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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

devicgapd (PGP apicNtRIyy v ellysd afiideniifyiny ariceoatuating a

region Of various defects present in a monocrystalline silicon ingot or a

viticenwafer 1019892k p gensralasticomwalerdsiaricated AISRGNMAND

floating Zone (FT) process or a CZochralski (CZ) process. The CZ
process is most widely usefi@tfaltigatexasiiqon wafer. In the CZ
process, polycrystalline silicon 1S placed into a quartz crucible. The
polycrystalline silicon is heated and molten by graphite exothermic
material, and a seed crystal immersed into the molten silicon. A 15
monocrystalline silicon ingot isagrewrraypuiing up the immersed seed
crystal while rotating the same. The grown silicon ingot is sliced, etched,
(0804 polishegrintgrascsiliann wafes (00081 d herabinacsy Salticetsiliconifgotor
or the silicon wafer may have crystal defects such as Crystal Originated
R agticles (CRR ks HlawRattem Befectsr 20 ([ERD) @xygdndndiidedtifying and
Stacking Fault (OiSF), and Bulk Micro Defect (BMD), which are called
evaloMipn defesiso fheteus defieeddies cediucing theccgsietnteatibneandgsize
of the grown-in defects. The crystal defects affect the quality and
sip¢eguetfon yield of devices. Therefore, it is very important to remove the
crystal defects and to evaluate the crystal defects easily and quickly. 25
[000BK] Dependisgees,thesthystalvgriawts dalmiidtres utireeshidértirgetame thel)
1 monocrystalline silicon includes a V-rich region where vacancy-type
piiooist defactZochralski (CZ) process. The CZ process 1s most widely wvsed to

{abricate a silicon wafer. In the CZ process, polycrystalline silicon is placed into a
quartz crucible. The polycrystalline silicon is heated and molien by graphite
exothermic 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 polisﬁed mto 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 (O1SF), and Bulk Micro Defect (BMID),
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 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 (V/I)
boundary, a Pi region where interstitial point 5 defects are prevalent but
N9 Clusterdefentds,piassnbsnc/anchrichitegionewhereuinerstitiabpuiselects
efects are prevalent and cluster defects of supersaturated interstitial
ard rg?ﬁv'h%ﬁﬁ Rrasent Retaqing howdhe ahdvepegionsiclangendsparmigsent;
on their positions and the crystal length of the monocrystalline silicon o
2 PYOLisfHndameniahieyavplupting théquality pttdeotystand olfgpsjeiect is
There have been several methods for identifying the defect region of the =
pfoQnectysilline siicontila(tivs) iethdatythe BOPastrisbrieniBegstitial point
polished and cleaned wafer is evaluated using a particle counter. In a

4SeEaNd Metod P Butenaldation ibepetfosnpecsesing d wetlotchalfefop where

Secco etching. In a third method, an oxygen precipitate is created by . .
highilemperatdegdangime neattrediriavicaneltne 95 wPSTEGY 1hterstitial
performed using a difference between precipitate behaviors of different :
Rfsctiegipns:in DistetmenbthiodorheshdEatPRA ot EBRtaNTRFATSHE L g "
transition metal and diffusion heat treatment are performed an th(gn }Q%al ‘o

praaambinatidr: et dsgiexshron oBOsTH BIEYEF of e Hifst HETRGY,
the wafer must be cleaned by polishing 20 and cleaning prior to
ceslimaiio thelnedéfprd, theveyalabubsequent processes must be performed

after the growth of the monocrystal, which increases éﬂﬁ re%u?ir%d tirlne and

[aB@5lequires Enbig MhevsbpeRTEIURISRIGT ELiHIER ] clegt reglon of

second method, a selective etchant must be p red that.can .provi
{Buitabie atchalineasslicah Beadishsertad %’rﬁ/sét sﬂﬁgé%éoa{in%fg é)sl,%%ta and
25 contain environmental toxic materials, 2 [0008] The third met FPD
severhl drdabicks MR SERthe rBalIR glﬁ%lém]f' he SIS REAGE

evaluation is performed using a wet etchant for Secco etching. In a thi_rd method, an
oxygen precipitate is created by high-temperature/long-time heat treatment and the
evaluation. is performed vsing a differ@gce between précipitate behaviors of different
defect regions. In a fourth method, low-concentration cé.n.t“amination 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.

[06007] 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-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 ppma (New ASTM 5 standards). [0009] An example of the
[@2@2 methoghis ihe K araan Ratert Rublicatiaian 2005-006#Aduintichme
|

ses a method for measuring the distribution of point defects in a

| f‘&?oe@%ﬁ%?sﬁl'i&% ingetioevaluaieaphythepstaterobthe ingomdntdetalilithecost

Ingot is sliced in the axial direction. Thereafter, two samples are :
eé% inated L Qwith: twe: onBIOse M Rlealefn ents (elgdeal NpiPe ab case
o) at a low contamination concentration. Thereafter, heat treatment is
Jerfaumest o seale alpeambinationtentel inthesiichh. Tneredfier the ™™
recombination lifetime is measured to measure the distribution of point
dsfegts;In this method, the contamination results of two metal elements
must be synthesized in order to interpret the crystal defects. Also, the 15
remen isdrapessibrxiwtenrd methbprsdiitatzcand HaneRyblication No.
generated on the surface thereof. Therefore, the method is restricted in
1808 @ HhE Metathcditainisratiomethoduframg e ingathy cHEREMiRR O hRG It
contamination concentration must be as low as 1 x 1012 to | X 1014 )
alpms/emlnalseartativitiogal éctintiroeaksthendaim efdditdnept 1o detail,
analysis device is required when a precipitate is generated. 20 [OOlO%I[%. q
U heMortcthieisahventsndireitmod S hesmidi Se beaEBRIAIR O FORTataIat
contamination cannot identify the entire crystal defect regions. SUMMARY..
201 &) T be presentuiselossraspiogided aheifothdr darhitdi rﬁ% Gyéggmation
25 defect region of monocrystalline silicon, which can evaluate the c%gtal Gom
cefenttredion 3 socafmelicehSTRAIEHN G HCRAI(HBIS] T HEBIBSEAFCOT I

disclosure also provides a method of identifying a crystal
center in the silicon. Thereafier, the recombination ifetfme 18 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. m .terms of the metal
contamination amount and the heat treatment time and contamination concentration
must be as low as 1x10"2 to 1x10" atoms/cm’. Also, an additional etching process
and an additional analysis device is reqliired when a precipitate is generated.

{6010] 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 monocrystalline silicon, which can evaluate the entire
crystal defect region of the monocrystalline silicon without depending on
the concentration of 5 oxygen. [0013] According to an exemplary
embodiment, a method of identifying a crystal defect region includes:

e%%%reip a B'&cﬁ’&iﬂk%@hape of a silicon wafer or a slice of

monocrystallirie silicon ingot; contaminating at least one side of the

@?&E with m%tg&&teﬁm@@m?@gga sencentmiiohofialiadedid figiaorystal
x10t6 atoms/cm?2; 10 heat-treating the contaminated sample; and

