SI LI CON WAFER SURFACE DEFECT EVALUATI ON METHOD BACKGROUND OF THE | NVENTI ON
1. Field of the Invention [0001] The present invention relates to a nethod
of evaluating a surface defect of a silicon wafer cut out from a silicon
single-crystal ingot (which will be referred to as an ingot hereinafter).
More particularly, the present invention relates to a silicon wafer surface
defect evaluation nethod mhich facilitates manufacture of a defect-free
region silicon wafer cut_ out a _Czochral ski net hod
(b oh i 11 b6 1 HEacEl FoFEe SHRER R DRBHCRoFERRURTERY MBTHERscr i pr) on of
the Related Art [0002] Wth recent ultra-mniaturization of a sem conductor
integrated circuit, as a factor which lowers a yield of a device, there is

a crystal ﬂﬁ@ Har will be referred to as a COP

her ei nafteréé% isa f}H"gf@%Véb‘(ﬁl;(ﬁ\gduced in crystal growth, i.e., a defect
formed in crystal h_of S ngl e-crystal ingot, a snmall defect
of an oxygen pr(altzlpltlg?,8 mﬁ tﬂ bghgﬁgglgh nucl eus of an oxidation induced

stacking Tegddy {whi chotiel breBerkeliotiend g 2818po01 55 Henetnant se) . o

interstiti pe |l arge dislocation ch w erre to as L/D

herei naf t ebva1u 0y JNeudded udrddy Ufla GIANH Sl MY e FRGArs on a

waf er surface when a mrror-polished silicon -1 wafer Is subjected to SC-1

cleani ng usigp edi Xerthdidib a1l ingot (which will be referred to
as an ingot hereinafter). More particularly, the present
invention relates to a silicon wafer surface defect
evaluation method which facilitates manufacture of a
defect-free region silicon wafer cut out from an ingot
grown by a Czochralski method (which will be referred to as
a CZ method hereinafter).

2. Description of the Related Art

[0002] With recent ultra-miniaturization of a
semiconductor integrated circuit, as a factor which lowers
a yield of a device, there is a crystal originated particle
(which will be referred to as a COP hereinafter) which is a
defect introduced in crystal growth, i.e., a defect formed
in crystal growth of a silicon single-crystal ingot, a
small defect of an oxygen precipitate which becomes a
nucleus of an oxidation induced stacking fault (which will
be referred to as an OISF hereinafter), or interstitial-
type large dislocation (which will be referred to as L/D
hereinafter).

[0003] The COP is a crystal originated pit which

appears on a wafer surface when a mirror-polished silicon



ammoni a and hydrogen peroxide. Wien this wafer is neasured by using a
particle counter, this pit is detected as a particle (a light point defect,
an LPD). The COP can be a factor which deteriorates electrical
characteristics, e.g., tinme dependent dielectric breakdown (TDDB)
characteristics of an oxide film time zero dielectric breakdown (TZDB)
characteristics and others. Further, when the COP exists on a wafer
surface, steps may be generated in a device wring process, resulting in
disconnech%#%rFﬁﬁt%ﬂ?1ﬁﬁﬁﬁd %h & Codp Cd&R N8 %a UFdRgoR BRXPdak ignidhef] ke in
an elenent__isolatio oftion to lower a yjeld of a product. [0004] .In
regard to atwrﬁaslﬁmftl&im&%’sipc?&roé(&dt%at%hensw&?’? ) Q%nlir%%?ffi”f%‘ile f or med
in crystal_growh is a_.nucleus, and the.Q SE is a stacking fault which is
elicited 9%3%5%9%ﬂ%ﬂﬂaﬁﬁﬁc i99¥ngfﬁbe§§lgrpﬂﬁelﬁiQE%Fﬁtﬁ§n8§a@turing a

sem conduct.or, .devi ce. -Thj E.c a def . €. 0. increase in a
| eak currcpn ll’to celae d(eavilcleq.hstrﬁggs“ﬁl/tD%‘:éZf%;éltSo ancgﬁaéd a%?s?(glga??%n %I%ster or a

0 sl ocall s, Sy S SRR AR L ESEL LTk acBener gl oo e @

avi'ng thi inase ive etdéhant” 'mainly
cont ai ni ng ' j ; i / I
deteriora?%g&%?%%#%#%gpaghg?g%?gﬁft%%%%@Qggg.i&%ﬁggkcéﬁgkggfggfggfgs,

i sol ation HhafAEdeS 0%, ard rid RS ild@R%) 1BagedaRBLAE (Fopys- descri bed
facts, it is necessary to reduce the COP, the OSF and the L/D'froma

silicon waftRiradteah disi disethd @ tiRMgf. ackurenar sepheRndnst 8op - x it &gr at ed

circuit. Although various nethods exist as
‘on a wafer surface, steps may be generated in a device
wiring process, resulting in disconnection. Furthermore,
the COP can be a factor of leak or the like in an element
isolation portion to lower a yield of a product.
[0004] In regard to the OISF, it is considered that a
small oxygen precipitate formed in crystal growth is a
nucleus, and the OISF is a stacking fault which is elicited
in a thermal oxidation process or the like in manufacturing
a semiconductor device. This OISF causes a defect, e.qg.,
an increase in a leak current of a device. The L/D is also
called a dislocation cluster or a dislocation pit since an
etching pit having a direction is generated when a silicon
wafer having this defect is dipped in a selective etchant
mainly containing fluorinated acid. This L/D can be also a
factor which deteriorates electrical characteristics, e.qg.,
leak characteristics, isolation characteristics and others.
[0005] Based on the above-described facts, it is

necessary to reduce the COP, the OISF and the L/D from a

silicon wafer which is used to manufacture a semiconductor



met hods of eval uating such crystal defects, there has been disclosed a
crystal defect evaluation nethod of a silicon single-crystal using a copper
decoration method which contam nates a sanple surface with copper, diffuses
copper into the sanple by a heat treatnent and then rapidly cools the
sanple to elicit defects on the crystal surface as a nethod of evaluating a
smal | defect in particular (see, e.g., Patent Reference 1). In this nethod
disclosed in Patent Reference 1, a region where an O SF or a nucleus which
beconmes an. QI SF exi st .is detected 0006] Further, there has been discl osed
a wafer dete&drahed f§F§uﬂ§ThoﬁfEBﬂ%gpsV%ﬁl%P%t%ﬁﬁQﬁd?cﬁ*ﬁ?ﬁ;%ﬁ1 i nsul ati ng

film havi d ' .t hick b f to f ' | ati
{11 m whosd A knegs G140 bRy EHaTpSa TRCEh RELRELE "t 6N ehBEt PUBpart of -
th f : t i f the.i lating.filmwh

i ckness Tae Bash & 8ya1Y, AR BuBEhbe thnr PEFHBRCPE by Byt dhana®

decor al | ng, aARETo G ce WdSEOL! KB RRR acb8PS e i8ndnocRBhenh BRf erence 2). I

t he net ho n rence ef ect on a Sem conduct or

vafer  SUblGfla e & St a0t 1620 e fl EBELLY , aRaletaedswhbpethe naked
eye. [0007] Patent Reference 1: Japanese Patent "Application Ila ﬁ-open No.

2001- 81000 e} B Kuraleebly Behareneecendapangse hahenhphaiy3244296  (claim

1, paragraph [0015]) -3 [0008] However, the evaluation nethod using the

copper the sample to elicit defects on the crystal surface as a
method of evaluating a small defect in particular (see,
e.g., Patent Reference 1). In this method disclosed in
Patent Reference 1, a region where an OISF or a nucleus
which becomes an OISF exist is detected.
[0006] Further, there has been disclosed a wafer
defect analysis method comprising a step of forming an
insulating film having a predetermined thickness on a bare
wafer to form an insulating film whose thickness has been
changed with respect to a defective part of the wafer and a
step of destroying a part of the insulating film whose
thickness has been changed on the defective part by
electrolysis and decorating copper on the defective part
(see, e.g., Patent Reference 2). In the method disclosed
in Patent Reference 2, a defect on a semiconductor wafer
subjected to crystal growth can be directly analyzed with
the naked eye.
[0007] Patent Reference 1: Japanese Patent Application
laid-open No. 2001-81000 (claim 1)

Patent Reference 2: Japanese Patent No. 3241296

(claim 1, paragraph [0015])



decoration nethod disclosed in Patent Reference 1 or Patent Reference 2 can
detect a COP whose size is less than a detection lower limt of a particle
counter, but it is conplicated since nany steps are required for
measurenent, and hence there has been a problemthat an eval uation

t hroughput is poor and a cost is high. SUMARY OF THE | NVENTION [0009] It is
an object of the present invention to provide a silicon wafer surface

def ect evaluation nmethod capable of readily detecting a region where a
smal | crystal defect exists. [0010] It is another object of the present

i nventi on [&%983r ovi deHaWEVET coRNGaPBRl 4dE R cnRleht tueing ek oPPRRhod

which faci]itates manufacture of a sil.icon wafer formed of a defect-free
region. [ rqquQSWQﬁﬁqd frsches g8 £ agentnBefrEsBRE i R¥eRELBRAtt 0
provide a _silicon wafer farned,of efect- free region. 012] To achieve
these obj &5t A ordihy %Stﬁﬁ§ apgggew OFﬁvéﬁ?FoﬁsdiFFﬁeggﬁﬁ laim1, there

is provided.a .silicon wafer .surface_defect eval uation thod.conprising: a
rapid heafﬂ¥¥%hlﬁ§h O@Fﬁbl&PlipﬁFiﬁngagtﬁggF FPEQ?ﬁEhtbgg 1§ &Fli con wafer

cut out 1 1o S1GOR 13/d00hexGr Wikale L0GOLe 0,80 BLUORRNSLEHALEN can

nitride si on at a tenperature evating spee setond from

2 100M - & LMD LEIPBALULES BN URCBNIRt 2hOBG51kRAA1TOC and | ess

than a silicon nelting point, holdin e Si
throughput is poor and a cost is high.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to
provide a silicon wafer surface defect evaluation method
capable of readily detecting a region where a small crystal
defect exists.

[0010] It is another object of the present invention
to provide a silicon wafer surface defect evaluation method
which facilitates manufacture of a silicon wafer formed of
a defecf—free region.

[0011] It is still another object of the present
invention to provide a silicon wafer formed of a defect-
free region.

[0012] To achieve these objects, according to the
present invention defined in claim 1, there is provided a
silicon wafer surface defect evaluation method comprising:
a rapid heat treatment step of applying a heat treatment to
a silicon wafer cut out from a silicon single-crystal ingot
in an atmosphere which can nitride silicon at a temperature

elevating speed of 10 to 150°C/second from a room



waf er at the processing tenperature for 1 to 120 seconds and then cooling
the silicon wafer to the roomtenperature at a tenperature |owering speed
of 10 to 100C/ second; and a step of calculating a mnority carrier
diffusion length on a wafer surface by using a surface photo voltage nethod
(which will be referred to as an SPV nethod hereinafter) to detect a region
on the wafer surface where snmall COP'S which cannot be detected at | east by
a particle counter exist. [0013] According to the present invention defined

in clai miCMRHEA B Rt i tRIFSTARURe Sy ddwaesy noF tisweaftdan ddi/f0a€e | ayer by
applying the rapid heat treatment in the atnosphere which can _nitride
silicon undfd 1975 dHRR-2 S P deldridia iIRMAT v HCdREiNGs thee Sitdilé@med into
the wafer fromthe wafer surface. Defect in gﬂg re%jo where the snal
0P s exi AL ToUglSPRTT T | HTIRATE Wik At ds Yoby 2o SESONAE! t aneous! y
wi th the vacan injection, .and this coupli ffectively acts as the
center of ?ré&c%ﬁ%rf |“JhogO ng (e MGy Wcadt%roq'ﬁ g%. e%’se & 98 HPSLAYYEE 1 egi on
on the r_surface where the snal] 'S i gh nat,_be et ect.ed at

€3 o R I, R o Y4 GBME p &gt 858t ect eq.

| east by the par count'er "N's

CaLeul ot 108 WAk Folf o AP TASIUD SRSAIERR TS,
e vl SRR LSO P RS SHRD B R sy foce
counter exj$fi&RNwPLl be referred to as an SPV method hereinafter) to

detect a region on the wafer surface where small COP’s

which cannot be detected at least by a particle counter

exist.

