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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

deviggpangIPPEEPASIOWANY I8 @ DRNIST of idaiifing RAd; Kyaluating a

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

vl e eer A0 PR8I men 8y seneitiogn afe Cie fabroaipdsi gNaA ND

floating Zofe (FT) process or a CZochralski (CZ) process. The CZ
process is most widely usgg:torfericatengusiigon wafer. In the CZ
process, polycrystalline silicon'is 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 ingotps, grewRioy puEling up the immersed seed
crystal while rotating the same. The grown silicon ingot is sliced, etched,
[og@qi]poIisheplhi@t&@gegﬂi@,@J&l‘d@&%rréQ@&BioT@mbmmﬁﬁhﬂimis@icaomﬁgoﬁor
or the silicon wafer may have crystal defects such as Crystal Originated
ssParticles {GQRLH ewRattend Befegisrt2QigFRD) Omygerdindidedifying and
Stacking Fault (OiSF), and Bulk Micro Defect (BMD), which are called
ovAl@WRHN dafReiwf Fheteusd keadfesmeducing dhecootddng atibroandgsize a
of the grown-in defects. The crystal defects affect the quality and
silpreslvetien yield of devices. Therefore, it is very important to remove the
crystal defects and to evaluate the crystal defects easily and quickly. 25
[0[R0)4] Depéndiageos, thesdiystabgriowis fondissdsusie silingivararss Hd)
1 monocrystalline silicon includes a V-rich region where vacancy-type
procisd defectZochralski (CZ) process. The CZ process is most widely used to

fabricate a silicon wafer. In the CZ process, polycrystalline silicon is 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
monocrystalline silicon ingot is grown by pulling up the immersed seed crystal while
rotating the same. The grown silicon ingot is sliced, etched, and pOliShf..’/d”ir.l.t.O a
silicon wafer.

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

[0004] Depending on the crystal growth conditions, the silicon wafer or the



10

15

20

25

. 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/1)
boundary, a Pi region where interstitial point 5 defects are prevalent but

no cluster defect is present, and an J-rich region where interstitial point , .
wienoers A BrevHIET AREHHIGS o BRI BF B BBFAASIBE sl o7

silicon are present. Detecting how the above regions change de ing.

A PRRTA FESHIO T B EE @%@fﬁﬁ éﬁ%{ﬁ Socf\f%lépmtsj%gé%yes?{al ine si ?c%gr#nlg esent
ingot is fundamental to evaluating the quality of the cr | defect i
T HAPTER SRREIE B O 1 R T ot e of et i
monocrystalline silicon. In a fi ethod, the P distribu] itial point
H@ﬁ%’ﬁte &amaegé%g%éér {?}[ﬁoun(%r& _aCIQ € %WH@;@ %L%rstt I point

evaluated Using a pdrticle counter. In. a

TR ER e AaionisRelein gdusipa AW eh s hddlon wihere

ird method, an oxygen precipitate is created by

gﬁ%ﬁi@%ﬁ%‘ crlgﬂ%rt]#?atll{an r%&ﬁf%@%@ﬁ%@@t&éﬁ@@@ﬁ@&ﬁd interstitial

using a ditference between precipitate behaviors of different

defect %%E"Oﬁlés@'ﬁ}.a%egf%ﬁgeﬂw ARWEONCERLAtON RRRlB NAnRAm BSHg their

fraRditién. metal and diffusion heat treatment are performed and then the

r%%&%&?é%t&o@léi@% f&?ﬁ%ﬁf‘i@%&@@@]éﬁ%ﬂ%@ﬁcﬁmhﬁgﬂfﬁ fosdhamtatal to

e wafer must be cleaned by polishing 20 and cleaning prior to

g?&@%&r}]{i{%"{h'g%%rﬁ{%r%ﬁﬁy%@gﬁybsequent processes must be performed
e 0

after rowth of the monocrystal, which increases the required time and

z&fbéﬁqu"es Fhighiopst particlecpunietionessimatiatyingar} kefhe region of
econd method, a selective etchant must be prepared that can provide a

Sitahle Lichingiratei kAR b aprieshimal, atystbsuifacis;tanddogolivted and
25 contain ‘environmental toxic materials. 2 [0008] The third method has
seuveral drawbagcksialteres ofitie 1epariiett tiooenter. In a second method, FPD
evaluation is performed using a wet eichant 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 fransition
metal and diffusion heat treatment are petformed and then the recombination lifetime
is measured.

[co06] However, in the first method, the wafer must be cleaned by polishing
and cleaning prior to estimation. Therefore, seveial subsequent processes must be
performed after the growth of the monocrystal, which increases the required time and
also requires a high-cost particle counter for estimation.

