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METHOD OF | DENTI FYI NG CRYSTAL DEFECT REG ON I N

-MONOCRYSTALLI NE SI LI CON USI NG METAL CONTAM NATI ON AND

HEAT TREATMENT 5 BACKGROUND [0001] The present
di sclosure relates to a nethod of fabricating a wafer
for use in a sem conductor device, and nore

part! s ob JPIFERTIPPING CRYRTNL BERECPREGION IN

Mﬁﬁﬁﬁéﬁ&%ﬁmﬂﬁﬁt SIERSONISING MBTAL CONTANANATION AND

[ooozT1 co—uSTTy
a floati ng zone (FT) Erocess or CZochraIskl (C2)
process. The CZ proced AITQTRMTMEMy used to
fabricate a silicon wafer. In the CZ process,
polycrystalline silicon is placed into a quartz

cruci ble. The polycrystalline silicon is heated and
mol ten by graphite ex@AEKGROUNIErial, and a seed
crystal imersed into the nolten silicon. A 15

[00Dagr yst atrhd p&s&tldlmufm%esl 5 OfeMdDf fRbYidakAE alPafer for
the rmersed seed crystal while rotating the sane.

IIJ&%II gtrsgfgﬁbloﬁﬂhétspﬂlednfbg Qhd hl%regf)drﬁﬁ?:ggg f Q?ﬁeth@({]gf identifying and

pol 1 she nto a i con wafer
?r]%l?ua%n%%tr | l I n ?1‘10 sg&g%césnﬁ%geng} t%ﬁlne\l\% d:on mg or a

%ﬁrtlclfe Fl ow Pattern Defects 20 (FPD),
?Rj’e a Ihduced Stacking Fault (Q SF) and Bulk Mcro

%Tt (BVMD), which are called %h in defects., There
[090 need Irnogene&auéﬁﬂgwﬂ%a ebitcihtieaied gpngra flogingzese (FT)
the grown-in defects. The crystal defects affect the
proegss toy afidoghiatilic (Céh prodeed. dlhef Cdervesss .is Thest efidely, used to

it 1s very inportant to renove the crystal defects and

fabricay alsiladoa wifer.dnythd 67 pletestolpagithllinardicquiic klaged into a
25 [ 0004] Depending on the crystal growth conditions,
diezSthtibl) Tad gol@fysidibne kiltAORT Hedt@d |dndentiteh CBN graphite

includes a V-rich regi on where vacancy-type poi nt

A8k} material, and a seed crystal immersed into the molten silicon. A
monocrystalline silicon ingot is grown by pulling up the immersed seed crystal while
rotating the same. The grown silicon ingot is sliced, etched, and polished into a
silicon wafer.

[0003] The monocrystalline silicon ingot or the silicon wafer may have
crystal defects such as Crystal Originated Particles (COP), Flow Pattern Defects
(FPD), Oxygen induced Stacking Fault (OiSF), and Bulk Micro Defect (BMD),
which are called grown-in defects. There is a need for reducing the concentration and
size of the grown-in defects. The crystal defects affect the quality and production
yield of devices. Therefore, it is very important to remove the crystal defects and to

evaluate the crystal defects easily and quickly.

[0004] Depending on the crystal growth conditions, the silicon wafer or the
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are preval ent and condensed (cluster) defects of

supersat urated vacancies are present, a Pv region

where vacancy-type point defects are preval ent but no
cluster defect is present, a vacancy/interstiti al

(V1) boundary, a Pi region where interstitial point 5
Qﬁir%ﬁlty%taﬂ[r% ﬁﬁ&)ﬁain%ﬂfde:p Yty cf%\%lﬁﬁ SFhefe i &Ghcy §ype point defects

present and l-rich reglon ere |nterst|t|a

?‘E F a?%gfrﬂéﬁf t 4ef@crl]9 g}sgﬁnaqgf \?a%ﬁrtigs are present,

n are prese

su
t%ﬁls FeglcglggFothﬁlgéﬁgﬁ %eneg(glgggegn %f %Fezﬂge de endl néi’us?er defect is
nonocrystalline si|jca ngot i s fundamant aI

HEFaiti VAR gméﬁs%ﬂt}af ;ﬁ% boRadaEY. 3 A Tesien ‘tﬂ@f@%ﬂﬂefﬁﬁtéalepomt
have been several methods for identifying the defect
defgesrare forevalant dhyh ger Shutien defert isinresenh. ana renal-firh gegion where
met hod, the COP distribution of a polished and

dnteatied pirftaleficts av prevalerdandsilusgeralofimtst dfchpersaiuntaerinterstitial
In a second nethod, FPD evaluation is perforned using
ailivet =8¢ phaoit. fMetechag dovetichbabwe legioas tdhhnge dejdndithe @n their
oxygen precipitate is created by

Bbghohseaahabisel 1aBRE-drithembR#rystdIAAd SHBN r’ﬁEQt i Féndhental to

evaluation is perforned using a difference between

@{’?qﬁétmgttﬁénﬁuﬁﬁ%i’ Har, ?ysﬁ{l different defect regions. In

our t°h OW- concent I' ation COﬂt am nation using

‘p.e iti on t e%ng évfeEa erhi aa{' for c#enﬁ tmgn@le cf%fect region of

rmed an e reco

oot e Sfiedh b st gitnach i b OBt htzﬂne%ffﬁ Fpjished and

prior to estimation, Therefore, several subsequent
ﬁk@&f‘é‘s%@ern@s%vaﬂi@tedpéﬁ%rwarﬂah eountiere Ty \we¢pngs methed, FPD
nonocrystal, which increases the required tine and
avaleationde perfernzedrisifie T wst etpkant for $eccogishing. froa third method, an
estimation. [0007] In the second nethod, a selective
exydeantrecipisdte he creaef dryeligh ahperatore/longvintichent snehthsdnt end the
etching rate, can be applied to all crystal surfaces,
athuARaSs Performdd 3aipt Adiffefvé baRRIER batkipit@r Kehaviors of different

materials. 2 [0008] The third nmethod has several
dERURAEIKES. 1R al fBUAR nBthdd) &w-8Gkbch@stidd MMRtamination using transition
metal and diffusion heat treatment are performed and then the recombination lifetime
is measured.

[0006] However, in the first method, the wafer must be cleaned by polishing
and cleaning prior to estimation. Therefore, several subsequent processes must be
performed after the growth of the monocrystal, which increases the required time and
also requires a high-cost particle counter for estimation.

[0007] In the second method, a selective etchant must be prepared that can

provide a suitable etching rate, can be applied to all crystal surfaces, and does not

contain environmental toxic materials,
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for evaluation, the required cost for high-tenperature
heat treatnent, and high-cost equipnent. Al so, the
third nethod cannot identify a crystal defect region
in the case of a sanple with an oxygen concentration
of | ess than 10 ppma (New ASTM 5 standards). [0009]

ADOBRE Y ot ehin® E%%%“H@é%ﬂ?ﬁdd&%@bﬁ%ﬂg %‘%@F‘ﬁ?@%‘%gﬁm time
3 ol I8 %%%%E‘*F%Qﬁfqﬁ@ eﬁa’(”?%ata?fg Hggt, s ?Fa‘i‘i“&n AP hieh-cost

the state I n det t he is

SApipagnt: nAfSﬂe the fied %Pé&ﬁlmﬁl eﬁﬁ%}f%ﬁ%@l détgs pHgesignp te case
are contam nated 10 with two or npbre mstal el enent s

& .5y samplg with anFexysepdcansyntegtion ¢loless dhanadd mpmaMNew ASTM
concentration. Thereafter, heat treatnent is perforned
tstandardgt e a reconbi nation center in the silicon.
Thereafter, the reconbination lifetine is measured to
[e0R3r e t b elasipld biltthe Grurbfm@bodis thkeKeadas Palent PliblRation No.
met hod, the contam nation results of two netal

Qbeﬁeoﬁmlw&tm&edﬁmeéd@e& infeitbd Forohe@hrih® thd URimbelont ffepoint
crystal defects. Also, the 15 measurenent is

aeResshh! i t tﬁhﬁ@f;r%bt R &4 hﬁi’t% ?ﬁl?{,ﬁ e | I1 ot. In detail,

generat e o ace there ore
Irhst [
con{l@% IS bER I e et s ?etﬁ’t%n%wplﬁs- e g
tam nation copcentration t .be l.ow

PO Qe et v 4 | Pl G g cotamination
et chi ng. process an additi onal _anal ysi s device i
FRRFGNITEEPIAN gheréa%‘?reélff% %@eliltslsqlfﬁ@ﬂé%do cpetq GGf@Hmbmaﬁon
Furt hernore, the conventional nethods using selective
e¢rgern ingho silicemt Ahereafiarathieneedndrina mifeting énmeagureie measure
entire crystal defect regions. SUMVARY [0011] The
freediemibuders of psint defectsy i Inethisamethbfothe afontademitiohyiemgtsaof two
crystal 25 defect region of nonocrystalline silicon,

widtat BlcgRntsaiadt Bakenthéiezed iy Sfdek tdi@icepret the@r@ml dafects. Also, the
accurately, easily and quickly. [0012] The present

H‘leﬁﬁ]r&ﬁéﬁtexs 2POssHIOWHERS AR hRRhiGle bidghhid ¥ ffiefited on the

crystal
surface thereof. Therefore, the method is restricted in terms of the metal

contamination amount and the heat treatment time and contamination concentration

must be as low as 1x10" to 1x10" atoms/cm?®. Also, an additional etching process

- and an additional analysis device is required when a precipitate is generated.

[0010] Furthermore, the conventional methods using selective etching or

metal contamination cannot identify the entire crystal defect regions.

SUMMARY
[0011] The present disclosure provides a method of identifying a crystal

defect region of monocrystalline silicon, which can evaluate the crystal defect region
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defect region of nonocrystalline silicon, which can
evaluate the entire crystal defect region of the
nonocrystalline silicon wthout depending on the
concentration of 5 oxygen. [0013] According to an
exenpl ary enbodi nent, a nethod of identifying a

%y&gﬁgpggﬁ?%dgﬁﬂk%nl ncl udes: preparing a sanple in

the s wafer or a slice of
EB ?g é:t g:ﬂl c ees%gt c!h?c osu're, ?]%3 R'e({% ets aa%&ﬁéc’)ﬂgld%n%éf %za crystal
%g Cg%tg{(l?qf, d‘g?%qas%glu%ﬂpx ﬁcggc%g%lglqg%tantlre cryrg%al defect

observing the contam nated side or the opposite side
areiem ot HBamqnogasillingappen tdthpdlefencnding &t Jha gpncentration of
defect region. [0014] The heat-treating of the

©8KE@M nat ed sanpl e may be performed under an

at nosphere of at |east one selected fromthe group
§00t3]st i ng Astoldalg tomen rik¢mplggnembatigent, aoxyihed,of identifying a
hydr ogen, ammonia, and a m xture thereof. The

keatal defead refion Gficltded: flopar@it! AginiAd B0ths Shgle®MiBYlicon wafer or a
generate a netal precipitate nainly within the sanple

IsReof ﬁ&né&%tﬁﬁné"ﬁﬁﬁ&m ﬁ%%f" REYrah ¥ PRinB Ut MasOSILEHS oPHR sample
preval ent but no cluster defect is —present, and may

%ﬁﬁeﬁ%ﬁ af'a 'Eﬁﬁtﬁmﬁﬁ’a‘?%g’fi%h@énu%&? £ o Lbdth 8 >q04 e ﬁftb"‘f Asffs/om’;

e sanp J brelon erelnterstltla
BFUSEinc 5 PSSR T Sof e Bt e or

OGPt BHE of s ERETEERY PG O AT RO  or

about 0.01 to 10 hou_rs and a second heat-treat nent
O&tdss pedhehpaidregtingpbile cowaminagedisasple may be perertied under
0.01 to 10 hours. The tenperature may be decreased at

an ptaspbére al oulea? e GElattad from ths groupf doasistiteof helium, nitrogen,
heat-treating of the contam nated sanple. If the
agoaentyuah, orredenpavig@nia, And@ b niikers thefo€  The Ihesistrdaniag of the
11 ppma, the heat-treating of the contam nated sanpl e

B&MamthatedGhtPR: Baf béifhatb @dhethll REdipRié nRiME @5hin the sample in a
performed at about 600 to 950 C for about” 0.01 to 1

abgg@io%‘%%lg?e SECRRH RAboihi 8AEAE Rt PrOSERSHREA] QuTRY defect is

present, and may generate a haze-type metal precipitate on the surface of the sample
in a Pi region where interstitial point defects are prevalent but no cluster defect is
present.