[0013] According to the present invention defined in

claim 1, when a nitride film is generated on the wafer

surface layer by applying the rapid heat treatment in the

atmosphere which can nitride silicon under the above-

described conditions, vacancies are injected into the wafer

from the wafer surface. Defect in the region where the

small COP’s exist are coupled with the injected vacancies

by heat simultaneously with the vacancy injection, and this

coupling effectively acts as the center of re-coupling of

the minority carrier. As a result, in the region on the

wafer surface where the small COP’s which cannot be

detected at least by the particle counter exist, a short

diffusion length is detected. Calculating the minority

carrier diffusion length on the wafer in this state by

using the SPV method, since the COP’s further effectively

act as the center of re-coupling of the carrier, the region



readily detected. [0014] According to the present invention defined in
claim2, there is provided, in the invention according to claim1l, the

met hod further conprising a step of performng HF processing with respect
to the wafer surface before the step of detecting the region on the wafer
surface where the small COP's which cannot be detected at |east by the
particle counter exist when the silicon wafer is a p-type sem conductor.

[ 0015] According to the present invention defined in claim?2, since silicon

in the wafer surface |ayer_can pe termnat w th hydrogen b rformng HF
processinﬁnwfﬁﬁ Wﬁggﬁeﬁgrﬁac?hggﬁﬁ?eFﬁgu?mﬁig ﬁﬂ%nst %l%gf%ﬁngégt ¢ p-type
sem condu r e_region,on t wafer .surface ere th smal | COP's which
cannot begggfgg%gda%yQ% gtp§¥t?§ epagéﬁ% érg%Q?ghrc%fl g ?%%?%?y detected by

measur ement, jaf 1{h carrier diffusion | ength using the SPV nethod.
[ 0016] Acco?gl%g ?gtgggggfesent invention defined in claim3, there is

provi ded, [iO'Glt4 e nv%é%?rg%q{cg'{n}g?t el rerilver;ﬂ% etﬂ%e&’wl%rei n the

waf er cut out fromthe n si -crystal 1s a wafer consisting of a

perfect ©8giignal Pkne2ePibapdoedbqn aRdcRer 88VOR ISl acd®rifnd ldois @
region where interstitial silicon point defect agglonerates exist in the

silicon sicngli@- ¢ yshal mbBE6H, fhvthekScampLUs PRgWREE €N AGANSY ROHIE n glef ect

aggl onerates exist, -6 [P] is a perfect fegion in which the interstitial

silicon p@i prodekeehgag@gtpneeapestand the wacancyuppadé Befeed the
step of detecting the region on the wafer surface where the
small COP’s which cannot be detected at least by the
particle counter exist when the silicon wafer is a p-type
semiconductor.
[0015] According to the present invention defined in
claim 2, since silicon in the wafer surface layer can be
terminated with hydrogen by performing HF processing with
respect to the wafer surface when the wafer is the p-type
semiconductor, the region on the wafer surface where the
small COP’'s which cannot be detected by the particle
counter exist can be readily detected by measurement of the
small carrier diffusion length using the SPV method.
[0016] According to the present invention defined in
claim 3, there is provided, in the invention according to
claim 1, the method, wherein the wafer cut out from the
silicon single-crystal is a wafer consisting of a perfect
region [P], a P-band region and a region [Vs], where [I] is
a region where interstitial silicon point defect

agglomerates exist in the silicon single-crystal ingot, [V]

is a region where vacancy point defect agglomerates exist,



aggl onerates do not exist, the P-band region is a region which exists at a
boundary of the region [V] on a side adjacent to the region [P] and where
an O SF nucleus is forned, and the region [Vs] is a region which exists at
a boundary of the region [V] on a side adjacent to the P-band region and
has small COP's which cannot be detected by a particle counter. [0017]
According to the present invention defined in claim4, there is provided,
in the invention according to claim3, the nethod, wherein the wafer cut
out from tlHel i 15 Wfﬁ%l%%tm ‘Aﬁhﬁ@@t the 4nfkerstitonsi stilagosf a mi xed
region of a region [Pv] and a region [Pi], the P-band ion and the region
[Vs], wheﬁ?%qﬁ]dQQ?9¥r%%ﬁLﬂWQHﬂﬁﬂﬁ|@§ CaVerency PﬁénﬁegﬁéﬁcFl] bel ongs
to the perfect region P] and has an nterstltlal sili,con congentration

which is & I =3 QM99EanﬁF§VsFPFi5F §Pﬁ|68H188n&én?r5?96ﬁn whi ch

allows formation of interstitial- di.sl oc tlon and is a
regi on whi'BHGs SSicert @C t% btoﬁléld gi° &n%[h% regdrdndd 1t 87t ﬁesﬁgkf ect region

P d has h h
concent r atkbR S i ol T SEaeRatEdn F o8 3P PREFS MSorBUTa! Saccordi ng to
the presergoyent.on el laed don (yehalin 5 thacs ihBrogided. L the

|nvent|on accordln clai ) net ho erein, ‘assumng that [I] is a
region ter, il o nant. c a ef ects
of inter stl ti aﬂqk ﬁ%&ﬁ{éayel%l&r?zlr 'vg] on m%e(r%qa@eh%ﬁpa%t%gg,{erbreﬁpgl 2 Eéf}ﬁ. ed to a

vaf er whi chegiefs et Ha@ds‘ﬁQ\Qlt R®p's which cannot be detected by a

particle counter.

[0017] According to the present invention defined in
claim 4, there is provided, in the invention according to
claim 3, the method, wherein the wafer cut out from the
silicon single-crystal ingot is a wafer consisting of a
mixed region of a region [Pv] and a region [Pi], the P-band
region and the region [Vs], where [Pi] 1s a region which is
adjacent to the region [I], belongs to the perfect region
[P] and has an interstitial silicon concentration whichvis
less than a minimum interstitial silicon concentration
which allows formation of interstitial-type large
dislocation, and [Pv] is a region which is adjacent to the
region [V], belongs to the perfect region [P] and has a
vacancy concentration which is not greater than a vacancy
concentration which allows formation of COP’s or FPD's.
[0018] According to the present invention defined in
claim 5, there is provided, in the invention according to
claim 1, the method, wherein, assuming that [I] is a region

in which interstitial silicon is dominant and which has



region [I] in an atnosphere which can nitride silicon at a tenperature

el evating speed of 10 to 150C/ second froma roomtenperature to

t enperatures between not |ower than 1170C and | ess than a silicon nelting
point and an SPV nethod is used to calculate a mnority carrier diffusion
|l ength on a surface of the wafer cooled to the room tenperature at a
tenperature | owering speed of 10 to 100C/ second after hol ding the wafer at
the processing tenperature for 1 to 120 seconds, the wafer before the heat
treat ment 4festdl wft ddunrsed tdr lwisdtlieon RIIHORGERLPS  cPPRe® BPRLusi on

| ength on the entire surface of the wafer falls within a range of 500 to
800 m [ 0040TaAETYr diSn GRRS ke B9 &s &Rt StnVBAChofoger MREd PR LUERALRPS, when
the rapid heat treatnent is applied to._the wafer, which d(ies not i nclude the

region [I]5SHdE lhle 158y &Wesonad&d Wodhdi CednL Ehd9enEh1ER8 nhofi ty
carrier i ffusiaqon length i.s calcul ate he .SPVY t hod he wafer before
t he Iheat tleé%éj‘?#a%uﬁes é’la:}dt“(,gd st?%f@dognq&hé‘f)hé Otﬂgge?ﬁ%%r#]f?/mc%rri er
di f f usi t ti f f .th f fall it hi f
500 1o 800 S| fertb iRl & b AR Bls, et Glovt Hopdr khidnl! % "N9¢ ©

above: desty] PRdohaNgEss! EngANabE; SSLRThARd: hi2bothe ARESLn 28pg"

eval uation target whi does not inc a waf er

ivent | on HerT R ek e A e ibre N ohrad: dea A S Mresacag o i
, provided a silicon wafer, wherein

the silicomya! On a5 i@ ottt dRERMN@oo1RE YL the §8bRAN
temperature at a temperature lowering speed of 10 to
100°C/second after holding the wafer at the processing
temperature for 1 to 120 seconds, the wafer before the heat
treatment is evaluated based on whether the minority
carrier diffusion length on the entire surface of the wafer
falls within a range’of 500 to 800 um.
[0019] According to the present invention defined in
claim 5, when the rapid heat treatment is applied to the
wafer which does not include the region [I] under the
above-described conditions and then the minority carrier
diffusion length is calculated by the SPV method, the wafer
before the heat treatment is evaluated based on whether the
minority carrier diffusion length on the entire surface of
the wafer falls within a range of 500 to 800 um. If the
minority carrier diffusion length falls within the above-
described range, it can be determined that the wafer as an
evaluation target which does not include the region [I] 1is
a wafer consisting of a defect-free region.

[0020] According to the present invention defined in



[1], [1] being a region in which interstitial silicon is dom nant and which
has interstitial silicon agglonerates, wherein when a heat treatnent is
applied to the wafer in an atnosphere which can nitride silicon at a
tenperature elevating speed of 10 to 150C/ second froma room tenperature
to tenperatures between not |lower than 1170C and |less than a silicon
nmelting point, the wafer is held at the processing tenperature for 1 to 120

seconds and then a surface photo voltage nmethod is used to calculate a
mnority Grdimer® iR dF IPERFtKesh 2a SddAraBe Waff et me “REELEAD 86l ed to the

room tenperature at tenperature | oweri speed .of _10 to 100(C/ second, the
mnority iR ST on & MErSEh G Cih 8Ost MPE SBFAEEE 8 TEAORar or fal l<

it hi f .500 to 800. . [0021] A di .to the. (O ti
et i nod i LT A 60 P Po 540 YO n Y BON AL 4 TACRAT 6F whi ch |
d (O : [ I d [ f defect-f ' i f
mnor Ly GO Gl bel oG R Seantr s E e aF ettt or fal <

i not ACIRAAT ) der |
var or wni I L oY o AR, KRear BB 3 AR 1R RO Ra el aft By "

[0022] In ddye, 'Héﬂé“%ﬂ%%%e%a%PBﬁﬁﬁﬁégﬁEﬁﬁﬁc%ﬁahga%i%@mg%%%ﬂﬂ?eaccordi”9 to

t he present I nvention, mhen anitri mis generat a.mafer surfape
layer by applodtif sgeail &1adt tJ 93l BNLe&HndNs ALAPEPREEE Wi ch can nitride

-9 silicon under predeterm ned heating conditions, vacancies are injected

into the vwadfeddind iR Wahe raitiufrace bkt not lower than 1170°C
and less than a silicon melting point, the wafer is held at
the processing temperature for 1 to 120 seconds and then a
surface photo voltage method is used to calculate a
minority carrier diffusion length on a surface of the wafer
cooled to the room temperature at a temperature lowering
speed of 10 to 100°C/second, the minority carrier diffusion
length on the entire surface of the wafer falls within a
range of 500 to 800 um.
[0021] According to the present invention defined in
claim 6, there is provided a silicon wafer as a wafer which
does not include a region [I] and consists of a defect-free
region if a minority carrier diffusion length on an entire
surface of the wafer falls within a range of 500 to 800 um.
Such a wafer is preferable as a silicon wafer which is used
to manufacture a semiconductor integrated circuit.
[0022] In the silicon wafer surface defect evaluation
method according to the present invention, when a nitride

film is generated on a wafer surface layer by applying a

rapid heat treatment in an atmosphere which can nitride



existing in a region where small COP' s exist are coupled wth the injected
vacanci es by heat sinultaneously with this vacancy injection, and this
coupling effectively acts as a center of re-coupling of a mnority carrier.
As a result, in aregion on the wafer surface where small COP's which
cannot be detected at |east by a particle counter exist, a short diffusion
|l ength is detected. When a mnority carrier diffusion length on the wafer
inthis state is calculated by using the SPV nethod, since the COP's
further eff&tifon| ynder B§e@ﬁ€6€1@¥ﬂ@g keatng cuprd Hglonsf, twacammt¥eser, the
region on the wafer surface in which the small COP' s whi ch cannot be

det ect ed aRTPedBiesyetnentPathe cvafebubi@r e staken BEFaqrN | Pedecésct ed.
Moreover, since information such as a distribution with respect to crystal

def ects onSFhELWAFetNcANTBBIAR CHREERI S EE ISR 72 £*¥ 15 3% Judrifd to
Coltial ot HoBRoFRe aRarated BRGHIT et vl chophoe et SRR B ot et on
Gorect fr eERiBolBRERTBOYS) SSHESE: MnbrChit crOR R e et e p sy
char act or i 358 HERFEE "SE PRSTro [y (7E RO R A of %R entire

' fnyLL?fte yoigégﬁ%{?@;%f %2#%%1%5% gtnlg? h&%g%a$cﬂf%$%éﬂbe§roegs#%f$ﬁ%bést$f ace

phot o vol t gaec TELARG: OPet BErdBEET ST a58: SHPi 20580k 10L& heplamig heat

exist, a short diffusion length is detected. When a
minority carrier diffusion length on the wafer in this
state is calculated by using the SPV method, since the
COP’'s further effectively act as the center of re-coupling
of the carrier, the region on the wafer surface in which
the small COP’s which cannot be detected at least by the
particle counter exist can be readily detected. Moreover,
since information such as a distribution with respect fo
crystal defects on the wafer can be accurately recognized,
it is possible to conduct an examination to suppress
generation of crystal defects from an initial stage of
manufacture of the wafer based on such information, thereby
facilitating production of the silicon wafer consisting of
a defect-free region.