@é%é&%g%ﬁh@m&%mmml@i@tg@rn;haqiepmsitﬁramaoﬁmemeameme&fecz
sampleto identify a crystal defect region. [0014] The heat-treating of the

coniaminated.samplosmasbepetiprwiec undepeadiatmos tivereofatigist of
oie selected from the group consisting of helium, nitrogen, argon,

n, hydrogen, ammonia, and a mixture thereof. The heat-treating of
the 15 contaminated sample may generate a metal precipitate mainly
Wighigy the samplesidiagRy regiormiere vataroyaype: pofthetbfelcidadying a
prevalent but no cluster defect is present, and may generate a haze-tyfpe
petal pegsipiiaivamibedusfacpaiithe sampleiniths Fiapyfdriwieps walcr or a
interstitial point defects are prevalent but no cluster defect is present. 20
§004 5F R hagttkaiing ifchéngohtaomaatag b ey acdg e hihpstample
heat- treatment process performed at about 600 to 950 ¢ for aboyt Oégégo 2.
10uhevrslandacadooniddieat ceaaeniEntonr oo WeHorthe dCat AHbuAIEBE™
to 1150 C for about 0.01 to 10 hours. The temperature may he decreased
ata-tatsiobahe o0 i GRIBRS; ARGOPRSTEM. HhetRRj R ed side or the
contaminated sample. If the concentration of oxygen in 2? the sample is
g thanidd pivahet tesedrsatng BrdeEbaRiadd SSip hay 4
include a first heat-treatment process perfqrmgg{i at ahout 600 to 9f50 Cé ({% der
§001410.01 toTie heatraning SEHSHPHERURSHSERRIS LS FSHS

ormed
at about 1000 to o ‘ '
an aimosphere 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 s.ample may generate a metal precipitate mainly within the sample in a
Pv region where vacancy%yp.e point defects are prevalent but no cluéfer defect 1s
present, and may generate a haze-type metal précipiiate 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 about 0.01 to
10 hours. The temperature may be decrcased at a rate of ab.out 200 "C/min or fess
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
sample is more than 11 ppma, the heat-treating of the contaminated
sample may be performed 5 at about 1000 to 1150 'C for about 0.01 to 10
hours. [0016] The contaminating of one side of the sample with the metal
maysdnclde HE-gleaning beth sides:efithedsamplesnsooniingshesaopout
on a sample stub; applying a Cu-contaminated solution onto one side of
{bﬁ sample,the G- coptaminaiacsalution beibgsa poirtueofaappet aM0 to
uffered oxide etchant (BOE) 10 solution; leaving the resulting structure

Al is far apiede BrmingdReriodisdeh dhatconaisideofthgesdmie mmple is
contaminated with the copper; clearing and washing the Cu- contaminated
Selutigrsfram the. sampla: andiyiog thecsample.atie Gupleontarhinpeegrmed
solution may have a Cu concentration of about 1 to 15 ppm. The Cu-
soptaminated, salstion mayksiayoin the Sahtplesfor about 1 to 10 minutes.

15 [0017] The contaminating of both sides of the sample with the metal
eysinclude:HE-cleanitg hegbofhosideslef dicisamielmyitiy thstal may
sample on a cassette; immersing the sample into a Cu-contaminated
selutien Hratlis:aingXute eklcoph)eramaiplifereeiiviiite Gechmp{BOE) sample
solution; leaving the resulting structure as it is for a predetermined period
aubh 4patying botusidesofithicdaroiiéoare o contaifmalethovighumle, the Cu-
copper; drawing the sample out from the Cu-contaminated solution and
weashirig:he samite; Erickdryinigtie shanpesood SpAsEstdng tihBtPOE)
exemplary embodiment, a method of identifying a crystal defect regjon
inbltides I@réparing rmsdtingstnehseshaBd OfY 3iREETRIFaRPGH Reifd sy that
monocrystalline silicon ingot; contaminating at least one, side of the
saemple 25thy apnildrg eoTambatadiiStebC<ADRH CGRIE; PH?Q?HP& e Cu-
copper and a buffered 5 oxide etchant (BOE) solution, onto at least ope c
sigiéapfitties dannisioan F@Ring thS2E8H Eaniifid et LR s HaLt %atirc@i e

dried sample; and observing the contaminated
contaminatgd solution may he?ve a Cu concentration of about 1 to 15 ppm. The Cu-

contaminated solution may stay in the sample for about 1 to 10 minutes.

00177} The contaminating of both sides of the sample with the metal may

include: HF-cleaning the both sides of the safnﬁie; mounting the sample on a
cassette; irhjmersing 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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side or the opposite side of the heat-treated sample to identify a crystal
defect region. [0019] According to still another exemplary embodiment, a
method of 5 identifying a crystal defect region includes: selectively-etching
one side of a sample in the shape of a silicon wafer or a slice of
R0 eog{éf?a%?t”@% iconinget AR oRaaNviRg e Kesultingplucture ditng the
microscope to idehtify a crystal defect region primarily; removing the
geIﬁg}{}@%g@&gﬁ@ggﬁg@é&%@h& grecsigie sitthadsamspleingtntaminatingted
at least one sidé of the sample with metal; heat-treating the 10 _
&%@t@%@%&?g%ﬁmm%:&Qﬁ@ﬂémme@watﬂﬁwtafﬁﬂrsmﬁ ocheabpplsitesgion.
side of the " heat-treated sample with the naked eye to identify a crystal
@gﬁ region ggcandarily, and reeasuringdheheaterdatdtsampile bythod of -
hotoluminescence analysis to identify a crystal defect region thirdly.

18920} The.sampledsry be gentantinatedaiti thiy-webahgioae side of a sample
contamination 15 concentration of about Ix 1012 to 1 x 1017 atoms/em2.

The.bealzpeaing efiihe contaminatetisantpleanay tsafaromhsarupei, and

an atmosphere of at least one selected from the group consisting of

beliymnpitregeniaiganmxygenithydroges;aminaftal Bt eiptdpect region
thereof. The heat-treating of the contaminated sample may generate a
Patasecipiam mainlyctittive thetshedmertioa Pomediormness of the sample;
vacancy-type point 20 defects are prevalent but no cluster defectis =
praseninang maylgeserate aidazeltyibe memlpradpitnetdh hekiimabe the
of the sample in a Pi region where interstitial point defects are prevalent
bubmmilastesdefdet ishpresost flecRaRtaskingd® Jethmomrasite side of the
exemplary embodiment, a method of identifying a crystal defect region darity-
ineludestedrepaplngvitstiantabedsne @aﬁ%gm GHE D SR hE B Conaarty:

silicon wafers or slices that are sampled from adjacent positions.in a 9 .
FHHEgD Hertity
sample and _obs_ervin_g the resulting structure with a microscope;
copstinfahecaioedsirghie side
[0020] The sample may be contaminated with the metal at a conﬁamination
concentration of about 1x102 to 1x10"7 atoms/cm”. The heat-treating of the
containinated 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
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
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- of the second sample with metal; heat-treating the contaminated second

sample; observing the contaminated side or the opposite side of the
heat-treated second 5 sample with the naked eye; and measuring the
heat-treated second sample by photoluminescence analysis. BRIEF
PESGRIRHQN QR THE RRAWING S [0082] Exematsyogmkotiments dannd
be understood in more detail from the 10 following description taken in

Q. With the-aG6QMParyitgdiawingspl) cvhiomit@028FIEst ima side
flow diagram illustrating a method of identifying a crystal defect region
geaqrding o an.aypmelay-embodimenta 00241 Gnisisagr@phcond sample;
illustrating a heat cycle in the identifying method of 15 FIG. | according to
ARS¥ADNIRYembediments{8028] HGopissadlodiafrdm Hhastatitg ssecond
Cu contamination process according to an exemplary embodiment;
{9936] Fith 4tis asestionet view itustrating shpohtientofated Gecond sample by
contamination process of FIG. 3; 20 [0027] FIG. 5 illustrates an example
saheumpessibiityueflidéntifying 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 |s performed accordm to the concentration of
oxygen in a sanfpRIBEDREHSR HRQENE Al iian Y 25N a829] FIG. 7
shows the result of |dent|f|cat|on of the defect reglons of a 7 silicon wafer
B22ing to tﬁemekafmtqm}méﬂmﬁlﬁﬁ&%ﬁé’?e%ﬂ@bﬁ*?ﬁéa%@?ﬁ%ﬁ?@?ltﬁ?m the
defect regions of a silicon wafer according to the conventional art; ér 030

folvarg adﬁmmd:agréa&mnuy@rma%@thz}fd%f%%ﬁﬁﬁf?ﬁg)wé‘%& aWings, 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 isa 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;

[5026] FiG. 4 " is a sectional view illustrating a portion of the Cu
contamination process ef 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 cor;taminatioe
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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defect regions according to another exemplary embodiment; 5 [0031] FIG.