[0015] The heat-treating of the contaminated sample may include a first heat-
treatment process performed at about 600 to 950 °C for about 0.01 to 10 hours and a
second heat-treatment process performed at about 1000 to 1150 °C for abeut 0.01 to
10 hours. The temperature may be decreased at a rate of about 200 ‘C/min or less
after the heat-treating of the contaminated sample. If the concentration of oxygen in

the sample is less than 11 ppma, the heat-treating of the contaminated sample may
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1150 C for about 0.01 to 10 hours. If the
concentration of oxygen in the sanple is nore than 11
ppma, the heat-treating of the contam nated sanpl e nay
be perforned 5 at about 1000 to 1150 C for about 0.01
to 10 hours. [0016] The contam nating of one side of

tki)ll(i;c?l];]cﬁa:l lésg ho ]a{ {] attrrﬁ%ntgrlocess I%¥fogng&: lat{" %bedu% g'(:)f) ct'g%%ﬂl ®9for about
| e tub p contan1nated soI tion on

3‘?@3 i Blrfs i ﬂﬁaﬁ}%ﬁv@ g EDt QBT RH R  EH 000 t0
Lng a mxture of copper and buffered oxi de etchant

(1 B‘&)C f‘@r aé)@rlh@ Ddre 1P davisnd! theeconeaniatipm gf exyasatindle sagnple is

it is for a predeterm ned period such that one side

ofore Handdmyines, ithe beshiraatingaefalic whnthminatedcepypés may be performed

cl earing and washing the Cu- contam nated sol ution

fr dout b 0staripbe ! C dnchbdoy0.0pta Hehamapl e. The Cu-

cont am nat ed sol ution may have a Cu concentration of

foo16] 1 toThe deRMMikdgCYF 06O RIdM ML SGNGM Wil theMRital may

stay in the sanple for about 1 to 10 m nutes. 15

WORKE] HEbGcAOR: BOinALLGE Bk BRipl: SholgRingint REnPRI & sample

with the netal” may i nclude: ¢leaning the bot

§fuge§}€}flgmhr%? C%%ka%nnﬁ%&';%)hn%%nt&ﬁ gﬁg@% gg %asam le, téle Cu-

I rmer sing t

sol.utio a mxture o

g ﬁ-}tweézﬁg;g & ol cqrBBh G0 Efked g cﬁ*ant (BOE)
stryctyre, as is for a predetermned perjo

pofuion: Heaving Wesrﬁ%fé%n&ﬁmtcﬂge &5 ik §013 BregpicHBINe ﬂPPH%‘P gyph that
with the copper; drawi ng the sanple out fromthe

one Sdnebihe sample is ewitamingied avith the sepnss clersing ang Mashiag ghe Cu-
drying the sanple. [0018] According to another

exdmpivarey evlivtioi nfrom, the metiplyl afd iddgngi fhei sgmpk. The Cu-
crystal defect region includes: preparing a sanple in
thraginaed sofutianndy ke adil esncentrationsdfi abeuof to 15 ppm. The Cu-
nonocrystalline silicon ingot; contam nating at | east
eRarfind®d @blutib nsAERlyEn 2k RYnpAPR ¥b&E 180 10 minutes.

Cu- contam nated soOl ution, which is a mxture of copper

7R, 20" 5 onfintjdde SUshsplel S0 SEhil o, @bl o
SRR B AP oS0 8L oSS TPk on o

ObSe€ér ving he cont amnate

cassette; immersing the sample into a Cu-contaminated solution that is a mixture of
copper and buffered oxide etchant (BOE) solution; leaving the resulting structure as
it is for a predetermined period such that the both sides of the sample are
contaminated with the copper; drawing the sample out from the Cu-contaminated
solution and washing the sample; and drying the sample.

[0018] According to another exemplary embodiment, a method of identifying

a crystal defect region includes: preparing a sample in the shape of a silicon wafer or

a slice of monocrystalline silicon ingot; contaminating at least one side of the sample

by applying a Cu-contaminated solution, which is a mixture of copper and a buffered



10

15

20

25

side or the opposite side of the heat-treated sanple
to identify a crystal defect region. [0019] According
to still another exenplary enbodi nent, a nethod of 5
identifying a crystal defect region includes:

sel ectively-etching one side of a sanple in the shape

Q.‘lelcﬁe &bhdnf g@?ﬁ?fs&gltlf?ﬁ Ghis ot st Une" B0 Sf %{1 drying the

I'con 1n cbserving the resu ?fuc ure

ng%lﬁgﬁﬁ%:f: ra?ﬁ%&eﬁtgtr?qqu g'éq %‘X Romy i/ﬁst B gsgl;\glgé {qe ﬂntammated
|S%§$r%&3@%§§%§élg? of T{‘iéﬁ@%ﬁ’ﬁsﬂa@ Wﬁleﬁ?&? %mengtaéysw @%f@qtﬁ@gm

t he 10 contam nated sa observing the contam nated
J0080Ior t hehasprsiing tte il @n@thelt rsemplegt crbedireent.s anpiethod of
with the naked eye to identify a crystal defect region
séantifidag & loyystal aletbchreegsu inplydesh selbebitelyt-ctebing ens aivipl of alsample
phot ol um nescence analysis to identify a crystal

e ftlee shapegoda dikéondfer [202QliceTbe B@itehBtallie bidicon ingot, and
contam nated wwth the netal at a contam nation 15

GORGERE e le@iltiRg sPRAME With 4 midkéschPe [c?(ld@l%f?{ aaér?ﬁﬂ/ dé@et region

The heat-treating of the contam nated sanpl e may be

@ﬁhfaﬂmanuolﬂg rth@w@&ﬁeﬁpaa@ﬁnuﬁi bRk PSR GRE Shple;

rom t’h group consi st Um nitrogen, argon,

dr.oge a nd_a 0 xtyre ereo

R el g *i’eo R R iR e saa*s 3 igh TS
a netal pre tate.majnly wthin in a.bPv
FUYrEHAetan %‘ﬁewgyﬁ’s pliRinse SOt B8 grgosite SidY of the
reval ent but no cluster defect is present, and may .
exidreated sample wilth (sanakerbexs o phcatifpe errstel defeetiegion seoqudarly;
of the sanple in a Pi region where interstitial point
ded gwasnrmgethp hevisireated ssanple by phowlenindsskpest anadysis to identify a
present. [0021] According to yet another exenplary
enoatidefecttregian thitdipd of i dentifying a crystal defect
region includes: preparing first and second sanples in

{0020]25 shape sehpleap bk icoRBMIRRET #iththé et St tah@htadfiBation
sanpl ed fron1adjacent positions ina 6

BRReRtMRInAbE I BBuS i1kl @ nto' T‘QHP AhS&ht Verye %&tbﬂré'h@ingn@f the
side of the first sanple and observing the resulting

g%r[ééiglfng{éeﬁ Al ey b€ bATGARA unSA AT HPIo Akt 1ERPShe selected

from the group consisting of helium, nitrogen, argon, oxygen, hydrogen, ammonia,
and a mixture thereof. The heat-treating of the contaminated sample may generate a
metal precipitate mainly within the sample in a Pv region where vacancy-type point
defects are prevalent but no cluster defect is present, and may generate a haze-type
metal precipitate on the surface of the sample in a Pi region where interstitial point
defects are prevalent but no cluster defect is present.

[0021] According to yet another exemplary embodiment, a method of
identifying a crystal defect region includes: preparing first and second samples in the

shape of two silicon wafers or slices that are sampled from adjacent positions in a



10

15

20

25

of the second sanple with netal; heat-treating the
contam nated second sanple; observing the

contanmi nated side or the opposite side of the
heat-treated second 5 sanple with the naked eye; and
measuring the heat-treated second sanpl e by

PRSI AR S BT e wo

under in re detail,fromthe 10 follow n .
S AR Rl e Bl R s ommEl koot ey sice

dr.awi ngs, .in ich: [002 FIG, 1.is a flow diagra

O 1118 CPeindnggmp oo aegH: ﬁ%ﬂéﬁ’@?‘f‘% fhe SOt scaepd spmple;
region according to_an exenpl ary enbodi nent; [0024!
pbesrving; the LogianyRateq |sider prathengrresie sidec gt the heatttrgated second
identifying nmethod of 15 FIG | according to an

ex@pisl with gwbmidede%te; dndOmBjsuEng, thg hest-tredtbdweehinglg sample by
illustrating a Cu contam nati on process according to
phowkenipbseyceemabdisment ; [ 0026] FIG 4 is a sectional

viewillustrating a portion of the Cu contam nation
process of FIG 3; 20 [0027] FIG 5 illustrates an

exanpl e of the inpossibility of identifying a

heat - t r eat ed BRAGFAIESCRIPFION OF TINE DILARARIGGL | on of

oxygen in a Ssanpre; [UUZ8] FI'G™ © shows a CU haze
18835 1 S RREAEy WhRBafhdiy CAMEMMABHETin BORE SR fom he
z@ or.din tott het concent rat%on_ Oﬁ1 gg%gen in a s%[rgl e .

BPEF ATSEPMe A5 4B AP WHGR AL VB {OTPI]Y IR Sratynes, It
shows the result of identification of the defect

s of a 7 silicon wafer according to the present
invention and the result of nmeasurenment of the defect

[Q2Hns of FiGsillik edlewdingemaidlogirating g methed el identifying a crystal
conventional art; [0030] FIG 8 is a flow diagram
defeuistegianiangprdinged o examiplanyenitiodymerg; cr yst al

[0024] FIG. 2 is a graph illustrating a heat cycle in the identifying method of
FIG. 1 according to an exemplary embodiment;

[0025] FIG. 3 is a flow diagram illustrating a Cu contamination process
according to an exemplary embodiment;

[0026] FIG. 4 is a sectional view illustrating a portion of the Cu
contamination process of FIG. 3;

[0027] FIG. 5 illustrates an example of the impossibility of identifying a
heat-treated region according to the concentration of oxygen in a sample;

[0028] FIG. 6 shows a Cu haze pattern generated when a Cu contamination
process is performed and a heat-treatment process is performed according to the

concentration of oxygen in a sample according to the present invention;

[0029] FIG. 7 shows the result of identification of the defect regions of a
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def ect regions according to another exenplary
enbodinent; 5 [0031] FIG 9 is a flow diagram
illustrating a method of identifying crystal defect
regi ons according to a nodification of another
exenpl ary enbodi nent; [0032] FIG 10 illustrates a
Sk SeP S A e O ES nBRn P MR gt of the
hod of FLG..8; [0033] FIL.G 11 illustrates a
l08e e SLShien bAREShosidi shibe che Bl PREER: ° 10
' crys efecf regions gre identifje sj ng_the
ﬁ&b%@d of &?@ del,S g é@‘i‘{ﬁﬁaﬂfﬁ@lﬁ&%‘w}lg agpq:tlg?cgg? Hie§gf§%‘i‘ge°ryml
of monocrystalline silicon, in which crystal defect
defscbiggionp acqopding iq ansghag sxerppleryeembaditsentof FI G 9;
[0035] FIG 13 shows the result of identification of
t[0@3tef ect FlEgi%issa Gbowaliagamiibustrating ermetboed pfiidegtifyang crystal
the present invention and the result of neasurenent of
tdofect ihpictleheviding @ onwdificatiosof dnother wdngslagedtodiment] o
the conventional art; and [0036] FIG 14 illustrates
ifpd3zINBt | OFI@bQUtillidiatd atsaripldesdréEby Scisd MSirdbt vertically, in
efect regions estinmated by the photol un nescence
UG S1AREOE oihslofe REHAAII ﬁi@tﬁe 20
DETAI LED DESCRI PTI ON OF EMBODI S 10037
mﬂ]”af t L E1G2 H‘%Cﬂlﬁét?atees@%'ﬁ%% ?a%ll: of ?r?onggf}g{ah&%dsﬂkc%n, in
etarl wt reference "t o the acconpanying aw ngs.
038 iment 1 [0039].Fl G IS fl i ggram
RSy ik R ot e e s redog g 3952
ggégeﬁt region accordi ngeﬁt o an exenpl ary enbodi nment . . .
412 i s §lGr aph Llystigles asample o mopedystalling siligeny fip which
identifying nethod of FIG | according to an exenplary
eniswiiiiefeetiegipooareldentifip nes e mefbehol BIG. fhepar o5 a
sanple in the shape of a silicon wafer or a slice of
f@03E]r yst aFIGnd 3sshoins dhe rasghtof idamtifiasti onadfethe alefdce asgiions of a
one side of the
silicon wafer according to the present invention and the result of measurement of the

defect regions of a silicon wafer according to the conventional art; and
[0036] FIG. 14 illustrates information about the gettering sites of crystal
defect regions estimated by the photoluminescence analysis according to exemplary

embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] Hereinafter, specific embodiments will be described in detail with

reference to the accompanying drawings.

