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METHOD OF IDENTIFYING CRYSTAL DEFECT REGION IN
MONOCRYSTALLINE SILICON USING METAL CONTAMINATION AND

HEAT TREATMENT 5 BACKGROUND [0001] The present disclosure

relates to a method of fabricating a wafer for use in a semiconductor
device, and more particularly, to a method of identifying and evaluating a

Ciicon WD ARG HR S I e SRR f S
"SpARACRS T PIRGESRIER CLOHENER wererTlie

process, polycrystalline silicgn. isplased Hipa,
polycrystalline silicon is heat&d and Molen by graphite exothermic
material, and a seed crystal immersed into the molten silicon. A 15
monocrystalline silicon ingot is grown by pulling up the immersed seed
crystal while rotating the same AkbE Qragamsilicon ingot is sliced, etched,
and polished into a silicon wafer. [0003] The monoerystalline silicon ingot
dittkiEt silicon Watepmmayhiudoenystalatafects sutiodsiObsted ipiginedéd for
Particles (COP), Flow Pattern Defects 20 (FPD), Oxygen induced
SteeckingEnightdise) device Bulik iceBufabi(BMD) nwHieh e éealiisdng and
grown-in defects. There is a need for reducing the concentration and size
o R sE s e TR e siaPHstatis ARy HRIARG Sligpn mgot or a
production, yield of devices. Therefore, it is very important to remove the
199 §@f&%ts and to evaluate the crystal defects easily and quickly. 25

[1?6’6’&][’6"’3”‘?1'1” 90:0e.CORE Arrincondiions ne SliconafelaLt

process or a CZochralski (CZ) process. The CZ process is most widely vsed to

fabricate a silicon wafer. In the CZ process, polyerystaliine silicon is placed mnto a
quartz crucible. The polycrystalline silicon is heated and molten by graphite
exothermic material, and a seed crystal .immersed into the molten silicon. A
monocrysialline silicon ingot is grown by pulling up the immersed seed crystal while
rotating the same. The grown siﬁcon 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
vield of devices. Therefore, it is very important to remove the crystal defects and to
cvaluate the crystal defects easily and quickly,

[0004] Depending on the crystal growth conditions, the silicon wafer or the
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monocrystalline silicon includes a V-rich region where vacancy-type point
defects are prevalent and condensed (cluster) defects of supersaturated
vacancies are present, a Pv region where vacancy-type point defects are
prevalent but no cluster defect is present a vacancy/interstitial (vh)

bound ar .Pi re ion wh re nteaetm ornt5d fects '1: g;) ‘r’td £
mon I‘fl %1 COH mc } glon Wle c va an yﬁ I elfects
RO ek ser efectis presen an an l-ric eglonw ere Intersti oint

%geffg;%e reyals egreddinélr ?errfj%?é: 8F§H e@&m@%@(ﬁ&ér@e present,

are present etecti ow the above I’ gions change epen Ing

%W%gfleﬁ%me&lé andfhe &I%E?Adﬁr@fé&ﬁ the manaekystling SIiSRR defect is
uatin

ingot isTundamental to éva g the quality of the crystal. 10 [0005]
Thetshave begpsevaaimethodsoridantityng the defeatdroianAtithe point

monocrystalline silicon. In a frrst method, the COP distribution of a

relishedrngrLleapedwalerisavaluaied 1SiNgRMAHIEICROURET . #pRn where
second method, FPD evaluation is performed using a wet etchant for

Seeeeichingt IRRRIrMeihgdnemPNGRR pEesipitaieipataateted)nterstitial
high-temperature/long-time heat treatment and the 15 evaluation is

Rerformed ysinand diftesence helweaen deeipiatpiehhyigrs ofdifiéignion their
defect regions. In a fourth method, low-concentration contamination using
thasitian andetal and:diffegiondield reatestAlepsifoomadand fhednthental to
recombination lifetime is measured. [0006] However, in the first method,
teexwaferriesh i slednieddoyspolishing 20 and cleaning prior to

estimation. Therefore, several subsequent processes must be performed
4f608ie growthhef¢Hevadroorystataivnighddereasdentily e theedefrreragign of
also requires a high-cost particle counter for estimation. [0007] In the
sbeonchmeityodlineselzotvénetdirahmethst btp ePBrdis e eamobravidiehad and
suitable etching rate, can be applied to all crystal surfaces, and does not
zgeggqﬂaméﬁwmm@mmdoyﬁmg]a@epm@cle counter. In a second method, FPD

evaluation is performed using a wet etchant for Secco etching. In a third method, an
oxygen precipitate is created by high-temperature/long-time heat treatment and the
evaluation is performed using a difference between precipitate behaviors of different
defect regions. In a fourth method, low-concentration contamination 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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2 [0008] The third method has several drawbacks in terms of the required
time for evaluation, the required cost for high-temperature heat treatment,
and high-cost equipment. Also, the third method cannot identify a crystal
defect region in the case of a sample with an oxygen concentration of
less than 10 mea (New ASTM 5 standards). [0009] An exa %Ié of the

1998 Imethod E%Né“iéd?&é@?%?éﬁﬂfﬁﬂ e R 1%6%5%8 AR

discl ethod f distributi t defect
ﬁé%%?gé%%?gﬁ?ﬂéﬁ?@e@?éa? kS 150 SR B g T o oo

ot is sliced in t{% W direction. Therea two s

SEHRE A (AT B R o B S T caian e cae
C )atalo antamination cancentration. Thereafter, h S
pgrflormea 0 crglat@}a%}gc%er%bﬁﬁg %}twtmélé)ﬁlteorﬁr? tﬁsef{éﬁ fcloﬁ(g}lﬁ?erea te thh%STM

co&nkarp ation lifetime is measured to measure the distribution of point
efects. 1 this method, the contamination results of two metal elements

m&ebgssﬁe Sy”thﬁmg RraentodRisRIRkiDg ?ﬂﬁéqtgﬁfa%ﬁ%tél?@uﬂﬂﬁamm No.

rement is impo S|ble when a metal precipitate or a haze is

gRRs alRIAY thenRurace tbar erinditsteiore nibamelherisirasihicied 1Bf point

terms of the metal contamination amount and the heat treatment time and

CRAMANINANIANGBRERMIBHO M JBURS BEASIOWAS Ih& AREZIaH XnkBL4Tn detail,

atoms/cm2. Also, an additional etching process and an additional

anakysistde\iceis keauired whesdd preciitata iy ensraiaph@04Q0d M aminated
Furthermore, the conventional methods using selective etching or metal

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

2hsiefeciisgiomatanachysialissnaticon, phithmah evaleate theccoystalation
defect region

center in the silicon. Thereafter, the recombination lifetime is measured to measure
the distribution of point defects. In this method, the contamination results of two
metal elements must be synthesized in order to interpret the crystal defects. Also, the
measurement is impossible when a metal precipitate or a haze is generated on the
surface thercof.  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/em®. 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
(6011} 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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3 accurately, easily and quickly. [0012] The present disclosure also

provides a method of identifying a crystal defect region of monocrystalline
silicon, which can evaluate the entire crystal defect region of the
aponesry sallifesiiganrithout depending on the concentration of 5

oxygen. [0013] According to one aspect, there is provided a method of
[oterEifying a Toy shekeefdaiclegion dampusides preparidgd semifiarp therystal
shape of a silicon wafer or a slice of monocrystalline silicon ingot;
dedntaminating abieastné:sidélobthevisample eithumetdleatraire crystal defect
contamination concentration of about 1X1014 to 5X1016 10 atoms/cm2;
rbgatrtrdatingrthecontatinatedi samplighanddebsedinggdhelvomtamwinategn of
side or the opposite side of the heat-treated sample to identify a crystal
cdgfect region. [0014] The heat-treating of the contaminated sample may

be performed under an atmosphere of at least one selected from the

[0E53) consistingeofinglitnenaitenpsh, thergon, wryitad, hyerdyen Gidsnbhime 2
and a mixture thereof. The heat-treating of the 15 contaminated sample
anvaiplgéferatesionsrnpretisitans rraiA wathipleHe SxhBrnoa apsiliygiomater
where vacancy-type point defects are prevalent but no cluster defect is
qiresyife shdnerecpEHE e dlHaTelgst FRIEIPIREISEM Basthensusided bithe
the sample in a Pi region where interstitial point defects are prevalent but
BBl staF Ty SrE it pRe SEHRDIIDO SIOPREHEAR cdling B He 10T to 5x10
contaminated sample may include a first heat- treatment process .
Hemdiied ALHEEL B 0O SBERS Sh P D 81505 1P HOUE Al £ BERRE e
heat-treatment process_performed at C‘gbout 000 éo 1150 C for about 0.01

o 10 HESHRPOFfE 1R SEIAHTE RS Bo HBBHSASe B oA BT Altiuit 2062 ™
igémcl r?trr ;ﬁiﬁg?ftg%gg-ﬁ%%%tg{é?%@ go%{é?}?n%?erg%gnrril% g%’a_%abry %g‘fcl];"rg]e% under
an atmosphere of at least one 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 mn 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.