9 is a flow diagram illustrating a method of identifying crystal defect

regions according to a modification of another exemplary embodiment;
[0032] FIG. 10 illustrates a sample prepared by slicing an ingot vertically,
%gggg]%é%%@@&fg% (RIS Are idgntifieshusingr e methedsatdhGntaif the

. 11 illustrates a slug-state sample of monocrystalline silicon, in

%Eégﬂ% Stystal defest regions araiidentified usiagihe:meshod of FIG. 8;

G. 12 illustrates a sample of monocrystalline silicon, in which

@M?yb}l defectegionsayqridentified vsimgthe ipethedlafd-iGiBnfie35] crystal
IG. 13 shows the result of identification of the defect regions of a silicon

waler aceordingdRihe Mraspntiryentionandibéresilt of measurement of

the 15 defect regions of a silicon wafer according to the conventional art;
FPBH036] FiGlagliysiraias infpramtitinsabiug thengeiterivig ditssipig crystal
crystal defect regions estimated by the photoluminescence analysis

ACRRIIINGHIA exeMIAIYo embdifineiats o2 DETANEDBESORPTION OF
EMBODIMENTS [0037] Hereinafter, specific embodiments will be )
geogzibed in degil Withiveferenceatopteeapeoerfarstingaraviiggs. [osslly, i
Embodiment 1 [0039] FIG. 1 is a flow diagram illustrating a method of
ideRtifyipga @fﬁsiale%ﬂemcid@giﬁnda@fé@gdir@m@th@d@gﬁhﬁlaﬁy
embodiment. FIG. 2 is a graph illustrating 8 a heat cycle in the identifying .
[0688Yd of FIGIGactbidimgritean skigripitryammisotimenposediameicon, in
present invention prepares a sample in the shape of a silicon wafer or a

s&iaemnymmstaagiersihc@idm@kft«?fwmmd@@é@é&@né side of the

[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
sﬂicon 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]7 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

j0037] Hereinafter, specific embodiments will be described in detail with

reference to the accompanying drawings.

{0038] Emboediment 1

[0039] FIG. 1 is 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 sample with metal, heat-treating the contaminated sample, and

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

sample with the naked eye render the spotlight to identify a crystal defect

region. The haze region is interpreted as a Pi region where interstitial
PRIt d&fggtg@r@,@rg}@@fgiggtra@tm@stﬂf defrct is Joreseinizand the exemplary

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

cRRipLdefects are prevalent but no cluster defect is present. For example,
the crystal defect region can be identified using a haze pattern that is
[oeneyated thnoughrbgat: Heairient epsiag theadifferent Gu grepipithte silicon
behavior locations in the Pv and Pi regions. In particular, a metal
wiesipitatg s ggnesatadymailihe wilthon thesamplerinnges Ryvieegions wHilekthe
haze-type metal precipitate is generated on the surface of the 15 sample
dnibie Riiegionsti004idtruadditiorthbecautsmihettihzapattermis iddranied the
with the naked eye, the sample has only to have a predetermined surface
Jalghtessd Fhierefate; theopitesaht ifvbaticatdimise sppREdTE R HPedeye
monocrystalline silicon sample such as a silicon sample and a vertical

saleplesciptalivtd by iskoify thermyndefpstanizien20 baibarrirgBovdHiggpreted

in the axial direction. [0042] Referring to FIG. 1, a sample in the shape of
a siliar giaderberz ShoesofithoniirgsfafingSiisRgbOR Jreghrdgrfciect is
step SI. [0043] For example, a wafer, which is prepared by slicing a )
resaicaystalinaosiives Frgithid HewsEfoRhhd B Biting scsaepsy-type
remove surface defects 25 resulting from the slicing process, is se% as al
nhisisdefipits. Mowsvare W 88citsE ARLFRT0N RAGimi MRS bt <52
can be applied to a wafer that has undergone only, a slicin ?%{Oﬁeﬁlsrbﬁok?heat
defferr waohasniteidendfiaGHRRR G PrEcelSiy 6ﬁ1§e’g 1SS o' a
wafer that has undergone a polishing.process. In addition, the. present Pi
ot G R B A 1P IR BY o RoE B o P
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.

10041] 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 shicing the monocrystalline
silicon ingot vertically in the axial direction.

[c042] Referring to FIG. 1, a sample in the shape of 2 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 monoerystalline 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. [0044] In step S2,

lrﬁé—:l%t%]i ane side of the sampleds.apniaplisaiech witienelal hak Qufdeppere only
u

may be used as the contaminating metal. If the front side of the

aSQYGHJ% lé?‘og@ﬁi ngd;fQr-g-meial hazeReitesne therbacksidgrofdhe samplppsg

unifor contaminated with the metal. The metal contamination

LFONSENHALON, Must bes suffisientitepeaperatelaliagepfreferalily adicast the
one side of the sample is contaminated with the metal at a contamination

Faneenialen OkaRouidxtoddiRd s05X:40d6 alamsLmanifiyetatietal silicon
contamination concentration is lower than 1 X 1014 atoms/cm2, no haze

iis.genalateshtfithe meteantaminatioysetincestiatioriigdighilitihroggh the
1616 atoms/cm2, a haze is generated on the entire surface of the wafer,
Jmakingeit siiffigultios diseriminaie peswecnonystal defdet ryided [pogwapate a
The metal contamination process may include applying a metal- 20
Epniaminaiect solidn anapleadtwaferside ohtpls dmple, AinealingiREe 2
resulting structure as it is for a predetermined period, and then drying the
sigsutingatemditlpe. In step S3, the metal-contaminated sample is
heat-treated through a predetermined process according to the present
[oodtion. [00461PHE hetleasamendprdsbasapleisieeirmbed with metal
precipitate mainly 25 within the sample in a Pv region, and generates a
Oazetyfe)metabpresigitstthoaapemitrsngpeidt t%é%ﬁfﬁ}wrﬁ‘%% jthe sample
region. The heat-treatment process will be described in detail with .
irefirained t6FI6 Rei00ITREMRg erhecksidp (3sdBE S aRSs pheraifFmLy

helium, nitrogen, argon, oxygen, hydrogen, ammonia, or a mixture there(gf
dersrezitadeih siikathaesgient The metal contanunation concentration must be

sufficient to generate a haze. Preferably, at least one side of the sample is
contaménated with the metal at a contamination concentration of about 1><101‘f to
SIXEO“5 stoms/em’.  If the metal contamination concentration is lower than 1x10*
atoms/cm”, no haze is generated. If the ;ﬁetai contamination concentration is higher
than 5%16'¢ atoms/cm®, a haze ié generated on the entire surface of the wafer, making
it difficult to discriminate betwéen 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 temperature of the furnace is maintained at a
predetermined temperature of about 400 to 800 C during other processes
than. the heat-treatment process. A boat mounted with the sample is
loaded into the furnace (step I). [0048] Thereafter, the temperature of the

$ fyfrapc%co% {%éns%rr%gl%egl AR E@E?o(ﬁf 1 Ahout 119 R0 GimiRandin fEstescribed in

eat-treatment process is performed at about 600 to 950 'C for about 0.01

dé?ai]lgw iﬁg]%%g%%% H;)’};i@e @inimum tempergture increase rate .of 1 'C/min
Is to reduce the required time, and the maximum temperature increase

géilﬁn?f 50 'Cﬁ@%@&{g Rreyenta siiess due-dn amalkruphtempenaioten, argon,
charige. [0049] The Tfirst heat-treatment process creates a vacancy cluster

*DAGE iﬂyﬂré&ﬁ"aﬁﬁ%%ﬂﬁ? that anmetal (Re@enCappeEhpédipitatesis-treatment
créated in the vacancy cluster space. [0050] In more detalil, the first

rheatdreaimpent@rqeass, causas ifemelal i difusertireugl theisainpte ©
an opposite side of the sample, on which the metal- contaminated solution

pis et anRliedenbhiseint dbeunetal of she appliedthmetakProcesses than the
contaminated solution diffuses to the monocrystalline silicon in the

LheAMIEn RO toeedefectegionsutiial, Wi FreanchPlereglomiydnintvethe furnace
monocrystalline silicon, in such a way that the metal diffuses assuming
(dlifference aspects in the defect regions. A metal compound precipitates
during the above process. That is, metal ions in Si are restored in the
[0Bd8]t regioMieereate, aimatahpratipitatt (26 008} Aftépespipletiba ofte of
the first heat-treatment process, the temperature 11 of the furnace is
sinarebsedat @/rate afdbdinst eab0eamer aneressécordtamd Heahfi MO0 ©
process is performed at about 1000 to 1150 C for about 0.01 to 10 hours
OEHER Ifor Ahenfitimtend fempes &ttaelincrEbe avaigbry (CRRTFELTS PedGey rate

the required time, and the maximum temperature increase rate of 50
o /mifiiwito iprevesduce the required time, and the maximum temperature 1ncrease

rate of 50 “C/min is to prevent a stress due to an abrupt temperature change.