[0038] Embodiment 1

[0039] FIG. 1is a flow diagram illustrating a method of identifying a crystal

defect region according to an exemplary embodiment. FIG. 2 is a graph illustrating
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5 sanple with netal, heat-treating the contam nated
sanpl e, and observes the contam nated side or the
opposite side of the heat-treated sanple with the
naked eye under the spotlight to identify a crystal
defect region. The haze region is interpreted as a Pi
r.eqi e | Nt L] ' f ect r.ev
SRR RCEE oty Bl 3F M7 p@hal 18 Hemplary
re iﬁn in? interpreted as a Pv regi on where
VACRAE ™ ype 10 point defects are preval ent but no
&b&tzéer def ect isnEr,esent. For exanple, the crystal .

k1 egildh RstenbdaYSHERR PISRSEFS & SHEPY Walie Pt of ¢ silicon
that is generated through heat treatnent causing the
dvaferear arliconl meaeqrpstelling siieeminget comamitatagst lagstiang splg of the
and Pi  regions. In particular, a netal precipitate is
gempleatadh meitall yheat-trbitingt e sampihéndted sthmplePvande gbemryes the
whil e a haze-type netal precipitate is generated on
tchetaminafaicstdobr the @ppdhtesidepdiahé Redtneated sh@gicomith [HIQAkEd eye
I n addi ti on, because the haze pattern is identified

Wt thd SpdRKR do eRtify 4 BEsRRAFLS rB@ASn.OMThY hbfe 1M idinterpreted
predet erm ned surface roughness. Therefore, the

RE %Sﬁ%%iioﬂ\(ﬁfgré %elﬁﬁﬁal iﬁm%kéé;%g%%ﬁ)rewgagéﬁétﬁgf o Uuster defect is

nmonocrystalline silicon sanp I con
e ' . I tal by slicj

HEB R ol §8bof AR SpRITAOE R Mt e iy cype
axial, direction., [0042] Referying.to FIG _.1, a s e
Binf e S pr alsh ot ST EFCEls et ¢ EOF gnple, the rystal
nmonocrystalline silicon ingot is prepared in step.S 1
deisasyeamy, canbamisdentified Weipg 2 hagaipatiernshayy s genaigiagythrough heat
slicing a nonocrystalline silicon ingot and then .
preathenhianging thei dilferegt Suorespitate bebardvelosatidnacia the Pv and Pi
defects 25 resulting fromthe slicing process, is

wspgehsa sint aeticdarp b enetitoprecipitate ihgenpradskbntainlP withie titei sample in
is not limted to this, but can be applied to a wafer

kv Regsory RAElE GFORE e ARy medl Plebipitiig iPpeeesdd ohah@swaice lof the
t hat has undergone a grinding process or a | apping

RARFIE $Sihe Wi rdRo@ Waf er that has undergone a polishing
process. In addition, the present invention can also

ROAAP! T €01 Qi RS e allBGE TakRAL WAR the naled eye,

the sample has only to have a predetermined surface roughness. Therefore, the
present invention can be applied to any type of monocrystalline silicon sample such
as a silicon sample and a vertical sample obtained by slicing the monocrystalline
silicon ingot vertically in the axial direction.

[0042] Referring to FIG. 1, a sample in the shape of a silicon wafer or a slice
of monocrystalline silicon ingot is prepared in step S1.

[0043] For example, a wafer, which is prepared by slicing a monocrystalline
silicon ingot and then performing a grinding process to remove surface defects

resulting from the slicing process, is used as the sample. However, the present
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5 ingot that is obtained by slicing a nonocrystalline
silicon ingot axially through the <center thereof. In
this manner, the present invention can be applied to
eval uate a crystal defect region of a conpleted wafer
or a sanple that is obtained by slicing a silicon

044 S

lﬁ%ﬁﬁ"@ e gl WO, bl o iR Pl g RS el B Rl onty

. be used a 0 tan1nat|n netal, |f the front
& Yigihgr PIofEs s imma er thafjbag Spdeidens: 2 2rivdg PIF?&%Sé or a lapping

pattern, the backside of the sanple is uniform

GW%moﬁ 4P el Waar nthet Basypdgrgone e palishing @seressi ﬁ@\taqdéﬁlon the
concentration nmust be sufficient to generate a haze.
pre@q&réngmqtmnatam dssbe applissh thea sfudrh ehsfanﬁlnmnosrystalhne silicon
contaninated with the netal at a contam nati on
oot drat iaobtained byaioinp AXdAdetydtallind shicen 166 axially through the
atons/cnR. |If the netal contam nation concentration is
tawer thefadf 1n Xhid Qdahne ttBETBIe6eH? inRéhtidAZaAn ibe GHIied & edhluate a
If the nmetal contam nation concentration is higher

ERARAI defictli@RnarANEInE I ed Hvalf@2R 4 SinfRO ﬁ{a@'isegot%e(ﬁ B shcmg a

entire surface of the wafer, making 1t difficult

%ﬁé&&hl f£5 et ween crystal def ect regions. [0045]
cont am nation pr ocess may include applyi ng a

0 ted sol u on_at. l.east, one

O, Sanfit 98 Spetig o 8 e S eﬁ@,wl&m@tﬂﬁr@wtﬂ-

t de d d, dth drying_.th
Iflggéﬂ?‘l(&ornlgy Elg‘??fi@t e Egptggg%{léme? neIfI thg ?ron{ s1de of the%ample
met al -contam nated sanple is heat-treated through a
ir depéined fphedmepl deags spaiieo ribie rgckside 196 the essmple is uniformly
i nvention. [0046] The heat-treatnent process generates
eonaniahtedr weh ptht ametahni They me28 euntdminatidie ceagrpiratiom naust be
Pv region, and generates a haze-type netal precipitate

aiffitibet tol Gegerafcaachak. t Pecfe@bll extileasd dlic @i 6N thel B&mple is
heat-treatnment process will be described in detail

Wit dninef8 eMie ehd tebdl Gt azeon&egﬁﬁZﬂorR&f)&%ﬁﬂri’cg)nt er Rbdat 1%10™ to

a gaseous at nosphere of helium nitrogen, argon,

S gtgnﬂmogmhe ma%@taﬁha&n%a&kgﬁts&oh% 998 ed fhan 1x10"

heat - t r eat men
atoms/cm’, no haze is generated. If the metal contamination concentration is higher

than 5x16' atoms/cm?, a haze is generated on the entire surface of the wafer, making
it difficult to discriminate between crystal defect regions.

[0045] The metal contamination process may include applying a metal-
contaminated solution on at least one side of the sample, and leaving the resulting
structure as it is for a predetermined period, and then drying the resulting structure.
In step S3, the metal-contaminated sample is heat-treated through a predetermined
process according to the present invention.

[0046] The heat-treatment process generates a metal precipitate mainly

within the sample in a Pv region, and generates a haze-type metal precipitate on the
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5 furnace. For efficiency, the tenperature of the

furnace is naintained at a predeterm ned tenperature

of about 400 to 800 C during other processes than the
heat -t reat ment process. A boat nmounted with the sanple

is loaded into the furnace (step I). [0048]

I&%c%anttgé sard (1€ ird §prer]gﬂﬁ1u r’ﬁmeqfeaf-@%tlﬁigﬁtggs%s%n Hill be described in

increased at 'a rate o 10 "about
fi neat-1r t,process is perforned at about 600
ﬂg&ﬁéggl%ﬁ?%¥%g%g§$‘6201 to 10 hours (step I1). The

L hjyum te rature_ increase rate of 1 Ln is to
REAAL" e Rebtiing Il v & Biter o nEnomhe o h Bt 4 Gt areon,
increase_ rate of 50 C/mn_ is to prevent a stress due
PYYEER AYFIASENt URPIERISE OF & BrsHigethereob o creptpd 1 p Jieat-treatment
heat -treat nent process creates a vacancy cluster space
ifwrnace. 15F @y effaagnsy, she tthmperatmetefl thee fagnacec appepintained at a
precipitate is created in the vacancy cluster space.

pEdb@imined nanperdmteadf abduhd06 ito SO0 HE€adwringedhereprbeesses than the
process causes the netal to diffuse through the

Sediatndnt PRocREY) 08I Hoat SlodstedfwitinteSanmpletis 10aewhenthé B@mace
nmetal - contam nated solution is not applied. At this

i, the netal of the applied netal 20 contam nated
solution diffuses to the nonocrystalline silicon in

anpl e; e ' i .e:
[OEETP  oThetepi, Wt enffle N DBt i 1crck8 B¥'a rte of
uch that th tal _diffuses assum

B0 d e e Campbnd.a i Bl esabasal BRSO FeHAT el gt gbout 600 to
nd _precipit s during the ahove process. That

§§, Grlaraonohal to ?@' Sugs dstep M3 e anipioiyh deteiepalie increase rate

region to create a nmetal precipitate. 25 [0051] After

ebiplanings tefeduge the reguirpd simey ped theemexipruot teseperatie increase

tenperature 11 of the furnace is increased at a rate

wite efbBUIC/min & 16 Pre@emi astimssidee to@oahdiph eaiperatureahamget

process is perfornmed at about 1000 to 1150 C for about

[D0AB]t 0 10ThetiEs hebistre@Pmbmt! procebh €rdiitddi anBahSNPIRERE WRe in a
increase rate of 1 Cmnis to reduce the required

131 M@siod sl tHah @ i@l {@ng doPPBS pRdcisititd ROIEASE i BleSvainddQluster
mnis to preven

space.

[0050] In more detail, the first heat-treatment process causes the metal to
diffuse through the sample to an opposite side of the sample, on which the metal-
contaminated solution is not applied. At this point, the metal of the applied metal-
contaminated solution diffuses to the monocrystalline silicon in the sample, or to the
defect regions (i.e., the Pv and Pi regions) in the monocrystalline silicon, in such a
way that the metal diffuses assurning difference aspects in the defect regions. A
metal compound precipitates during the above process. That is, metal ions in Si are

restored in the defect region to create a metal precipitate.