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

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

contain environmental toxic materials.
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for evaluation, the required cost for high-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
fourth method is the Korean Patent Pqu)iléi%au ncll\<|§J.1 005-0067417 V}/Itygrgime

[§68Rses a ndmhENTHPIRBSIRTG HERSABORSH OF SoiRt: defessih a

RGBS B I AT SRSt R B oy S gen h R bl cost
PR o O A G L R D SLie? ettt Ml Bl case
‘?Eeé;%%%i ti%’f;%ﬁﬁ:%ﬁn ag)r?(éa/cgrrln %B@%@g{}aﬁgﬂtgf in.thesilican. EBE@?%%%&@%TM

easured to measure the distribution o
In this method, the contamination results of two metal elements

defgﬁctg.

TR Bé)Synthesized in order to interpret the crystal defects. Also, the 15

g&ﬁ reme”ﬁ\iﬁ é%ﬁ%@?tm&%b@%qwﬁ&%@%ﬁﬁ fEublication No.
ene

ted on the surface thereof. Therefore, the method is restricted in

1erms9f e mekalcontapinationamaynt Ans e igaticeaisiept tisae Angbint

contamination concentration must be as low as Ix 1012 to Ix 10"

@5?59%’_ Wnﬂ?&ci’?@teﬁﬁ%iﬂf@t@;@@mm&@w tanekae addidomabt. In detail,
W

analysis device is required when a precipitate is generated. 20 [0010]

frarihgsmarg;dhe romentianalasiiods isiegieelesiveasiphingro reonetalinated
contamination cannot identify the entire crystal defect regions. SUMMARY

091 1.The presenkdiscloswapovidenanmettodiaf Tentifyirigw coystalination
25 defect region of monocrystalline silicon, which can evaluate the crystal
defesitagion 3 Reaumie)haastivhancheuiclist§90&d] Bherpresantecombination
disclosure also provides a method of identifying a crystal

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 thereof.  Therefore, the method is restricted in terms of the metal
contamination amount and the heat treatment time and contamination concentration
must be as low as [x10" to 1x10™ atoms/em”®. Also, an additional etching process
and an additional analysis device is required when a precipitate is generated.

[06010] Furthermore, the conventional methods using selective etching or

metal contamination cannot identify the entire crystal defect regions.

SUMMARY
f0o1} The present disclosure provides a method of identifying a crystal

defect region of monocrystalline silicon, which can evaluate the crysta§ 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:
preparing a Sﬁm le in Ihl((e-1 shape of a silicon wafer or a slice of
MHOHBEstEile SicBi Mgst; contaminating at least one side of the
REBIRIE, With (etal 2t & eaniaminauen SARCRINUan Al BeHich 3R terystal
atoms/enZ2; 10 heat-treating the contaminated sample; and
bserving the contaminat ide.aor th ite.si f < f
e e e e
contaminated SAMRIS A Re AR RSB AUAEBRPhRreHlcakiRaSh of
ore selected from thé group consisting of helium, nitrogen, argon,
o}%%g ), hydrogen, ammonia, and a mixture thereof. The heat-treating of
th contaminated sample may generate a metal precipitate mainly
Eﬂﬂ“ﬂ@;‘he sample i Py '89ieR-wbRiS \@osnmntare Paistidelettsdaneifying a
revalent but no cluster defect is present, and may generate a haze-type
E??E?Ak&f&%@'ﬁ%ﬁo%ﬁhﬁﬁw fapepaiiieasample intieRhaggionvdiieren wafer or a
inferstitial point defects are prevalent but no cluster defect is present. 20
[0Q15)Thebealstieaingint she cantaminaiecsampldenayinchitie df firstsample
heat- treatment process performed at about 600 to 950 C for about 0.01 to
18:hoHEsAnd 2 csaeeRthRal-teatment prast ssope ot Edatsap6lit 20a6/cm’;
to 1150 C for about 0.01 to 10 hours. The temperature may be decreased
abaiatafaleuE ARG mini arlest:; after thedndag tteatigtomineted side or the
contaminated sample. If the concentration of oxygen in 25 the sample is
lgssothiansitit ppthahthe-heabdreatinly of ihentbntarmmtledciatisonay 4
include a first heat-treatment process performed at about 600 to 950 'C for
4004470.01 to T:Hwatsmating sétoncohtaitagthiemph Gees s prerbmsg under
at about 1000 to ) ,
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 inferstitial 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 decreased at a rate of about 200 "C/min or less
after the heat-treating of the contaminated sample. If the concentration of oxygen in

the sample is less than 11 ppma, the heat-treating of the contaminated sample may
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1150 "C for about 0.01 to 10 hours. If the concentration of oxygen in the
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

include: HF-cleaning both sid th le; ' -sampl
o S RPRAG  oeeORARTHEIcH SBc i B Samof "

the sample, the Cu; contaminated solution being a mi f a :
Plfeed Q)%%‘érse?&ﬁiaﬁtsfﬁgég %@%gﬁ?t%ﬁ? e%%%%s tHe %%gu S[%1 gggfgr%%ltj rg%o ©
as it is for a predetermin eriod h tha ' f i .
ééﬁ%a&i%r%tté‘gq}ﬁt 'ﬁiet%gp?p}gor% 'ealsfijltﬁ%e gﬂgkv?/a%%t%g%%) u-@%&%iﬁ%ﬁp&e N
solutign from the sample; ryl SHDRIEA pROPIAMY m

gbﬁfﬁigﬁ%%@%é%aé ?& ue(g:ltt)iar{lg ggﬁ{?%rt}l%rgﬁdgf about%n%)g?g%%?n&%he C%%i@z% e