[0023] The silicon wafer according to the present
invention is a wafer which does not include the region [I]
and characterized in that a minority carrier diffusion
length on an entire surface of the wafer falls within a

range of 500 to 800 pum when the minority carrier diffusion

-10-



treatnment in the atnosphere which can nitride silicon under the
predeterm ned conditions. In the wafer which does not include the region
[1], if the minority carrier diffusion length on the entire surface of the
wafer falls within a range of 500 to 800 rim the silicon wafer consisting
of a defect-free region can be obtained. Such a wafer is preferable as a
silicon wafer used for manufacture of a sem conductor integrated circuit.
BRI EF DESCRI PTI ON OF THE DRAWNGS [0024] FIG 1 is a view showing a

rel ati onshi§gnddt ieserragudading $ypaisiingd éhectsugdreenphaticonobssee on
Voronkov's theory in which a horizontal axis represents the V/G and a
vertical #HFedpef yafGith sanfacanepbgsicreddéprethe &ardédnbeati on and an
interstitial silicon point defect concentration; FIG 2 is a distribution

chart shovliiRAESHTOM thhe cdmosihedier f4icdn Cren Gk il ea SddiePnpaAsr

et oct s usi Ty BF ST ASEbrAarFH J@eoaLACEBF GPRGEF o7 P ESPAP Y1 B Exanpl e

Lo ) YA, SO ADY b ik

0L 3 015001 0 e YIRS S 355 loL 000 5B dEEg i on
range of 500 to 800 pum, the silicon wafer consisting of a
defect-free region can be obtained. Such a wafer is
preferable as a silicon wafer used for manufacture of a

semiconductor integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a view showing a relationship between
V/G and a point defect concentration based on Voronkov'’s
theory in which a horizontal axis represents the V/G and a
vertical axis represents both a vacancy point defect
concentration and an interstitial silicon point defect
concentration;

FIG. 2 is a distribution chart showing a minority
carrier diffusion length in a wafer plane according to
Example 1;

FIG. 3 is a distribution chart showing surface
defects using a copper decoration method according to
Comparative Example 1;

FIG. 4 is a distribution chart showing a minority
carrier diffusion length in a wafer plane according to

Example 2;
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FIG 6 is a distribution chart showng a mnority «carrier diffusion |ength
in a wafer plane according to Exanple 3; FIG 7 is a distribution chart
showi ng surface defects using the copper decoration nmethod according to
Conparative Exanple 3; FIG 8 is a distribution chart showing a mnority
carrier diffusion length in a wafer plane according to Exanple 4, FIG 9 is
a distribution chart showi ng surface defects using the copper decoration
met hod according to Conparative Exanple 4; and FIG 10 is a distribution
chart of a waferFpFane isisi st -PAD ivgt lvdch ric sdvodiimg tsmrd@anear at i ve Exanpl e
5. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0025] The best node
for carryi dgfeatstweing ckleatcoppeendeerralion metived dexeerdiety §Y0026] A
silicon wafer surface defect evaluation nethod according to the present

i nvention FeMeRBRbEYRrE¥@MP1®y2 tonprising: a rapid heat treatnent step of
applying a heat_treatnent to a silicon wafer cut out froma silicon

singl e-crystal ifdt § P &rspHtehicdR dasawinge Mnadsy at a
tenperature_el evating_speed of 10 tp -12 150C/ second froma roomtenperature
to tenperaf%?E%erb@%gg%gl%%tf%QﬁEﬁ thah Wﬁé%ﬁ:ﬁ%ﬁPQEﬁﬁFQWﬂ&P%igﬁI i con

mel ting point olding the silicon wafer at the treatnent tenperature for 1
to 120 sec%ﬁ%@pgﬁdgthen cooling the

FIG. 7 is a distribution chart showing surface
defects using the copper decoration method according to
Comparative Example 3; |

FIG. 8 is a distribution chart showing a minority
carrier diffusion length in a wafer plane according to
Example 4;

FIG. 9 is a distribution chart showing surface
defects using the copper decoration method according to
Comparative Example 4; and

FIG. 10 is a distribution chart of a wafer plane

using a u-PCD method according to Comparative Example 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] The best mode for carrying out the present
invention will now be described.

[0026] A silicon wafer surface defect evaluation
method according to the present invention is characterized
by comprising: a rapid heat treatment step of applying a
heat treatment to a silicon wafer cut out from a silicon
single-crystal ingot in an atmosphere which can nitride

silicon at a temperature elevating speed of 10 to
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silicon wafer to the roomtenperature at a tenperature |owering speed of 10
to 100C/ second; and a step of <calculating a mnority carrier diffusion

|l ength on a wafer surface by using a surface photo voltage nethod to detect
a region on the wafer surface in which small COP's which cannot be
detected at |east by a particle counter exist. [0027] As a silicon wafer
which is an evaluation target in the evaluation nethod according to the
present invention, it is preferable for a wafer cut out froma silicon

si ngl e- cr)ﬁétoaﬁ/ﬁﬁeﬁfldt 6reR a ﬁﬁ@@rt@é}?@?%ﬂlﬁ@ 0 EempRydErtesegion [P], a

P-band regi on and a r |on %g IS a region where interstitia
sili con p eﬁ"(weed’efné’& g‘j@r At é%78x? s"tm‘i1 nl?%% EIWIF cdre 5HHR- cryst al

i ngot, regi.on where .vac i.nt def aggl onerates exist, [P]
000 pert o0 GoIAdnS TR BT P ShEREoR CubhAr Lot lent

| t d.th t d f t t t t, th
S?’%aﬂgeraetéq%@%”.ag W38, SpEon i 4 ooxeEpeds; ad bsﬁﬁa;?gagiwgh‘éﬁ?eé.x;ﬁ V] on
a side adja ent 1t Qe regk n &P and mhegg an nucleg? |g formed, and
the regi of [ q@s N 9% FegiPon WhitC XIretsat'ts b uﬁd%??pgf H&®region [V] on

a side adhﬁﬁgﬂgnﬁig %@g Ofbﬁ%d egbg ?5 g@gr g@nélsgﬁ§(§5mhlch cannot be

detected by a &% “cSinter eX|st preferable for

the surfavc%l%fl%ctt val gﬁtn'oq&tg%a%leéce% hQQOBOlEHStHrSEGQt whgg aLton

since COP's cannot etecte particle counter; 1.e
whose si Z@urface by using a surface photo voltage method to detect a

region on the wafer surface in which small COP’s which
cannot be detected at least by a particle counter exist.
[0027] As a silicon wafer which is an evaluation
target in the evaluation method according to the present
invention, it is preferable for a wafer cut out from a
silicon single-crystal ingot to be a wafer consisting of a
perfect region [P], a P-band region and a region [Vs],
where [I] is a region where interstitial silicon point
defect agglomerates exist in the silicon single-crystal
ingot, [V] is a region where vacancy point defect
agglomerates exist, [P] is a perfect region where the
interstitial silicon point defect agglomerates and the
vacancy point defect agglomerates do not exist, the P-band
region is a region which exists at a boundary of the region
[V] on a side adjacent to the region [P] and where an OISF
nucleus is formed, and the region [Vs] is a region which
exists at a boundary of the region [V] on a side adjacent
to the P-band region and where small COP’s which cannot be

detected by a particle counter exist. Such a wafer is
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is less than a detection lower |imt of the particle counter exist in this
wafer. Here, the phrase "cannot be detected by a particle counter” neans
that the detected nunber of the COPs which are not smaller than 0.065 mis
substantially zero. In this specification, a "COP which is 0.065 ni' neans a
COP having a value of 0.065 mwhen neasured by an SPI manufactured by

KLA- Tentor corporation and a particle counter having perfornmance equival ent
to that of this device. [0028] In particular, in regard to the silicon

waf er whiRReferapleEgnathorsdnkarg defeqts gyradfuatdsine medhog waf er cut out
froma silicon single-crystal ingot to be a wafer consisting of a m xed
regi on of 2CFREFHHY BV IRMPELTYY: VI ION HATR KR & &G ta®® t he region
[ Vs], wher éFﬁg %s a region which is adjacent tq the region [1], belongs
to the pefFeRItSLFBA [T hHLLHH Gt er-Git %1 %sidGE ¢n RO §ritdeat i on
which is less than a mnipnuminterstitial . silicon.concentration allown

f ormati on bf }ﬁ%r@??iaalﬁﬁ%%lqréﬁg%”ed?ﬂ iooﬁcw),thﬁ(?a[ Caies a region °
which is adjacent to the region bel ongs,to the perfect region [P] and
has a vacaht a%%ﬁc%%ﬁ%%ﬂ%Qwﬁﬁhﬁcﬂéﬁg;1 egnghaﬁ 8 pgﬁégﬁcyC8838gnb?apion

al | ow ng fIrption Qf OQFLS: O FR e 0GR Sysh.a Sid iganater i

nanufactured y pu g ~ upan ingo roma srlicon melt 1nma hot zone .

rnace bl e AORESS 4 LAY oo oS LA R PR Jor ko

silicon singlEe ShYSIRy 1AW, 1In this specification, a “COP which is
0.065 pum” means a COP having a value of 0.065 um when
measured by an SP1 manufactured by KLA-Temcor corporation
and a particle counter having performance equivalent to
that of this device.
[0028] In particular, in regard to the silicon wafer
which is an evaluation target, it is preferable for a wafer
cut out from a silicon single-crystal ingot to be a wafer
consisting of a mixed region of a region [Pv] and a region
[Pi], the P-band region and the region [Vs], where [Pi] is
a region which is adjacent to the region [I], belongs to
the perfect region [P] and has an interstitial silicon
concentration which is less than a minimum interstitial
silicon concentration allowing formation of interstitial-
type large dislocation, and [Pv] 1s a region which is
adjacent to the region [V], belongs to the perfect region
[P] and has a vacancy concentration which is less than a
vacancy concentration allowing formation of COP’'s or FPD's.
[0029] Such a silicon wafer is manufactured by pulling

up an ingot from a silicon melt in a hot zone furnace with
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is pulled up froma silicon nelt in a hot zone furnace by a CZ nethod or an
MCZ et hod, point defects and aggl onerates (three-dinensional defects) of
poi nt defects are generated as defects in the silicon single-crystal. The
poi nt defect has two general confornmations, i.e., a vacancy type point
defect and an interstitial silicon type point defect. The vacancy type
poi nt defect is produced when one silicon atom separates from one of nornal
positions in a silicon crystal lattice. Such a vacancy becones a vacancy
type poi nt2deFedeterRIRGR B hbTuhaFREedhHEP Bl aittifigds Frothd KO Ssi t i on
other than_a lattjce point of éhe ig%icon crystal, (an interstitial site),
this beconERe3RY i BY e st4 tPgthod; 3R Yot $ct"99%031] The point def ect
i s general i nt roduced on a_ contact face_hetween a_silicon .t (nolten
571 Doom aboah P hoorh Faehinaio 6D o Rowacer. SR CHRREAL 4nohE
contact face is,¢o00led with a continuaou ul | -u eration _of the ingot. In
2 ool i ng Forr ST hEE BEOR S SPTLGal AP i A et sy e 3 4
denonstr at ' nnj hi L.at j actio essi ve point, def ects when