[0051] After completion of the first heat-treatment process, the temperature

11
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5 a stress due to an abrupt tenperature change. [0052]

The second heat-treatnment process grows the netal

precipitate resulting fromthe first heat-treatnent

process, and causes the netal to diffuse throughout

t he sanple. However, as described |ater, the second

IB?Q%&E RirAaleE ni%xcreﬁgeaczﬁsas rz{f%%f 1918?1&9{ kg %UB%/W DY deBShd heat-
t eat - process,

pertor _rrance 0] - e first ( r]?at ment _
S5 DR MR PN TH R T 1 o 10
P55 AT BSCEARE oSSOBEL Blnd' s

| ess éstep V). Such a slow cooling process nmakes a
eqavrd dimes ardthe anardnadsmperabrpincesese fatafcis’G/min istie prevent
Pv and Pi regions. 15 [0054] In step $4, the

Betesstdue fn avabrapysbmperesu¢ thangef r om t he above heat -
treatment processes is drawn out fromthe furnace and
{0062]t he cdhe asdcomd eltbastrd@ment pro®sOPRO®E t thes intlal Obrecipitate
the sanple is observed to identify crystal defect
rgitiapsfrom hezfrst PRALQEAMORN pldGeRPRAGIhBseli B8 ©iBRAI B diffuse
identified nore clearly than on the contam nated

iré8zhol e EdinS18S € HoWREES 4k _Sdee&liﬂea eﬁte&,o ﬁﬁagbc@ﬁi&j i %%gir?mm

et chi ng process or an additional 20 check devi ce.

p it e si e t- S lLesl
bRESRERAN I, relEin L oSl B RHIFHRE e rghE negoeatmen
netal preci.pitate haze can be observed and, thus the
B0 e rgadBe R E G On AR oS i fraample.
E%%&rystalline siljicon can be identified. That is,

aze reffbncynPicHRn saf f dive ssFondhhagktieatmeaht arpeess, the
sanple is interpreted as the Pi region, while the
teayperaiure of digilomare isi decrepsndatt adata of alprait 00 v or 1635 (step IV).
[ 0055] For identification of crystal defects, the
Barvesivwawaling ptocomsasaites s cldR differemdei beawveamnpretipate megions in
t hrough the hi gh-tenperature/long-time oxygen
the Peiapd Pategiordeat treatnment or identifies the defect
regi ons through the X-ray photograph i mage analysis.

yer, tinestd &aehhe hoMaRatANsa@le ea0ling FERNHe ¥odvheheat-
crystal defect™ regions wthout an additional check

P PRER Droes s i GraiCollBloR) 1R LOERPHRAE contaminated side or

the opposite side of the sample is observed to identify crystal defect regions. A haze
pattern on the opposite side can be identified more clearly than on the contaminated
side. In this case, there is no need for an additional etching process or an additional
check device. When the opposite side of the heat-treated sample is checked with the
naked eye under the spotlight, a metal precipitate haze can be observed and thus the
crystal defect regions Pv and Pi of the monocrystalline silicon can be identified.
That is, the haze region on the surface of the heat-treated sample is interpreted as the
Pi region, while the non-haze region is interpreted as the Pv region.

[0055] For identification of crystal defects, the conventional art measures

12
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5 that is generated through the heat-treatnent causing
the different precipitate behaviors of the netal in
the silicon crystal defect regions, w thout depending
on the concentration of oxygen of the nonocrystalline
silicon. [0056] The present invention can identify the
f . i . t . -

R Bl S e AN BTk B HRE! oy PO preciptae

t.am [ u nd i he heat-Lreatnent tine; .
B AR ekt TR BB e e SR st Rttty maee
when .t he.netal precipitate or the haze | ner at ed.
ABGITR T HOREYSS: e REeSent At ogncain oS e enfly fgocrystal defect
crystal A defect regions by generating the haze, [0057]
%%%ahwrt@utvﬂemawabah@%mra%ﬁ% dyi wingih§reta! haze phenomenon
performed usin the foll owi ng nethods described with
itleeft else generated 1gh3 then dreat; traakens aepisinge dre dfferedt precipitate
contam nated to a higher concentration, thereby
tbelviirs gf tHeamétehin-the sititoreatysthl defect FégFons3 withoat ddpending on the

diagramillustrating a Cu contam nati on process
aceehtiiigh dfoxahen eXBERIcAbNySAliadiness., and FIG 4 is a
sectional viewillustrating a portion of the Cu

f808EM nat ifpR gés@ﬁteﬁ%rﬁfon':da@idéﬂif% QRS stdN@efects using only one

conventi onal contam nation nethod using a spin

GRA ie[hgnengomé %8@?%&83%% r%ﬁfgt%gc%{rﬁso@fﬁe metal contamination

nmonocrystal I'i ne con to e ex generating a
haze.. Theref or t pr.esent .jnvention pr es a

el g B HealPhmen Bl REER b FEDRIRE PR JRRRER Gunot be

whi ch coptam nates only one side of the

m?ﬁ%%?fﬁgfgav Hermetalprerigtsee of thediage s gdickated- gHowever, the present

concentration _in order to identify the crystal defects

siveptin capdarstify Sheairystalalesct regims by ighrereting the hazez e
henonmenon. 25 [0059] Referring to FIG 3, the both

BJQ&?Q of t eapwhilé,ewherethelFCe cesamihatinon pt@eess eppSRkmed using

[0060] In step S22, the sanple 10 is nounted on a
trfpllewisp whctR6dsadescribed usith &f@ehdeno FIGS. 4.anH 00 6k] satple can be

step S23, a Cu-contam nated solution is applied to one
SordemMbtelNG a higher concentration, thereby reducing the heat-treatment time.
FIG. 3 is a flow diagram illustrating a Cu contamination process according to an
exemplary embodiment, and FIG. 4 is a sectional view illustrating a portion of the
Cu contamination process of FIG. 3.

[0058] The conventional Cu contamination method using a spin coating
process cannot contaminate the monocrystalline silicon to the extent of generating a
Cu haze. Therefore, the present invention proposes a one side contamination method
illustrated in FIG. 3, which contaminates only one side of the monocrystalline
silicon uniformly to a high concentration in order to identify the crystal defects of the

monocrystalline silicon using the Cu haze phenomenon,

[0059] Referring to FIG. 3, the both sides of the sample are HF-cleaned in
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5 sanple 10, while keeping the sanple stub 20
hori zontal. For exanple, a m xture solution of BOE
solution and Cu is used as the Cu-contam nated
solution. The BOE solution is a mxture solution of
HF and NH4F. The concentration of the BOE solution
~determ ned suitably in consideration of the
ef ect evaluation possibility, the processing tine,

igﬁﬁ@fe ef fyj hcét I 2 W Itl{eh bk trnm{ni:e%n fa tsalggle%ui}cbo as

on is oceSS|ng ecorne
l.on ed the productivity. |f the concentration
dﬁuﬁgﬁgdéé‘féo?'uti on is too high, the reaction occurs

r S'giy, making it difficult to identify the cry

cia é s. [ deé?pgﬁeé adpppntaningtedysokiipn ds applicd t?nosa@alde of the
into a 0.67% BCE solution (0.24% HF + 19.5% NH4F),

sawhlet Hatwhitrekespingethe rsamiplsnstob 20uhariontak ot exanople] & mixture
from 15 about 1 ppmto about 15 ppm Wen such a

Gulution b B0 oddticodndt Cofs used asthd Cucuirtaminated ackation. The BOE
uniformy applied onto the sanple, so that the

contiafiif al mdueosfteitn af HONandNELE. | Thé Rencentration of the BOE
nonocrystalline silicon can be about 1 x 1014 to 5 x

L0dE0ARt AFP/HeEeteABined es%ﬁﬁbl?eiﬁ %r?sYde?é%&lnyof 'tlfle tdlafect evaluatlon

cont am nati on concentratioh of | ower than

I %&%&P?éﬁ%@%?}?ﬁ%ﬁ?‘?ﬁﬁ“ b7 g%jﬁg&iatﬁ’ﬁc‘if {he BOE
[ he

SBeE IR0 Jo T R BRG Trend iilaség?%ieé% Tdehehs P fifgproductivity.

stal defect re | of . the crystalline silicon
1 fhe comecniintion ofyde IR soluian s dog Pigke Theppeariomgpsprs rapidly,
the, contam nation concentration of Cu is about 8.83 x
orking ipdifigdt o identdy thegwgyta efects 0063] A pipette 40 is
used to apply the Cu-contam nated sol ution onto one 25
§00f2]( speciFor cahiple, ahGu Babkiosi denixefl intve ashifloeBOE. solution
The reason for this is that, if the 14
Mu24%H R 19a3% (NE.A1) Wuick that sheaqopténedtion bd Cutie tHe whition is from
side of the sanple 10, which is fabricated as a

8Bt A0RAN €S Moud @Y ippRr. WhEn Githi POS-cERMIRHRIButidiEs used, Cu®
front side, Ieading to an error in defect

sarrp%F{e Gfiﬁg ol %Pﬁ%gﬂn?dé?n tl%:tat u &J?%%o tRR8hS bORaRinatiB® concentration
of Cu in the monocrystalline silicon can be about 1x10™ to 5x10'® atoms/em®. As
described previously, if the contamination concentration of Cu is lower than 1x10'
atoms/cm?, a Cu haze phenomenon does not occur. If the contamination
concentration of Cu is higher than 5x10'® atoms/cm®, a Cu haze phenomenon occurs
excessively, making it impossible to identify the crystal defect regions of the
monocrystalline silicon with the naked eye under the spotlight. Preferably, the
contamination concentration of Cu is about 8.83x10" to 1.33x10"® atoms/cm®.

[0063] A pipette 40 is used to apply the Cu-contaminated solution onto one

side (specifically, the back side) of the sample 10. The reason for this is that, if the
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5 predeterm ned period after the application of the
Cu-contam nated sol ution. The contam nation process
may be perfornmed at a normal tenperature under a
normal pressure. (0065] In step S25, the
Cu-contam nated solution is cleared and washed from
t . e C
aé‘ﬁﬁmocesﬁ%?%#ﬁ@% bl 5?’2&%’?@%@@?38%3 SFIRCTY Wieh i
ter Throu t abov 0cesses, . .

b e BB“FB]E oL RS RS By te oy g Leading
about 1 to, 10 mnutes, for exanple, for 4 m nutes.
[t@6’66‘jr°‘i’ﬁ eé?bmSQ%‘rer{l - sanple 10 is dried. For
exa t he sa le 10 is dried on a hot plate. The

]e 10 AaystaRe a‘},i erp sideiolhe stoplec]0fisrCerentpmmategolor a
to 120 C. The sanple 10 nmaybe dried using a spin
drédetermmedi pariogeaftegabe applifafion 2 thh € vadyotanineteti colwimn. The

"easily identify the crystal defect regions wthout an

addfatniiiah ek ntgViiee perfiyimiedidi@ hditalterhy@zfiure under a normal
phenonmenon that is generated on the surface of the
$rdsk@en through a sinple heat-treatnent after a high-
concentration uniform Cu contam nation. The convention

30665 S restfife %@5 | e (CRL éﬁteﬁ’ﬁmaﬂa@ 901[1%?&? s é%?%]@éﬁmﬁhe@ from

t and t heai treatnent tinme because

NI N T —

pr eci pi gen

parti cul ar, .t he conventi on am nati on
e ble ik ditired A g o e aﬁo‘?dar&ce;?%g} %comammated
However, the present invention enables a hi
é%ll%l%ftﬁhﬁt indhe saple A forabriin! Rrld BHENISS R F¥€f119p1ﬁ#@r 4 minutes.
c stal defect regions by generating the Cu haze.

] Equém sien §20) thessampfle dAbadkedqliat examplhathecamplsel0 is
used to predict the 25 anbunt of Cu that can
dried ami hat glateh dhesanpleylt mby beériad atiabout 106i°Ag fdrlegampls, 80 to

contam nation nethod illustrated in FIG 3. Cu on

Wah &C. Fhe s#nple 18 ) bedrRd@ifing akPin GikrioRnftdgen gas.. . (1)

[ 0069] The Cu contam nati on anount Cu on wafer can be

pidev ned byhEl aHoRE méhbd ec‘lﬁt & niﬁgntf»fsmﬂﬁ@t ci9btallefect regions |
Solution into the BCE solution and t

without an additional check device by using the Cu haze phenomenon that is

generated on the surface of the silicon through a simple heat-treatment after a high-
concentration uniform Cu contamination. The convention art is restricted in terms of
the metal contamination amount and the heat-treatment time because the
recombination lifetime cannot be measured when the metal precipitate or the haze is
generated. In particular, the conventional contamination concentration is 1x10" to
1x10" atoms/em®. However, the present invention enables a higher contamination
concentration and can identify the crystal defect regions by generating the Cu haze.