(0049} The first heat-treatment process creates a vacancy cluster space m 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 i$ 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 P\.f 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 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



10

15

20

25

5 a stress due to an abrupt temperature change. [0052] The second
heat-treatment process grows the metal precipitate resulting from the first
heat-treatment process, and causes the metal to diffuse throughout the
-sample. However, as described later, the second heat-treatment process

o'P%Yebﬁu%eE‘éoEE”e%%@gé‘éa“Lé@erﬁt%ff@meiot&hﬁ)ﬂf@t/hﬁﬁtaﬁeaéram&@eat—

process, epen g on the concentration of oxygen in the sample. [0053]

Aft ! e(:: get,!s%q ég?ﬁ)ﬁﬁ&? nd heat-eatment srocess: the vtermperaty éours
O?dt ?U fpn a

ce Is decreased at a rate of about 200 C/min or less (step 1V).

@'éé?h@s'%g% IngLRrecesstakes Agieat difference hetween preeiditedethe
in the Pv and Pi regions. 15 [0054] In step S4, the heat-treated

1% aple gesulting from dhe.aborenheatuitaatinent piacesses (Yidiawnoptevent
the furnace and then the contaminated side or the opposite side of

&Qﬁé@@@%%&%ﬁ@@ identifycenystal defect regions. A haze pattern

on the opposite side can be identified more clearly than on the

EEgminatedyisidecdadhiseasectnerais moaseddoran diiditiostal epohimgtate
process or an additional 20 check device. When the opposite side of the

ReatifeaieshsapPiR 46 tbeckedmail the costkeshdy eaunderttherspotlightddfuse
metal precipitate haze can be observed and thus the crystal defect
tegionsRvinddipithelibonoerystaline sticdridan tlesickeatifid dhegthiagagnent
the haze region on the surface of the heat-treated sample is interpreted as

pheecRi regiprhavhi dhedondibaet rdgiopersamenpreted dhohiirpyheagigpatment
25 [0055] For identification of crystal defects, the conventional art
preassréspdirgcomtiinatiovelifotine b royghitfie the sample.
high-temperature/long-time oxygen precipitate heat treatment or identifies
[nessdfect regidis throughethe X0y Ploteefaph imemarepmgals, process, the
However, the present invention can easily identify the crystal defect y
tﬁgm&wﬁhﬁméaf\lammmféﬁ@@ﬁ pradats b g e s pises (step IV).

phenomenon
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-
freatment processes is drawn out from the furnace and then the comammated 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 opﬁosite 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
Piregion, 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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5 that is generated through the heat-treatment causing the different .
precipitate behaviors of the metal in the silicon crystal defect regions,
without depending on the concentration of oxygen of the monocrystalline
silicon. [0056] The present invention can identify the crystal defects using
only one me ?em t. The gconyenti 5, restrictedp termsohibepitate
GO, Lot o o o e e B e e
lecombination i lime; cannokbeNRASHICAWIRN he MatY! precipiai anage
kﬁﬁ% a2as generate .eHowever, the present invention can identify the

CrXngaI's defect regio Qﬁé’é&‘é&% atinghthe: haze <1005 TliMempwhileciyiren dagect

u contamination ‘process is performed using the following methods

%gg?cxglsb%cijﬁ\%' bigfgﬁ%ﬂg&ﬁq SUESE ﬁ@%@s%ﬁh@mﬂéerﬁaﬂmh@zk%hemmenon

aminated to a higher concentration, thereby reducing the

heat egéﬁk%&%& MGr &G 3Hs afloudingram dhustratingea Gitferent precipitate
contamination process according to an exemplary embodiment, and FIG.
ds.3;sectionalvigy ilusiatinga aosianiettec Goncontamiratiprptiogegs the
o? FIG. 3. [0058] The conventional Cu contamination method using a spin

CORLnG: /A0 P1PERSSSAANAL GaRtatRal it e tiemocrystalline silicon to the
extent of generating a Cu haze. Therefore, the present invention

pigpeges a ongsisle cantaminatonmathodfyllistatest:indei& Bysittcenly one
contaminates only one side of the monocrystalline silicon uniformlytoa
highicopsenairating dovesida identifysthietelyistatulefedtthefminsal contamination
monocrystalline silicon using the Cu haze phenomenon. 25 [0059]
RefRringhiDiiGedt thebothisites bithesaheplecarebimmiiaaisting gamot be
step S21. [0060] In step S22, the sample 10 is mounted on a sample stub

20 asrdlustratetiimitiEl grel0piEa lor shegh &23isagrarta MRt E sHIfRSF O
is applied to one side of the ' )

invention can identify the crystal defect regions by generating the haze.

[0057] 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 us‘mg. 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
llustrated 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 sample 10, while keeping the sample stub 20 horizontal. For example, a
mixture solution of BOE solution and Cu is used as the Cu-contaminated
solution. The BOE solution is a mixture solution of HF and NH4F. The
concentration of the BOE solution may be determined suitably in
o &r@qeraﬂon of the defect evaluation possibility, the processing time, and
the efficiency. If the concentration of the BOE 10 solution is too low, the
[BEREgSSINg timehacames teo dongleetiudingibeprdductivigamipithetub 20 as
concentration of the BOE solution is too high, the reaction occurs rapidly,
imakingiit diffgulito identify the crystal defects. [00623 For example, a Cu
solution is mixed into a 0.67% BOE solution (0.24% HF + 19.5% NH4F),
[saehthat thegangestatioafGniimthelsbhetionos fompliGlaboutcisism! the
to about 15 ppm. When such a Cu-contaminated solution is used, Cu2+
dapslarmunifaeianplictiontmtie sanple hooithatahe Contimimiifion mIcure
concentration of Cu in the monocrystalline silicon can be about | X 1014
JenBisHlOIBGIOmBEMRaksCddserbédsghevioushntimanishtaRfieionhe BOE
concentration of Cu is lower than 1 X 1014 atoms/cm2, a Cu haze
phenrenienomiices natloéearoff tie sohtifmatidhe s eptesrieRonlofe POF
is higher than 5x1016 atoms/cm2, a Cu haze phenomenon occurs .
exahasively, irakinginimpbssiRbly idesARFIRBEIRIATdSIECRGRbIY gpaton
the monocrystalline silicon with the naked eye under the spotli

! ht. .
RreTeitblyliherasomirsiAaR SRS b1 ERE SOBCRBIBAE 26155 P08

1.33 x 1016 atoms/cm2. (0063] A pipette 40 is used to gﬁ%%t%e ductivit
Glrboniatinad Sl FFEPCEHIE bt PSORETLPR gl ack Bigey e
the sample 10. The reason for this is that, if the, 14 Cu-contaminate

d :
 Kolutiontiscapipiies o NnSREnEIPBY T SaliBle 5, TRV 0oL Pl

fabricated as a semiconductor device g-le Cu ions contaminate the front
wigkinpudigew ihiepuin e B ment. [0064] In step 524, one