[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 &
second heat-treatment process performed at about 1000 to 1150 °C for about 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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25 the sample is less than 11 ppma, the heat-treating of the contaminated
sample may 4 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 about 0.01 to 10 hours. If

the concentration of oxygen in the sample is _more than 11 ppma, the

s tidie At ORI S HER RIRSE SRR RS) HerBaroPfbdP 52t abolir about
1000 to 1150 C for about 0.01 to 10 hours. [0016] The ¢contaminating of

S sl bvHE S aRtbfe SRANthE TSR IS RS pﬁﬁfﬂmﬁ@ B 1000 to

sides of t X ing th I le . stub; lyi :
R R e T DL
R B S SR RS promec

predeiemined Retgd sych el pae sids gfihe sample is contaminated
It

W € copper; clearing and washing the Cu- contaminated solution from

;@g@;p'e: aﬁ%g%ﬁ‘@%ﬁ?&%ﬁ‘gp!ﬁ- Jhe G 8?%%”&&%&99 SAMEAN MAYal may

Cu concentration of about 1 to 15 ppm. The Cu- contaminated

SIQHH@Q 'ﬂ?_‘ycﬁetgﬁfizil tﬁ&ﬁas‘iﬁ%eoff’ﬁ%b%ﬂﬁﬁ 10, 0HAH ?nelga[rggljennﬂaesampie

contaminating of both sides of the sample with the metal may include:

HEslegningihe both sidesiahine SAMRIE: ARVBHRGIAS SAMRIGAHA:. the Cu-

cassette; Immersing the sample into a Cu-contaminated solution that is a

ebdurgipfconrnglisndhufferad .axide eichprt (B E) soEAN: RAMNGIDEBOE)

resulting structure as it is for a predetermined period such that the both

sigrRsighinesample arguBtheaniaminaled wathdhe SREPRINUIRYIPEEE® such that

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

ang drying the sampries [AR18hAeseerding deangiher exentpland washing the Cu-
embodiment, a method of identifying a crystal defect region includes:
repaning:esarapladn tHmahape ofamsiiconndaigtyorg the sample.  The Cu-
contaminated solution may have a Cu concentration of about 1 to 15 ppm. The Cu-
contaminated solution may stay in the sample for about 1 to 10 minutes.
[0017] The contaminating of both sides of the sample with the metal may
include: 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 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
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a slice of monocrystalline silicon ingot; contaminating at least one side of
the sample 25 by applying a Cu-contaminated solution, which is a mixture
of copper and a buffered 5 oxide etchant (BOE) solution, onto at least
one side of the sample, and drying the contaminated sample;

heat-treatin % %r*ied sample; and gbserving the contaminated side,or. .

SRS e o TR iSSP I T o e ) g the

region.. [0019] According.to still another,exemplar imer :

AR s T AR B R e T Do

%?e%lldt%f? I)a%%%@%elgi'{ﬁ% %1'3919&6 Ie% §é1|1l1§ ' %a{(%n?ff ég ﬁi defect region.
alih

monocrystalline silicon ingot, and observing the resulting structure with a

glejlﬁéfﬁ{fope to {denifng Gty siah defealdedonBimaribHRmeMng Nencthod of

ely etched portion from the one side of the sample; contaminating

LlGARARS Sideef espmpis Wil melal-heatigalion fieok0 side of a sample

contaminated Sample; observing the contaminated side or the opposite

sideRf thepheatireaieshsample with thechaked sy iasidrptifkaicsystabot, and
defect region secondarily; and measuring the heat-treated sample by

Riteliminescanasanalysistodeaantfy oseypiat drfect region thirdect region

[0020] The sample may be contaminated with the metal at a

GavamipationoiacancesivatianotahalbdriXohOf8noeXodd3ille of the sample;
atoms/cm2. The heat-treating of the contaminated sample may be

peronmesiuader deatmaesphete affatleastondeselétiethdrom that-groumg the
consisting of helium, nitrogen, argon, oxygen, hydrogen, ammonia, and a
rebetareitheréchnfiie; haaktréatingeof dhemonrtedindtedrsdmplppomle side of the
generate a metal precipitate mainly within the sample in a Pv region
vieetervaednayhype toile 20idefeststaideptdyadamy Pak defsiustaiodeteonigrily;
present, an_d may generate a haze-type metal precipitate on the surface
afthevsamplezitha Pereiorodiserepintbrstitialdonineishacs and yiealedrntify a
but no cluster defect is present.
crystal defect region thirdly.
[0020] The sample may be contaminated with the metal at a contamination
concentration of about 1x10' to 1x10'7 atoms/em®. The heat-treating of the
contaminated sample may be performed under an atmosphere of at least one 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
meta) 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
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[0021] According to yet another exemplary embodiment, a method of
identifying a crystal defect region includes: preparing first and second
samples in the 25 shape of two silicon wafers or slices that are sampled
from adjacent positions in a 6 monocrystalline silicon ingot; selectively

%%C?l'o N 5198 Jé%%elf"s"t SAmRe.R [%F’e{%‘ﬁﬁ? v @] S SIUDGRY UG ?Hgi’e and

|croscope COI’lt |hat|ng at st on he second sam

Wﬁbe% leh@%%sat &%&Oaﬁmnﬁxa% ”‘éo’%ﬂﬁ% £::ARSENMING IhE side

contaml ted si e opposite side of the heat-treated second 5

%%Wes@@%&hgammen%@g measyd eleabiieatedecdnd sample;
sample by photoluminescence analysis. BRIEF DESCRIPTION OF THE

BRAMINGE[QO2ZExemPIan: esbadi menisi a5 fe bNerEsiRadir Margecond

detail from the 10 following description taken in conjunction with the
AGEANPINMINChArawingse8; WhichintaQa3ldI@e | isa-flewdliagiad sample by
illustrating a method of identifying a crystal defect region according to an
eRRlanhemhedimantii0024] FIG. 2 is a graph illustrating a heat cycle in
the identifying method of 15 FIG. | 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 sectidBRIVE\DHISSTRIRIT G ¥ @HFOR O EHRAIVENiamination
process of FIG. 3; 20 [0027] FIG. 5 illustrates an example of the

ifBe@Nibility ofidenpfyingabodattrenten fagionastording teotitedetail from the
concentration of oxygen in a sample; [0028] FIG. 6 shows a Cu haze
dattemigeesatgdiwhéakanCin coramitigtiowith the accompanying drawings, in

which:

[0023] FIG. 1 is a flow diagram illustrating a method of identifying a crystal
defect region according to an exemplary embodiment;

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

{60251 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;