[0068] Equation (1) is a feedback equation that can be used to predict the

amount of Cu that can contaminate the monocrystalline silicon using the
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5 contam nating the nonocrystalline silicon as
illustrated in FIG 3, while changing the Cu
concentration Cu in BOE. [0070] It can be seen that
the present invention can contani nate the
nnnocrystalline silicon with nore Cu using |ess

SRLATL ILASH SOLELLPR fran the  conventi onal

con 4 $pin coating process. The
present @momnmmWquﬁﬂixﬁﬁ’pf&@?déOﬁOEMElﬂﬂﬁ ti.mes (hpre
contam nation than the conventional spin coating

Ebﬁﬁessa%h@{] c?ncent ration ﬁ{g)lofg(rar frcc?arﬁgj rartledqbylelng
reglo s of the nDnoc%ystaII ne si.lican.

FRn AP AbLTaddorihiignt e h@eprPe@%nﬁoluﬁon and then
[ nvent_l on can increase the maxi num anount of the .
weptaminsding dhe menperystaling sdioen ris dHystatad) innldGsi Bi wibie changing
[0071] For the netal -contam nation of the sanple, the
pheSe nendentvgmini GmimBYE. use any net hod that can provide
a nmetal contam nation concentration suitable for
deoiz0lat i onlofcah hiee haze. thitO e Jprd3erith irslefliésn fant beéntaminate the
sanple may be contam nated with netal such as Cu. 1In

tokin®cS88Rine dM&0R0kth $ide EuafsiddhRssSenRbRtaffifated solution than the
HF cl éaned, and the HF-cl eaned sanple 20 is nounted

Renfigsa &ddn H&ldﬂ%?ﬁd uklﬂé Y ‘:s‘plgjc\:/&ehr@])i?% gg??o@%g.e dThe present

OUtIOﬂ accor |ngtot present” I n

?rﬁgg 1(?1} e rggnﬁé goe o? %‘%geeﬁa?g#rénmg?? gOIlD‘[?l ¢ UG tional spin

Cu-cont a ﬁ ereafter,

iR, Wethet) o S HeRER wanEiom PIBFP”“TH%‘}"S%*F%Q“ 13 peeessary for

sangle is washed and dried. [Q073] FIG 5 |Ilustrates
fangp| Be ofrysRh defpssegnmsi ©f e mywaeiysipllpg silicon.  The

heat-treated regi on according to the concentrati on of

osaytgamation metiadpicgordirg: o0bF plesaiianeeniign qar msecagh thegnaximum

sanple with an oxygen concentration [G| of [|ess than

dhoppind thesmeht@nmammbiocn in the nicnoanstalbink yiliche. second

heat-treatnment process is perforned on the

fe0Rgni nat per e mintsl-confantiRAtforCasRe saRplOVBE prdseciagention may

pattern is generated, making it inpossible to

heteady fkiod @aCéashRlviddef fetal 'BfaRfination concentration suitable for
generation of the haze.

[0072] Both sides of the sample may be contaminated with metal such as Cu.
In this case, the both sides of the sample are HF-cleaned, and the HF-cleaned sample
is mounted on a cassette and immersed into a Cu-contaminated solution according to
the present invention. The sample is immersed for a predetermined period such that
the both sides of the sample are Cu-contaminated. Thereafter, the sample is drawn
out from the Cu-contaminated solution. Thereafter, the sample is washed and dried.

[0073] FIG. 5 illustrates an example of the impossibility of identifying a

heat-treated region according to the concentration of oxygen in a sample.
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5 There is another case where a sanple with an oxygen

concentration of nore than 11 ppnma is contam nated

with Cu and both of the first and second

heat-treatment processes are perfornmed on the

contam nated sanple. In this case, no haze pattern is
to.identif

d, ki Lt I.bl [ . .
AOTAE e R Pt VHRR T il B el teftion 01 of
188 i 1 gPoraf B0 Compminaiic i Cn "oty T Sl b Bpsimen

preci pitate can be generated in the Pv region, cannot
pEossEos BePrmed e Hip eravipianted gample. oV this | capyzaa overall haze
pattern. If the oxygen concentration is nore than 11
pptiernan dzebetatedo fmakiveg fti ingtossihld weidontdfyngat -arysat defent region.
processes are perfornmed, an oxygen precipitate is
Jéaneriabrathemcast evhstd d emiple tihraalxkyggetdmeentfgiotloftngore than 11
generate a Cu precipitate. Al so, no haze pattern is
@ﬁﬂx@fi@t @fitdrfinhee with Gilah@WRiPLf tthe franide s@ved t KddBreatment
the crystal defect region cannot be identified. [0075]

PRitSsscd BR REBHBAS oh MECRBhiRInHSLSiMe. Refls éars&?{ﬁe%% Pattern is

dependi ng ‘'on the concentration of oxygen in
As | . . N i.f the

SR YE, Ul Eolb Y [RhER s SRR adtyl rsgbll® 1 he prvgen
the second. heat:treat ment process, i erformed wthou
P REGRALI SR it £F PR el 165 BT peadoleginacht Bttt 1 ithed, o
grocess I f the pxygfﬂ concentration [O1l is Ieiﬁﬁthan_

canpyEusisp sPacss iny Which jar Gy Pegqipitacdengsaetatodei: the By region,
processes are perforned. [0077] Table 1 [G] < 11
ppat beipropigdad, therabyt ganeeating ribatayerall hazsceattsrperlf dhenoxygen
not perform 17 Second heat-treatnent process perform
parckniratidn0ie 78jre Fha@ | bpphawsd hdotBuofhthe éirgant eecond heat-treatment
generated when a Cu contanmination process is
peictgtsredt potthrcdeai okyRalpTeuipitddd QCesRrdtéd REtHeOsi®M, thereby

according to the concentration of oxygen in a sanple
266PMdI MOtd Lerfelfe RI@SFREIpitAEE Mk ho Kdze GRRerRSs generated in the
surface of the sample and thus the crystal defect region cannot be identified.

[0075] Thus, the present invention uses two heat treatments depending on the
concentration of oxygen in the sample.

[0076] As illustrated in Table 1, if the oxygen concentration [Oi] is more than
11 ppma, only the second heai-treatment process is pe.rformed without the

performance of the first heat-treatment process. If the oxygen concentration [Oi] is

less than 11 ppma, both of the first and second heat-treatment processes are

performed.
[0077] Table 1
[Oi] <11 ppma > 11 ppma
First heat-treatment process perform not perform
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seen fromFIG 6 that a defect region according to the
di ffusion of Cu ions can be 5 identified with the
naked eye in different colors for the respective
regions such as the Pv and Pi regions. [0079] FIG 7

shows—t-he resuli- of identificationof the defect
Jvafer acg?ordl ng tjo the present

SRR e dndi pHERR : B0 enenil af 1 hePSTREPe

reqions of S|I|con accordlng to the

J@ﬂtgﬂt i ondilGa 4 shoyg q g e patigrn gengrged when a Cu contamination
identification of Pv. and Pi crystal defect regions by
@Eocehn e Ppraermednandog hepictressmpnteproprss i petfermed pecgrdidg to the

~after the Cu contam nation of the sanple with a

sanpingrafi@ pf okygebSn Hsapgrin acovddi8g o penpresanmdneintos. It can be
identification of Pv and Pi crystal defect regions by
tshen fromofiigl. natth-am deféréditn acoadifg 0gtHeQdif3i@€df Cu ions can be
precipitation resulting froma conventional oxygen

RAGEifRE Wathahd fatedtdyB Al Hﬁ'ﬂ:}exﬁ Elordol theBiestiv reBR8s Such as the

16 hours at 1000 C). If the oxygen concentration is

P VYRl Pl ¢ % Rpme), the conventional art can also
identify %e cryst al defect region. If the oxygen

JO0F | Genils 7 ey B Beuh ARof R AL R or

c e heat treat ment using.the t al tam nation
ﬁﬂ Bi fﬁ@??fé&n&éa Heprarahing iqfnddhs oulf ofragpement of the
i on. £0081 Enbodi nent 2 [0082] FIG 8 is a flow

éP @frrsmom P siligen yalenacrording iy |caewet19§4 a8 cryst al
def ect regi ons according to anot her exenpl ary

i ment FIG0G8dpws idenpfiesmntofiineadtRi enysta defedersgiony by Cu
all the crystal defect regions of the nonocrystalline
bate paterny vhthet sampladdit tis heeatttreated! afr Iher€luhashtaniination of the
is, the present 18 invention can sinultaneously

eghplaBlith AbdmplOPOL oY $1 8 5 PpMBehd B¢ 6%/}3@([&9 afd sHo¥® identification of

nmonocrystalline S|I|con such as a regi on where

PRI P cl’%@ﬁ o‘éfefc? 1Rk %X@nﬁﬁﬁaﬂon%tgﬁlﬂéﬁgc&@ﬁg‘w oxygen
wher e firie- pl at e- t ecipitates are present an

h
SE R

hours at 800 °C + 16 hours at 1000 °C). If the oxygen concentration is lowl(ll.S
ppma), the conventional art caﬁ also identify the crystal defect region. If the oxygen
concentration is high (8.5 ppma), the conventional art cannot identify the crystal
defect region. In this case, the heat treatment using the metal contamination must be
performed to identify the crystal defect region.

[0081] Embodiment 2

[0082] FIG. 8 is a flow diagram illustrating & method of identifying crystal
defect regions according to another exemplary embodiment.

[0083] The present invention can identify all the crystal defect regions of the

monocrystalline silicon without an additional analysis method. That is, the present
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5 defects are preval ent, a B-band regi on where oxygen
precipitation is generated at a high concentration by
heat treatnment using a seed of a cluster of
interstitial silicon, and an i-rich region where
interstitial silicon is prevalent. [0084] In addition,

SRR L APPSR Bl A ot DOkl "Bl of e

i s, the present inventign can be applied 10 to any
necB s Sarp R i PN FEFEC ks debecss ard prevalen
siljcon sanple and a vertical sanple obtained by

& R-E@W&eewe hstoERS Blat-1yPp eresinijates 919 prasant ord an éaﬁ ig created
in the axial direction. [0085] Referring to FIG 8, a
Dankriag teatdné widep en ofxidaton| dtoosphead, er Porregios| where ioferstitial
nmonocrystalline silicon ingot is prepared in step S
Hofects se paO8keht, RdB-bandinie wheneafgpen plecipitaiion [y gparaed at a
by slicing a nonocrystalline silicon ingot and then

el @nbemghtion Gy Hedi ﬁ@atﬁfeﬁ@@ﬁﬁ% b QeddeHOY Blusief bRGRerstitial silicon,

defects resulting fromthe slicing process, is used

agd b ErisR PR whiBLBMEK:itid1RAicBh §5GBYaledtNVeNt i on is not
limted to this, but can be applied to a wafer that

m&ﬁ nder g ﬂ{‘?dcgfi%'}rﬁ .thezl?égé.n? IR PGSR apélg%cftr?\éﬂg S{rpet ot}as'émple

nder gone i'ndi Nng” process or a

[ 0cess r, . tq a wafer, that s. undergone a polishin .
RELECRRu: P daaPe BEhSS BhaSentbe PrgH e irvton,sanpe deplicd
be applied to a square,_slice of mynocrystalline )
19 pcgpe © WQB?CTYﬂgmnP siligpr a3mRlg sush a3 %hﬂgl gmple and a vertical
nonocrystalline silicon ingot axially through the
sanple obtaradelyf sliqing the monemyyalling Ridicpr degen tveitivantin dlre axial
can be applied to evaluate a crystal defect region of
direatiopl et ed wafer or a sanple that is obtained by
slicing a 25 silicon ingot axially. 19 [0087] In step