[Sé%%é)]f the Salr*"rg)rr)leeyg-a?rrilsniguéc%rgfisﬂlgt?ggdiéoxrlaﬁlxed into a 0.67% BOE solution

(0.24% HF + 19.5% NI4F), 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 ;ﬁplied .onto the sample, so that the contamination concentraﬁ(;ﬁ “
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 5x10’6 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/em®,
{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 predetermined period after the application of the Cu-contaminated
solution. The contamination process may be performed at a normal
temperature under a normal pressure. [0065] In step 525, the
Cu-contaminated solution is cleared and washed from the sample 10. For

Example, hewashingProssssmay lere: proaestiofainkingthplel Dsarhple is
using deionized water. Through the above processes, the

Gyscortaminated selutiapr sty dniihe sampleotQuiidnatealit fromtldde, leading
minutes, for example, for 4 minutes. [0066] In step 526, the sample 10 is
drigd. Fargxample,dhesample 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
mawdye driediysing asspindieside nifrabengaplel Y0067 Thatabawsed for a
method can easily identify the crystal defect regions without an additional
shestesarice ByrssingithaiGuabalieaibendimandinthentonyetrs ey ihd be
surface of the silicon through a simple heat-treatment after a high-
SansentratioN oSGy bontariinatidn! Theotoal EWIDE Hk s Yederiddyprmal
in terms of the metal contamination amount and the heat-treatment time
peeause the 20 recombination lifetime cannot be measured when the

metal precipitate or the haze is generated. In particular, the convention %
[ao8aininatiorcampdiationGe-toaauimeied SORHO 5 SIGRRGIHS Washed from
However, the present invention enables a higher contamination .
tengenpiatith afet canitdntifjetie g ATaefStEraYibh BYgERerAiiy e e
Cu haze. [0068] Equation (1) is a feedback equation that can be used. to .
pregict thingSlcinmitat BRED tHATeBlc B ARIHARI IS RonE SetafRgmmated
silicon using the 15 contamination method iIIu_strateg in FIG. 3. for 4 minut
Slhowvesrs-in 28x3080led 6 fon o0 RO {Eb e8] , 10T & MInutes.

contamination amount Cu on wafey can be,abtained by mixing,,a
066k rminedrasiibuithr b SHRMEN thid ﬁ’i@gg}% 5 %Jl% i%int(}:}et

dried on a hot plate. The sample 10 may be dried at about 100 °C, for example, 80 to

hsgﬁlple 10 is

120 °C. The sample 10 may be dried using a spin drier or nitrogen gas.

[00671 The ﬁbove method can eésily‘ identify the crystal defect regions
without an additionai rcheck devic;e by ﬁsing the Cu haz_e phenomenon that is
generated on the surface of the silicon through a simple heat—tregtment 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.

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

amount of Cu that can contaminate the monocrystalline silicon using the
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5 contaminating the monocrystalline silicon as illustrated in FIG. 3, while

changing the Cu concentration Cu in BOE. [0070] It can be seen that the
present invention can contaminate the monocrystalline silicon with more
Cu using less Cu-contaminated solution than the conventional

£9 _at}%%@%%qgé@l%@gglg&g@gia}@pm}_cqating process. Th_e present 10
invention can provide 10 to 13%glm§rsﬁg10[8,p%tgm tion th.qn.t
conventié?fé%ﬁﬁﬁfeé’oatiﬁc}%ﬁ thod’ “rhé high-coricentration Uinifo
concentration is necessary for identifying the crystal defect regions of the

[owgwcrystalling silicom denatantamnatich wrethedr acaopdinglagedeoy mixing
present invention can increase the maximum amount of the metal

Coptaminatiandn thpmonotryStalliméusiticonies (007 B(Hor gakition and then
metal-contamination of the sample, the present invention may use an )

Jmetheddhag mmmmagammm&mamﬁélmmé@he@rﬁigﬁo.%yaswﬁalmé ging
generation of the haze. [0072] Both sides of the sample may be

{heNtaminatedanith OvetfalBUéh as Cu. In this case, the both sides of the
sample are HF-cleaned, and the HF-cleaned sample_ 20 is mounted on a

[6a3€itte andlimemarded frena tal-chstapHiFRb A SEINEER fErtiRG T HE the
present invention. The sample is immersed for a predetermined eriod1 I

rauchetyatalifie bihosidedlofipes éé%‘ﬁ@%ﬂ@'s@&%’c?ﬁf&ﬁﬁﬂﬁ?&a %‘H%?&&f@%“ the

the sample is drawn out from the Cu-contaminated solution. Thereafter, . .

aheventiopld isontshieder BEdpd 067 BIGPS iﬁﬂéﬂ%%eg‘”ﬁﬁeé%am%j‘g Jiresen
the impossibility of identifying a 25 heat-treated region according to the :

iwmmwefﬁﬁy&m%g%@ﬁ?d@f%‘fﬁw dhan e sa gl ein

acase where a
sample with an oxygen concentration [Oil 0%] less than 11

woiEninatwith fggla-gme[wéagé) R “goncer 'ratigzgn & i%ec.essary for

- . reatment process Is
peromed cn e conomnalec sl e SRAVOAR gy, e
gggtiecl)rg'ination method according to the present invention can increase the maximum
amount of the metal contamination in the monocrystalline silicon.

[0071] For the metal-contamination of the samplé, the present invention may
use ansf .fnethod that can provide a metal contamination concentratioﬂ su:table 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.

[00G73] FIG. S 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 sample with an oxygen concentration of
more than 11 ppma is contaminated with Cu and both of the first and
second heat-treatment processes are performed on the contaminated
sample. In this case, no haze pattern is generated, making it impossible
iRgdsqiving ersfal defect feaian.Jtite VISR HIALRNALIREISREO of
an I'l ppma an the%rst heat-treatment process is omitted, a 10 vacancy
égssk%gl%pﬁf:egé%%\gg ch.a G RIeainiRle can.Re ganeiaieddrotie Rutregidnent

cannot be pr , thereby generating the overall haze pattern. If the

gl)%/cggp xﬁc %@?&@H@Ho&i%@%&q%&%%&é@@map@ad botinRf the:fiest anekall haze

econd heat-treatment processes are performed, an oxygen precipitate is

gﬁ@&ﬁaﬁgdg%@ﬁﬁli%ﬂki%ﬁ@Qﬁ}ﬁ@&ﬁ%lﬁ’\%Q@é@tﬁﬁﬂgF&tQ@m defect region.

recipitate. Also, no haze pattern is generated in the 15 surface of the

samPle ancitbusthearystal defers vagion eannet bericeantifiac §HOTEE than 11
Thus, the present invention uses two heat treatments depending on the
eeRGeNralienaf pxy@ariin e samplech[Q76leASritusirdtectimd aloke-freiftment
the oxygen concentration [Oil is more than 11 ppma, only the second
?%E@@%@Q&%ﬁ@a&ﬁmeﬁaﬁmwmﬂm. 10 pesformancdaktheitemn is
[

rst heat-treatment process. If the oxygen concentration [Oil is less than 11
perBabnthatiheifitaignsisecondensdtiteatmpsitirobegsegiane [f the oxygen
performed. [0077] Table 1 [Oil < 11 ppma > 11 ppma First heat-treatment
prRcessedsterotiperformph7 SectndhetharearaentHrbuwssspadarificd, 2
perform= [0078] FIG. 6 shows a Cu haze pattern generated whena Cu
caciacyinhiine grocess isipeiforfiedrasipittreeantiengrepefshipdei§ v region,
performed according to the concentration of oxygen in a sample
aecasdibg todhislpieshaeinvestontingdhcpeverall haze patiern. If the oxygen
concentration is more than 11 ppma and both of the first and second heat-treatment
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 1 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.