%g%%%rlri]?ﬁi%sﬂ%e@ RV, S5Y dothe $amplgsfor about 1 to 10 minutes.

e contaminating of both sides of the sample with the metal

clude: Hf-cleaningh g P sides£f hesamplgpmaumingdhaetal may

ampﬁ on a cassette; Immersing the sample into a Cu-contaminated

%S%HIH%F‘ fhatis amixiye Qlacornanandbyieradaxide elehantBQR)a sample
solution; leaving the resulting structure as it is for a predetermined period
sugh hanihe.both sidssphthrcrole aredt contamiaatedisitnige, the Cu-
copper; drawing the sample out from the Cu-contaminated solution and
washing.iher sarnls: see deyinethe saropipel0ftBhsiteeringdo eniathe(BOE)
exemplary embodiment, a method of identifying a crystal defect region
inqluciss: IREORAING A-samMplesiruthershapeioffarsilipedetafemed pesiicbsoth that
monocrystalline silicon ingot; contaminating at least one side of the
SAHNPIE:2T By ARRMING adsumontahinatetisohytien, ddadhgsadmixshieeghe Cu-
copper and a buffered 5 oxide etchant (BOE) solution, onto at least one
sigeahthesanpie; andfeyingtthesaopiamindtedr saxqptbe heampleatind e Cu-
dried sample; and observing the contaminated :
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.

[6017] The contaminating of both sides of the sample with the metal may
inctude; 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 exeniplary 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
maonocrystalline silicon ingot, and otiservin%th re L{i{ting strycture with. a

RSB SO R WY O BePbAERSGIER Wi reBUmg the - e e
sl st i o 1, o 506 L DI ST s
G TR T DA < A e e Sy e s i een
I mines a0 ER A o S A AL RS cthod of
RS T s R DSt G e of e samole
%}Pgﬂé’% S%S:§§ Deatisatingpfihe couiamnARd SRR ingot, and

performe r an atmosphere of at least one selected from the group

CORSISHNG:RL P@%%EHQ&% RPN AVERBpBYSaaeRE A YRRRIRd ERE Rgion

mixture thereof. The heat-treating of the contaminated sample may

%@Qﬁz{ﬁ@; GRS PIRE E&%@i%?}‘@%ﬁ@mm&ﬁﬁﬂiﬂ lehincu P videgiOmhe sample;

here vacancy-type point 20 detects are prevalent but no cluster defect is
RSsERinand may geReraie ahrzeastyme: reeiahiprecipitaieon theauracing  the
of the sample in a Pi region where interstitial point defects are prevalent
%h%ﬁ&%&arﬁafdsré;i%wmrg.ﬂwzaﬂxm@wwmg;mym arotpeosite side of the
exemplary embodiment, a method of identifying a crystal defect region
iRcHdRSRIeRAINGirs! Mo csiecoad saipiedim thes@bdstfepeafitweecondarily;
silicon wafers or slices that are sampled from adjacent positions in a- 6

enoGkysiallipelsilican-ngotiseleriively pholitgnonessidecofthly sissto identify a

sample and observing the resulting structure with a microscope;
cafteah ihating atitendtoihe side

[0020] The sample may be contaminated with the metal at a contamination
concentration of about 1x10' 1o 1x10"7 atoms/em®. The heat-treatiné 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
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
DESCRIPTION OF THE DRAWING 2is %}Exemplgry quJmtents can 4
BoRffaEF Ay it Fﬁ%‘i‘e‘%%ulsﬁlgﬁjiiﬁ‘? F{op ol escr |on ai e

conjunctio Wlth he accom dra.wm S, in WhICh
RE t east 2 side

BT IAGr BRRGTAC e(ih o? lt%cﬁ %%Bacc(:)r%/ts region
rding to.an exem 024 FIG, |sa p e;
ﬂﬁj&gﬁaﬁ %03%3%’[{1 It Igv?r%ﬁle éédq mtéémef{ﬁo Pof 15 Fi %ag%%ok ?ngattgpl
SRS R %%%%&@{%ﬁt 149251 i %%8&90&"’(19'%%{9 HUStERlNG R sccond
con mlna ion Process accordlng to an exemplary embodiment;

0026 S an%ECHO%?é view ilustrating g;portion QLiher Qidoond sample by

conPamln Pon Srocess of F1G. 3; 20 [0027] FIG. 5 illustrates an example
Eﬂg@gﬁ%ﬂﬁg F&yagglgsqgtlfymg a heat-treated region according to the
oncentration of oxygeén 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 sampieagcpEnoietTepre AN DAV ENOS29] FIG. 7
shows the resultof identification of the defect regions of a 7 silicon wafer

orqing to the Rresant sveniiarasdinestesutiptmensuiaoenicadith@om the
efect regions of a silicon wafer according to the conventional art; [0030]