[o027] 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



10

15

20

25

process is performed and a heat-treatment process is performed
according to the concentration of oxygen in a sample according to the
present invention; 25 [0029] FIG. 7 shows the result of identification of the
defect regions of a 7 silicon wafer according to the present invention and

tt}ﬁ result fmeas&xlreme% of the Fefect re%gn _,E?lfea sihﬁ r‘fxl\%gg;g&mmem of the

of. | 0
eslcccoor%liV‘nf(f]1 to the con etﬂtlori“‘lglngsr?l dB‘é‘“d]‘E is & flow cﬁagram

sl flebidenbing chial deleql/eaianm ageoraing ©
éir%%g%£ré§>?§r%}%?§:§ e%ggggnent; 5}?0 1 FIG. 9 1s a flow (?iégram
#@&'@img a mathock of ideniiving, ey il JEIREE r&%@%@%&"i’&@ﬂ@f@n% crystal
odification of another exemplary embodiment;” [0032] FIG. 10 illustrates
A SAMRISRIEPRISHHYSicing AR NGt MeHicall¥oiimMhich crystal defect
regions are identified using the method of FIG. 8; [0033] FIG. | | illustrates
3ediag tate samplepfmonoerysialine isiiaemiin oL ewhish arvstalisgfectrystal
regions are identified using the method of FIG. 8; [0034] FIG. 12 illustrates
JspapleRhmeresnsialinensiicnaihwhiel Geysialdefect segiedisare,
identified using the method of FIG. 9; [0035] FIG. 13 shows the result of
ifppgifipation ofthe defetistegionssamalsiieparadier dieoardingrgthertically, in
present invention and the result of measurement of the 15 defect regions
ofkiciliaestaatdeaceaicinautoithawhny estignat antthod J00B6] BIG. 14
illustrates information about the gettering sites of crystal defect regions
gold3jed by tRe(phoiolliminassensieanalysisrapbording to@xemplarysilicon, in
embodiments. 20 DETAILED DESCRIPTION OF EMBODIMENTS [0037]
Hdreinaftetalspacificaivbodimalsts i beidg $beibedhoddet Al Gvith:
reference to the accompanying drawings.
[0034] FIG. 12 illustrates a sample of monocrystalline silicon, in which

crystal defect regions are identified using the method of FIG. 9;

[0035] FIG. 13 shows the result of identification of the defect regions of a
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

[6039] 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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[0038] Embodiment 1 [0039] FIG. 1 is a flow diagram illustrating a method

of identifying a crystal 25 defect region according to an exemplary
embodiment. FIG. 2 is a graph illustrating 8 a heat cycle in the identifying
method of FIG. 1 according to an exemplary embodiment. [0040] The
present invention, prepares a sample i tl}eﬁt@pelof a %illicgg %/(\{ag ro 1

S i@léc3 %pf %Sﬁoérrly% §||.1§8“§ﬁ3€8ﬁ w%%l?o (C:%ﬁtamlnates aat eas% (gne side o};(et??é) w
5 s%n}fﬂg ith metal, heat-treating the contaminated sample, and

C 8 ent. . . . .

observes the contaminated side or the opposite side of the heat-treated

JoEUuRg with thenaked.aye . Ldeithespatliohtdo dentify:R.Corsidl defectilicon

region. The haze region is interpreted as a Pi region where interstitial

RoIRLdgTecis.a1e RIBVAlenRULRQislusier fefeshisnhrasaniape thge side of the

non-haze region is interpreted as a Pv region where vacancy-type 10

RinpRefaets HRmrevalankbMio alusiamdalashisdorassple, Fan@xaniBifes the

the crystal defect region can be identified using a haze pattern that is

generteditarodghhheat obeaiment causiat the differe shaplPreeipitateaked eye
behavior locations in the Pv and Pi regions. In particular, a metal

Rregipitaie: js gighe ratREmmaintywithinddtecs asppde.inT thenie region ivinilegreted
haze-type metal precipitate is generated on the surface of the 15 sample
ingherPireggiany {204 Lijthrsadditipsinbdetutse dhe haze gatternns desttifieldfect is
with the naked eye, the sample has only to have a predetermined surface
rorighinessd Thereforegthecgiresentitirerdtioh ean by apghedwbanyageecftype
monocrystalline silicon sample such as a silicon sample and a vertical
sarnplddbtsined pyslicindthandnserybtiilines ROsilicondngotvelticlifycrystal
in the axial direction. [0042] Referring to FIG. 1, a sample in the shape of
adsfiecomogmfercon &slidentified using a haze pattern that is generated through heat
treatment causing the different Cu precipitate behavior locations in the Pv and Pi
regions. In particular, a metal precipitate is generated mainly within the sample in
the Pv region, while a haze-type metal precipitate is generated on the surface of the
sample in the Pi region.
[0041] In addition, because the haze pattern is identified with the naked 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

sificon 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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of monocrystalline silicon ingot is prepared in step St. [0043] For example,
a wafer, which is prepared by slicing a monocrystalline silicon ingot and
then performing a grinding process to remove surface defects 25
resulting from the slicing process, is used as the sample. However, the

present, 9 inveption s nat Imited o tis, fut pan e spnjied io.a vater

1
as undergone only “a slicing process, a wa as undergon

Qr%%‘%};‘nrgg TOCERS i 3 '%%%il{‘)%h%%%se%%a%%n% V%a%?{nt Ei'?‘qtgg%%c“@?%r A fsbing

polis process. In a e presentinventfon ca 0 be app

E‘%o%e%@.?%’r’%'igev%ffgﬁ%%q%%t%ﬁ% Hl?é?’%l }%ﬂ%ﬁﬁﬁ?%ﬂé&?@iWﬁda*a}ﬁition, the

icing a monocrystalline silicon ingot axia rough the center thereof. In

MRS RN DR REGSRRL IBYEReR £ beapplied;te eyalialsdy GYSIRl silicon

defect region of a completed wafer or a sample that is obtained by slicing

hodlieRR gl Adadn (041N SteRoeAtlilgastonesideAfdRRIBAMMRIS the

contaminated with metal. 10 Copper (Cu) may be used as the

contanmRating metals fhefontsige fhthe sample cis destipssbipia dogialte o

haze pattern, the backside of the sample is uniformly contaminated with

thesmetRfethe: pistab CoEMRAID SRAGCE NI atiaplentist beobtifieie Bl tolicing a
generate a haze. Preferably, at least one side of the sample is

soRiaminatedwith the metal at a contamination concentration of about 1
X1014 to 15 5 x 1016 atoms/cm?2. If the metal contamination

¢oD4aRhtrationlis sospetIhatridxsl 0dd salionfalemanple bzeniagenerdtethlfetal.
the metal contamination concentration is higher than 5x]6 16 atoms/cmz2,

& bpze (Cygpnemtedwsalthetbativesurfacingfthealvaliethatakingide diffilcekample
to discriminate between crystal defect regions. [0045] The metal
tontasiratidor process! nraycneitidmaphdyibechsidetalt 20:comtivintethiformly
solution on at least one side of the sample, and leaving the resulting
contaminated with the metal. The metal contamination concentration must be
sufficient to generate a haze. Preferably, at least one side of the sample is
contaminated with the metal at a contamination concentration of about 1x10' to
5x10'® atoms/ecm®. If the metal contamination concentration is lower than 1x10"
atoms/cm?, no haze is generated. If the metal contamination concentration is higher
than 5x16'® atoms/ecm?, 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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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

o itnin-the ss%%rgﬁ%%ﬁ”aa}?ﬁ‘é [egion,and -et'%e‘?é&te%%?&%%'tﬁ@ﬁ Ret8Lerived in
precipitate on surface’of the sample’'in‘a Prreégion. The

I%s%ltg@l %gfgltc%%c[%sl%&yillzpe described in detail with reference to FIG.

047] Referring to FIG. 2, a gaseous atmosphere of helium, nitrogen,

8977 OXygeRyArooRnF RINMONIAOf R Miiumbetaals sreaieddb@argon,

eat-treatment 5 furnace. For efficiency, the temperature of the furnace is

maiptaingdiat & Rregietesnmned tempetaturs SESPQULAOR 809 fefdUWin@ment

other processes than the heat-treatment process. A boat mounted with

thenasenpleris loadedilo the fusaaeeastenl. [R048kTheraaftalitigined at a

temperature of the furnace is increased at a rate of 10 about 1 to 50

Hrbninanthalfishpeakire aimentipaocess sopedaliat aiBROoMRERLS than the
950 'C for about 0.01 to 10 hours (step II). The minimum temperature

neregseraie ebleSs/min isdoreducs thaieguirehies anddbammaRintimace
temperature increase rate of 50 'C/min is to prevent a stress due to an
abiegdh temperature change. [0049] The first heat-treatment process

creates a vacancy cluster space in a 15 Pv region so that a metal (e.qg.,
§0P48Y) precipitateidteredteddmphevacaricyheldstercspacecio®sd] &n a rate of
more detail, the first heat-treatment process causes the metal to diffuse
thiroutgh tthé s atviplia tand ra djpposite-Sicenofithpreasmple, fenforhict theboetald0 to
contaminated solution is not applied. At this point, the metal of the applied
MEalC for about 0.01 to 10 hours (step 1I). The minimum temperature increase rate
of 1 *C/min is to reduce the required time, and the maximum temperature increase
rate of 50 "C/min is to prevent a stress due to an abrupt temperature change.