&> FePRLE of‘glllth(%? rﬁ%%?f Oéélrpt %%ecsts . rﬂdodaec%%lco[meraq:

cool ed down T0 approxinate m'vacancy poi agéﬁ%nerates
T e T O T
a2, Sener g yesatoreigten. PR Divamsanon L e pekntodtasetat s
has two general conformations, i.e., a vacancy type point
defect and an interstitial silicon type point defect. The
vacancy type point defect is produced when one silicon atom
separates from one of normal positions in a silicon crystal
lattice. Such a vacancy becomes a vacancy type point
defect. On the other hand, when an atom is found at a
position other than a lattice point of the silicon crystal
(an interstitial site), this becomes an interstitial
silicon point defect.
[0031] The point defect is generally introduced on a
contact face between a silicon melt (molten silicon) and an
ingot (a solid ingot). However, a part which is the
contact face is cooled with a continuous pull-up operation
of the ingot. In a cooling period, the vacancy or
interstitial silicon diffuses or demonstrates a pair
annihilation reaction. Excessive point defects when cooled
down to approximately 1100°C form vacancy point defect
agglomerates or interstitial silicon point defect

agglomerates. In other words, the excessive point defects

have a three-dimensional structure which forms and
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defect) or an FPD (Flow Pattern Defect) as well as the COP, and the
interstitial silicon point defect agglonerates include a defect called the
L/D. The FPD is a source of a nmark showi ng a peculiar flow pattern which
appears when a silicon wafer manufactured by slicing an ingot is subjected
to Secco etching (etching by a liquid mxture of HF: K2Cr207 (0.15 nol/1) =
2:1) for 30 mnutes, and the LSTDis a source which has a refraction factor
different fromthat of silicon when irradiating silicon single-crystal with
an infrared |light and genera es a scattered light. [0033] According to the
Vor onkov' s 9 ?H@Sg ©Sj ﬂgggaﬁﬁr? Sgrow a hi gh-purity ingot having | ess

gff ?ﬁtesl ngégmggmé @) Iéasccaonn(%yr Or{?%)oI eq? Crgeegcr a(ﬂgglmﬂmerr? e J\ﬂc&%lr#et f’ of sgeed
sol id11 qUidebnterhact ok Lheysh LEORsrfet o208 Lhgeslli£onnindoLepd n thi's

theory, as s orl1 zon axli s represents

vertical aékacrc‘;p&fssﬂtﬁpﬁog i) B VBGEEEY, CORPE0L [ k4 A AN, ANcp d B St al

concentration to dlagrannatl express a etmeen 1'G and

poi nt def eﬁhdceﬂéeﬂh{:éié@ﬂ%lai‘nglll(l:élﬁt;IB@L?tt@é‘fe@tbé’é’%f’@xﬁé’repte yeen a

vacancy region and an interstitial sillcon region is determned by V/G In

nore detai incaigeNg0okie et aR118§T €RSEH/Yacainy rraONGeR! Rk ik for med
when a V/Gratio is not smaller -16 than a critical point (V/ Gc, whereas an

ingot W thmapk bnewenaged patelshlt fBbwCHRELEEH alh Dbh | Spposr@dvndigrnaa VI G

ratio is not greater than (V/QGc. In FIG 1, [I]
silicon wafer manufactured by slicing an ingot is subjected
to Secco etching (etching by a liquid mixture of HF: K,Cr,0,
(0.15 mol/1l) = 2:1) for 30 minutes, and the LSTD is a
source which has a refraction factor different from that of
silicon when irradiating silicon single-crystal with an
infrared light and generates a scattered light.
[0033] According to the Voronkov’s theory, in order to
grow a high-purity ingot having less defects, V/G
(mm*/min-°C) is controlled, where V (mm/min) is a pull-up
speed of the ingot and G (°C/mm) is a temperature gradient
in the vicinity of a solid-liquid interface of the silicon
melt and the silicon ingot. In this theory, as shown in
FIG. 1, a horizontal axis represents V/G whilst a vertical
axis represents both a vacancy concentration and an
interstitial concentration to diagrammatically express a
relationship between V/G and point defect concentrations
and illustrate that a boundary between a vacancy region and
an interstitial silicon region is determined by V/G. 1In

more detail, an ingot with an increased vacancy

concentration is formed when a V/G ratio is not smaller
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represents a region (not greater than (V/ G1) in which the interstitial
silicon is dom nant and which has defects as aggl onerates of the
interstitial silicon; [V], aregion (not smaller than (V/ G2) in which the
vacanci es are dom nant and which has defects as aggl onerates of vacanci es;
and [P], a perfect region ((VG1lto (VG2 in which vacancy point defect
aggl onerates and interstitial silicon point defect aggl onerates do not
exist. A P-band region ((VVG2 to (VG3) which forns an O SF nucl eus
exi sts at EaHbeh&dE isralt ke indgi (v} vherpas spdelndphcerth 2 the region
[P]. In the P-band region, snall tabular precipitates exist, and O SFs
(st acki ng EAeasedhidtegstdd 1ady conveatratdetnest fTramed whenai 2 M¢gC
atnosphere.  Specifically, when a heat treatment_is carried out for 2 to 5
hours at araltéT‘FBelrsat“t?rte FEF0EIGE (Y /G coxylderd LGt fosgHek e and the heat
treatnment is continuously .perfornmed for 1 to 16 II} urs at t enper at ure of
1130C30C, 19RF 56 SEs & & T (RO G SaRer ﬁi‘r’*,ﬂ 4Y g;dr—inl'[‘\)éaﬁ‘l?f&\}i 3 to
(VM G4) in which.small ' s._whi ch, cannot be .det ec e%ﬁby a rticle counter
xi st 1o Pt SR Sadnet o Ao argran Ry o e et aERapRoant 1o
this P-ba g%i ' ?Q. Fur. rore, - d_r.eqi _(& ©) V[ G 1) exists
at a bou%i ]sg% Fﬁg gg;iééq%ﬁiqﬁ%H Q?a% éﬁggﬁgdg yﬁfogpkggggégion [ P]
The B-band JR9itlie:a el Q% i) Whiifhun 1dni hersbibhalesihigon aggl omerat es
serve as nuclei an highl'y ‘condént rated oxygen precipifation is generated
by a healgdnli8R{*¥nd which has defects as agglomerates of

vacancies; and [P], a perfect region ((V/G); to (V/G);) in

which vacancy point defect agglomerates and interstitial

silicon point defect agglomerates do not exist. A P-band

region ((V/G); to (V/G);) which forms an OISF nucleus

exists at a boundary of the region [V] on the side adjacent

to the region [P]. In the P-band region, small tabular

precipitates exist, and OISFs (stacking faults) are formed

by a heat treatment in an oxidizing atmosphere.

Specifically, when a heat treatment is carried out for 2 to

5 hours at a temperature of 1000°C+30°C in an oxygen

atmosphere and the heat treatment is continuously performed

for 1 to 16 hours at a temperature of 1130°Cx30°C, the

OISFs can be elicited. Further, a region [Vs] ((V/G); to

(V/G)4) in which small COP’s which cannot be detected by a

particle counter exist is present at a boundary of the

region [V] on the side adjacent to this P-band region.

Furthermore, a B-band region ((V/G)s to (V/G),) exists at a

boundary of the region [I] on the side adjacent to the

region [P]. The B-band region is a region in which
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[0034] This perfect region [P] is further classified into a region [Pi] and
aregion [Pv]. [Pi] is aregionin which the VVGratio ranges from (V/G1
nmenti oned above to the critical point, the interstitial silicon is dom nant
and defects of agglonerates do not exist. [Pv] is aregion in which the VG
ratio ranges fromthe critical point to (V/ G2 nentioned above, vacancies
are dom nant and defects of agglonerates do not exist. That is, [Pi] is a
region which is adjacent to the region [I] and has an interstitial silicon
concent r at3eEdi ehid s 9idssamagdd omariangs seaver 96i nugiledi Rndon
concentration with which interstitial- type |arge dislocation can be forned,
and [Pv] iBEegOrerHiaded e SR itRd 108giisn IpVEPratednk¥ & vacancy
concentration which is | ess than a m ni mumvacancy concentration w th which
an O SF n§FuTEH B or ned.  [0035] Therefore, a silicon wafer consisting

f th i P t - band | . t I i t

out from & Ft - ahi GRiPSPEGALFbl FEALRATpal F et BECAPR: QLERS & Fefner ¢ hat a

VIGratio jnclud f VIG1.t 2, A. f (MO2 t VIG 3

A R R .
: ver, ; i

[Pv] and t gcﬁggﬁlgena}[)lg% i:r,%nctV(\%r%-ngé%%d%I?)tédgﬂgr{%ﬁﬁdmgaﬁéfggaﬁo%b??&] ?s cut gut

froman ingl olft contnoliad a3t RUdad R il SUGH B MANGLiAha V/ G ratio
i ncl udes a range olgé)‘{lV/ to a critical point ti\CJ] 8)c, a range of the
critical pHQdMMERL IO dY18her A LI it exist. [Pv] is a region
in which the V/G ratio ranges from the critical point to
(V/G)z mentioned above, vacancies are dominant and defects
of agglomerates do not exist. That is, [Pi] 1is a region
which is adjacent to the region [I] and has an interstitial
silicon concentration which is less than a minimum
interstitial silicon concentration with which interstitial-
type large dislocation can be formed, and [Pv] is a region
which is adjacent to the region [V] and has a vacancy
concentration which is less than a minimum vacancy
concentration with which an OISF nucleus can be formed.
[0035] Therefore, a silicon wafer consisting of the
perfect region [P], the P-band region and the region [Vs]
is cut out from an ingot which is controlled and pulled up
in such a manner that a V/G ratio includes a range of
(V/G), to (V/G);, a range of (V/G), to (V/G); and a range of
(V/G)3 to (V/G), and is composed of these three ranges
alone. Moreover, a silicon wafer consisting of a mixed

region of the region [Pv] and the region [Pi], the P-band

region and the region [Vs] is cut out from an ingot
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(VG2 to (VVG3 and a range of (V@3 to (VG4 and is conposed of these
four ranges al one. However, anong the pulled-up ingots, there are a very
smal | nunber of ingots which are pulled up to include regions other than

t hose described above due to various factors in operations even though an
operation is perforned to pull up an ingot while controlling a V/Gratio to
i ncl ude the above-described ranges and to be conposed of these ranges. The
eval uation nethod according to the present invention can readily evaluate
a wafer which cannot be satisfactorily controlled a man ment i oned

above. [ OFSEIETA LPek AN G MAEKE BRI B UCD an TePREEAtPah At N Get 26ROt he

e oot eu Mk, A rarud S UG 508 i bRCsl shetetal VA8 Rcin oo &M
Doal ot o e s e MRS BB GO oL S oty L BT oat o i s
o Tt e RERLVLEFE ARA e Fasfile AORPIELS GG Rrah [ TL 08 STIT oo