R Bl adlovy pirar ankdiusi atngundniethed f ienifyogparnystal drawings, in

which:

[0023] FIG. 1 is a flow diagram illustrating & 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;

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

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

[0627] 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;

[0023] FIG. 7 shows the result of identification of the defect regions of a



10

15

20

25

. 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. 1.0 illustrates a sample prepared by slicing an ingot vertically,
in_which crystal defect regions are identified usi thelme{hog OfEIG. B, -\ o
fHi99] AT 49NGERR RS Y BRGEEREARY AP RS IOy StlliRE SHESH, in

10 which_cry%tgl defect regions ared.ideptiﬂged usin%tthe me&hod of FIG. 8;
fobshresiensio madiFan s A e O RS Ry BT e 42

ne silicon, in which

FRBYS chowt e Toiuh B HANIHEH Aot e f Sr eI cryl
R LG & S R B conventional art.
e detect Iohion s oL ane crvtal

ASEage SXEmRIAN ThRRiEnis 20 DRTALERDESERIATIN OF

Hereinafter, specific embodiments will be

ibed in detail with teferense o heRgsauPanyinggdravings: 10a83l1y, in
mmentqﬁ[%bw] 1FIG. lisa rovxI/;diagram iIIustrating%a me%it)d of
ideniifyinga geystelegpAelectiagion Aesarding iR @BRIEMIDIaY,
embodiment. FIG. 2 Is a graph illustrating 8 a heat cycle in the identifying
dpd of FIGehaceerdingincam exesmphesysaphodimesio (BR40LAheilicon, in
present invention prepares a sample in the shape of a silicon wafer or a
siceiplenarisialiog silicendagmic¢contaminatestaidedstionesside of the

[0034] FIG. 12 iliustrates 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

[0G36] FIG. 14 illustrates information about the geftering 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

[00397} 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 under the spotlight to identify a crystal defect
region. The haze region is interpreted as a Pi region where interstitial
point defects are prevalent but no g:il?_ligte fect ii greseé]t gnd the lar
héfidhaReiediols iftehpistee By Riglomwherd CACaHE ) p&'1 6P
point defects are prevalent but no cluster defect is present. For example,
mt‘defect region can be identified using a haze pattern that is
ated through heat treatment causing the different Gu precipitate ...
Ao localaP e P3SN CrSbib 1 SAFEu T sty 01 & silcon
R RS B aenRIea AN D D 8 RIS IR R Y BRI UL R ine
aZe-type métal precipitate IS generated™on'the surface of the 15 sample
in the, Piregion. {4041 In, additionyhecayss (e dazeRaien sddeptifieds e
With the hake %{%, ﬁé stgmptﬁg has on?y to have a p?glgﬁetérmined surface

JoMghnRess Thes %F{ﬁe e Rresent W&@%%&&ea% apRliad @@@r{xémlﬁéafeye

monocrystalline silicon sample such as a silicon sample and a vertica

SAPPIECHIANER: RY ﬁl&iﬂ%@%m&%&%@kg&@ombmé% forerigatibreted
in the axial direction. [0042] Ref\{arrlng to FIG. 1, a sample in the shape of

2 silieopwaletmea Slheersalimonaa ysrbina rilisrr ingRtiareramediniefect is
step S 1.70043] For example, a wafer, which is prepared by slicing a
prangenstalinetilican ingabans therrestorminga grinding/heaceasdey-type
remove surface defects 25 resulting from the slicing process, is used as
thasanmeles Hewevanchepresedtseintestion israghimited deathisicpthe crystal
can be applied to a wafer that has undergone only a slicing process, to a
deader thaidiasnelendenerr Qining progepstera iappingepeocedshonighaheat
wafer that has undergone a polishing process. In addition, the present
irsentian canialsaleedffptied uarsetiaraslibelai mohocrystallinglsili®onnd Pi

régions. In particular, a metal precipitate is generated mainly within the sample in
tﬁe 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 ia.e;a.tiﬁed 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
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 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. [0044] In step S2,

at least one side of the sample is contamijnated with metal., 10 Cqpper
O By B EoREA A GHE A1 e FHE 8 Bpghizone only

sample is destined for a metal g%zﬁe gsttern, the backside of the sample is
PRI T tarkindtdd it StAf T T Cotamiitiation ™ @ “PPe

concentration must be_ sufficient to generate aze. Preferabk ,aééeast
; fﬁe addition, the