[0G49] The first heat-treatment process creates a vacancy cluster space in a
Pv region so that a metal (e.g., copper) precipitate is created in the vacancy cluster
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.c., the Pv and Pi regions) in the monocrystalline silicon, in such a
way that the metal diffuses assuming difference aspects in the defect regions. A
metal compound precipitates during the above process. That is, metal tons in Si are

restored m the defect region to create a metal precipitate.

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

11



10

15

20

25

20 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 assuming

difference aspects in the defect regions. A metal compound precipitates

Gng Jogatowe piacRss AR TERRNS L SIEUSHOIES M0 hear-
ect region to create a metal precipitate. 25 [0051] After completion 0

R?@aﬁﬁ%hf‘dﬁf’&égfﬁ‘glgg?g@g%&% oG ﬂ?j%e{&‘té‘f Soté %j@%&ﬂ%’tﬁ@? 8 10 hours

increased at a rat ut 1 to 50 C/min and a second heat- treatment

?gfegeﬁ%))!s ReormGH AR RAIHAR ol Aa0-Crler abaut 8031918 hQUIRe the

step Ill). The minimum temperature increase rate of 1 C/min is to reduce

REuFeAUIIRd UMEHRNEG MAXRPEAGREREEAULE IRC6RSH falendf Rlo prevent

C/min is to prevent 5 a stress due to an abrupt temperature change.

0052k The sesprskhgatirealineataragess grows the metal precipitate
resulting from the first heat-treatment process, and causes the metal to

qifoss througheutdhesample-tiaweysr, podsscibedJalae thesecpRdipitate

heat-treatment process may be performed without the performance of the

fiestiveat-treatnient il procassiepenaingsen the ecancentiadioncefl to diffuse
oxygen in the sample. [0053] After completion of the second

hieai:iieatmeént progdss, Hewtemperative obtde fuenade:iscecredrad @tament
rate of about 200 C/min or less (step 1V). Such a slow cooling process
makess anclgabdifferémoecietwdentpibeipitaferregionsan thiee rytahehPireatment
regions. 15 [0054] In step S4, the heat-treated sample resulting from the
abosshdapetrdatmentprosessestionrdwrygen frothalsenipinace and then

the contaminated side or the opposite side of the sample is observed to
iRAHABY crystaldefectcrsgideiton dzethpattenvwh theabpiresiersidercapsbe the
identified more clearly than on the contaminated

temperature of the furnace is decreased at a rate of about 200 "C/min or less (step 1V).
Such a slow cooling process makes a clear difference between precipitate regions in
the Pv and Pi regions.

[0054] In step S4, the heat-treated sample resulting from the above heat-
treatment processes is drawn out from the furnace and then the 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 ecye 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
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side. In this case, there is no need for an additional etching process or an
additional 20 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 sjlicon gan.be identified. That is, the haze.. .
e R SRR e A B S e R B I B e

"RA0n. WilE e HfH?e%%ﬁSQi?ﬁé? 10gerRe ‘%fﬁ%b?%?ltﬁ% %Jﬁgﬁ%ﬁ%ﬁﬁg Jmage

0055] For identification of crys efetts, the conventiona

Ladgsambinatiendlifetime,throua e high:lempeiaiueiang-tme QXYL e fect

precipitate heat treatment or identifies the defect régions through the
XeLnRNOAGIRR IMRGE. BN AN H@%é’@g the Ry eRENhIYERIAN G omenon

easily identify the crystal defect regions without an additional check

RFACERS Bhusing thersgial fikze pheramrAeN adbabistaenarateshtniguaRitate
the heat-treatment causing the different precipitate behaviors of the metal

iphe iticonteeysiahrpfert waionsrwWialdrdanepbing amuibet depending on the
concentration of oxygen of the monocrystalline silicon. [0056] The present

ipyemsionitanddetifihg drystiahdefeatsiusingionty one metal element.
The convention art is restricted in terms of the metal contamination 10

gotas]t and thehbaatispatment itimedoeidanséytile:recombiidtion lifdtimenly one
cannot be measured when the metal precipitate or the haze is generated.
Howeé\weptie. pidsendninventioacanridentify tietenystal defeotrégionsuynation
generating the haze. [0057] Meanwhile, when the Cu contamination
prooess isg enfohrsegsing ntherfellbevingaribth ods ddscribed Withme cannot be
reference to FIGS. 3 and 4, the sample can he 15 contaminated to a
higgaenred nekesitritomethiepetyrigeia cinghehe e &t -grestaieht e eRiG (Beiprgsent
flow diagram illustrating a Cu contamination process according to an
axspaplircemdetifidhe s irisawioas RAERIIRISE 2646 a
portion of the o _ _
Meanwhile, when the Cu contamination process is performed using
the following methods described with reference to FIGS. 3 and 4, the sample can be
contaminated to 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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Cu contamination process of FIG. 3. [0058] The conventional Cu

contamination method using a spin coating 20 process cannot

contaminate the monocrystalline silicon to the extent of generating a Cu

haze. Therefore, the present invention proposes a one side contamination
net illustrated in FIG. 3, which contaminates only one side of the

mo%ocrystalline silicon uniformly to a high concentration in order to

;f@dﬁﬁg the CfXﬁtaskgpefg?&S Qh e, MenogryRIaflige.RUCQR USIRER Glib 20 as
aze phenomenon. 25 [0059] Refefring to FIG. 3, the both sides of the

spmpleare, clganed in 13 step S21. [0060] In step S22, the sample 10

is mounted on a sample stub 20 as illustrated in FIG. 4. [0061] In step

s ¢ Cu-conjaminated splation.isaRRlied QR Side.phiRE B SAAIR of the

0, while keeping the sample stub 20 horizontal. For example, a mixture

salutien of BRRSpMdlanand Sanisidsesh as theZureantarsinateshsrRiUtionixture

The BOE solution is a mixture solution of HF and NH4F. The

Goneentratino Bfska:BR Ensalutionsaayshpcdetetarngd suisaiyimion. The BOE
consideration of the defect evaluation possibility, the processing time, and

theleffisiency nif:thecopkeiiatdniof e BOEFLO Shiutondmtanilowofhiie BOE
processing time becomes too long, reducing the productivity. If the
ceiheeniration ot thietB@msadlutidnlis/tdo highsitheatieactidh thecdeserapidhjuation
making it difficult to identify the crystal defects. [0062] For example, a Cu
solstibiliig, rixeddontesang 6% BOEhsaltifionn (. 280h e ForckdiBoN 44 H)s BOE
such that the concentration of Cu in the solution is from 15 about | ppm to
afvdutidnSsppmlowhie sustesiGy woatbeninate dosdiotiordd wseg IGuaednetivity.
are uniformly applied onto the sample, so that the contamination
cbnibentrationtration of the BOE solution is too high, the reaction occurs rapidly,
making it difficult to identify the crystal defects.
[0062] For example, a Cu solution is mixed into a 0.67% BOE solution
(0.24% HF + 19.5% NH4F), such that the concentration of Cu in the solution is from
about 1 ppm to about 15 ppm. When such a Cu-contaminated solution is used, Cu®
ions are uniformly applied onto the sample, so that the contamination concentration
of Cu in the monocrystalline silicon can be about 1x10" to 5%10' 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 5x 10'® 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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of Cu in the monocrystalline silicon can be about 1 x 1014 to 5x10'6
atoms/cm2. As described previously, if the contamination concentration of
Cu is lower than Ix 1014 atoms/cm2, a Cu haze phenomenon does not
occur. If the contamination 20 concentration of Cu is higher than 5x 1016

a(rftﬁ%rg§é%nfr12}% Je en?%% Qse 2§Pa1 2%‘{0 Cﬁlursfror)ﬁ \6%%1 makm?gltl(} which 1s

ecry reglonso e monocry liné
S%"EO” Y t%esé‘%&%

er th tlight. Preferab . _
contamination conceni?ra Ion oV u ?‘[shélot)eou%’él 885011%(5}1@%&?% mrf(ﬂ%e’ leading

t()ozrylségrr(r)] » H%(Pg%g'féﬂ %‘i’i?eép is used to apply the Cu-contaminated
solution onto one 25 side (specifically, the back side) of the sample 10.