L ermper at U, J BTG AULes DRGSR A hoRr. gy dd/Omapd Lpss than a

silicon nelting point, d at 'the “processing tenperature to 120

seconds, and fthem, GoYRd te LR SRS NG AhmBeleBREhALBEE | owering
-19 speed of 10 t§)10 C/ second. vﬁén Fhe rapi d heat Prgatnen% bis applied to

the silicqmiaf frd NP RN 1ML @B nsNblthide thiahi ¢@Bsender the

hi gh-t enperature heating
described above due to various factors in operations even
though an operation is performed to pull up an ingot while
controlling a V/G ratio to include the above-described
ranges and to be composed of these ranges. The evaluation
method according to the present invention can readily
evaluate a wafer which cannot be satisfactorily controlled
in a manner mentioned above.
[0036] As a silicon wafer which is an evaluation
target of the present invention, it is possible to use a
wafer cut out from an ingot and subjected to mechanical
polishing, or a wafer subjected to mechanical polishing and
further subjected to etching.
[0037] In a surface defect evaluation method according
to the present invention, a silicon wafer is subjected to a
heat treatment in an atmosphere which can nitride silicon
at a temperature elevating speed of 10 to 150°C/second from
a room temperature to temperatures between not lower than
1170°C and less than a silicon melting point, held at the

processing temperature for 1 to 120 seconds, and then

cooled to the room temperature at a temperature lowering
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conditions, generation of a nitride filmon a wafer surface |ayer allows
injection of vacancies into the wafer fromthe wafer surface. Each defect
existing in a region where small COP's exist is coupled with each injected
vacancy by heat sinultaneously with this vacancy injection, and this
coupling effectively acts as the center of re-coupling of a mnority
carrier. As aresult, in the region where snall COP' s which cannot be
detected at least by a particle counter exist in a wafer plane, a short

di ffusi on $eeed ot Od@IeUNeé/SPGOEQ] |'Yher Yoo drapbldgredortigrtrambspher e
which can nitride silicon in the present invention to allow _generation of

the nitridbSfRprd e the tha egrl]sltﬁqfhd'@ﬁ%lfyén e e@asphied sh@RaChr €a0nent

under the above-descrjbed conditions,. a speci fic_atnosphere which can
nitride s‘i”r?%b%e Fhkheen §méjr?q\ll%‘egapslgfer¥qq2’edfé’stur§n h%lé’@s, an NO gas, or
a mxed gas a here cont ai ni ng t hese gases d an inert The
terrperatur‘éore r?sh'g IO AT 13 Mg Ids é’é’ccﬁ’nd"atf@(,raﬁélé afre

i nconveni epce of prodq%%§V|t occurs. when th e el evati ng
speed 15 JOLEL HEIPE TR TURE (HE AT od D S SREEd o ZOBoiTFol | oq

when t he tﬁg@gregﬁlfreiez%%B%gdfggeg EXlgEl%gr .15 CYEecond hggghproceseing

t enper at ure Tanges t enpera an a silicon

R S b R e e AR A

fFilmis nofesufd i inec PUANNEHII® dSncy injection, and this
coupling effectively acts as the center of re-coupling of a
minority carrier. As a result, in the region where small
COP’s which cannot be detected at least by a particle
counter exist in a wafer plane, a short diffusion length is
detected.
[0038] It is good enough for the atmosphere which can
nitride silicon in the present invention to allow
generation of the nitride film on the wafer surface layer
by the rapid heat treatment under the above-described
conditions. As a specific atmosphere which can nitride
silicon, there is an NH; gas, an N, gas, an N,0 gas, an NO
gas, or a mixed gas atmosphere containing these gases and
an inert gas. The temperature elevating speed is set to 10
to 150°C/second because an inconvenience of poor
productivity occurs when the temperature elevating speed is
less than 10°C/second but the speed can be assuredly
controlled when the temperature elevating speed is up to
150°C/second. The processing temperature ranges from 1170°C

to a temperature which is less than a silicon melting point.
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1 to 120 seconds. The nitride filmcannot be sufficiently fornmed on the
waf er surface | ayer when the holding tine is less than 1 second, and
productivity becomes poor when the holding tinme exceeds 120 seconds. The
tenperature lowering speed is 10 to 100C/ second or, preferably, 70 to
100C/ second. The tenperature |lowering speed is set to 10 to 100C/ second
because vacancies once injected into the wafer diffuse on the surface of
the wafer when the tenperature |owering speed is |ess than 10C/ second, but
t he speed WhenotheOpreeessingarempeenssuredly boss rididred.170°C039] when the
silicon wafer is a p-type semconductor, it is preferable to performHF
processi nglnuPEhipBspécyacanaledf ehteutieceaber drased subsiepRIat sep of
detecting a region_on the wafer surface where small COP' s which cannot be
det ect ed aPfl Eggtnbyradﬁaﬂllel &S cerint B ffEient - Wibe HPledisdeddmeg iss
carried out with respect to the p-type wafer surface, silicon in_the wafer
surface |ayBP 140t8rAPRas ed Tha AitydiSydiilmasdrmeic e §8 HfdGileAatily  which

small COP's which cannot be detected by the particle  counter exist can be
feadi |y def@EREd B) bOBSEAHEhtSUR Hofi 19V ERVRE the MRMINY dridith 15

T e B 8 St Ao OO LT e SR S " T

o) o 2B BAREL Ee Lo eFLE0 S S R B s, °

method is ngg&hfg T@iEQ f@6467§é§%nd or, preferably, 70 to
100°C/second. .The temperature lowering speed is set to 10
to 100°C/second because vacancies once injected into the
wafer diffuse on the surface of the wafer when the
temperature lowering speed is less than 10°C/second, but
the speed up to 100°C/second can be assuredly controlled.
[0039] When the silicon wafer is a p-type
semiconductor, it is preferable to perform HF processing
with respect to a wafer surface before a subsequent step of
detecting a region on the wafer surface where small COP’s
which cannot be detected at least by a particle counter
exist. When HF processing is carried out with respect to
the p-type wafer surface, silicon in the wafer surface
layer is terminated with hydrogen, and hence the region in
which small COP’s which cannot be detected by the particle
counter exist can be readily detected by subsequent
minority carrier diffusion length measurement based on an
SPV method.
[0040] Then, calculating a minority carrier diffusion

length on the wafer surface by using the SPV method allows
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the silicon wafer surface by light irradiation or heating to nmeasure a
change in a mnority carrier diffusion length due to this activation. Since
surface defects existing in the silicon wafer subjected to the rapid heat
treatment nore effectively act as the center of re-coupling of the «carrier
as conpared wth surface defects in a wafer which 1is not subjected to the
rapi d heat treatnent, calculating the mnority carrier diffusion |ength by
using the SPV nethod can detect a region on the wafer surface where COP' s
exi st. As detmtiicm uded frergitdne oBPY heetiade rc sndiared wheret hmapi esent

i nvention, FAaST330 manufactured by SDI is preferable, and a device having
equi val entCAR/rctvloish camnod bepplatedteddditt ileasit! by @i peetiinfier mati on such
as a distribution of crystal defects on a wafer can be accurately

recogni zed:ountear gxdsdi-bl EheoSp¥r nethPdnis ex amehhaed ovh bak eaic bihvatedh
information so as to allow suppression of occurrence of crystal defects

fromthe %he t5ilicamyaisr fg@ e léohthd ngatdaticRepébPeataspl it ati ng

production of the silicon wafer consisting of a defect-free region. it is
to be not &P MRASHIFe &iANEGE WMafeMIOGRtyt CRFTILIa Jd&LEELOPr LENAERI on neans
o oLt R0 88 S0 e A B Do SRR 0
(50100 | Plyo (19 158, 00 LEL L G 2 122 Leglnyelthe eqon [P and
region [I]mgf%5%¥¥é%¥f$%f§)5%th%%tt EP%%%%%E B% %%-coupling of the

carrier as compared with surface defects in a wafer which

is not subjected to the rapid heat treatment, calculating

the minority carrier diffusion length by using the SPV

method can detect a region on the wafer surface where COP’s

exist. As a device used for the SPV method conducted in

the present invention, FAaST330 manufactured by SDI is

preferable, and a device having equivalent functions can be

applied. Additionally, since information such as a

distribution of crystal defects on a wafer can be

accurately recognized, it is possible to perform an

examination based on such information so as to allow

suppression of occurrence of crystal defects from the

initial stage of manufacture of the wafer, thereby

facilitating production of the silicon wafer consisting of

a defect-free region. It is to be noted that the silicon

wafer consisting of a defect-free region means a wafer

which does not include the region [I], the B-band region,

the P-band region, the region [Vs] and the region [V] but

consists of the region [Pv], the region [Pi] or a mixed
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at nosphere which can nitride silicon at a tenperature elevating speed of 10
to 150C/ second froma room tenperature to tenperatures between not | ower
than 1170C and less than a silicon nelting point, the wafer is held at the
processing tenperature for 1 to 120 seconds, and then a mnority carrier
diffusion length is calculated on a surface of the wafer cooled to the room
tenperature at a tenperature |lowering speed of 10 to 100C/ second by the SPV
met hod. At this tine, if the mnority carrier diffusion length falls within
a range ofre&s0en ofB800m inegéval y&viloandotheheegaber [Beéflore t he heat treat nent
based on whether the mnority carrier diffusion length falls within this
range, it[0fdd lbe det2ddihednahly, t acwabeerwhasch hdoes anefat imhludear get whi ch
does not include the region [I] is a wafer consisting of a defect-free
region. [CO02[ressomnildd dsasupipctedatpegi BRakntwARERSDENLBr 8RItial silicon
is dom nant and defects of interstitial silicon agglonerates exist, the
silicon wat@ecs R@@&@r&hﬁﬁht6aPh§l§Fé§§n§lﬂh9@ﬁtﬁBna| CHDREABHT@hi ch does not
include the re |on I]. This silicon wafer is characterized in that a
monority &AM %mﬁdoﬁﬂ éfgtR 13A SRR T SRR FACEPRR the vef or fall's
vmthlnaraneof m when_t he wafer

treatnenttfﬂ‘§Wa§Pﬁﬁégﬁe$§mﬁﬁFéﬁuE§ﬁ RELVFGE QPFliB%ggtgggggéi?gﬁbgsgture

Cempor at LPIE BEERedh Rof FaSFOrnAR "1 190ECARE" | BBE PRARCA S MPEnFel i ng

poi nt, th%ﬁ%l f%%%ss1ng temperature for 1 to 120 seconds, and then a
minority carrier diffusion length is calculated on a
surface of the wafer cooled to the room temperature at a
temperature lowering speed of 10 to 100°C/second by the SPV
method. At this time, if the minority carrier diffusion
length falls within a range of 500 to 800um in evaluation
of the wafer before the heat treatment based on whether the
minority carrier diffusion length falls within this range,
it can be determined that the wafer as the evaluation
target which does not include the region [I] is a wafer
consisting of a defect-free region.
[0042] Assuming that [I] is a region in which
interstitial silicon is dominant and defects of
interstitial silicon agglomerates exist, the silicon wafer
according to the present invention is a wafer which does
not include the region [I]. This silicon wafer is
characterized in that a minority carrier diffusion length
on an entire surface of the wafer falls within a range of
500 to 800 um when the wafer is subjected to a heat

treatment in an atmosphere which can nitride silicon at a
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waf-er is held at the processing tenperature for one to 120 seconds and then
the mnority carrier diffusion length is calculated on the surface of the
silicon wafer cooled to the roomtenperature at a tenperature | owering
speed of 10 to 100C/ second by using an SPV nethod. If the wafer is a wafer
whi ch does not include the region [I] and a mnority carrier diffusion
| ength on an entire surface of the wafer falls within a range of 500 to 800
rim the wafer consisting of a defect-free region can be obtained. Such a
wafer is Pperperabice sslevatiine eprasal @f ddeda d dPabdsacondefzomsani conduct or
integrated circuit. [0043] According to such a silicon wafer, at the tine
of pul | i ngrePN LRGSR it d-emppstadiuafgdettvann 203 Iiowex thant in a hot
zone furnace by a CZ nmethod or an MCZ nethod, the ingot is controlled and
pul | ed up 1/ &GcRne AgSSeithfRaf SYAECORNPEALATY PALRE, wWhRAi A1E4EANA range of
(MG1ltoa _critical point (V@Gc as shown in FIG 1, or controlled and
pul | ed up YUK NShlr HPIIESEHAY HRRSr ¥t faf ORent8 dfge of the