BRE S bitne SHpIET BEhURASORE ditr

lﬁ% rlog a contamination
concentration of about | X 1014.to,15 5 X 10t6 atoms/em2. If t% [ 3t
@8ﬁ?ﬁmfhvﬁﬁgﬁ%&ﬁge%%%égna@%%je{?’tﬁaﬁqﬁa%l T %%onrhos om %,t e silicon

no naze

i ated, |f th tal. contaminati ration:is hi
e SRR R e S o eI MR DDA o the

m’él, a hazeis the entire surface of thé wafer,

making it difficult to discriminate between.ctysish defeetragitRa: (0Wahate a
cleﬁ ?a? con

e me amination process 'may include applying a metal- 20

cgié’vsé‘ﬁ”&%'}éé?ge%ﬁ’dﬂﬂ OO AlIRASE QARSIeCLIAGIRAMRIG ahdilRAVEYsIEng a

ing structure as it is for a predetermined period, and then drying the

{%‘Tﬁ%‘ﬂ%ﬁ%ﬁ?ﬂfﬁ- In step S3, the metal-contaminated sample is

eat-treated through a predetermined process according to the present

iﬁﬁﬂﬂﬁion- m%@t@ﬁ'%ﬂ@ﬁ%ﬁ%@%ﬁﬁ@rﬁcﬁéss%'ﬂ%@é%ﬁiﬂﬁfﬁlted with metal.
precipitate mainly 25 within the sample in a Pv region, and generates a

hagB:NRe. IR R asiRitieen hewdRaurfaceof thetsample e &l the sample

region. The heat-treatment process will be described in detail with
referencaitafr|G. RclR04aL Rejattng tad GcRsiacgaseahus atmpdsphemidirmly

helium, nitrogen, argon, oxygen, hydrogen, ammonia, or a mixture thereof
issteaieddn ahgatiseatergnt The metal contamination concentration must be
sufficient {o generate a haze. Preferably, at least one side of the sample s
contaminated with the metal at a contamination concentration of about 1x10™ to
5x10' atoms/cm®. If the metal contamination concentration is lower than 1x10™
atoms/cm”, no haze is generated. If the metal contamination concentration is higher
than 516 atoms/em?, a haze is generated on the entire surface of the wafer, making
it difficuit 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.

[00486] 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
furnace js increased at g .rate. of about 1 to 50 C/min and a,first, . .
HEALS AR GATBISACE 1 DOl AAb S KD B CH Apdsicaibd o
dto,l h%rs ste Ip. H@ r’ainimum temperature increase rate of | C/min is
FPaaee er?ré%fjlf)ed time, and the maximum temperature increase rate

C/min is to_pr . o
I R BRI ASTSES i A0 BRI ERAE rcon

reatment bI’O ess creates a vacancy cluster space in

& 1?5\5}5%%%&508}9%0 mefal (e GRPREL ReaPiRla g Greateddndhfment
vggan’cy clus

er’space. [0050] In more detall, the first heat-treatment

Qegess C?Hxsegfﬁﬂ?emﬁalt}% qiffiise IhRUYR the SHMRIBLOIANRRRASHE! at a

side of the sample, on which the metal- contaminated solution is not

ﬁ@@é&%ﬂnﬁ%mrﬂ inteihe sretshaf 406 applied Meiatz0 coRIAINALe: than the

solution diffuses to the monocrystalline silicon in the sample, or to the

Hefertfedians d&sdhesPanah Hideaiond indhamanociyatallinatsilicofumace
in such a way that the metal diffuses assuming difference aspects in the

(_%@Ba  regions. A metal compound precipitates during the above process.
hat Is, metal ions in Si are restored in the defect region to create a metal
pEeRyitate. 251ORAH-Afer completinneobfhbdinkirhaat-treattentpracessie of
the temperature 11 of the furnace is increased at a rate of about | to 50
Shwin apd @ soegnthealradinaentpracaspiscperformethatabetitl@a®00 to

to 1150 C for about 0.01 to 10 hours (step Ill). The minimum temperature
goraagerratenfilod/minldhtareduee he Teeuredimetampethbun axdmegn rate
temperature increase rate of 50 'C/min is to prevent

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.

[0049] The first heat-treatment process creates a vacancy cluster space ina
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.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 during the above process. _That is, metal ions in St 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

L e pemed iy e perolngncs PUTSI LS oRTent 0.
GEE Lt LRI e N e
B S o B R o

the sample, is observed to identi Y, tgl defect regions. A haze pattern
on If%sesné%f)f)oa %%%fg'léj ?;gen grﬁfg%ti#éf %n'ore clearly than on the

inated,.side. _In this [ d iti etehing e
BT o o can e 20 ek e WG the Sopeite S of e

€SS or an a C

pe%ﬁfffﬁ ated sample 15 eheckedayih, theaked gy e ynderdhe sROHIGRt @use

metal precipitate haze can be observed and thus the crystal defect

RRIRRBY @pdELp{dhe mpanachy siallingsilicansrp haddeniirdnehhatiiment

the haze region on the surface of the heat-treated sample is interpreted as

Ge&h r%%ll'_y npvhilerthe aenshasarepiondsrinainreted aadhaRly Kegioratment
5 [0055] For identification of crystal detects, the conventional art

E?@@&'A[%%pé@drﬁggmtﬂe%ﬁeekhﬁeﬁm Hrexgle#ia the sample.
igh-temperature/long-time oxygen precipitate heat treatment or identifies

foestefect regioms theaughdiienX-6y piwotageaph irhagetramalysis. process, the
However, the present invention can easily identify the crystal defect
regienstwithauharaddit anadabeck pracess diystising 60e’Cletal takes (step 1V).
phenomenon

Such a slow cooling process makes a clear difference between precipitate regions m
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 furace 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 eye under the spotlight, a metal precipitate haze can be observed and thus the
crystal defect regions Pv and Pi of the monocrystalline silicon can be identified.
That is, the haze region on the surface of the heat-treated sample is interpreted as the

Pi region, while the non-haze region is interpreted as the Pv region.