@%é&fson for thig s @af, if fheqdd Grigeniaminated solption iR ARRURY for a

to the front side of the sample 10, which is fabricated as a

seieRdcar depaeadbe &Y igpncaniaminale hedomsidedeadingole The

an error in defect measurement. [0064] In step S24, one side of the

sampieibRisCusniamipatehioinr PR IIRINE b ROHAM AU 4 normal
application of the Cu-contaminated solution. The contamination process

aysfgdperformed at a normal temperature under a normal pressure.
[0065] In step S25, the Cu-contaminated solution is cleared and washed

fromsshe samplesid) §o8 exampieothenirashing prasesscioay der pregessirom
of rinsing the 10 sample using deionized water. Through the above

priecessete e Guconiapinaled satbiionstaysimtie sampledisaf abhsitg the

1 to 10 minutes, for example, for 4 minutes. [0066] In step S26, the

samplie 16iig diiachiFalr exampléEhtbeshainpehd OciprarisdesntbehOtrplateaminated

The sample 10 may be dried at about 100 C, for example, 80 to 120 V.

Thdusampley 4 riteysbedddd Geinharspin dfenonieirdgerkgapld. 3§00 6T nutes.

The above method can easily identify the crystal defect regions
[0066] In step S26, the sample 10 is dried. For example, the sample 10 is
dried on a hot plate. The sample 10 may be dried at about 100 °C, for example, 80 to
120 °C. The sample 10 may be dried using a spin drier or nitrogen gas.
[0067] The above method 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. 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/cm®. However, the present invention enables a higher contamination
concentration and can identify the crystal defect regions by generating the Cu haze.

[c068] 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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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 tjr%e CPrﬁgause éhe %f) egombination lifetime cannot be
iihriinhdite e or

lf?;\tfﬁreeclilﬁ) or'the haze is generated. In
particular, freccomg@ntional dsdtiminadon LondenirboR is 1x10141d

Ix1014 atoms/cm2. However, the present invention enables a higher

¢RoEg inationrercentiationangcAnddentty she.grystakdefestdeaions Rixing
generating the Cu haze. [0068] Equation (1) is a feedback equation that

canheiusesitepregichihe 8b amoustaldau that cae cpuaminaibdhe and then
monocrystalline silicon using the 15 contamination method illustrated in

RlCaia3n aiien Waleond 2 3a0ind SHxd0 ¥ yinBRked. in(FI(R0GIWHIR Chtnging
contamination amount Cu on wafer can be obtained by mixing a
predetersanetampaunt pf Bwrsolution into the BOE solution and then 5
contaminating the monocrystalline silicon as illustrated in FIG. 3, while
dieaTgng the CueanéentationiGu ihd Qies{od 70Mirtam beaseenithatitige the
present invention can contaminate the monocrystalline silicon with more
GrousingsteEme vitontanihatedesClutisinghianstia-coreantigad|solution than the
contamination method using a spin coating process. The present 10
inventivinoah providenddon 100hkvhesrpre contasatiomtbeasthe The present
conventional spin coating method. The high-concentration uniform
concetitration isonale b aryl fdr tientifgisg eneacripstab e dfaethe gmeienal spin
monocrystalline silicon. The contamination method according to the

pregiéng imasheibn CEiF ifkEh Lo RRITHEIN N OB GOREBTRGM dignecessary for

contamination in the monocrystalline silicon. ) N
identifying the crystal defect regions of the monocrystalline silicon.  The

contamination method according to ihé present invention can increase the maximum
amount of the metal contamination in the monocrystalline silicon.

[0071] For the metal-contamination of the sample, the present invention may
use any method that can provide a metal contamination 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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15 [0071] For the metal-contamination of the sample, the present
invention may use any method that can provide a metal contamination
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

ides of sample are FIF-cleaned, and the HF-cleaned sample 20.
O o o B S i s B B AR BT 01 of
ccording to the present invention. T mple,is immersed for i
TP B EHon SR TRAL e Ao Wi st reament
Cu-contamin%ted. ngrleﬁlfter,t e sarqgl IS dr(?é/vn o%from the

TOCESS, 1S periorme oiltanjing SAT I this case, an overall haze
Elcontaminate solutlon.e‘rﬁergfal?ter, e sample is washed and dried.

043 RLC, S Uustiates an e%‘tag}?é&&fb%%H“ﬁ%ﬁﬁ@iﬂﬂgx%gﬁgfyﬁé‘%@t #Qgion.

eat-treated region accord%ng t e concentration of In a sample.

16,100741 THRLE d5:8 GASR: WRERS, R SAPIR WIth-BR O3NQRR-AANCERHRIOMhan 11

[O1] of less than 11 ppma is contaminated with"Cu and only the second

heatireatpgRinRIacesy it Peformedan he grnigminated SANPIRedntRisment
case, an overall haze pattern is generated, making it impossible to

idenifhing.a gystahdelfestrRAIgR-mMHARE J&APRINA! GASCMNIE iz pattern is
sample with an oxygen concentration of more than | 1 ppma is
cntambdatadivyith Gumabdbrihofihe: firsiond secoadbealfRatMeRke oxygen
processes are performed on the contaminated sample. In this case, no
hazedpatiaon is geneiaier], prakinghit inpassibieatarisdemiifyingoaseyBiaimitted, a
defect region. If the oxygen concentration is less than 11 ppma and the
firstheatdreatmenicprocessdh anittededpiteacanby ghustatespacedPy region,
which a Cu precipitate can be generated in the Pv region, cannot be
providedethecsbicde denatingethe oviemtivans galterazdf pagcoxygéh the oxygen
concentration is more than 11 ppma and both of the first and second
heattréatinants procegseslarppperforcthbdilaniokydentpratipitatel ibeat-treatment
generated in the silicon, thereby

processes are performed, an oxygen precipitate is generated in the silicon, thereby

gettering Cu to generate a Cu precipitate. Also, no haze pattern is 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.

10076] As illustrated in Table 1, if the oxygen concentration [Oi] is more than
i1 ppma, only the second heat-treatment process is performed 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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gettering Cu to generate a Cu precipitate. Also, no haze pattern is
generated in the 15 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

[%0764& s illustrated in Table 1, if the oxygen concer*tratlon [Oi] is.more
SHO %%Heﬁwl?ﬁgrgg?‘%‘?n heat-tFSAEht procelss is_perf ﬁ#&ﬂn

the 2 rf nce o flrst heat-treatme oces
o conce%f%&%wsﬁes% 5%3&’{%%%%85%}%%%%. ?gﬁanmmmﬂon
Serg(%]ss 1eatt atm Ctg Aoieathent rfioor(rzr{]%g&‘g £007 acc 1g 0 the
6) Fr?pma taﬁea‘rf1 atment process perforpn erform

gg&en%a&% t({Fa&m[gn& ?I’OC ﬁl’%@gr%g()%}& grfot rq}{Q OZ’@JGH’[@B&GE@Q y/S ﬁl can be

aze pattern g erate u contaminati process Is

Rerformedaed ashgat-Iraatmnent RLacess ispgformed; AGCRIIInaa thes can be

concentration of oxygen in a sample accordifg to the present invention. It

GAPRG 3RS RKC: 65108l & dsiaatiagianaAceRI g Lo b ‘?egiﬁ%'&;[&}?ﬁs the

Cu ions can be 5 identified with the naked eye in different colors for the
respaative.& 1s such as the Pv and Pi regions. [0079] FIG. 7 shows
the result of identification of the defect regions of a silicon wafer

ging to theapresegijavantioranddheicasiit Al heastement:okthens of a
efect regions of a silicon wafer according to the conventional art. 10

(00361 FiGer ssbomimidentificatiometiReans Rherysiab defestregionsdoyit of the
Cu haze patterns of the sample that is heat-treated after the Cu
couttaninatienafdb@icon wafer according to the conventional art.

