relative VG was equal to or nore than 1.3 and equal to or less than 1.5.

[ 0089] The anneal ed waf er having the substrate nitrogen concentration of

| ess than I xI O 4 atons/cnB had the oxygen 15 precipitate density m ni num
val ue of |ess thahebxilO8/menBiramd vpllald byf ofheoxyhenipe e/ @idatdatedvds 6
inferior to the Exanples (Conparative Exanple 1). [0090] Wen the m ni num

val ue of thgpiel gt iveoVsG s, L &osn tHaterdOr £X4%n 7¢ Ak SmdPerk® X Nitd ogen
concentration (atons/cnB)), the region was present 1n the substrate;

therefore, oL0e;8Xyge0,PLeshpl! aLe danslly radlal disthibubian variation
exceeds 0.5/ °°3 quaP|ty of “oxygen preCIpP atron was inferior to the
Exanpl es &Cbnparative Exanple 2). 25 [0091] 40 When the nmaxi mum val ue of
the rel ati VBeVEECERe R P B BXFCEPA LR 048RS Kt Wi %qbigeh ddatdamitadon

(atons /CM3)), the precipitation valley region was present in the
substraf e; varhekéborexcadredRyennpt quepitatef dengenyereadipl tat sonivast i on 5
vari ati on exceeded 0.5, and quality of oxygen precipitation was inferior to
the Exanpl eafeconpacat ke Examplles3)com@@23tive Example 3).
[0092]
When the cooling rate of 1100 to 1000°C was less than
4°C/minute, the precipitation valley region was present in the
10 substrate, the oxygen precipitate density radial distribution
variation 0.5, and quality of oxygen precipitation was inferior
to the Examples (Comparative Example 4).
[0093]
The embodiments and Examples of the present invention
15 have been described hereinabove. However, the present
invention is not limited to these Examples and embodiments,
various modifications can be made by those skilled in the art,
and such modified embodiments and Examples also includes the
technical ideas of the present invention. Therefore, the
20 technical range of the present invention is determined merely
by the invention specifying notes according to claims which are
reasonable for the above description.
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0094]

25 [FIG.1]
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When the cooling rate of 1100 to 1000C was | ess than 4C/ m nute, the
precipitation valley region was present in the 10 substrate, the oxygen
precipitate density radial distribution variation 0.5, and quality of oxygen
precipitation was inferior to the Exanples (Conparative Exanple 4). [0093]
The enbodi nents and Exanpl es of the present invention 15 have been

descri bed herei nibeve. 1 ohesad, lihé presenplanavenyi dnawéngest foirmited to

t hese Exanpl es and enbodi nents, various nodifications can be made by those
skilled i nekpeaanting and $B¢btﬁ0dibbedeEﬁbddﬁﬁemﬁ$eamégEb@mpbaﬁ al so
includes the technical ideas of the present invention. Therefore, the 20

techni cal h%%?% EBBCcRhES8RE ohNYRNL | Qﬂliéorqei[r%d‘ﬂ nad derel pulded he
i nvention speC| yi ng notes accordln to clalns ich are reasonable for the

shove tescyplon, LSS Ercm L o ST 0 St d fing 1 o PR oh

bet ween_defective regions and a nltrogen concentration in a silicon ingot
whi ch i % p§hPEdPBEnthacEetabheR BFEHeehe iy dftafd. veeicdipnFivgiicl arei s a
graph 5 show ng the relation between the defective regions which are
present i npaesabstimateyieftoret epetfaxeatpdeposi t depoand iont angentrogen
concentration, and Fig. 1(b) is a schematic drawi ng show ng the

concentration, and Fig. 1(b) is a schematic drawing showing the

defective regions and nitrogen concentration distribution in

a silicon crystal ingot during pulling.