[0055] For identification of crystal defects, the conventional art measures
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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 metal element. The convention art is restricted in terms of the
retaiiontiamihittion: 1hravebutcahighheBaR et IR bEsdLSaTHel Rl
recombination lifetime cannot be measured when the metal precipitate or
HvatHeeasmsyerreidatilipfolieistem dgsieas fhrmntisn Ay i dbRif HRd image
crystal defect regions by generating the haze. [0057] Meanwhile, when the
@Wldéﬁtanﬁﬁ’aﬁ‘b’ﬁrpr@t’:’e%’éﬁ%‘"’@er‘fb‘f%ﬁé‘a%% ‘Ef’hg ¥o]ffé)<?mh]c§[ rﬂée[h%rggtg et
described with reference to FIGS. 3 and 4, the sample can P

> 1 1C 15
SRR oh G G 0T Yoy He QUG a2 Phenomenon
heat-treatment time. FIG. 36‘ ow diagram iIIustratinglg %%%f

is a_fl ..
ot BSR4 P B i SR ot ST B PP e
4 is a sectignal view, illustrati ti the Cu inati
R0 TO0BET T Bl G L O U SPEREAEESE, the

gggéiﬁn{]%gzté) %‘Eé%%%?% can l%cr%r&'@mrinse%t Iitgee Srf;ﬂg&?_crystalline silicon to the

a aze. refore, the present invention

Eé%%agies ao Sidx%ge? r{tamé%%g%nc%e@&gi@l l{gyglt%i[dp Ffec3 e Q)niy one

. Ei);) 1 én 4 3, .
inates only one side e monocrystalline Silicon uniformly fo a

Igrix%palcglrécen rati%%. @08@8{15% igf% @éi%mﬁéﬂlﬁatle%ge&ﬁ@ & a1 contamination

S,
MONOoCrys afline silicon using the Cu haze phenomenon. 25 [0059]

gég%%g‘%ﬁ)%a&f%tmgaﬂﬂgﬁ§%§ ebthesample Aretinsiganediife ldnnot be

n step S22, the sample 10 is mounted on a sample stub

%QBQ&FQW%J%WQNQQl ?refQBﬁ%ﬂe' BrStigPrazd i Pobibeaiaminaiad salidipRsent
is applied to one side of the

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

[0057] Meanwhile, when the Cu conlamination 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 toan
exemplary embodiment, and FIG. 4 is a sectional view illustrating a portion of the
Cu contaminétion 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
iltustrated in FIG. 3, which contaminates only one side of the monocrystalline
sificon 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
consideration of the defect evaluation possibility, the processing time, and
SEﬁB% ciency. If the concentration of the BOE 10 solution is too low, the
sing time bec S edycing ductivit €yt
@onc ntratior?%fslt%ﬁg %%% é%?u%%%%étgg hii%ﬁ?t%?égﬁegag?or% gggllljfliqsgrasgilglyz,@ ®
ima%igg&tigigwlt Jo identify the crystal defects. [0062] For example, a Cu
solution'is mixed Into a 0.067% BOE solution (0.24% HF + 19.5% NHA4F),

@%5%% ;hat the GOnCERBALAN-Qf Gt e uiRmiéh froappl@ROULE RRIB 40 the
ou

"15 ppm. When such a Cu-contaminated solution is used, Cu2+ ions

areoitermly, appliedipnta thasppnisbsothalibetantaminat@nple, a mixture
C

oncentration of Cu in the monocrystalline silicon can be about Ix 1014 to

S0 atomsicRdn drscihedgmyiausizufdhesoniaminatioion. The BOE
concentration of Cu is lower than 1 X 1014 atoms/cm2, a Cu haze

Risnamenederseteeur of e eadtathifiationi20conestnttationdiGUBOE
is higher than 5x1016 atoms/cm2, a Cu haze phenomenon occurs
£16asaiVely akinganinpassiliebly identifysileretiystabfietectdegivns etuation
the monocrystalline silicon with the naked eye under the spotlight.