[0080] FIG. 7 shows identification of Pv and Pi crystal defect regions by Cu
haze patterns of the sample that is heat-treated after the Cu contamination of the
sample with a sample [Oi] of 115. 5 ppma and 8.5 ppma, and shows identification of
Pv and Pi crystal defect regions by the recombination lifetime according to oxygen
precipitation resulting from a conventional oxygen precipitate heat-treatment (for 4
hours at 800 “C + 16 hours at 1000 “C). If the oxygen concentration is low (11.5
ppma), the conventional art can 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.

10081] Embodiment 2

{0082] FIG. 8 is a flow diagram illustrating a 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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sample with a sample [Oi] of 115. 5 ppma and 8.5 ppma, and shows
identification of Pv and Pi crystal defect regions by the recombination
lifetime according to oxygen precipitation resulting from a conventional
oxygen precipitate heat-treatment (for 4 15 hours at 800 C + 16 hours at

1000 C). If the o n concentration is | e conventional

élFF RIS |de%f¥g$agegﬁl/&s Hef8 c'tereérl %‘ﬁ‘ tﬁ§ g gg‘ﬁ SEhnEEticH the

R R V?Sﬁf?%‘g%%&ﬁ%%ﬁ?ﬁé‘ R elent
ct re 0 [008

T T

Q?QEHM“&%M &?JSPtaﬁ?QJQﬂ%tﬂﬁF%ﬁlBQpﬁ?ePenoihﬁ[ ?é@@?l%ﬁyere interstitial

embodiment. (0083] The present invention can identify he crystal

defeckragions.afdhe a@ﬂ&‘f&%@%‘%vﬁ@i%%k%’é?@ﬂf&ﬁbﬂgﬁ&lp&aém&i at a

method. That is, the present 18Tinvention can simultaneously estimate all

theicesialdefest eoinns atigemonreysialingSHicAREHER ARRAENal silicon,
region where vacancy-type defects are prevalent, a P-band region where

fing-platexiype-piacipitatanBra iR seRbLARE HVQISH is created by heat
treatment under an oxidation atmosphere, a Pi region where interstitial 5

qebsA} are pravalRition Bhbaneseagianwhaie axyeapiecpitation s of sample
generated at a high concentration by heat treatment using a seed of a
chisterabbintorstitial siiean, thacichen.i-lahtregidn where: iitesstitial Gifidanaisplied
prevalent. [0084] In addition, the present invention can be applied to any
typenpftgpendlendhatigsabiting Gidcton 3amipidrs thicknasdslidhatisphesptesenttical
invention can be applied 10 to any type of monocrystalline silicon sample
suctpesabsiicdnbsashpleatie avedicaisdimpleibbiaimegbby sliciadytihe the axial
monocrystalline silicon ingot vertically in the axial

direction.

[0085] Referring to FIG. &, a sample in the shape of a silicon wafer or a slice
of monocrystalline silicon ingot 1s prepared in step S101.

[0086] 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
mnvention 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 water or a sample that is obtained by slicing a

silicon ingot axially.
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direction. [0085] Referring to FIG. 8, a sample in the shape of a silicon
wafer or a slice of monocrystalline silicon ingot is prepared in step S101.
15 [0086] For example, a wafer, which is prepared by slicing a
monocrystalline silicon ingot and then performing a grinding process to

FE Siondicrn STt AR t@%%%é?ﬁgﬁ%;%?ﬁﬁafyﬁ%ﬁfus@
TS OO S DS B %5%&%%@5% oo
Yxi’}fee;a‘!]ﬁfél phiesl ity v ARk Aereil Ea“rﬁ é%‘%"?a%ﬁ (HE

Rt @%%?:i@%ere3¢1@qﬂ Planger aﬂéﬁféﬁﬁ%@%ﬁt S Efppttion
%9%!&9/33 FYPIURIE A SRR defedt a%gigfa%f S’f%gg)@gm j @ 15] nd H0.

sample that is obtained by slicing a 25 silicon in

E[Eﬁfngloz Onﬁlsége% of fb? g 9&%&%@@1&‘?%%&& ianegk L{ﬁ@gaﬂ%% 135 observed

etchant. Examples of the etchant includé a dash etchant (IIF : H

GHIEH QR stobe B il r@%@@&h@ﬁsﬁﬁﬁeggﬁ }ffl%%ﬂyl Bdim '%l)i(z)? the

Secco etchant (HF : K2Cr207 aqueous solution (0.15 mol%) = 2 : 1),

NG, forQ3 ragiiRausISalionoH FmoiaiRrthP WHght ehaRbIbRLWSRLDP,
mixture of Cu(NO3)2, CH3COOH, and H20O. [0088] In step S103, the

Joleggyely etchedside nhtheizamplplis Rbsened . HSNGR MBIRIRSCAPR IR vely
identify a crystal defect region primarily. Examples of the crystal defect
regied Rctidermwntick gion iitkaaR. and an i-rich region with LDP.

[0089] In step 5104, the sample is etched again to remove a selectively
§0@a6hed porfiorstieprs Mife sidiext thesadepls. the sample is contaminated with
metal. A fransition metal may be used as the contaminating metal. Unlike the
conventional art using two kinds of transition metals, the present invention has only
to use one fransition metal. The metal contamination is to identify the crystal defect
regions by changing a location at which the metal is precipitated selectively
according to a silicon crystal defect region through the next heat treatment. For
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 ditferent 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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[0090] In step S105, at least one side of the sample is contaminated with
metal. A transition metal may be used as the contaminating metal. Unlike
the conventional art using two kinds of transition metals, the present
invention has only to use one transition metal. The metal contamination is

identify the ¢rystal defect 15 re |onsb an alocatlon at hlcht
R PFeBighas B e AR R A
he nex att eatme For exa sample.is
ci §f’%ﬂé§ﬂgﬁ fth é’ﬁ)& thEh tﬁ%ng?)% ag]d%fé):i:ﬁleglon%l%lre Ig}éu%fl & metal

W(Emgi %a% ked eve.u enr ng.ahaze G;P aftern, hagits, gqne t’eﬂ% | thesurface
through fieat treatment causimg difierent Cu precipitate behavior locations

b7 20 o Bisediapenl e fomhaifol S aAmP IR IRAcained [0 dding

aze pattern, the e of e sampleisu contaminated

Wit eﬁx@%‘éﬁ?‘uﬁ&’itﬂﬁ(‘ efaflon.of {106 Naas RALSINMAY 82sEARRRIAe O Extent

sample 1s contaminated with the metal at a contamination concentration

O aPoH! 1%, 301419 53 186, atemsian 2, Lhis Highs fOPRRAAIRAMELA! & metal

contamination is performed in the same way as in Embodlment 1.25

HpweyelDacansarbepigiolumineseenesishalysis asielkas theze-type metal
naked-eye check is 20 performed in the present invention, the metal

cortapinatinnreay ie-pefermadnndapardentbs phthe tupe angeatment process

concentration of the metal. Thus, the metal contamination concentration

Mgy bR akolink Xs i ieed Witk rdfatamsieRG[0091] In step 5106, the
metal-contaminated sample is heat-treated according 5 to the present

ifeenyn. The heatirsatineticphesrasandysbaperfosmddddithe exeniove heat-

that the metal can be diffused. The heat-treatment process generates a

metatmpie eipitatecwithinative sanfpleniththinRuaegidnthandigeneratesiated side or

haze-type metal precipitate on the surface of the sample in the Pi region.