10 [FIG.2]

Fig. 2(a) 1is a graph showing the relation between the
nitrogen concentration and V/G, and Fig. 2 (b) is a chart showing
oxygen precipitate radial distribution in substrate plane,
whether the oxygen precipitate density is equal to or more than

15 5x10%/cm® or not, and whether the oxygen precipitate density
radial distribution variation is equal to or less than 0.5 or
not.

[FIG.3]

Figs. 3(a) and 3(b) are explanatory drawings for

20 explaining conditions for manufacturing annealed wafers in
which oxygen precipitates are uniform. Fig. 3(a) is a graph
showing the relation between the nitrogen concentration and V/G,
and Fig. 3(b) is a chart showing oxygen precipitate distribution
in the substrate plane, whether the oxygen precipitate density

25 is 5x10%/cm® or not, and whether the oxygen precipitate density
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defective regions and nitrogen concentration distributionin a silicon
crystal ingot during pulling. 10 [FIG 2] Fig. 2(a) is a graph showi ng the
rel ati on between the nitrogen concentration and V/G and Fig. 2 (b) is a
chart showi ng oxygen precipitate radial distribution in substrate plane,
whet her the oxygen precipitate density is equal to or nore_than 15 5x108/cn8
or not, anaaﬂﬁéghgﬂsFﬁébE%QSQn b?e%?bg%af% GentFes thami At °dPEt PPhuti on
variation is equal to or less than 0.5 or not. [FIG3] Figs. 3(a) and 3(b)
are expl anaféfy4drawi ngs for 20 expl ai ning conditions for manufacturing
anneal ed wafers in which oxygen precipitates are uniform Fig. 3(a) is a
graph show ng thegsel atapnahet ween bhe grhpngesxpdhcanhfarbdnaand V/ G and
Fig. 3(b) is a chart showi ng oxygen precipitate distribution in the

substrate Rligng;pheLhienct 18;0xya8n RHEEIBLEALS SHSIBLLY 025 oS Y1AY o8 of

not, and whether the oxygen precipitate density |aI ion is

C oo heTR 8P ot Db el oo R K0 e e bl 2.

5 precipitates. Fig. 4(a) is a graph showing the relation between the
ni trogen cbh€eRLEaPPBR 8RECYNErazAgnFirgd H(g) pREl Hdes 4dPaphscdherisng
results of densities of voids, which have a size

graphs showing results of densities of voids, which have a size

of 50 to 150 nm in respective regions of A, B, and C, measured
in the substrate radial direction.

10
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of 50 to 150 nmin respective regions of A, B, and C, neasured in the
substrate radial direction. 10 43 [CLAIM5S] 1. An anneal ed wafer having a
surface defect-free |l ayer and excellent gettering ability in the entire
waf er surface, wherein 5 a mninmum value of an oxygen precipitate density
in the annealed wafer plane is 5x108/cnB8 or nore, and an oxygen

preci pitat dC#@A¥Sty radial distribution variation is 0.5 or less. 10 2. A
met hod for manufacturing an anneal ed wafer, conprising annealing a silicon
singl e crysdtal sBbsinmatzledivafedobsviioy a isuwglfude deYeregifore(tagenraridn which
vol ume density of voids having a size of 50 nmor nore is 1x105/cnB or

nore) and @&cblléﬁ@'%@t&%@gh%na%&lWQWCHnd%%%'%MtQEedwﬁﬁéﬁﬂédyfdﬂé¥5 having a
15 size of 1 mor nore is 10/cn2 or nore) as defective regions, and does
not includ% %rgggion in which the size of voids is 50 nmto 150 nmand the
density of P € voids is 104/cnB or nore and 105/cnB or less. 20 3. The

nmet hod for manufacturing an anneal ed wafer accordin toclaim?2, wherein a

silicon’single cRYRIRIMPRB Yibih G %@xvaﬁpow%@ipa%@*ée denet h¥tt HYrowt h

conditions at manufacturing a silicon single crystal by the Czochral sk

met hod: annealed wafer plane is 5x10%/cm’ or more, and an oxygen
precipitate density radial distribution variation is 0.5 or

less.