[0G76] As illustrated in Table 1, if the oxygen concentration [Oi] is more than
11 ppma, oniy the second heat-freatment process is performed without the
performance of the first heat-treatment process. If the oxygen concentration [O1} is

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

performed.
[0077] Table 1
[O1] <11 ppma > 11 ppma
First heat-treatment process perform not perform
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seen from FIG. 6 that a defect region according to the diffusion 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 the result of

idantification-of-th

—identiication-of-the-defectregionsof asilicormwafer-according to the

Present invention.ang.-theskesult of meagkrement of the defegtigions of
IH £ X

a1 I TaYaVYalV Viak JaV e Va¥al-WFo NH0 W0

a-ShicoR-Watet acoorunily tU hc L.UIIVEII'LIUIIdi dfl 1U [OUdUJ HIG. 7 shows

rifergification;afPvsand Rl arvsialdefesteaoionsay Cuibazeadentsidhation
the sample that is heat-treated after the Cu contamination of the sample
it sampis AQilokAd 5. B-ppmaanhShqRmaisaps fhows identification the
of Pv and Pi crystal defect regions by the recombination lifetime
BEEOTHING 0P Mg eRnPEeGIRHALNG desstiing romhapenveritivnalioxydgeran be
precipitate heat-treatment (for 4 15 hours at 800 C + 16 hours at 1000 C).
Jihe-oxypen conganirationisdewr bt dipma), trediffovientioh@lhdrsarn be
also identify the crystal defect region. If the oxygen concentration is high
:BRinpmahthe carverienalkffecanalide fifythespystae tdosragions the
In this case, the heat treatment using the metal contamination must be
Resfermedgiendentify the crystal defect region. 20 [0081] Embodiment 2
[0082] FIG. 8 is a flow diagram illustrating a method of identifying crystal
[06f281 regionBlGecrdingo thnatsettexidpitificatitsopinfenfigboBayarps of 2
present invention can identify all the crystal defect regions of the
sitionnery&tafinersiicotv Withouesent HudmicraRadAvsiestHEt sacarEmeniHy the
present 18 invention can simultaneously estimate all the crystal defect
defionseifithef mohoenysedlirreepding s de£onyPiRFHtwhere
vacancy-type defects are prevalent, a P-band region where )
Wa8§Hate-typelfredishates ideatiiesdon ahd wAnd Byt drlertgygian by Cu

treatment under an oxidation atmosphere, a Pi region where interstitial
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 im%r (115
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
defeét 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 a method of identifying crystal
defect regions according to another exemplary embodiment.
t0083] The present invention can identify all the crystal defect regions of the

monocrystaliine silicon without an additional analysis method. That is, the present
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5 defects are prevalent, a B-band region where oxygen precipitation is
generated at a high concentration by heat treatment using a seed of a
cluster of interstitial silicon, and an i-rich region where interstitial silicon is
prevalent. [0084] In addition, the present invention can be applied to any
ibpeRhsample; thatdscabsyt Q«iie:@ mih iththickpesk. T¢atis rtapresénthe
invention can be applied 10 to any type of monocrystalline silicon sample

Sushasasilicansampla and awverioalsamplaabtainggdyesticingrthgevalent,
monocrystalline silicon ingot vertically in the axial direction. [0085]
Referingdod G disapiple inpthpretippaof asiicornvaidraor@iSlics cofated
monocrystalline silicon ingot is prepared in step S 101. 15 [0086] For -
xaeaplecamafenvdichis prdptived-y siiding a mbBhoeceystaltibersiiworstitial
ingot and then performing a grinding process to remove surface defects
defsuting fromadketsiciidprocessrisvhsatoaydee swaipidatirwevsnoied at a
present invention is not limited to this, but can be applied to a wafer that
Higls asmdengatienohjy hast lichgnsrécsses tosashaferthasHa Ol s gl slicon,
grinding process or a lapping 20 process, or to a wafer that has
addergople ragofiskivgeprsesssalsiigenis Rravalepfesent invention can also
be applied to a square slice of monocrystalline silicon _ingot that is
[6884hed by Hicifgiaoncheaspsealineaiies: g 2BEHRF (RrBRgH e sample
center thereof. In this manner, the present invention can be applied to .
thviaualetd Ocdyistdl durett FRIGIBIFST ol CampILiSPIRETRF BIYESIR SR s R ticd

obtained by slicing a 25 silicon ingot axially. 19 [0087] In step S102, one..

tgidey GY BSOS MpPRETY SaliRAvHIS WreRBE B ST Ay %%6%%%?’%&%?6@% gyrtical

the etchant include a dash etchant (HF : HNO3 : CH3CHOOH i 1.:3: . 1

sepple aigedohniigng. (&g masrstsieligs TS PERbIETarEiEnTHiE A1

dgzg%%g agueous solution (0.15 mol%) = 2 : 1), HF, HNO3, Cr03 aqueous
&t

[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.

[0086] For example, a wafer, which is prepared by slicing a monocrystalline
silicoﬁ ingot and then performing a grinding ..ia...roéess to remove surface defects
resulting from the slicing process, is used as the sample. However, the present
invention is not Hmited 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 & lapping
process, or to a wafer that has undergone a polishing process. In addition, the
present invention can also be applied to a sguare 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 mol%), and a Wright etchant that is a mixture of Cu(N03)2,

CH3COOH, and H20. [0088] In step S103, the selectively etched side of
the sample is observed using a microscope to identify a crystal defect
region primarily. Examples of the crystal defect region include a v-rich
[RgieD With GRRAN A I-6ieh eeion withd-bite 10089 dnaepdkddudihg any
sample is etched again to remove a selectively 10 etched portion from

ANEHIde ofithe. samiple {009 HISIRPALOE ceilleasttne Ko of thig;CHOOH
sample is contaminated with metal. A transition metal may be used as the

~contamingtingmesakdalikgihe conveotieral art using, weddindsteifiant (HF :
transition metals, the present invention has only to use one transition
Ketah, Haesnetabranianination ixye-idertify Hig enysa) Gefectdlbregiohgion
by changing a location at which the metal is precipitated selectively
(aecsiding o awiliganatistaliiafectregiontrrblgiNGe néxdieadt, and HO.
treatment. For example, the sample is contaminated with Cu and then the
[00883 defechiregipnSd fuentified with thbabkisld efetisisgralhazeobserved
pattern that is generated on the surface through heat treatment causing
wdifferembiC gereeipiatécbtfiavicriochtisficindsePpaoamnd-Pifegianes fi the
the front side of the sample is destined for a metal haze pattern, the
chatidsittée of ihp csampielsamifsinie sontahif B andignthedheealorgrith LDP.
generation of the haze pattern, at least one side of the sample is )
[8688IminatednithithS b tab et BmuURtANfHANENAEIHE SAtTATRIY B aBBIget Ly
1014 to 5x 1016 atoms/cm2. This high-. concentration metal
ctdmhmirtigiofiag padcidiee Meresiife way as in Embodiment 1. 25
However, because the photoluminescence analysis as well as the , .
[AEREH-eye chediRr %U%eﬁ‘o%ﬁ?éﬁ qRardprabdnt isRaRtoR RatATRRgled with
contamination may be performed independently of the type an o
regfabentrafiSiFigPthasiatanashis, Metmiscliccotiamingti BEn iy e
may be about 1 X 1012 to 1 X 1017 atoms/cm 2. 0914 In stee 5106,the
TR NS Y %ﬁﬁ@%%&éﬁ%g‘[‘é 813&@%& i5 é)r senit mvention has only

to use one transition 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 througrhr'th‘e next heat treatment. For
example, the sample is contanﬁnated‘ with Cu and then the crystal defect regions are
identified with the naked eye using a haze pattern that is genérated 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/om® This high-.
concentration metal contamination is performed in the same way as in Embodiment 1.

However, because the photolumiﬁeseence analysis as well as the naked-eye check 1s
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5 to the present invention. The heat-treatment.process may be performed
to the extent . that the metal can be diffused. The heat-treatment process
generates a metal precipitate within the sample in the Pv region, and
generates a haze-type metal precipitate on the surface of the sample in
the Piregion, Th -t t prac AS esehibedhed
e o I D O] e e e e samme
i %#é%'agnfﬁgf&%h%bﬁ?yﬁehﬁﬁ& teRtmentipocESEes indrawn putiromdhectal
urna

ce and then the contaminated side or the opposite side of the

Sample.is Qbssived iildentily ssysialdefast regions 'seeandatily. There is

no need for a separate etching process or a separate check device.