Riefieiably tiberoontanynatiornodnbertiationcsf Cfitlsasoar888oald1BedOE
1.33 x 1016 atoms/cm2. [0063] A pipette 40 is used to apply the o
Slugontamindted, sadutionessite dinedS sidectsipedifieal ierriteagie sieRsugtvity.
the sample 10. The reason for this is that, if the 14 Cu-contaminated .
Molutionizappisshortalihddhselddosr thdasahiple 1o Frartier occurs rapidly,
fabricated as a semiconductor device, the Cu ions contaminate the front
sidkinig adingicd dn wlieotify efeotneddasément. [0064] In step S24, one

side of the sample 10 is Cu-contaminated for a

[0062] For example, a Cu solution is mixed into a 0.67% BOE solution
(0.24% HF + 19.5% NH4F), such that the conecentration of Cu in the solution is from
about 1 ppm to about 15 ppm. When such a Cu-contaminated solution 1s 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 5x10'¢ atoms/em®. As
described previously, if the contamination concentration of Cu is lower than 1x10"
atoms/cm?, a Cu haze phenomenon does not occur. If the contamination
concentration of Cu is higher than 5x10' atoms/cm®, a Cu haze phenomenon occurs
excessively, making it impossible to identify the crystal defect regions of the
monocrystalline silicon with the naked eye under the spotlight. Preferably, the
contamination concentration of Cu is about 8.83 x10" to 1.33%10'® 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 S25, the
Cu-contaminated solution is cleared and washed from the sample 10. For

example, the washing process.may be a process.of ringing the .10, sample .
ARG GBI D AL AUt bl PO elge r g sanple 157 TR i
Cu-contaminated solution stays in the sample 10 for about 1 to 10 . .

ARG 0t DRSBTE A Moo CoBeTn S B he B Joadine

dried. For.e>§1 ple, tBhe sam Ite 10 is dried on a hot plate. The sample 10
&Y FE GBS S ab 88T C for example, 80 to 120 C. The sample 10

dried yising a spin drier pr nifTogen 48, 15 P96 B The,ahRKeed s
@é{%ﬁ can egnsiﬁt/% e%%}y the g?égtéglli?jge%ect regions With(‘)lut an additi%nalOr i
Cpe%fe e(lj{%\#%%% bgéirli'gc'{' gﬁf@le ! A RGN Amenor nakis JRRRP LA AR AN The

urface of the silicon through a’simple heat-treatment after a high-
EonaRIlAIa g&%'éggmrw GAMINAION TG GomeRtigRaattie aRECedormal
In terms of the metal contamination amount and the heat-treatment time
ﬁlm the 20 recombination lifetime cannot be measured when the

etal precipitate or the haze is generated. In particular, the conventional

?h@@é%T ination QRCEEIAtAR (SulcyntfhdhitedXsdRdidAto asdes 2nt oweuer from
e présent invention enables a higher contamination concentration and

¢RN ddeniityine caysigheipfectiesiansihy gonesating the £prbase. of00G8hg the
Equation (1) is a feedback equation that can be used to predict the 25
amouetaiudhahican cenamina iheimanecty sakinssiiden@isigtieinated
15 contamination method illustrated in FIG. 3.
GilanwiateiTs 4n28% 1R B. 80 faNEEuin BOR (Ih[0068] ffhex@uple, for 4 minutes.
contamination amount Cu on wafer can be obtained by mixing a
goadsprminedamepivof G sefutibnlidts thacBOEsotutimplanththemmple 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 phenorﬁenon 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.

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

amount of Cu that can contaminate the monocrystalline silicon using the
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5 contaminating the monoerystalline 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
contamination met Qﬂflés_in SpJ cosating process. The present 10
QHQ@HHBﬁﬂ@Qﬂ'b%\% & 1{%%]@ iMés ore contamination than the
conventiofialspirfeoating2meliSd: F158 high-coméedetiion uniforfd)
concentration is necessary for identifying the crystal defect regions of the

Wrystal lipe.sitican, thgnseraminatian eethogd-aeeesing taib€by mixing
rese

t invention can increase the maximum amount of the metal

goplaminationn thegmanaarystallingsitieonnld [BR7IBHEr thelution and then
met

al-contamination of the sample, the present invention may use any

mEhedhakcar Rioxideammeie! snatamninatiensedcentratiorssuitahiectanging
generation of the haze. [0072] Both sides of the sample may be

grntaminated-with metal sagh as Cu. In this case, the both sides of the
sample are HF-cleaned, and the HF-cleaned sample 20 is mounted on a

EEeste and im@eyrsed istera Butcantaprinatedisotutiom aceordingaoitmge  the
present invention. The sample is immersed for a predetermined period

s1eh dhatathechoth sidedivfitheesampiéngrie Guccortammaledd Fhbréaftdran the
the sample is drawn out from the Cu-contaminated solution. Thereafter,
thewamplel iswashetend drsbod 0678 RIGPH I kstiag avrestamplecopresent
the impossibility of identifying a 25 heat-treated region according to the .
noreentratiopoi oy dendr G0danwple1cle one)iTrese ibe daseopkaaogal spin
sample with an oxygen concentration [Oil of less than 11. ppma is
couitagimatbodwit 1By bizt-onhpentaistomeifemn treaseiFtBRodedigssary for
performed on the contaminated sample. In this case, an overall haze
plnefigeheratydian eyt fpossion haemmymgaalat direg  The
region. : ] . ' _
contamination method according to the present invention can increase the maximum
amount of the metal contamination in the monocrystalline silicon.

[6071]1 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.
Tn 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.