10 2. A method for manufacturing an annealed wafer, comprising
annealing a silicon single crystal substrate which does not
include a V region (region in which volume density of voids
having a size of 50 nm or more is 1x10°/cm® or more) and an I
region (region in which density of dislocation pits having a

15 size of 1 pm or more is 10/cm® or more) as defective regions,
and does not include a region in which the size of voids is 50
nm to 150 nm and the density of the voids is 10%/cm® or more

and 10%/cm® or less.

20 3. The method for manufacturing an annealed wafer according
to claim 2, wherein
a silicon single crystal is grown in the following range
as crystal growth conditions at manufacturing a silicon single
crystal by the Czochralski method:
25 a V/G upper limit value (mm?/°C min) is 1.6 x exp (1.0 x 107%°
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25 a VIGupper limt value (rm2/Cmn) is 1.6 x exp(1.0 x 10-15 44 x
nitrogen concentration (atons/cnB)) x (V/Qecrit; and a VVGlower limt value
(mR2/Cmn) is exp (-7 . 1 x 10-16 x nitrogen concentration (atonms/cnB)) X
(MGQcrit (wherein, Vis a pulling speed (nmmn) , Gis a nmean tenperature
5 gradient (Cnmm in a crystal growh axial direction froma nelting point
to 1350C, «VAGebgéni soacknventlibn tavahsgcat)) W Gwhi cdr doesamet i ncl ude
the | region as a defective region in the silicon single crystal to which

ni trogen i g \)el 180080, mMNGLELE L ke Gl 0N i A TG QN 368 Whiich Brgessi ve
interstitial 10 atons are introduced fromsolid-liquid interface during

crystal growh and a dislocationspjt i nerated); a substrate is sliced

fromthe nFPPSSEﬁI-”ﬁ'daSB SFgWS/SWI {D’cdﬁ EY%)I%MC ystal in which the nitrogen
concentration is, 1x1019 atomnms/cnB or nore and 5x1015 atons/cnB or | ess and
serves 15(4Bezeifpsf L8t PUddd EhePeeBsTIHIE Ny Sl BCIRP L6 WEAE tirEat nent
at 1150C or nore and 1250C or less for 10 mnutes or nore and two hours or
| ess in5Sa gardigas Wavimyg) aimiapurysyabfgboypmaxidksdioectionafrom a

non- oxi dati ve atnosphere in which an oxide filmthickness 20 after the heat

treatment j)818URRrBSSKE O 2390@r (\B&D.crAt he amalhed fiamimaruhaet e ng an
anneal ed wafer according to claim3, wherein as the crystal growh

condi ti Ons.\/?& ‘W?P%'ﬁ a&ééﬂ'sri tirf'leclu%% %ihlei 'fof'eéi&glfs %ﬂ%@c‘ﬂ%e’[ r]'!%gion
Czochral ski " nmethod, a cooling rate
in the silicon single crystal to which nitrogen is not added,
wherein the I region is a region to which excessive interstitial
10 atoms are introduced fromsolid-liquid interface during crystal
growth and a dislocation pit is generated);

a substrate is sliced from the nitrogen-added grown
silicon single crystal in which the nitrogen concentration is
1x10'* atoms/cm® or more and 5x10*° atoms/cm® or less and serves

15 as a substrate; and

the substrate is subjected to heat treatment at 1150°C
or more and 1250°C or less for 10 minutes or more and two hours
or less in a rare gas having an impurity of 5 ppm or less or

in a non-oxidative atmosphere in which an oxide film thickness

20 after the heat treatment is suppressed to 2 nm or less.

4. The method for manufacturing an annealed wafer according
to claim 3, wherein
as the crystal growth conditions at manufacturing the
25 silicon single crystal by the Czochralski method, a cooling rate
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45 of 1100 to 1000Cis 4C/ mnute or nore. 46

of 1100 to 1000°C is 4°C/minute or more.
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