[PaB5}, oneRsfetiénwio Rilie % anpingleiis tlcedhapd bVetilicet GhRdor a slice
using any etchant. Exanples of the etchant include a

8PRBn&t petanhe §ition inNG8 prepd@Gidhisign.l - 3 : 12), a
Sirtle %?%hant (HF : Crp: pHZO: 1': 0.4: 0.2), a

R o ShPBLs i, 0 ATERYAEHRER, B 0 ki

silicon ingot and then performing a grinding process to remove surface defects
resulting from the slicing process, is used as the sample. However, the present
invention is not limited to this, but can be applied to a wafer that has undergone only
a slicing process, to a wafer that has undergone a grinding process or a lapping
process, or to a wafer that has undergone a polishing process. In addition, the
present invention can also be applied to a square slice of monocrystalline silicon
ingot that is obtained by slicing a monocrystalline silicon ingot axially through the
center thereof. In this manner, the present invention can be applied to evaluate a
crystal defect region of a completed wafer or a sample that is obtained by slicing a

silicon ingot axially.
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5 (5 ml%, and a Wight etchant that is a m xture of
Cu(N03) 2, CH3COOH, and H2O. [0088] In step S 103, the
sel ectively etched side of the sanple is observed
using a mcroscope to identify a crystal defect region
primarily. Exanples of the crystal defect region

PN %%ééﬁff)?g oBF it &7 i arfilE 1€ Eppsitre e e any
B, R ¥ G HE it ook cln @DSHN 3”@%&}10014

one S|de of t e rrplels cont am nat ed vvlth net al .
trhnditlkom %ﬁl%\rﬁwhﬂv (HE UstedHz3 =t he O0don® AhianSacee gtchant (HF :
netal. Unlike the conventional art using two kinds of
ﬂﬁz@rnﬁvtaqmoumohlltmn (0.0 npi¥g et : i pvEK} HbdiOsh@sOpmjugoud lution
use one transition netal. The netal contam nation is
(Dmiotteyyand ¢ Whightetohahiethatde faaaixtdrd of €8(100$),, WWHLHBOH] &6 H,0.
a location at which the nmetal is precipitated

$6088]t i vel ¥h sepcINd] e §e‘1>ecﬁv§l'ty|dt&ﬁﬂ Sl 8f Ale SRANE s observed
region through the next heat treatment. For exarrpl e,

t8i8g SRR che £ e @Eﬁgtay\”dgf&nt | 1glﬁfeﬁ dpl&\nﬁtﬁlﬁlyt h ama?(lgsd of the

crystal defect reglo s are '
t .
E 808 R R0, K | 3 BB R sy

pltat beh r Jocati the Pv 20 and Pi
fH o Pﬁ%aﬁf’g‘n@% SHb TR rEhellafin 1 Fematt niectively
ﬁqﬁf\ﬁrreta haze pattern, the backside of the sanple
TYMBNLS, ofdetnileh the netal . For
eneratl on of the haze pattern, at |east one side of
0} anpl el gep Sianinkeascongi side vf herstmaple 4¢ cantaminated with

- contam nati on concentrati on of about 1 x 1014 to 5 x

mothb A drmpsitin® . mdtal maki lghused casceéhatdoatantinativet aletal.  Unlike the
contami nation is perforned in the sane way as in

conventidmhért ising Iwbliveseit rabisitian SR td1) @he ﬁresent invention has only
phot ol unmi nescence analysis as well as the naked-eye

©NR6 kné SrandRorPRici0r TRE n‘le'ﬂal tc&%aﬂr?a%@ﬂtls {0MERE A QR cr?r?tﬁl efect

netal contam nation nay be perforned 1 ndepehdent

e fc‘)n YRe ¢ ﬁﬂ%ﬁ?@ NCeQUFigh | 2 nwﬁ fent € fﬁ%{a?llg eﬁﬂégigg?t%q selectively

cont ation concentrati on ma h
i A AR e

example, the sample is contaminated with Cu and then the crystal defect regions are
identified with the naked eye using a haze pattern that is generated on the surface
through heat treatment causing different Cu precipitate behavior locations in the Pv
and Pi regions. If the front side of the sample is destined for a metal haze pattern, the
backside of the sample is uniformly contaminated with the metal. For generation of
the haze pattern, at least one side of the sample is contaminated with the metal at a
contamination concentration of about 1x10™ to 5x10' atoms/cm® This high-
concentration metal contamination is performed in the same way as in Embodiment 1.

However, because the photoluminescence analysis as well as the naked-eye check is
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5 to the present invention. The heat-treatnment process
may be perforned to the extent that the netal can be
di ffused. The heat-treatnment process generates a netal
precipitate within the sanple in the Pv region, and
generates a haze-type netal precipitate on the

WAL BRSSP bl g ek SRS oty ppprfomed
\flllmg %)-efrlgf rYg g % 35%'81]3’5"3 S@Qﬁ F?Y%C%Q&%}Qq%ﬂ# I e S e@é Sh i ggS’_, 1512 emetal

treatnent processes is drawn out fromthe furnace and
tRERTHpEIoRGnesAtaHeR Maybg abet 1 fe toppbdi pemsiae. of

the sanple is observed to identify crystal defect

r[8@Pths  sdooirpa li0bythe Thasalecontanyivatpd sainglois heastpatedaecording
et ching process or a separate check device. Wen the
et presont dmdentidre dThé bent-treatihteat propeasiney Isd pefeimetl hethe extent
heat-treated 15 sanple is checked with the naked eye

uhatethet hetas Rahl bgRiffused haZBe IRALHEHAINOPrdcb® generates a metal
met al - cont am nat ed si de can be observed and thus the

YrocHpite FREHRE tthd QAhPRSINPe R redibn, Ond! Béherates a haze-type metal
nonocrystalline silicon can be identifred. That 1s,

A O SRS sy BHELASR PR AR A s

non--haze region i.s jnterprete the Pv region.

SR8 seehE o FBeri PR R iy 20

[ i fication process (step 5103) and the result of
t[ﬁggé]econd wtqpoém b fhechgat-trated synple gestiing Fam thﬁw%pﬁ% heat-
regions v-rich, i-rich, Pi and Pv. [0093] For ) )
itigatarant peasessen 1sdrawn put pmdbe Senace andehevihe santaonegted side or
art neasures reconbination lifetinme through the

ey loppesitgeside urfefhcosmmple e cheyryed tor ehiyt atystal hdefidct regions
treatment or identifies the defect regions through the

Xedoaylalyot Dlagraph no egé 85a a8Pdryis| Gchilgo pWeosess o B&eparate check
present invention can easily identify the crystal

detiest Wieh fhedh&BScoMtdmiatied aficasiding io?E@fitite_CJi'&CKf e He8Efeated
a

by using the netal haze phenonenon i s generated

SA6PEGE chiikelt ‘é@ﬁi Mc%@@?}(? A RY Ff)(ﬂﬁglﬂi th%f g%noeﬁated on the

precipitate aviors o met al” 1'n“the si
SRS 0P ol R DB eon 7 nd
%’5 lo% ﬁl%nmonocrystalline silicon can be identified. That is, the haze region on the
surface of the heat-treated sample is interpreted as the Pi region, while the non-haze
region is interpreted as the Pv region. Synthesizing the result of the primary
identification process (step S103) and the result of the secondary identification
process can identify the regions v-rich, i-rich, Pi and Pv.

[0093] For identification of crystal defects, the conventional art measures
recombination lifetime through the high-temperature/long-time oxygen precipitate
heat treatment or identifies the defect regions through the X-ray photograph image

analysis. However, the present invention can easily identify the crystal defect
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5 [0094] The present invention can identify the
crystal defects using only one netal elenent. The
convention art is restricted in terns of the netal
contam nation anmount and the heat-treatnent tine
because the reconbination lifetine cannot be neasured

when t he metal [ e or t ehazels ener at
et T B pBUERA hechBro Bt ra s pry P?%@ flicnomenon
crystal defe regi o enerating the haze

[tg‘%’b@] gF”ﬁergtF g nfleh geﬁtg‘é?a“f‘?@aﬁgﬁl%ﬁ]bq éjlff§rent precipitate
neasuyr ed by the phot ol um nescence analysis to

ibghaioms i thometal indhe sidicon exyshdefeetiregipys, withotthdapending on the
the results of the primary and secondary

icdneenirhfiomed axygen olths semoanydtatlive siliesnl t of the third
identification process can identify the regions

\[0094}h, i - rTihepreseht inPentidh- duarideraity thBedysaldefedieueidy only one
making it possible to identify the entire defect

megdl Wt tIRE chRveMbIDA GFiS redlidtaBirSiclh € 8NtheARetal contamination
descri bed above, because the photol um nescence

%Hﬁhﬁﬁblﬁi e R&f- Eregtm%ﬂt tlpﬂe%&a&%etﬂé re&\g@agﬁdtfaﬁ l?l%ﬁmgecamlot be

appl i ed 1 ndependently oncentrati

b0 SO0 B B e fBiie :ﬂgww{gﬂ}eﬁesent
st i ek @%n%ﬁ%ﬂﬁ?@?r%@ b aperiites 18 brze. o £ ow

amillustrating a nethod of identifying crystal

t reg%n%%c%&% ﬁbethe%'ui%@ﬂf isampleoris omeafisethepy the
exenpl ary enbodi nent &097] Unli ke the FIG 8 nethod
nb@thWH@CWIYSBHe idgrtify gryistal Hotcumgionstthindlyanfyngsssizing
that are sanpled fromthe sane ingot. [0098] Referring
the 1B$uBs of the primaryand ssendag idanificeon protémessdraiphe edsult of the
two 25 silicon wafers or slices, which are sanpled at

thil ideljtaRatbn bakadsi @ASdémifR thedgidRO 0GIchSt-Abh,IFAEPv, P-band and
silicon ingot, are prepared in step 5111. [0099] In

BliRdStHeldby BRRINY ﬂeﬁ)d%glbieh?o fiddn$i ? SR RhEre ﬁefect regions of the

sel ectlvely et ched n step Sl11 the resulting

ﬁltoflb'&g%{ﬁlglél Qﬁler v&d &&Ef%ﬁia aga)\%r Ol?‘e%%@sg’n 0 phgt%Luminescence

cryst reglons su i TTTC

at.)neal3'/s€lsexrs]t}:)'f:rflormedO the presen¥1nvent10n can be applied independently of the type

and concentration of the contaminating metal. Also, the present invention may
further include a step of detecting the gettering efficiency in the sample using the
photoluminescence analysis.

[0096] FIG. 9 is a flow diagram illustrating a method of identifying crystal
defect regions according to a modification of another exemplary embodiment.
[0097] Unlike the FIG. 8 method using one sample, the FIG. 9 method uses
two samples that are sampled from the same ingot.