G

/

critical point V/E}#fg t.o (V/(%Z,. or ..controlled and pul | eq up.in.such a
manner t hat®ARES ( THero) te Mg i, (TP a ge of GGG 66 the
When ¢ he VTSR {50 SR T Adue s i8] SENEE F5od Paptd heat
carri o di TGS TR S 5 it A Dy e Soy SRR et ok dar ity
to 100°C/second by using an SPV method. If the wafer is a
wafer which does not include the region [I] and a minority
carrier diffusion length on an entire surface of the wafer
falls within a range of 500 to 800 um, the wafer consisting
of a defect-free region can be obtained. Such a wafer is
preferable as a silicon wafer used to manufacture a
semiconductor integrated circuit.
[0043] According to such a silicon wafer, at the time
of pulling up a silicon single-crystal ingot from a silicon
melt in a hot zone furnace by a CZ method or an MCZ method,
the ingot is controlled and pulled up in such a manner that
V/G (mm’/min-°C) falls within such a range of (V/G); to a
critical point (V/G). as shown in FIG. 1, or controlled and
pulled up in such a manner that V/G (mm*/min-°C) falls
within a range of the critical point (V/G)c to (V/G),, or
controlled and pulled up in such a manner that V/G
(mm?/min-°c) falls within both a range of (V/G);, to the
critical pint (V/G)c and a range of the critical point

(V/G)c to (V/G),. When the wafer cut out from such an ingot

is subjected to a rapid heat treatment under the above-
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diffusion length falls within a range of 500 to 800 iun. [0044] Exanples
and Conparative Exanples of the present invention will now be described in
detail. [0045] <Exanple 1> First, as shown in FIG 1, a p-type silicon
single- crystal ingot was pulled up, the ingot having a VVGratio including
a range of (V/G1lto acritical point (VGc and a range of the critical
point (VVG@Gc to (VMVG2, being controlled in such a manner that the V/C
rati o consists of these ranges al one, and having a body portion with a

di amet er ofle800ihAe Thndithgos aad Bd) eztmUneLItY oekrr per td Hofusharer nal

di ameter grinding and orientation notch machining, and then it was sliced
with a pred8h8ER hedcatantrhedsby t hee ebBV mpthgpe e ivbrOMEE®Rr having a
dianeter of 300 nm being cut_out. A surface of this wafer was

machi ne- pofi§ABE1PH ﬂﬁﬁggﬁsea%h% BhERIR e i 5ARIQARE t A & 8% aiMmati on t ar get
waf er was r8gi ded. [0046 hen as ara |d heat t r eat ment step, t he waf er
was put intB8%&%heat tr%%ﬁ x@ﬂﬁﬁ§ﬁhéﬁe thghi ch can
nitride silicon ?y |ntr u0|ng£f m xe Cont inin FB gas and an Ar

gas at a rBIfF5®H ?BV% 130§ ??‘ealf’?re‘%‘?s’%%b% r+or *a tenperature

el evati ng gﬁg@i of 50 secw from a roomtenperature to 1175C, and the
waf er was h t 1175 econds Subsequently, the wafer was cool ed

to the room ter’rpﬁ_{ %J réc?egslg%w%Slﬁ efper af ure lr\év';%“ . ppeed of ]qu second.

Then, the wafer he rapid eat Was br'd nto
crystal ingot was pulled up, the ingot having a V/G ratio

including a range of (V/G); to a critical point (V/G)c and
a range of the critical point (V/G)c to (V/G)., being
controlled in sech a manner that the V/C ratio eonsists of
these ranges alone, and having a body portion with a
diameter of 300 mm. This 1ingot was subjected to block
cutting, external diameter grinding and orientation notch
machining, and then it was sliced with a predetermined
thickness, thereby a p-type silicon wafer having a diameter
of 300 mm being cut out. A surface of this wafer was
machine-polished to increase the parallelism, and thus an
evaluation target wafer was provided.

[0046] Then, as a rapid heat treatment step, the wafer
was put into a heat treatment furnace having an atmosphere
which can nitride silicon by introducing a mixed gas
confaining an NH; gas and an Ar gas at a ratio of 20:80, a
heat treatment was performed at a temperature elevating
speed of 50°C/second from a room temperature to 1175°C, and
the wafer was held at 1175°C for 10 seconds. Subsequently,

the wafer was cooled to the room temperature at a
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contact with an HF solution so that silicon in a wafer surface |ayer was
termnated with hydrogen. Subsequently, an SPV device (a nodel nane:
FAaST330 nmanufactured by SDI) was used to calculate a mnority carrier
diffusion length on the wafer surface. A nmeasurement range of the diffusion
length is 1 to 2.5-fold (approximately 1900 pan) of a wafer thickness. The
mnority carrier diffusion length on the wafer surface was cal cul ated by
dividing a region on the wafer surface into small regions each having a
size of 15tkmpdbadndecilasseringngpése 6£spet sl | Thegi obkeb@sedron a
range which is not smaller than 300 pmand | ess than 400 pm a range which
i s not smakhbrjethad #60then nagideksat haneati®npmyas bamgghtwhieto i s not
smal l er than 500 pmand |l ess than 600 um a range which is not snaller than
600 pm andcohtgsttwahh780 P sodubiomnge twhathsikicot Bmed [vwaféhan 700 pm
and | ess than 800 umto which the mnority carrier diffusion |ength
bel ongs. [©80zTpceEkalprewas Serhanetedfettls bydroged er Ssupsfeamentdive det ect ed
i ke Exanple 1 except that a wafer cut out froma lot different fromthat
of the waf @p §B¥ddpHifRanpl Bodeharame} | P2 330 ananpbadierethtbBa¥pl . That
is, the wafer as an evaluation target in Exanple 2 is a wafer cut out from
an ingot pHRFedsSedptPncalrviatiefddrereritvnrakbiehfdifpusigptiengtied up in
Exanple 1. As shown _in FIG_ 1, |ike the ingot puIIedﬁgs in -26 Exanple 1,

[

the ingot P8 &NB-VHHETsPRFERRCsi MyMeAYramant inpfute wdvithy &1ddayP 156 ti on
wth a dlaTE%SEhOESB Otgn5.5—fold (approximately 1900 um) of a wafer

thickness. The minority carrier diffusion length on the
wafer surface was calculated by dividing a region on the
wafer surface into small regions each having a size of 15 x
15 and classifying the respective small regions based on a
range which is not smaller than 300 pum and less than 400
um, a range which is not smaller than 400 um and less than
500 um, a range which is not smaller than 500 um and less
than 600 um, a range which is not smaller than 600 um and
less than 700 wm and a range which is not smaller than 700
um and less than 800 um to which the minority carrier
diffusion length belongs.
[0047] <Example 2>

Surface defects on a wafer surface were detected like
Example 1 except that a wafer cut out from a lot different
from that of the wafer used in Example 1 was utilized as a
measurement sample. That is, the wafer as an evaluation
target in Example 2 is a wafer cut out from an ingot pulled
up in a lot different from that of the ingot pulled up in

Example 1. As shown in FIG. 1, like the ingot pulled up in
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controlled in such a manner that a V/Gratio includes a range of (VVG1 to
a critical point (VMVGc and a range of the critical point (VGc to (VG2
and is conposed of these ranges alone as pull-up conditions. [0048]

<Exanpl e 3> Surface defects on a wafer surface were detected |ike Exanple 1
except that a wafer cut out froma lot different fromthat of the wafers
used in Exanples 1 and 2 was utilized as a neasurenent sanple. That is, the
wafer as an evaluation target in this Exanple 3 is a wafer cut out from an
i ngot pul |edamplénl a tle dhhdderienta fp-omggeatildfcarhe inglgetcrymidled up in
Exanples 1 and 2. Like the ingots pulled up in Exanples 1 and 2, as shown
in FIG 1,1n¢et hagbrgis kody tnyget gt ivioh o wylamedrepstadl 30gam havi ng a

body portion with a dianmeter of 300 nmmcontrolled in such a manner that a
V/ G rati o foRtiRbked Immjchhfa mamger that aMAG aatisoiimcludes) @ and a range
of the critical point (V/Qc to_%g/ G.2 and is conmposed of these ranges

al one as Funge L cORtFti &Rs BoFrifkd CRdgHOINt00YIF) «CMbaR X FREE BXanpl e 1>
Two wafers cut out, fromthe sa | ot as that of the wafer used in Exanple 1
vere prepafRe, CahtlSie Ry (\/&G)Cdépeﬂﬁli/ﬁé@l 2Rd ol §UFRHPIRER O %hi | st the

ot her wafer was _determned as a neasurenenf. wafer. First, wafer cleaning

was per f or P DyTIRITY H WS RPLgeR G IGNSsC1L and HF -27 are mixed to

renove ext zﬂé contaninatign sources such as a particle existing on
surf aces. ﬁéfg >l each gplpgrﬁs§>

Surface defects on a wafer surface were detected like
Example 1 except that a wafer cut out from a lot different
from that of the wafers used in Examples 1 and 2 was
utilized as a measurement sample. That is, the wafer as an
evaluation target in this Example 3 is a wafer cut out from
an ingot pulled up in a lot different from that of the
ingots pulled up in Examples 1 and 2. Like the ingots
pulled up in Examples 1 and 2, as shown in FIG. 1, the
ingot is a p-type silicon single-crystal ingot having a
body portion with a diameter of 300 mm controlled in such a
manner that a V/G ratio includes a range of (V/G); to a
critical point (V/G). and a range of the critical point
(V/G)c to (V/G); and is composed of these ranges alone as
pull-up conditions of the ingot.

[0049] <Comparative Example 1>

Two wafers cut out from the same lot as that of the
wafer used in Example 1 were prepared, and one wafer was
determined as a dummy wafer whilst the other wafer was
determined as a measurement wafer. First, wafer cleaning

was performed by using a cleaning agent in which SC1 and HF
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subjected to thermal oxidization to forma thermally- oxidized filmhaving a
t hi ckness of 1000 Angstrom Then, bringing a rear surface of each wafer
into contact with steam of hydrogen fluoride allowed etching, thereby
removing a part of the thermally-oxidized filmon the rear surface.
Subsequently, a decoration device which constitutes a predeterm ned space
with upper and | ower copper plates and a side wall was prepared. Connection
termnals are coupled with the upper and | ower plates of this device, and a
vol t age i savarnakey b@ptereveyextrernext ergrdl anpiovedriussiurcasheruwstly dorming a
fixed electric field between the plates. The dummy wafer was attached to
the | over dlRRELIGLE eX¥1geiREeOn THENLAGRE hafblenas ecash whEeLr WRJti c nateri al
was injected into a space in the  device, a voltage of 5 M/ .cm was applied
to the upperPageted oberthearel ewidiat urte B8 i ZddPeY of the pl ates,

wher eby co(s))}()er_wa(irei oni zed | n nethanol. Subsequently, after renoving the
durmy waf e?*1¢Heetebsth PRt Nded erh iR ess (e NdP 4 Angsd-1RRr c&€heR vol t age of

5 MV/ cm was aIF |]ied to the upper Oa;pd | qwer pl ates for one hour to decorate
def ective Patie Y 2 HeSWaf B Wi TH c‘?ﬂ)‘ﬁbrwel - HR EERC s bttt ed to

dof acts. onf EETRG b The SGh b ettt (e Gt (5801 Y<oonpar at i ve
ol o 2 i B e by RS BB et Ut Sl vl
surface. Subsequently, a decoration device which
constitutes a predetermined space with upper and lower
copper plates and a side wall was prepared. Connection
terminals are coupled with the upper and lower plates of
this device, and a voltage is variably applied by an
external power supply, thereby forming a fixed electric
field between the plates. The dummy wafer was attached to
the lower plate in this device. Then, methanol as an
electrolytic material was injected into a space in the
device, a voltage of 5 MV/cm was applied to the upper and
lower plates for one hour to oxidize copper of the plates,
whereby copper was ionized in methanol. Subsequently,
after removing the dummy wafer, the measurement wafer was
attached in the device. A voltage of 5 MV/cm was applied
to the upper and lower plates for one hour to decorate
defective parts of the wafer with a copper ion. The wafer
subjected to decoration was removed from the device and
visually observed, and surface defects existing on the

wafer surface were counted.