Tihe hggpbticatmintfrdoessnmpéy be thecsametasidesciibedywtith defect regions

reference to FIG. 2.
secondarily. There is no need for a separate etching process or a separate check
device. When the metal-contaminated side or the opposite side of the heat-treated
sample is checked with the naked eye under the spotlight, a haze generated on the
metal-contaminated side 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. Synthesizing the result of the primary
identification process (step S103) and the resuit 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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10 [0092] In step S 107, the heat-treated sample resulting from the above
heat- treatment processes is drawn out from the furnace and then the
contaminated side or the opposite side of the sample is observed to

identify crystal defect regions secondarily. There is no need for a

separate e h|n rocess o separate check device. When

fetaieonit: 8‘1&65’6? the5paosie’sige sfthe Sa‘i}’ﬁ%étféa&ié’hmme“"“

le is ch k ith the paked der the spotl
ARG/ B TAS. RECRERo A AT AT 80%;%%’/;8%%[181&%&%

r tal def region and Pi of th ocry. stalline si con ¢
%Xﬁ q.tﬁ tth 91 E[ﬁ?l he silicon cr Tﬁﬁn 28 LIS §10];1§h }1% ltltregen ing on the

tified. Tha IS, haze region on the- sur

SAMRIS 5 BIETPLY %ﬁ%ﬁﬁ% | JeRN e dhe fon-haze region is

mterprete as th region ynthe5|2|ng the resdult of the primary 20

B ation pfQg ﬁ?&@%&l@%t%ﬁﬁwlﬁﬁf 5%@?%%&51}@ only one

ent |f|cat|on proc s can identify the regions v-rich; i-rich, Pi and

[9%’1] danidentification of grustal defectzdhe convantionad ﬁ{&m%ﬁ%&mm

recombination lifetime through the high-temperature/long-time oxygen

Precipitataheat traatreem o idantifiesaine delecltegipnsitiaughiRecannot be

X-ray photograph image 25 analysis. However, the present invention can

qasiyiidantifsthacrystal slefest2loegions withouh anadditionalehesk present

process by using the metal haze phenomenon that is generated through

the-beaireatient Gausiog the differertpiecipitatachehaviersofkthe metal
in the silicon crystal defect regions, without depending on the

daogs]tration of oxygensalhe thendeksialiveg stisapled [094¢dsheed by the
present invention can identify the crystal defects using only one metal
ehdptehimifecanyantinRianviddesifcted imteteiscofdpmmeatatdly.  Synthesizing
contamination amount and the heat-treatment time because the
résorahiltatidnhkfetimergamdotcbendnsasioedindiam the seestal précpitataloot the
the haze is generated. However, the present
third identification process 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.  As described above, because the photoluminescence
analysis is performed, the present invention 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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invention can identify the crystal defect regions by generating the haze. 10
[0095] In step S108, the heat-treated sample is measured by the
photoluminescence analysis to identify crystal defect regions thirdly.
Synthesizing the results of the primary and secondary identification
processes result of the third identifica rocess can identify the

nd th _ iQn
AT, MO DY, BeSHLHTE SRR thoreby meking it
j to identify th tire defect i f the, 15 talli
O o dodhr et ST ik RE TR SR R TR e 1o sep

e %fq}%dtégﬁttpr{ﬁe szr”%: Dvepign.can b %s%?é"ed [ndepsndently, of NS IYPSefect
and Concentratiof of the contaminating metal. Also, the present invention

T, S S At et eleing e ge g eficiency in the
sa

ple using the photoluminescence analysis. 20 [0096] FIG. 9 is a flow

F56406) i"ustr%&i%ge_g ethod o Wenifying Cusiah deiRat RIAaminated with
according to a moditication 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,
fiisd aoghsecong sarpries Indhe sbare Rl imen A8dsHicendvalers Orssliegsireated.

which are sampled at two adjacent locations in a 22 monocrystalline

silicaspingats, ane: RieRaad-R SiePdthe (088818 siep & IH2hanasidedofecond
the first sample is selectively etched. In step S 113, the resulting structure

isehsleruesbusinglaviticrosaapel socthalccdiaktiefact eegienssuech ag surface
v-rich and i-rich can be identified primarily. 5 [00100] In step 5114, one
sidaiaf hetsecontl samleimpbniaminated ity thetl. (00301344 stemon-haze
S115, the metal-contaminated second sample is heat-treated.
region is interpreted as the Pv region. Synthesizing the result of the observation of
the first sample (step S113) and the result of the observation of the second sample
can identify the regions v-rich, i-rich, Pi and Pv.
(00102} In step S117, the heat-treated second sample is measured by the
photoluminescence analysis. Synthesizing the results of the observation of 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, the 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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In step 5116, the contaminated side or the opposite side of the
heat-treated second sample is observed with the naked eye. Accordingly,
the haze region on the surface 10 of the heat-treated second sample is
interpreted as the Pi region, and the non-haze region is interpreted as the

Pv region. Synthesizing the reqsult%of he observation of the first sample
QR PIHYAS T RESL R AYRE S5Eervation of the second sample can

[ ify.th -rich, i-rich, Pi and Pv. [00102] In step.S117,.th
il e e A e SR

ad%?é%%?gggl% heg%i%icé}%ﬁtl%%d' R ?}%Sf Ietqge%?osc? VR tﬁ?i.off é? %}I‘iarsfr%sr%:lgive rleégions

secon mples an eresu € measurement or tne secoria samp

G igr%@ti%itrt]gt%gti%%io ﬁricﬂ %Erei: Qe gx'i&g%\éig e r}gaﬁpe(%l napd, tkl‘ir &M 4 pi

making 1t possib entity the entire ect regions ofr the

@e%@&?@éﬁt%”ﬂﬂzeré. nglaljg%hﬁ[ge%%] FIG. 10 illustrates a sample
p I

repared by slicing an ingot vertically. 20 Crystal defect regions are

idgaiitiey using:ioe methd ofiFlG. Sithe I8SREGLNEIRAIANS BRRBYES s of a

using the photoluminescence analysis are marked in FIG. 10, and an

LBR JeqiafraBhand iegion,RLhIegien: and.a v regionargddantifiedy of the

[00104] FIG. I1 illustrates a slug-state sample of monocrystalline silicon.

Gfstakdefant seqians A igantifieddusing the stkedakiie. 8, the

respective 25 regions measured using the photoluminescence analysis

quorerked in Fliz JdtandagpRPiregignacta fxhegion aisideifiesically.

[00105] FIG. 12 illustrates a sample of monocrystalline silicon. Crystal
defestdrgionsharaidentiiedusingiheoethoshehfde oD othigdespeativgample is

regions measured using the photoluminescence analysis are marked in
RIGpl2a anda RPLSTkegiondndsa PFoegion fretidemipiieda[@040&]tki@a] kBygen

shows the result of identification of the defect regions of a
precipitate heat-treatment (for 4 hours at 800 "C + 16 hours at 1000 "C) is performed
without metal contamination to check the recombination lifetime by oxygen
precipitation. For the second sample, the metal (e.g., Cu) contamination method
according to the present invention is performed and the heat-treatment process of
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 identifying 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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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, [00107] Two vertical samples are prepared by slicing a
silicon ingot vertically. 10 According to the measurement results, the
concentration of oxygen in each sample is 9 ppma (New ASTM
tafraaragiomorsiaHirst Buritisi@hateBIRBRIRATACHBAEHNS sreeisttageto the above
heat treatment (for 4 hours at 800 C + 16 hours at 1000 C) is performed
ARSI cOREalRiRERBICR AMEELRR S FREDMbHEGST retiie b)) Skygenned

reci n. For the second sample, the metal (e.g., Cu) contamination
ﬁﬁ Eﬁ? %8@8&?&%&%%’&% TN is performed and the

tment p f FIG. 2 f d. 08 A b

ASRTRE 15, 8 Beneior 4 RPN ecég}ﬁgf el of e Py
hen th t f th

b ge%elf?ﬁﬁﬁ%i%%é%t'm@% o e RNy el g veen

SS% ORRMoAQIqROUNING, (S} V %&Q”té"”sd 102 L é‘mea% ”\kﬁshh% H‘epsample

ve etchlng process an Ing the etal e regions suc

gk Wf@g&&g‘ﬂaﬂ&e&?ﬁ&%"%@'&%&q r@&%&@% E’J‘g&%&%&%ﬁ?ﬂ&@urt‘me of the

analysis. Also, the present ihvention anl entlfyt entire crystal defect

regigns by ealyengstime sheckiiantheyetcal Farten wi BHE 18 Pe&Eentified

for the check for the respective regions. 25 {00109] FIG. 4|IIustrates

infarmetionabeyt thaigriaHngd&iteroheiypial 24 defECt regions
estimated by the photoluminescence analysis according to the above