[0098] Referring to FIG. 9, first and second samples in the shape of two

silicon wafers or slices, which are sampled at two adjacent locations in a
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5 [00100] In step S 114, one side of the second sanple
is contamnated with netal. [00101] In step 5115, the
net al - cont am nat ed second sanple is heat-treated. In

step 5116, the contam nated side or the opposite side

of the heat-treated second sanple is observed with

t‘%}&@’gﬁ‘?‘é&%’@iCOﬁ“iﬁ%‘f%?*%H%GHES : §Ehf§2hﬁie°|”st e
goFp éftp?i? S ort e%epgerojﬁ%ﬁr@? AnBSFIACgely plshed. Th sip

lﬁi T;lﬁ e observati gn of, the first sanple (st egﬁ
? TG SBGTAe 0t P ST ACGRSEPer R I defect
sanple can identify the regions v-rich, i-rich, M

| é?&lmlfsvsuctl 800 apd isich garche entiffied miearilyr eat ed second

rri)l e is neasured by the 15 photol um nescence

is. Hyrstape8l A, mpetdde pEshd sesond sbdnpleolssemvaningtiad with
of the first and second sanples and the result of the
meagur enent of the second sanple can identify the
regions v-rich, i-rich, Pi, Pv, P-band and B-band,

gommny el Bekpi $1 ISEQ&Sm@iaﬁc&lﬁmhﬂﬁféﬁl deoridun@t ii§ Beat-treated.
ef ect regions of the nonocrystalline silicon ingot.

ipY Qtl;P:ﬂl IE I fﬁe c%gta&ﬂxhéiéﬁ @ﬁ%‘?ﬁ‘ tﬁezgﬁgg & sfq%%g%@ ‘ﬂeﬁ%reated second

slicing an ingot vertically ect regions
§£1§%qu$ Bﬁéeweﬁ%ﬁic' lc}{éqlai(gc? u{m gﬂgc%r(?mgl?h e haZe rehglon on the surface

i'ons
un1nes ence anal sis,_are marke Fl. G

b Hechsal B Socona Bl gt aﬁ.tﬁ'ffk on. 41 € pon-haze
region are identified. [00104] FIG |1 |IIustrates a
&elRn Srigteerrelashyr dhol v Aegienr yxathesizing the repubat thegbjeation of
defect regions are identified using the nmethod of FIG
the ﬁnsbsafquéﬁcp vé13@dr bgirendt ofethe wbssvaiivnmef thhsecond sample
phot ol um nescence analysis are marked in FIG 11, and
28 eiRify tlxgiegionandich, Rvich,djiandPar e i dentifi ed. [00105]
FIG 12 illustrates a sanple of nonocrystalline

§001020n. Crystedl S10RT18E thebe@eAas sédoad | Aaipld fis eRkaderied Dy the
the nethod of FIG 9, the respective regions measure

El?dé@ﬁ%ﬂf&gﬁ%@?ﬁﬂ?gﬂsn%%ﬁﬁm@lﬁé Y&UBs 8f fheBH:s&R8tidMof the first
and second samples and the result of the measurement of the second sample can
identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band, thereby making it
possible to identify the entire defect regions of the monocrystalline silicon ingot.
[00103] FIG. 10 illustrates a sample prepared by slicing an ingot vertically.
Crystal defect regions are identified using the method of FIG. 8, fhe respective
regions measured using the photoluminescence analysis are marked in FIG. 10, and
an LDP region, a B-band region, a Pi region, and a Pv region are identified.

[00104] FIG. 11 illustrates a slug-state sample of monocrystalline silicon.

Crystal defect regions are identified using the method of FIG. 8, the respective

regions measured using the photoluminescence analysis are marked in FIG. 11, and
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5 region and a Pv region are identified. [00106] FIG
13 shows the result of identification of the defect
regions of a silicon wafer according to the present
invention and the result of neasurenent of the defect
regions of a silicon wafer according to the
GORNERL B0Ph pOTLaiod BMQHinlYo vertical samp es are
prepare y sli&ng a’stlicon ingot vertically. 10
ing to the_neasurenent resul.ts, the . or
R0 1'% 1O of 0TGRS R Semtele ShrpinoetiStalling, sigon nepystal
STM st andards). For the first sanple, a conventional

bicgionsedr jienfifiednesing theemetheAtof(Fl6: 2. mesurespegtivggegions
C + 16 hours at 1000 C) is performed w thout netal
casrsasil vatnigothe tphotsherginesdence aadysis argtranived iih dGnelbyand a Pi
oxygen precipitation. For the second sanple, the
megiah affcba By reginy) aredddngiiicdat i on net hod 15 according to
the present invention is perforned and the
lj60106]r eat FeG! ¥ §eR&Sthe resultl dBidehtifiatR® bOMEBIbfect regions of a
[00108] As can be seen fromFI G 13, the conventiona

licofi IR lactHBIMg! th Xhd Mesent [XShikn LR RE tesiR B ARAsERENt of the
the concentrati on of ‘'oxygen in the sanple is low as 9
o | [ lL.early
BRI roBMENEE st PR EM YR O BARALRET Y |
SOPAG, e TR Pemblet M Bt I i g impot vrtially.
etai |l ed regi ons such as Pi_and Pv usig% t he net al )
prdededhomeasirement gesyiisthe CRRCRRISRUORAQE oxHaen;cach sample is

‘Al'so, the present invention can identify the entire

&r prrna | (Ngwr ASHIM egrdasishy Tl the oirst samplec HeedavEpiionah @xygen
vertical section without the need for the check for
pheipietdeet-treamesp{fond ho@s af AN T} 1BIhGursiat 10D0 (S} isgedermed
i nformati on about the gettering sites of crystal 24
ddéthent niegi oostambiationt =0 chyckt hige phaintinatione $ifaiiee by oxygen
anal ysis according to the above enbodinents. The
pRlcRYitaRé. OTFoR RS sedon8 GRipte ththedlf G, 808 cOHRMMafion Beethod

obt ai ned because the photol um nescence analysis is

g%gdin% g? b reRSntd655H R ES ggﬁg%ﬁ?%dhéﬁfi?v% ¥ treatment process of

ol nt - ect“characteri sti
FIG. 2 is performed.

- [00108] As can be seen from FIG. 13, the conventional art cannot identify the

crystal defect regions when the concentration of oxygen in the sample is low as 9
ppma. However, the present invention can clearly identify the respective regions by
identifying the v-rich region and the i-rich region using the selective etching process
and identitying the detailed regions such as Pi and Pv using the metal contamination
and the photoluminescence analysis. Also, the present invention can identify the
entire crystal defect regions by only one-time check for the vertical section without
the need for the check for the respective regions.

[00109] FIG. 14 illustrates information about the gettering sites of crystal
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5 and Pi regions irrespective of the crystal defect
identification method using oxygen precipitation in
the silicon, a netal precipitate is generated mainly
within the sanple in the Pv region and a haze-type
net al precipitate is generated on the surface of the

S Py e ST o RS e
%% g’f’l@&%t i.gdl ; ﬂgg%&(g‘la? 0 {)ﬁ" cﬁ?}%‘é&’é g 11] rACIalt?%‘lJﬁq bggobtained

pma, the_ conventional nethod using oxygen
d%eéfﬁ%sﬁ thephoslumingpeonce anahysissigusade crystal def ect

i ons. However, because the oxygen precipitation is
98 110ed, tAsedgscabehabovienusing itknpaiahdéfdenthafagtaristics of the Py
crystal defect regions nore conveniently when the
axyg ¢ negicionicespactive ofi thescriyanl. deldet [ddlifizdtiohcmethdd nging, oxygen
the present invention can identify the crystal defect

éﬁ@qﬁfﬁﬁoﬁl@ﬁi tHeatil@dow, a @l IpyecRitftdlidigelidriiteink iRl twithin the sample
ependi ng on the concentration of ~ oxygen in the

R RRCHY Rlofinl dfdea ﬁéﬂettgg@meia@gﬂe%ﬂta%he hé&aRA onl (BY SREICRIE the
can eaS|Iy Identify e crystal defe regi ons

haZEI%Uih 17e P?qgélgftl ha'}?écoﬁffggg ﬁ'e‘fsgatle féoé?] 'r{'%oﬁgkean% identified

enomen € surface
ilicon heat-treatnent after a
HHB%8%§gﬁWF§?f Pﬂﬁ%¥ﬁh E%wggﬁtawination Also t he
nti,pn can greatly  reduce the tine

i nv
Eé‘ifﬁ]equ. 8- i othe GeRRERFGHGHY stlicpR OKYBIGS dyecr ﬂ[‘@ollolpﬁma the
Al so, the present invention can identify all the
epyeentipnal anethed ugiE one gen Presinitatipie camtey GAgnsiithe grystal defect
silicon sanples independently of the type of the 25
cegieram fadweargr,mbecdusaribe tdxggeny pecapfitation saoypdlaededbe present
sel ective etching process, the 25 netal contam nation

pivRARSS candidentiahe betal defediesg encRoR @y nienti ®hen the oxygen
performed on one sanple or two sanples, which are

SanRhestiddi9mwt adj acent positions, thereby neking it
possible to identify the entire crystal defect

Pﬁg‘ s P iepindY. ?@‘%.d%n%“% IrfedfioR" &R CRknti Y BR! bGBtel defect

regions accurately, easily and quickly without depending on the concentration of
oxygen in the monocrystalline silicon.

[00113] The present invention can easily identify the crystal defect regions
without an additional check device by using the Cu haze phenomenon that is
generated on the surface of the silicon through a simple heat-treatment after a high-
concentration uniform Cu contamination. Also, the present invention can greatly
reduce the time and cost required to identify the defect regions.

[00114] Also, the present invention can identify all the crystal defect regions

of all the monocrystalline silicon samples independently of the type of the

" contaminating metal and the type of the sample. The selective etching process, the

25
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15

5 anal yzed accurately, easily and quickly w thout
dependi ng on the concentration of oxygen in the
nonocrystalline silicon. Accordingly, the present
invention can be wutilized to identify the crystal
defect regions of a nonocrystalline silicon sanple

| Py .. reqg f xyaen .
Shird o iAo ey SR BF B g Bl Ry SR hatysis are performed on
nmonocrystal line silicon., 10 [ 00 Al t hough t he .

HBE REBR1oT e yion G A stplefdtut al AagHaH ppsigas, thercby
nmonocrystalline siljcon using netal contam nation and
Feaking 1¥B%9csﬁ9é‘?ﬁ° IHeRIEY Bseintirg@yetal drdert kFEienss ef er ence to
the specific enbodinments, it is not limted thereto.
fﬂ%‘r‘éﬁor e, Acconging topibe maesant ipvenivar Sreoupstiydeftngegions can be
skilled in the art that various nodifications and
ehapzpdsaccaratdle, crde ahd euiekly withtwdutepeiefing ohrthe tommentrigon of
spirit and 15 scope of the present invention defined

Py ygdneinafp anotedryik-Alines silidéh. V\H%&'orlziﬁfg@,&h%&sbﬁi inkentn can be
nmet hod of identifying a crystal defect region,

QARG (5 it P IHRR A Qi_eécﬁfégi%@ of HridRBer§aRRe YlicBn sample with
silicon wafer or a slice o 5 nonocryStalline silicon
' e o) i-nat | t t s h i
URORY b SEUGRE LAe oA coRRGRF O, R B o e

0l14..t 0 5x 1016 atons/cnR; heat-treating the
égﬁPéW%ﬁ%?géﬁggﬁple; and observing the contam nated

' r th ppqgsite side of .the heat-treate 10 .,
i@ﬂﬁﬁi to PUBRPE yhs, methad aF ideiEne, & el Seedingesion in o
met hod of claiml, wherein the heat-treating of the
BwRoestaking Fildepmppeng imety epnampinaliomded hapt Heaimsphbave been
of at |east one selected fromthe group consisting of
Hesciiberd witht refgrence 40 dom spanifig embotiingdintsy ein is anmtrdimisgd thereto.
and a m xture thereof. 15 3. The method of claim1 or
Thakfore, it Whidh bé neddily nedeirstbode by i thgseofkilléd in the art that various

modifications and changes can be made thereto without departing from the spirit and

scope of the present invention defined by the appended claims.
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contam nat ed sanple generates a netal precipitate
mainly within the sanple in a Pv region where
vacancy-type point defects are preval ent but no
cluster defect is present, and generates a haze-type
netal precipitate on the surface of the sanple in a Pi
VHAFISATLAMMED ISiterstitial point defects are

preval ent but no cluster defect is present. 4. The
nmet hod according to any one of the preceding clains,

e a5 B e el sl bOEP SRS o oo ot
abOUtpr@ﬁ@inth a938mplefl ¢ MROWhapd. B & OsifiBorNOMAfSr aftd adslice of
e

second heat 25 treatnent process perfornmed at about

mogerystlingglionrigeotabout 0.01 to 10 hours. 5. The

nmet ho ' e t.he precedi lainms, . ..

wher Qo b BAY $B e bGUB GRS of o Yfmination

c@heestiraflOf ofAbiun 1 010'f es5< 1At gombhke’heat - treating  of

the contam nated sanple. 30 6, The nethod of claim1,

wher dicat-treatingdhe epntaninated isgmplss artkygen in the sanpl e

is | 1 : €u; -treat] t

cont o Rk cfinalchPle B hp X% Jide' S the heatreated

shmple-thndatifeatrystabdelsst rpgivhor ned at about 600 to 950 C

for about 0.01 to 10 hours and a second

heat -treat ment process perforned at about 1000 to 1150

2C T orrelRsthod 8f Qdind @, WhHeBRULS hetkatihie bPfhe contaminated sample

concentration of oxygen in the sanple’is rmreatnhan 11

ipperfgrmedamdenan streaphang obht lehe anestlented dtoed theagmpie comsisting

O?E‘gf.or rregl at about 1000 tg 5 1150 C for, about 0. Olfto
gty g Togen, 8 RRVEEY MYCEEEH: HETPBRaY GREtEE thergol

precedi ng clainms, wherein the contam nating of one

side of the sanple with the netal conprises:

3HF- cITélﬁnIIWélol@ogE diiged of ¢lhien shnpiherein 1the rmantreatingt bé the
Rk : Lyi.ng a Cuy-coptam nated .