[0050] <Comparative Example 2>
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a wafer surface were detected by a copper decoration nethod 1|ike
Conparative Exanple 1 except that one wafer was determ ned as a dummy wafer
and the other wafer was used as a neasurenent wafer. [0051] <Conparative
Exanpl e 3> Two wafers cut out fromthe sane |ot as that of the wafer used
in Exanple 3 were prepared. Surface defects on a wafer surface were
detected by a copper decoration nethod |ike Conparative Exanple 1 except
that one wafer was determ ned as a dummy wafer and the other wafer was used
as a neasur enerfiwvonaRders] 0052pusCdmrpar &heveafesiot>aFl G8at2pf4thad 6 show
calculation results of Exanples 1 to 3, and FIGS. 3, 5 and 7 show results
of Conpar &3har ySethpinesxampd €3.2 MWFOB3PrApagsdar eparfaom Gt o 5,
defects are concentrated in the vicinity of an outer periphery of the

waf er in detwishOrfWiifcs patcosetsstachdd By coppegoppeprragéedr Aetbadnmet hod
according to Conparative Exanple 1 and Conparative Exanple 2. On the other
hand, in rieidift (OmFATr qEiNe F alpdisd IERXFSPE 2hategnEn¥akgyi HgSa short
mnority arrier djffusion length are concentrated in the vicinity of the
outer peri Em%ﬁ64|ﬂ§ Ha B ¥l sd GRE hae REDET Med§TiniAsr HE§caRr i er

di ffusion length are concentrated in the center of the wafer. It was
reveal ed tquﬂé%%ﬁ§%WQﬁ§1 ©I29- i carrier diffusion I ength distribution of

Exanpl e 1’[&&51] <Comparative Example 3>

Two wafers cut out from the same lot as that of the
wafer used in Example 3 were prepared. Surface defects on
a wafer surface were detected by a copper decoration method
like Comparative Example 1 except that one wafer was
determined as a dummy wafer and the other wafer was used as
a measurement wafer.
[0052] <Comparative Test 1>

FIGS. 2, 4 and 6 show calculation results of Examples
1 to 3, and FIGS. 3, 5 and 7 show results of Comparative
Examples 1 to 3.
[0053] As apparent from FIGS. 2 to 5, defects are
concentrated in the vicinity of an outer periphery of the
wafer in detection distributions obtained by the copper
decoration method according to Comparative Example 1 and
Comparative Example 2. On the other hand, in results of
Example 1 and Example 2, regions having a short minority
carrier diffusion length are concentrated in the vicinity
of the outer periphery of the wafer and regions having a
long minority carrier diffusion length are concentrated in

the center of the wafer. It was revealed that the minority
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detection distribution of Conparative Exanple 1, the mnority carrier
diffusion length distribution of Exanple 2 and the detection distribution
of Conparative Exanple 2 are well associated with each other. [0054]
Further, as apparent fromFIGS. 6 and 7, the entire surface of the wafer is
dotted with surface detects in a detection distribution obtained by the
copper decoration nmethod according to Conparative Exanple 3. On the other
hand, in a result of Exanple 3, regions having a short mnority carrier

di f f usi on dapigier dbliots koa skengiid diste idmttiiom sifr Fxe@pdfe tlhe thafer i s
covered with regions  having a long mnority carrier diffusion length. It
was foundi®techin dhtribibriay afarGammarditivssitsmmpdsgtlh tdiest ri buti on of
Exanple 3 is we]| assocjated with the detection distribution of Conparative
Exanpl e 3.MJRR5E]Y 192 kkket ghff FuiiPT rlsiath disdguutdies: ofedixgi@Plendving a

short carrier diffusion Jength are detected in the vicinity of the outer

peri phery 9 tHe R &ECWHRTE ISRt iQmIQfaG P aratdee Bk aEedifpl%e areand ,
Exanpl e 2, this ,wafer is a wafer cut out fromthe ingot controlled and
pul I ed up "Y%{ftﬁﬁ?%mrfaa rw%tﬁbtea\é\fﬁ\//oéhre&i'i o includes a range of (V1 to a
crittcal PRI O ¢ At ange ol LE SLLK BabePORTLy VO frio (V92
V) 2% el o5, LORLE0L00 00 0L S TR LB, SpShed BB EI Y
short carr{ery YIfHUSi A qistribution obtained by the copper

decoration method according to Comparétive Example 3. On

the other hand, in a result of Example 3, regions having a

short minority carrier diffusion length do not exist, and

the entire surface of the wafer is covered with regions

having a long minority carrier diffusion length. It was

found out that the minority carrier diffusion length

distribution of Example 3 is well associated with the

detection distribution of Comparative Example 3.

[0055] It was confirmed from this result that regions

having a short carrier diffusion length are detected in the

vicinity of the outer periphery of the wafer which is the

~evaluation target in Example 1 and Example 2, and this

wafer is a wafer cut out from the ingot controlled and

pulled up in such a manner that a V/G ratio includes a

range of (V/G),; to a critical point (V/G)c and a range of

the critical point (V/G)c: to (V/G), and is composed of

these ranges alone, but the P-band region and the region

[Vs] as well as the region [Pi] and the region [Pv] exist

in the vicinity of the outer periphery of the wafer. On
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| ength are not detected in the wafer which is the evaluation target in
Exanple 3, and this backs up a fact that COPs or small COP' s which cannot
be detected by a particle counter do not exist on the entire wafer surface,
thereby confirmng that the wafer was manufactured under control at the
time of a pull-up operation. [0056] <Exanple 4> First, a p-type silicon
single-crystal ingot having a body portion with a dianmeter of 300 nm was
controlled and pulled up in such a nmanner that a region [I], a B-band

regi on, a tlegiarhgPilgnds meEgiomd Pdving B- Ishod tr egirarieandiffusegnon [Vs] are
included in an axial direction of the ingot and a VVGratio includes both a
range of (MIG® taren nady idetegtgsoiin the @pfeandhdachangetde the critical

point (V/Gc to (VVG4. This ingot was subjected to block cutting,

external dFEetayIqy i4PiIRF aid EXanpileg 3ion agd &kiigl bagksedpi enfarte., a

| ongi tudinal direction to cut out a p- type silicon wafer having a dianeter
of 300 mMmthRts {3Bce cnofshadils GRfY ' ér WRdShhsamnes- bsl dshegted PipPove t he
parallelism thereby an eval uation target wafer being provided. [0057]

Then, as PFEHPIU hERIN Tt MO ts 657 5 ta Ot hsu LB RE ¥aksre SHES3BBY into a
heat treatnent furnace having an atnmosphere which can nitride silicon
therein bfq}‘aeiriﬁbryodi?é}%“&% fg@tgz}glecéi’ﬁffﬁrni‘”ﬁé IRrfgcaLedndrdRTAr gas

with a ratio of .20:8 a heat treat t was perfaornmed at a -31 tenperature
el evati ng Csoﬂbterd)lofatsg'@esécdﬂﬁd inrr (?mpgﬁﬂ(ic')]ﬁ\ operation.

[0056] <Example 4>

First, a p-type silicon single-crystal ingot having a
body portion with a diameter of 300 mm was controlled and
pulled up in such a manner that a region [I], a B-band
region, a region [Pi], a region [Pv], a P-band region and a
region [Vs] are included in an axial direction of the ingot
and a V/G ratio includes both a range of (V/G)s to a
critical point (V/G). and a range of the critical point
(V/G)e to (V/G)s. This ingot was subjected to block cutting,
external diameter grinding and slicing in an axial
direction, i.e., a longitudinal direction to cut out a p-
type silicon wafer having a diameter of 300 mm. A surface
of this wafer was machine-polished to improve the
parallelism, thereby an evaluation target wafer being
provided.
[0057] Then, as a rapid heat treatment step, a
measurement sample was put into a heat treatment furnace
having an atmosphere which can nitride silicon therein by
introducing a mixed gas containing an NH; gas and an Ar das

with a ratio of 20:80, a heat treatment was performed at a
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tenperature to 1175C, and the neasurenent sanple was held at 1175C for 10
seconds. Thereafter, the neasurenent sanple was cooled to the room
tenperature at a tenperature |owering speed of 10C/ second. Subsequently,
the nmeasurenent sanple subjected to the rapid heat treatnment was brought
into contact with an HF solution to termnate silicon in a neasurenent
sanpl e surface |ayer with hydrogen. [0058] Then, an SPV device (a nodel
nane: FAaST330 manufactured by SDI) was used to calculate a mnority
carrier di teupebatieagehevatinguwsperd of F0E /resondefenm asaopie. A
measurenent range of the diffusion length is 1 to 2.5-fold (approximtely
1900 n) of temparekuesstef 1l he'C mamel thEhaadsysremepte sappde. wast igdidon | engt h
on the surface_of the neasurenent sanple was cal cul ated by dividing a

regi on of ﬁﬁelh%%éthQﬁHﬁOsﬁﬁﬁQQ§$9urFB@éeﬁﬁF6rrsﬁﬁPIm?@@?éﬁ%GHEV|ng a size
of 15 x 15 and_classif the respective small regions based on a range
whi ch is nBRMPLiFayRerC % d 359 Eﬁ?&ﬁﬂmvé%%mﬁ?£ﬁFqﬁﬁ)§ﬁ H YRR AMIh is  not

smal | er than 400 n1and | ess ich_ is not smaller than
500 m and %@@rfﬁg nSReed EalégﬁgﬁxxﬂﬁkghngsﬁSE Yrth?han 600 m and | ess
t han 700_fig1an9 a %' gﬁich?is_nq% snatler tha 700 qﬁ%%éf t han 800
m to whi chCTRE 'R |§€mB FrPeRIFredston e it érﬁﬂbs
Sorva e PR 450 O TRPSUL STRER EUBE PN LA BA™ 0f 2o
defects °”sflﬁ@@ﬁUiﬁ”?”&eéé&f%ﬁéﬁyréémﬁie surface layer with hydrogen.

[0058] Then, an SPV device (a model name: FAaST330

manufactured by SDI) was used to calculate a minority

carrier diffusion length on a surface of the measurement

sample. A measurement range of the diffusion length is 1

to 2.5-fold (approximately 1900 um) of a thickness of the

wafer. The minority carrier diffusion length‘on the

surface of the measurement sample was calculated by

dividing a region of the measurement sample surface into

small regions having a size of 15 x 15 and classifying the

respective small regions based on a range which is not

smaller than 300 pum and less than 400 um, a range which is

not smaller than 400 um and less than 500 um, a range which

is not smaller than 500 um and less than 600 um, a range

which is not smaller than 600 um and less than 700 um and a

range which is not smaller than 700 pum and less than 800 um

to which the minority carrier diffusion length belongs.

[0059] <Comparative Example 4>

Two measurement samples cut out from the same lot as

that of the measurement sample used in Example 4 were
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were detected by a copper decoration nethod |i ke Conparative Exanple 1
except that one neasurenent sanple was determ ned as a dummy sanple and the
ot her nmeasurenent sanple was used as a neasurenent sanple. [0060]

<Conpar ative Exanple 5> A nmeasurenent sanple cut out fromthe sane |ot as
that of the neasurenent sanple used in Exanple 4 was prepared, a life tine
was eval uated by a s-PCD nethod (M crowave Detected Phot oconductive Decay
Met hod), and each defect distribution region was eval uated. [0061]

<Conpar at ipreplest .2>Sktfac dabests cml @ uheds aremesstu| damil Ecanpia-al, and
FIGS. 9 and 10 show results of Conparative Exanples 4 and 5, respectively.