¥gaaq the mejal:coniaminates sisle-endheionposiiaside okthesbeat reateling
15 sample is checked with the naked eye under the spotlight, a haze

igeneratet pinikg g BetatcoRtamisaied sige cas haybserudorard thubcthetent
crystal defect regions Pv and Pi of the monocrystalline silicon can be

ddentifiedhEhatds, the bazresegiomien libe-tseufacatopthecheatetieated a metal
sample is interpreted as the Pi region, while the non-haze region is
ﬂ%@i’tﬂf@&?%ﬁﬁim%@s&gﬁw.iﬁyﬁﬂwésizi@din,eamis@tmﬁﬁrmespairhaw—g@e metal
identification process (step 5103) and the result of the secondary
peentifiaationthpraceascositidentify it tbgibne:givich libkdi;abieatrRy! process
[0093] For identification of crystal defects, the conventional art measures
rregGaieationr lifefime thrduwgthtidenighsteniperature/long-time oxygen
precipitate heat treatment or identifies the defect regions through the
[809g]photograpteimaite7 2 harimysis:apdvaremicties Pt Ay Sitighogaheat-
easily identify the crystal defect 21 regions without an additional check
iprocest pyousisg ihalmetaia fopHbadiersanf s deneeatapimtsdgife or
the heat-treatment causing the different precipitate behaviors of the meta|
fnethepsilitten sidysel dbfecarerfioris, ARBEEdED Aol defect regions

concentration of oxygen of the monocrystalline silicon. .
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 result of the secondary identification
process can identify the regions v-rich, i-rich, P1i 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 casily identify the crystal defect
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5[0094] The present invention can identify the crystal defects using only
one metal element. 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,.Howeyver, the SEpt, fion can identify the. ...
TERLI %’é‘fégp glocrfcgfbm%eﬁ%?% ing t‘E&h 2 &e[rgo%] in step S108, the
eat-treated e is measur f ég&%ﬂo ILL(g;@l eSEENGE3RAY SIS dDitate
1LC?Len’tsfy er%t;tf:gn%fz?r rglo{?}nlst i Synt es%ng he results of th?l% b

m?f h%e&% aqafyd%%nﬁzlggtspge@f%@éa%gagst@@iwigeﬁéﬁmmme

hification process can i entlfy e regions v-rich, i-rich, Pi, Pv, P-band

cougcrléra rﬂ E{%%@&&B@ Iﬁﬁ@ igenyify the entire defect

regions o ocrystalline silicon. As described above, because

L&?@%‘p"to'umﬁ%seﬁ%},%ﬁt analysinisReriermghner praseRiMemian 637 one
lied indep

ndently of the type and concentration of the

SonauRting metalAlsidhenresentinventianmays itshesindpsamination
step of detecting the gettering efficiency in the sample using the

phataluminescense eaalisis. 20400961 Ghedrigantlavnadingiapitlustratingbe
a method of identifying crystal defect regions according to a modification

At anetherexemplaptephedimentr 0097k nlikenthadd GHB westhptheisingent
one sample, the FIG. 9 method uses two samples that are sampled from

hesame #naatnlfeask Refeslidgitetrtgiods tivstandasegoihd barmples in the
shape of two 25 silicon wafers or slices, which are sampled at two

mdiasENt locatipnstép a SARENotecrystiinasificoaridot, aremeepacdd by  the
step Sill.[0099] Instep S 112, one side of the first sample is selectively
gtehgaminaepcs dkdydhetesiting stysalidcsohsgivethiify.a Synthesizing
microscope, so that crystal defect regions such as v-rich and i-rich can be
ictertified pfithaplymary and secondary identification processes and the result of the
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 apphed mciependenﬂy 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 sarpled 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 mn a
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5[00100] In step 5114, one side of the second sample is contaminated
with metal. [00101] In step 5115, the metal-contaminated second sample
is heat-treated. In step 5116, the contaminated side or the opposite side
of the heat-treated second sample is observed with the naked eye.
Accordi the.haze region, Suifage,10; of the heat-treated second
ngg%gﬁgﬁ?@ %ﬁérsﬁrlg?gd% as the Pﬁ%%ﬁm, and@Fhe non-haze region is

| reted as the Ry;kegi pthesizingtheresull efithe-ebservasoniafstep
[t%eg ﬁjst sam§?e%gsqe%llis%1§% e%!d the resluIE of tﬁﬁe observati?r%ﬁof the

§f1 O[the%%’aﬂhﬁ’éi% can identify thedegionsiverigshnictialtoBt ans By (ROXERHfect
step 5117, the ﬁeat-treated second sample is measured by the 15

r@?%@%ﬂ&ﬁ‘%%‘ﬁﬁaﬁﬁquﬁjﬁ-c%ﬁ{ nthesizingdheiestits of the observation
ofthe first and second samples and the result of the measurement of the
@%ﬁ%g sample Gap identifyfheimRgiangy-sefondrichnplc By cBalanthaind with
-band, thereby making it possible to identify the entire defect regions of
ihe,monocrystalline silicon ingot. [00103] FIG. 10 illustrates a sample
prepared by slicing an ingot vertically. 20 Crystal defect regions are
igentifipd using the metsodinf fktalSottemaspedtiveondgiamp néadangdreated.
using the photoluminescence analysis are marked in FIG. 10, and an
1D evion, &8 dandiegied, sdPicedionpandia Pidradichedredidepnifd gecond
[00104] FIG. 11 illustrates a slug-state sample of monocrystalline silicon.
Grysteldefetiagians arerdentifipe usimghiaghethedatriaie; fpthe surface
respective 25 regions measured using the photoluminescence analysis
arenmassedtiaiil Geddndhmn@B asPintegitiednis AP\ iR Ata e diiifeg baze
[00105] FIG. 12 illustrates a sample of monocrystalli.ne silicon. Crystal ‘
sigfetiscgionsare iefiBd wsingthSymibassarss hrgesuiirf bgplgpgation of
regions measured using the photoluminescence analysis are marked in
FICHkR sangla @iep 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
;cmd second samples and the fesuit of the measurement of thé ;econd sample can
identify the regions v-rich, i-rich, Py, PV, P-band and B-band, thereby making it
possible to identify the entire defect regions of the monocrystalline silicon ipgot.
[00103] FIG. 10 illustrates a sample preiaared 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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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 measurement of the defect regions of

a silicon wafer according to the conventional art. [00107] Two vertical

SR %%%%%Qirgp%%%mé@igagiﬁ&i[icon ingot vertically. 10 According to
the measurement results, the concentration of oxygen in each sample is
BPrsp (New:ASTM standacds). Faksthadist sampleyadbnyentional Crystal
oxygen precipitate heat-treatment (for 4 hours at 800 C + 16 hours at

4009 ‘Ciisperformestindthouhmetal iweniatnitalith. toSchbekrtipective regions
recombination lifetime by oxygen precipitation. For the second sample, _
themetalieg. deuseatanminaioncmetahdit sacoontind) to THE prédemed a Pi
invention is performed and the heat-treatment process of FIG. 2 is
perianned: FGLRAscriridiseen from FIG. 13, the conventional art
cannot identify the crystal defect regions when the concentration of
[oey@®) in thersampls ihdow dsGeppid. iloviéivetiothe besdafdrvesiion of 2
can clearly identify the respective regions by 20 identifying the v-rich
segianvart thecbrithg egibn psisuthe setieotiveddtsnipg b ocasasyrment of the
identifying the detailed regions such as Pi and Pv using the metal
ddatanifationf andithe phétorerindsedndeeaeanisonlarine present
invention can identify the entire crystal defect regions by only one-time
[E0dd7Tor themmartc‘s@ﬁtmwnﬁ@mptﬁﬁaﬁé&Yfé%%@ ABbRIR Mg Vertically.
respective regions. 25 [00109] FIG. 14 illustrates information about the .
ettering sitéseonenpstsmont st lbgispReERtRNOR AT Higen 1n each sample is

. photoluminescence analysis according to the above embodiments. T

Informatidfeab ot Thé g@ﬁéaﬁﬁig)effigrén&%ﬁc’éﬁsa%%b%a?ﬁ&&e‘t}éo&%g‘e’e"ygm
e bontterarens i e ol e 18 BSOS % Bestorme
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 s perfonhed.