SRRl Bl W AR, Py SRR o v

région whiereataegheyalpl paint difediga prevalént Bubio €lofipedefedt s present,

bélf fered oxjde etchant (BOE)
and generates a haze-type metal precipitate on the surface of the sample in a Pi

region where interstitial point defects are prevalent but no cluster defect is present.

4. The method according to any one of the preceding claims, wherein the heat-
treating of the contaminated sample comprises a first heat-treatment process
performed at about 600 to 950 °C for about 0.01 to 10 hours and a second heat-
treatment process performed at about 1000 to 1150 *C for about 0.01 to 10 hours.

5. The method according to any one of the preceding claims, wherein the
temperature is decreased at a rate of about 200 "C/min or less after the heat-treating

of the contaminated sample.

6. The method of claim 1, wherein if the concentration of oxygen in the sample

is less than 11 ppma, the heat-treating of the contaminated sample comprises a first
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solution; leaving the resulting structure as it is for
a predeterm ned period such that one 15 side of the
sanple is contam nated with the copper; clearing and
washi ng the Cu-contam nated sol ution fromthe sanpl e;

Rdattresinéhigrob &8 peABRA&! atSibodh§O0TRY Sxec Cof"or%bél'ltrﬁ 51 to 10 hours

wherein the Cu-contam nated sol uti on has a
@drﬁ: gasord headrireotment puecess p@fmegmabmt mee taétlﬁa dCcfbr about

f 4 % rllagurgt %lxgi if tﬁé P%C%éﬁﬁbqn 0 %ygg% gb %g natlelﬁ more than 11
ppnm,ltﬁa@heazsrewng Sheng®inhaslingfed Gamipld i perfdehied At khsut 1000 to
contani nating of both sides of the sanple with the
HéPaCfembam&@kto Hrbewrsani ng the both sides of the
sanpl e; nounting the sanple on a cassette; inmersing
the sanple into a Cu-contam nated solution that is a

i xt (Fhe ofethod Oaccoridgy t@r@ybﬁﬂef of alic Prdcefingt Ahiaiy] IR the
he resulting structure as it is for

%giﬂ%ﬁ%%%éﬁﬁgﬁééggé%ﬂwa@@ Wit Hie metal coggrisessi des of
t he Slﬁb'f@1e§nlﬁ go %E%cf’ﬂ’é’ th t he copper; plravm ng
rom t on

t he sanple tam nat ed-sol uti on and

mshinwmlhgm%nwmesmmnldsmbyl ng the sanple. 11. A

met hod f id tifying a.crystal defect ,
corrprapg 5 Oé%a&?‘?‘ﬁ@dam | Q) Qn ﬁé{e ‘%@ sgpple, the Cu-
c%hﬂahﬁlﬁﬁ‘ed’\ﬁfl@ﬁorpﬁelﬁg alrhixBir@of HRRLGHY ghﬁiglcea ik (l:tbl%fﬂ? (BOE)

i ngot; contami nating at |east ‘one si the sa
Sbljﬂtla@,pl ying a Cu-contam nat ed sol ution, which is a

rsnolxull% g/wogfthe PR Bl%ng sﬁ'glct%reba%flI 18 fora Béhgtgrmmg(ﬁ] sgr%o s%%%)that one
side of the sample is contaminated with the copper;

clearing and washing the Cu-contaminated solution from the sample; and

drying the sample.

8. The method of claim 7, wherein the Cu-contaminated solution has a Cu

concentration of about 1 to 15 ppm.

0. The method of claim 7 or claim 8, wherein the Cu-contaminated solution

stays in the sample for about 1 to 10 minutes.

10.  The method of claim 1, wherein the contaminating of both sides of the
sample with the metal comprises:

HF-cleaning the both sides of the sample;

mounting the sample on a cassette;

immersing the sample into a Cu-contaminated solution that is a mixture of
copper and buffered oxide etchant (BOE) solution;

leaving the resulting structure as it is for a predetermined period such that the
both sides of the sample are contaminated with the copper;

drawing the sample out from the Cu-contaminated solution and washing the
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onto at | east one side of the sanple, and drying the

contam nated sanple; 10 heat-treating the dried

sanpl e; and observing the contam nated side or the

opposite side of the heat-treated sanple to identify

anflyshal defect region. 12. The nethod of claim 11,

wherein, a haze generated on the Cu-contam nated 15

si de &vingtbe samaplet r eat ed sanple is observed to

interpret the haze region as a Pi region where

interstitial point defects are prevalent but no

Ll ust @ metldeeftidedifPing SQmysta M fdcPregiont Ssmp@ing:he

non- haze region as a_Pv regjon where vacancy-type _

poi ntPIERAEE & spaplepieyviicefhapsuri ny dliepn orafgiefasce ishce of
$&§¥5 20 . thod of identifying a crystal

rg{é ec ttarllenéé)%%?onc@ﬁ%?i sing: selectively-etching one

Si de whtamisating & least biesiddaptheGhmpleshy apdyinpaiCu-coitan@inated

slice of monocrystalline silicon_|ngot, and observing .

SPh-lé“’Pe‘é’ johith g naixpure of Feprsr enrd & buﬁﬁe@%dg%p@clza@t (Bfak) ﬁcﬁyfwn,

it ANSARbndGHE G e RBhAR, Hd JBs! e | -

sel ect ve?y et c£e3 po?jtgf on {[?%{l%t%{%%&gﬁﬂlsa{éggggﬁlef he

sanpllept-tré&Bingdint driedseiniptg aatl | east one side of the

sanple wth tal; heat-treating the contam nated

sanpl 03’?“5“‘& s ST ateesid ot Jhe pPesitcs F”Z‘@l %f?ﬂ’leh]éeat“treated

sﬁﬁ@&%ti&zﬁvfﬁsc@fsmﬁ hgfeh&REivhr ated sanple with the

naked eye to identify a Crystal defect region

secondarily. 30 14. The nmethod of claim 13, further

ot ot AEE Bh Sty PEet 5 BaE aerargted S € Cfcontaminated
stiRf fehe he@itebtel Rhingleyis obSorve® inRifradhehasd &gﬁhé&g ad¥ IF{egi':)n

claim 14, wherein the sanple is contamnated 29 wt
viheee isersiitial pointcdpiechnims arre erent dive entalustdr olefest imprssent and to

AT ok 2 T i, e TRy s

prévalont but dohdudi@alefdot 8airegegt.of t he contam nated sanpl e
generates a netal precipitate mainly 5 within the
sanple in a Pv regi on where vacancy-type point defects

187 € Y RN@o8F idditifying a crystal defect region, comprising:

selectively-etching one side of a sample in the shape of a silicon wafer or a

slice of monocrystalline silicon ingot, and observing the resulting structure with a
microscope to identify a crystal defect region primarily;
removing the selectively etched portion from the one side of the sample;
contaminating at least one side of the sample with metal;
heat-treating the contaminated sample; and
observing the contaminated side or the opposite side of the heat-treated

sample with the naked eye to identify a crystal defect region secondarily.

14.  The method of claim 13, further comprising measuring the heat-treated

sample by photoluminescence analysis to identify a crystal defect region thirdly.

15. The method of claim 13 or claim 14, wherein the sample is contaminated
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no cluster defect is present, and generates a

haze-type metal precipitate on the surface of the

sanple in a Pi region where interstitial point defects
are prevalent but no cluster defect is present. 10

Wwith tHO @i brAaRhEhEentMin FTab&ft 1516'2R6 @Qﬁw B@ms/cm?.
clains 13 to 16, wherein if the concentration of

oxygen in the sanple is less than 11 ppna t he

RERL- KEERg. SleorRECON AT D3KEY, SAER) ©1GOTRS 1595 Bheren

th@ 18a0tréxtingr ofathe Lttonfh,nﬁﬁatb@ salﬂpléogﬁn%ra@ésda fme‘iﬁcﬁﬁﬁpltate mainly
tg%‘ treatment process performed at about 1000 to
tee sHRPISHB @tho'ealpntleq@ ViEOPE typememtidefasts are prevalent but

&@%ﬁﬁ%r&? qsq{r?ea I ng %%h %4}]88 ﬁcon%%# na %%rgn%l-@%&ﬂosn the

ppma, the heat
mfaf:e) frés: satpébinud Pil€@{dntwhetd dertifid rpoih @lefects. £d pravalkilt but
%1% The nmet hod of claim 14, further conprising
Pﬂ%ﬁ FlivRttering 20 eff|C|ency in the sanple
by t he phot ol um nescence anal ysis. 19. A nethod of
identifying a crystal defect region, conprising:
Bt. epaFhamgethiod saccanting Eacmycbrfaalfrthe prﬂcedltlgl elaghap2 tof 6,t winerein

f. I led fr
iR REh Bf Shesei it e ppra eS8 SR Ao hephgating of
{86 c&:thRGtat il athphs @tﬁhﬁfﬂse@ﬁ%rﬁ'lﬁ:ﬁt Rbattnlft grbt:ésg pame% at about

and observing the resulting structure wt
ﬁﬂockb@é@pg fog caborhiOHdt tond0 dtourseasd aosreond d?@abtfreatMent process

RPN A bl LRl B ARET Ty I oves: and i e

OABAAIBAR LE Ox FdeflGn BHe Etahﬁ)l@ﬁﬂﬂéﬂettﬁaﬂsl Ijﬁplﬁfi th®Beat-treating of the
heat-treated A 30 second sanple with the naked eye,
RREPEn3ied gamplesis nesfopped hfeahm% dP0Rtte dASdeGstor @h@ﬁto 8t to 10
49 first and second sanples are synthesized to

entify a crystal defect region of the
nonocrystalline silicon ingot. 30

18.  The method of claim 14, further comprising evaluating the gettering

efficiency in the sample by the photoluminescence analysis.

19. A method of identifying a crystal defect region, comprising:
preparing first and second samples in the shape of two silicon wafers or slices
that are sampled from adjacent positions in a monocrystalline silicon ingot;

selectively etching one side of the first sample and observing the resulting

structure with a microscope;

contaminating at least one side of the second sample with metal;

heat-treating the contarminated second sample; and

observing the contaminated side or the opposite side of the heat-treated
second sample with the naked eve,

wherein the results of the observation/measurement of the first and second
samples are synthesized to identify a crystal defect region of the monocrystalline

siticon ingot.
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20. The nethod of claim19, further conprising
nmeasuring the heat-treated second sanple by

phot ol um nescence analysis. 5 21. A Cu-contani nat ed _
solution for identifying a crystal defect region of a
silicon wafer, wherein the Cu-contam nated sol ution

'is a mxture of copper and a buffered oxide etchant
1B0E) Thao|mathesh of 3jaim 19, further comprising measuring the heat-treated

second sample by photoluminescence analysis.

21. A Cu-contaminated solution for identifying a crystal defect region of a silicon
wafer, wherein the Cu-contaminated solution is a mixture of copper and a buffered

oxide etchant (BOE) solution.
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