[ 0062] As wamsadertectedmbll @ ctPpeirndacdeaecphnomethpdt Liikati on obt ai ned by
the -PCD nethod in Conparative Exanple 5, it was clearly shown that how a
regi on [ CompagatiyedExegpde, lackegpdnthpt] ong megbvrenent, samplpand regi on
and a region [Vs] are distributed in a wafer plane. As depicted in FIG 9,
in a det e@iSodedestingg: A6n 2oPuAMedapplet RRAcbppePtHBEONERS BREERRRROd i n
Conparative Exanple 4, defects are concentrated in the vicinity of an outer
peri phery SGf'PRe VRSt 8Fe6n a8 RePEARHKEMENGeSaBRYCt hereby match with a
position of the region [Vs] where COP's exist which is showmn in FIG 10. On

the other [R8R4] as shoWMPHIAFEHEE BXaMRle F2sult of Exanple 4, regions with

a short -33 mngrily carrler dLELYS! onc! €08t b afe OSSRl phed LN the

that of the measurement sample used in Example 4 was
prepared, a life time was evaluated by a wu-PCD method
(Microwave Detected Photoconductive Decay Method), and each
defect distribution region was evaluated.
[0061] <Comparative Test 2>

FIG. 8 shows a calculation result of Example 4, and
FIGS. 9 and 10 show results of Comparative Examples 4 and 5,
respectively.
[0062] As apparent from FIG. 10, in a detection
distribution obtained by the u-PCD method in Comparative
Example 5, it was clearly shown that how a region [I], a B-
band region, a region [P1], a region [Pv], a P-band region
and a region [Vs] are distributed in a wafer plane. As
depicted in FIG. 9, in a detection distribution obtained by
the copper decoration method in Comparative Example 4,
defects are concentrated in the vicinity of an outer
periphery of the wafer on a left-hand side, and thereby
match with a position of the region [Vs] where COP’s exist
which is shown in FIG. 10. On the other hand, as shown in

FIG. 8, in a result of Example 4, regions with a short
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vicinity of the outer periphery of the wafer on the |eft-

hand si de whil st

regions having a long mnority carrier diffusion length are concentrated in
regions other than those on the left-hand side, and it was reveal ed that a
mnority carrier diffusion length distribution of Exanple 4 and detection
di stributions of Conparative Exanples 4 and 5 are well associated with each
other. It was confirned from this result that a region where small COP' s

whi ch cannot be detected by a particle counter exist can

be readily

det ect ed byindwel gy alaratiemn digtfusd cac denditig are tdeacenéseed iimvéhei on. Since

information such as a distribution with regard to crystal

defects on a

waf er can bic ke aifelyhe raveyhipeed thehe fevdieuarifer oot hbe dedsrding to

the present invention, it is possible to perform exam nati

lon so as to

suppr ess dt¥id reie VdTl]@rtysItQﬂlQ!’éﬁf SEveinig gmlohe MiROEilAly Sexgdesf
manuf acture of the wafer based on such information, thereby facilitating

product i orAbft ‘%ﬂﬂé’%lllquﬁﬁh A SONCHRITStiady oY reodenscothede b

on.

FurthernDre a case where a wafer is a wafer whi ch _does not include a

region [1] h?§e|Qﬁrﬁﬂﬁﬂ%ﬂ§$TQ?Qﬂnﬁ%QQntQﬂﬂ ¥£1W%ﬂ|HQ¥ea§@Ff§@€to

2 t he waf er

is a defect- free region if i.on _wher .S which can ot be
ot act o0 YL (RS L et R (418 o e s ot ks g
1;23: Iolnt atlﬁfgci ci%aﬁ UE{ Q%é%he%m |SI 9 v(\)/%‘p%rra(;colr‘lfsel tx'arﬁ\ 1%fs g 4 def e%t- free

are well associated with each other. It was confirmed from

this result that a region where small COP’s which cannot be

detected by a particle counter exist can be readily

detected by the evaluation method according to the present

invention. Since information such as a distribution with

regard to crystal defects on a wafer can be accurately

recognized by the evaluation method according to

the

present invention, it is possible to perform examination so

as to suppress occurrence of crystal defects from the

initial stage of manufacture of the wafer based on such

information, thereby facilitating production of the silicon

wafer consisting of a defect-free region. Furthermore, in

a case where a wafer is a wafer which does not include a

region [I], it is possible to confirm that an entire

surface of the wafer is a defect-free region if a region

where small COP’s which cannot be detected by a particle

counter exist is not detected, thus further facilitating

manufacture of the silicon wafer consisting of a

free region.
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1. Asilicon wafer surface defect evaluation nethod conprising: a rapid
heat treatnment step of applying a heat treatnent to a silicon wafer cut out
froma silicon single- crystal ingot in an atnosphere which can nitride
silicon at a tenperature elevating speed of 10 to 150C/ second froma room
tenperature to tenperatures between not |ower than 1170C and |less than a
silicon nelting point, holding the silicon wafer at the processing
tenperature for 1 to 120 seconds, and then cooling the silicon wafer to the
room tenp&til uke GARERRMSer at ure | owering speed of 10 to 100C second; and
a step of calculating a mnority carrier diffusion |ength on the wafer
surface by using a surface photo voltage nethod to detect a region on the
waf er surface mhere smal |l COP's which cannot be detected at |east by a
particle counter exPsBll2COTMEARBENBHT &BEBr APRGCE 0 ¥R BRAT 10D 1P b led
conprising a step. of performng HF processing with respect to the wafer
surfaceluﬁ?ﬂ&?%%&?%tep of detectlng a reglon on the wafer surface where
smal | COP' s mhlch canno det ecte | ea t article counter exist
when the silicéh eﬁ?ﬂ@ @é’n& ¥)ly1§§ 3. MRS et hod

Si ngl o- oryE afft'lﬁ‘?'{g ““er%%t“eao%f{ s%qtﬁgotué"%oab Sc R G TORET a

P- band regéfyhtéﬁ“ﬁﬁbé ’nréé\ggmosphere which can nitride silicon at
a temperature elevating speed of 10 to 150°C/second from a
room temperatﬁre to temperatures between not lower than
1170°C and less than a silicon melting point, holding the
silicon wafer at the processing temperature for 1 to 120
seconds, and then cooling the silicon wafer to the room
temperature at a temperature lowering speed of 10 to
100°C/second; and

a step of calculating a minority carrier diffusion

length on the wafer surface by using a surface photo
voltage method to detect a region on the wafer surface
where small COP’s which cannot be detected at least by a

particle counter exist.

2. The method according to claim 1, further
comprising a step of performing HF processing with respect
to the wafer surface before the step of detecting a region
on the wafer surface where small COP’s which cannot be
detected at least by a particle counter exist when the

silicon wafer is a p~type semiconductor.
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where [I] is aregion in which interstitial silicon point defect

aggl onerates exist, [V] is a region where vacancy point defect aggl onerates
exist, [P] is the perfect region where the interstitial silicon point
defect agglonerates and the vacancy point defect aggl onerates do not
exist, the P-band region is a region which exists at a boundary of the
region [V] on a side adjacent to the region [P] and in which an O SF
nucleus is formed, and the region [VsS] is a region which exists at a
boundary of the ¥egithe metYhodnaacerdéngdfacehaimolt heh&rbamdthegi on and has
small COP's which cannot be detected by the particle counter in the
silicon sivgfer crysteaut i figon .the sihelamst o Hccomgistglt dngodi hs3,a wher ei n
the wafer cut out fromthe silicon single-crystal ingot is a wafer

consi sti ngvafern epn@is g oif &f penfeftorrgaddn ditl sa a Pediamd [tRigiont he P- band
region and the region [Vs], where [Pi] is a region which is adjacent to the
regi on [1]anded oFR@BLD k¥l perfect region [P] and has an interstitial
silicon concentration |less than a mninmum interstitial silicon

concent rati on wiharalllohsls & FregioR idf wibdcdr dntergtitypd sdddeon

dislocation,,and%%fP%]e is a region which is adjacent tg the region [V],
bel ongs t PYHRL - Ff%ﬂﬁlQQﬁﬁ%ﬁ?ﬁlﬂx¥ﬁﬁj Hakl 2y & HFILOPoWE&HS ati on whi ch

S 1O, IUEESHef B0 & vacRIO coneenLraton dhich ol e (omu op of
[1] i's ar égfghiw g¥gc%hérEﬁ%é%ééﬂéﬂaf”éﬂf%%%n point defect

agglomerates and the vacancy point defect agglomerates do

not exist, the P-band region is a region which exists at a

boundary of the region [V] on a side adjacent to the region

[P] and in which an OISF nucleus is formed, and the region

[Vs] is a region which exists at a boundary of the region

[V] on a side adjacent to the P-band region and has small

COP’s which cannot be detected by the particle counter in

the silicon single-crystal ingot.

4. The method according to claim 3, wherein the
wafer cut out from the silicon single-crystal ingot is a
wafer consisting of a mixed region of a region [Pv] and a
region [Pi], the P-band region and the region [Vs],

where [Pi] is a region which is adjacent to the
region [I], belongs to the perfect region [P] and has an
interstitial silicon concentration less than a minimum
interstitial silicon concentration which allows formation
of interstitial-type large dislocation, and [PV] is a

region which is adjacent to the region [V], belongs to the
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i s dom nant and which has defects of interstitial silicon agglonerates,
when a heat treatnent is applied to a wafer which does not include the
region [1] in an atnosphere which can nitride silicon at a tenperature

el evating speed of 10 to 150C/ second froma roomtenperature to
tenperatures between not |ower than 1170C and less than a silicon nelting
point, and a surface photo voltage nethod is used to calculate a mnority
carrier diffusion length on a surface of the wafer cooled to the room
tenperature at a tenperature |lowering speed of 10 to 100C/ second after

hol di ng t BeL4&Cr T&91PRe [PPr 8EsBRAgat BAPARGY uFeNnFBRtIaEgonghisekokdls, the
waf er before the heat treatnent is evaluated based on whether the mnority
carrier difFfudr&RtEENGIRANOAR VRRBNEKt FPBCSRFFAELOBf WRAENWAL &P¥Falls within a
range of %%0 ta 800 _m, 6. A silicon wafer which is a wafer which does not

i nclude a P&GRSAD PL FPF BePRgfAPr &gion in which interstitial silicon is
dom nant and which has interstitial -37- J silicon aggl onerates, wherein,
when a heat treatnent is applied to the wafer in an atnosphere which can
nitride siliconcat t erature elevating speed of .10 t.o 150C/ second from
a roomtenper atst]re ) r?e(ra{ﬁr]poe a&fcucroegélbr}ac‘{ m%oe%:lnojtm I dvxe‘”fh%ﬁwealr{l’ 1170C and | ess

than a Si%%%%%i%%'%hgg ?Qﬁn&s Bhgegqgﬁrihswhich interstitial silicon

is dominant and which has defects of interstitial silicon
agglomerates,

when a heat treatment is applied to a wafer which
does not include the region [I] in an atmosphere which can
nitride silicon at a temperature elevating speed of 10 to
150°C/second from a room temperature to temperatures
between not lower than 1170°C and less than a silicon
melting point, and

a surface photo voltage method is used to calculate a
minority carrier diffusion length on a surface of the wafer
cooled to the room temperature at a temperature lowering
speed of 10 to 100°C/second after holding the wafer at the
processing temperature for 1 to 120 seconds,

the wafer before the heat treatment is evaluated
based on whether the minority carrier diffusion length on
the entire surface of the wafer falls within a range of 500

to 800 um.
6. A silicon wafer which is a wafer which does not

include a region [I], [I] being a region in which

interstitial silicon is dominant and which has interstitial
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hel d at the processing tenperature for 1 to 120 seconds and then a surface
photo voltage nethod is used to calculate a mnority carrier diffusion
|l ength on a surface of the wafer cooled to the roomtenperature at a
tenperature | owering speed of 10 to 100C/ second, the mnority carrier
diffusion length on the entire surface of the wafer falls wthin a range
of 500 to 800 pm -38

silicon agglomerates,

wherein, when a heat treatment is applied to the

wafer in an atmosphere which can nitride silicon at a

temperature elevating speed of 10 to 150°C/second from a

room temperature to temperatures between not lower than

1170°C and less than a silicon melting point, the wafer is

held at the processing temperature for 1 to 120 seconds and

then a surface photo voltage method is used to calculate a

minority carrier diffusion length on a surface of the wafer

cooled to the room temperature at a temperature lowering

speed of 10 to 100°C/second, the minority carrier diffusion

length on the entire surface of the wafer falls within a

range of 500 to 800 pm.
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