bogipents. 1he infesmaliverabouh hesgritering eficiensyes ahaISe hena, the

obtained because the photoluminescence analysis is used. [00110] As

dessriadabaxehugingite peintrdgfechohaacensies afike Rve 2:88@ Pdefect

regions irrespective of the crystal defect identification method using

oXyuets. However, because the oxygen precipifation is excluded, the present
invention can identify the crystal defect regions more conveniently when the oxygen
concentration is low.
[00112] Accordingly, the present invention can identify the crystal 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
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precipitation in the silicon, a metal precipitate is generated mainly within

the sample in the Pv region and a haze-type metal precipitate is

generated on the surface of the sample in the Pi region. Accordingly, the
crystal defect regions can be identified with the naked eye without an
additjonal analysis. 10 Ltoolll A%so, if t-hF cancentration of silicon oxygen ,
TSRS HR! %“8&85‘? F5 EBRVBRRGRL IRISE TSR Bygare pertormed on
prrtl-:-ci itat'ce)nogfflvr&not ideptifyvg e crystal de{g&t re{g\ions. However .gecaut

e
t%eeo%“gpgn precipitation is exc‘l%dg‘"c?, R PRSI ST Rl iRty Rercby

the,crystal defect regions mere conveniently when the oxygen

B D S R e vt can

W%ihe Cryﬁé@!)%fl%c{orﬁgl @sgﬁcﬁ%ﬁ%neq‘ﬁgyc%%gﬂ lé”‘\é' i(_?ﬁét can be
epending on the concentratioh of oxygen in the monocrystalline Silicon.

[O033kThe pigsentinygntion caRigasideribLihainy siakdefast e ionsn o

without an additional chéck device by using the Cu haze phenomenon that

isx¢0-generated AR dhasutircafdhe silicoriiRrouona SIBPIR invention can be

heat-treatment after a high concentration uniform Cu contamination. Also,
theipreseNUIVEDHRS Gaaareaty redusedhe Hme.endeastdearibadfple with
identify the defect regions. [00114] Also, the present invention can identify
alidhevcrystabdetect sedienswofall tbe morestraialing silicogssamplerfect-free
independently of the type of the 25 contaminating metal and the type of
thesamplelileiselective etching process, the 25 metal contamination
process, and the photoluminescence analysis are performed on one
Jaoriéor two shheples, thiiahedrelsai pledtffomeat adiagahtdadisitiorgion in a
thereby making it possible to identify the entire crystal defect regions.
[6GhdEHARtonding tothegpresertdhventionptieorysthlldefect segionshean been
be

described with reference to the specific embodiments, it is not limited thereto.

Therefore, it will be readily understood by those skilled 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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5 analyzed accurately, easily and quickly without depending on the
concentration of oxygen in the monocrystalline silicon. Accordingly, the
present invention can be utilized to identify the crystal defect regions of a
monocrystalline silicon sample with the Pv and Pi regions of low oxygen
m ' ?g %qvelop defect-free monocrystalline silicon. 10
ftHotrghrthe-fiethod of identifying a crystal defect region in a
monocrystalline silicon using metal contamination and heat treatment

have been described with reference to the specific embodiments, it is not
Himited tHerdes! of RS &SN BE  elam G BH <t 8B By HHose skilled in

the arithatvagions smadifications agdhshapges cande magerthereto sice of
without departing from the spirit and 15 scope of the present invention
AHRREYSH tﬁ%%@%ﬂéﬂttlaims. 26 WHAT IS CLAIMED IS: 1. A method

of idenyifyingiAaaiystal deiechredion o cManHSING: REPaKING] aSARe: NG on
shape of a silicon wafer qf a slice gf 5 maonogrystalline silicon ingot;

CHRERHFRHATAYG 2RABLET Bhe Kide bY thRl QBHPIE with metal at a

contarminatien: sencentiatiomalabauiplext@d4 to 5x1016 atoms/cmc;
heat-treating the contaminated sample; and observing the contaminated

side oP BiENIPBolife HRBHIAL Hetttrontly RPRATIDISIHS igbrifify Beal-treated

Lrvptakdelestiredion sl ThRaihrg of claim 1, wherein the heat-treating
of the contaminated sample is performed under an atmosphere of at least

one selected from. the group consisting of helium, nitrogen, argon,
DXygerrhbyaeaaans fenmeniayvandia mxke-theraof.ckahe contaminated sample

1$ performed under an atmosphere of at least one selected from the group consisting

of helium, nitrogen, argon, oxygen, hydrogen, ammonia, and a mixture thereof.

3. The method of claim ! or claim 2, wherein the heat-treating of the
contaminated sample generates a metal precipitate mainly within the sample in a Pv
region where vacancy-type point defects are prevalent but no cluster defect 1s present,
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 606 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 of ciaim 3, 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 3, 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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3. The method of claim | or claim 2, wherein the heat-treating of the
contaminated sample generates 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 generates a haze-type metal precipitate

hei thieEnARice ST SRR drith 3PP R0 GlYiontwhhete itaRstitiall Boikt 10 hours
HETR IS rE RESVRIERIML PRCILSIBEMEIREHISPEBSENtho TieI MRINefor about

according to any one of the preceding claims, wherein the heat- treating of

O Eontahieictnddiibr COIFPRSEDR ffsthestiedbnépmpledaggore than 11
@%&9@5@%@1@%1@%@ OO rferARPULAAL 10 JORPHISIANBRROUI 1o

eat 25 treatment process performed at about 1000 to 1150 'C for about
10 21 "to To0 #howEd)- 81 1heerisd of claim 3, wherein the temperature is
decreased. at a rate of about 200 'C/min or less after the heat-treating of
the contaminated sample. 30 6. The method of claim 3, wherein if the
TeoncentratiBRBrbAFGEHIALNE sapdcidfedbarpiscedippnskiitpe wWherein the

dasaintiaating af shecantamipalad, saMmmiaIROMPHS firgls. 27

heat-treatment process performed at about 600 to 950 C for about 0.01 to
10 hodi&-drraedednditrslifeaMBAGrocess performed at about 1000

to 115&@&@51@@@@&1@}}% i 1Qhaprssand if the concentration of oxygen
in the sample i1s more than 11 ﬁ;}gma, the heat-treatin(g of the

contarAPATEE shinple R HBHGH T oA B AR 00D & PIsHTSBrRlBotte Cu-
QRAHehReurs:d Thamethodaecardingde anywmeRltieipeesering (BOE)

claims, wherein the contaminating of one side of the sample with the
t®omprises: HF-cleaning both sides of the sample; 10 mounting the

sample-of & IRENRLIR ISP s 2RRIYIP A LiGY f6P RtgRRIR e SAUSIRR BIRIPARL one
side of the sample, the Cu- contaminated solution being a mixture of

HoppersrdBhiteicaURME R Ichaft Be rypper:

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.
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solution; leaving the resulting structure as it is for a predetermined period
such that one 15 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-contarrnaieshsofutionNrag-a GG 2keaeaniation of apoeutd oS
ppm. 28 METFIOD OF IDENTIFYING CRYSTAL DEFECT REGION IN

MENBORKS FALLINE SR IGONNISHIGCAMEE AL ICODNAMNAATNMNRT
HEAT TREATMENT ABSTRACT 5 Provided is a method of identifying

crystal defect regions of mondenystating slitioNTusing metal
contamination and heat treatment. In the method, a sample in the shape
of a silicon wafer or a slice of moaB&HBtAllie silicon ingot is prepared. At
least one side of the sample is contaminated with metal at a
contamination concentration of 10 about 1 X 1014 to 5x 1016 atoms/cm2.
The contaminated sample is heat-treated. The contaminated side or the

Bppodie isideneflibé dtidkineiiad santplelidbsegiad tf ndentdyadiysiatlicon
defect region. The crystal defect region can be analyzed accurately,
edsiynend quitkiyivatheudithedserebaneaddiichalabgel, devieeswithend shape
depending on the concentration of oxygen in the monocrystalline silicon.
dBaFGdoA9vater or a slice of monocrystalline silicon ingot is prepared. At least one
side of the sample is contaminated with metal at a contamination concentration of
about 1x10™ to 5x10'® atoms/em®. The contaminated sample is heat-treated. The
contaminated side or the opposite side of the heat-treated sample is observed to
identify a crystal defect region. The crystal defect region can be analyzed accurately,
casily and quickly without the use of an additional check device, without depending

on the concentration of oxygen in the monocrystalline silicon.

F1G. 1
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