- {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—fich region using the selective eiching 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-fime 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 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.
cordingly, the crystal defect regigns,canhie identifindiositia the wakedabove
dgg‘g%ﬁﬁlou an Iéndacﬁdtt)n I anglysis. 10 [00111] Also, if the concentration of

Silican oxygen.Js lower than 10 npraa, the-cepvemicsrlynetheduisingbtained

oXygéen precipitation cannot identify the crystaﬁ defect regions. However,

b%%c}%ﬁﬁﬁtg&%w%ﬂ&%ﬁw%mﬁ exehided, the present invention can

crystal defect regions more conveniently when the oxygen

[ﬁdﬁﬁ‘% tration is Jow,45400442] Assordinglyithe:prasentrinventton cdrthe Pv
|

entify the crystal defect regions accurately, easily and quickly without

f8nsnding.en.dhe concentrationrodixyden idheffoanocrystalihessiiconygen
[00113] The present invention can easily identify the crystal defect regions

p%kh;&%t% additianal sheckeaVinediyitasing thacBuelareipyenshianonwaple
is 20 generated on the surface of the silicon through a simple
iReRt-treatmentatielr Rahighyponcestratiopitifosn@ergsdtamihatiorfapisy, the
the present invention can greatly reduce the time and cost required. to |
delaptiyrihaciplackiegions:iaaiidy Also ctiyetprdsért im@ntbiaahaddemficd
all the crystal defect regions of all the mon_ocrystalline silicon samples
independratlyef shatyperoidiii@blconlssitnating metal and the type of -

the sample. The selective etching process, the 25 metal contamination
[BELESs, and Alte piatelumiresceinceosligers R oleg Ban dRgPma, the
sample or two samples, which are sampled from at a_d'acentlﬁflositions1 defect
dbevelyombkirthithussiplexveiie Mty iHEadeRieABAt e Eibrdel defec
[00115] According to the present invention, the crystal defect regio&s can
fegions. However, because the oxygen precipitation 1s excluded, the present
invention can identify the crystal defect regions more conveniently when the oxygen
concentration 1s low.

[00’*12] 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 efching process, the
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15

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
concentration and 1o develop dgfegt fieg manosystalingsiisonciimed on
fg?%ﬁﬁ%?ﬁg Iitﬁléomethod of idg;\tifying a crystal defect region in a

monocrystalling,si i%‘? S'@rggﬂe&ﬁal can i@ﬁﬂ@%@ﬂﬁi&%ﬁ ﬁﬁ@ﬁﬁmﬁﬂtthereby
Oﬁg&%%%nord@&:r%eél vﬁfh relference to%fg specific embodiments, it is not

I%Leraﬂ'f?dig SLEi0 Lherafare dbwillihe readilvunderstopd. by those skilled in

e art that various modifications and changes can be made thereto

Bt depagting fipm thapppitapd ikeiscanaief dhespresentingtionan be
defined by the appended claims. 26 WHAT IS CLAIMED IS: 1. A method
aggjggéatig@agﬁegyggg;gpfﬁﬁt HedieR, campiisiagindelgctivaly: etiehingrarien of
side of a sample in the shape of a silicon wafer or a 5 slice of single
Systalinesilicon desal-and ebsemvingtoerdesgliing stpretune imitbngion can be
microscope to identity a crystal defect region primarily; removing the
selectivelneichegoerionifiersdhegne siteabthersstipie; scorarsimalngith
at least one side of the sample with metal; heat-treating the contaminated
tganppleinandi 1 plosendnddhe comaminatedisiterortite wpdositesideloft-fiee
the heat-treated sample with the naked eye to identify a crystal defect
egimseshndailiyo2. The method of claim 1, further comprising

measuring the heat-treated sample by photoluminescence analysis to
[oentiéy a crystahdeféctthegioetlihitdlyf. 1B18ifying metipefdf drdivef 10egion in a
wherein the sample is contaminated with the metal at
monocrystalline silicon using metal contamination and heat treatment have been

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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30

a contamination concentration of about | x 102 to 1 x10" atoms/em2. 4.
The method of claim 1, wherein the heat-treating of the contaminated
sample 20 is performed under an atmosphere of at least one selected
from the group consisting of helium, nitrogen, argon, oxygen, hydrogen,
WwhH q@@g 5%@ thereof. 5. The method of claim 1, wherein the
-I'reﬁ—eam'rg-oﬁﬁmn- taminated sample generates a metal precipitate
mainly within the sample in a Pv region where vacancy- 25 type point
defects are prevalent but no cluster defect is present, and generates a
lhaze @ﬁ@%&?ﬁ%ﬁ&%&%&%@%ﬁ THR8-SHMBISIAG Pi region

wheresiitersidiplepint defeeigcase pravalentbulagalustardetediSvafer or a
Sﬁ;ese t, 6. The method gof claim 5, wherejn if the concentration of oxygen

hod ¢ gen
fhet sips e Al Rs SHegR Pephan AlsHE R Bag drtRetructure with 2

GRS RAletisample GompiRescarfipstnheatiiegtment process performed

at about 600 to 950 C faor about 0.01 to.10 hours and a second

heat-tFERAN ’gfb g&%@?&% g?M?%@?&&ié@@Wssmi%7

0.01 teckihaussingnd i dheraontrRnirationalgixygen ifethe sample is more
pma, the heat-treati f the contaminated sample is performed

than 11 p n
at abé’?ﬁaf(%"ﬁ%g i}i%ﬁoétqgf”éﬁ% SHPIGAED hours. 5 7. The method of
claim bhwherginitbedempeiaiue isidecredsedicitateidd ababt 2QQt-treated

FHEND A D2 OHAL SBTOAEIG SRl SR iR EHiciency i

. the sample by the photoluminescence analysis. 10 9. A method of

dentifying a crystal.defect region, comprising: preparing_ first and second
Sampl S THE b S B kb CAICE RIS B SHCBL Al S Shpfect RIS
adiacentiposiions émaadingl eoddstatinecsilicandigot regalactitdly etching
one side of the first sample and observing the resulting

-~

3. The method of claim 1, wherein the sample is contaminated with the metal at

a contamination conceniration of about 1x10% to 110" atoms/em”.

4, The method of claim 1, wherein the heat-treating of the contaminated sample
is performed under an atmosphere of at least one seiected from the group consisting

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

5. The method of claim 1, 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 on the surface of the sample in a Pi region where interstitial

point defects are prevalent but no cluster defect is present.

6. The method of claim 5, wherein if the concentration of oxygen in the sample
is less than 11 ppma, 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
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15 structure with a microscope; contaminating at least one side of the
second sample with metal; heat-treating the contaminated second
sample; and observing the contaminated side or the opposite side of the

t-t d le with th ked . 20 wherein th Its of
s e R S
peyinihesiZedtoidentfyaiteystat defest tegiompbf theaitglecystaline 1000 to

iicon ingot. 10, The method of claim 9, further comprising measuring the
lﬁggt-@é%?@é%%@&%@s&%ﬁe by photoluminescence analysis. 28

7. The method of claim 5, wherein the temperature is decreased at a rate of

about 200 “C/min or less after the heat-treating of the contaminated sample.

8. The method of claim 2, further comprising evaluating the gettering efficiency

in the sample by the photoluminescence analysis.

9. 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 single crystalline 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 contaminated second sample; and

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

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

silicon ingot.

10. The method of claim 9, further comprising measuring the heat-treated second

sample by photoluminescence analysis.

28