[6073] FIG. 5 illustrates an example of the impossibility of identifying a

heat-treated region according to the concentration of oxygen in & 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

to identifying a crystal defect region. If the oxygen concentration is less ... .

W04l ppma et h AT R pYALLLR (B BRSNS LR 0n 101 of

vacancy cluster space, in which a Cu precipitate c
{ieraly i

E@Sréb'?gnlicé’ﬁﬁ@t b %%%ér&l U and_on %?egs%gagﬁ[%tglz'%aigt%ggtmem

n

Endrating the'ove e

pattern. If the oxygen concentration is mare than 11 ppma and both of

P e ot R SH e 1Y PR AL S e
recipitate is geneyated, in the silicon,.thergb N9 . Cu.to. depsrate,aq;

%at?tﬁlr%clf’pi%flegr%f"sd, lﬁlgl %%%eﬁplar{l %%Sﬁélae%e%%%qﬁﬁ%ea 15§surface of trh on

?%@rg I?ﬁ}%plgt}g%y%ggee&%%ag ga%f%% (GRHOL, ﬁl%ﬁqgﬂﬁlgﬁgn [9%5% than 11

us, the present invention uses two heat treatments depending on the

peentration of oxygen.in e samnlg: {00 Bl Asiilusirated inhd allg: drdfiment

e oxygen concentration [Oll is more than Il ppma, only the second

' %&?&%H&@%ﬁ&ﬁ&?ﬁ%ﬁséﬁ periomednithauithe. 20 pedernansaidhatemn is

rst heat-treatment process. If the oxygen concentration [Oil Is less than 11

R Lot ek he finsh ANdiBRCQABRAY MBS HPRFBSSRERIE If the oxygen
performed. [0077] Table 1 [Oi] <11 ppma > 11 ppma First heat-treatment

REPEERS i PeforasnekRarfospind ndasenddiaritreaimeant Piocessis omitted, a
perform perfoizn [0078] FIG. 6 shows a Cu haze pattern generated when

J fekheOHRMINIAYARE PTOGASSH S Peiferngs ardcahbakteatndrihatecResdgion,
performed according to the concentration of oxygen in a sample

2a606ing tedhaiplesasidhvenieratihgahd@verall haze pattern. 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 in the
surface of the sample and thus the crystal defect region cannot be idéntiﬁed.

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

[0076] As illustrated in Table 1, if the oxygen concentration [Oi] is more than
11 ppma, only the sécond heat-treatment process is pérformed 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
[Oi] <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
identification of the defect regions.of a_silicon wafer according to the

present invention and the result of measurement of the defect regions of

Shea AspkterBeBl ARS8 the conveRHGAR art_10i[0080] FIES7%Rbws

identification of Pv and Pi crystal defect regions by Cu haze tternIs of. .
(A0 ZSmple tHaks KeaitHatecl bHEFHREE GBRERIBR of thl SRRgation
with a sample [Oi] of 115. ﬁ ma and 8.5 ppma,.and shows identiflgatio% the
BRI BIRCPT EFAAl Hilobt TEUTGRE By tha Y EEombinBH oA TS e or e
according to oxygen _precipitation resulting from.a conventional oxygen ..
EPBETEHA PR AT RO IS REUTL T8 S00.E PTE Hotiear 1000 G ™
If the ox congentration is low (11.5 ppm ' r
o R IR TSR, e SOOI o v
(P e conventongl arkearpabigR iy dhe CEIRl ARERHRINas the
his'Tase, the heat rédtment using the metal contamination must be
erformed to i%antify.the crystal defect region. 20 [0081] Embodiment 2
00 &8s a flow diagram illustrating a method of identifying crystal
gﬁé%iregion%ﬁ@@ﬁdmm anothsheRMRiARGembadiment dOR8Bdkhehs of a
rese

t invention can identify all the crystal defect regions of the ‘
mengelvstalling siisandvithqtan addiienal analysisaethocdkatdmdiaf he
present 18 invention can simultaneously estimate all the crystal defect

RElens o inemenesysialine slisan suchascnfnraidmmhere
vacancy-type defects are prevalent, a P-band region where

iogaRpte-typerrreciPiiaies aepRSe s A SF isyeentRtbdiydpbats 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

Py 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.

[0081] 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

monocrystailine 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
Hpseleample s anon Ocdie danah ndyicknasy gL, 106 BIESERt e
invention Cah be aptﬁheg 10 to any type of monogrys alline silicon sample

%%%Gc%ss? ﬁ”igom iﬁgrrp Pllashagsd aef’\//er%ﬂ#&k W@%%?ggﬁd .&lﬂ%}@%revalent,

monoctystalline silicon ingot vertically in the axi 008

ReISIRg. qﬂﬁ"v‘ah%eaﬁ%%- PA%%H%%?%@%&E%%&QE&W& oF s486s Ofcated

i
monocrystalline silicon ingot Is p in step S101. 15 [0086] For

E}?%@ﬁ'%&ﬁ%@?ﬁ%‘ﬁ’@éﬁhﬁ BieRases licihga manorryRiallinge 3iligRt stitial
|

got and then performing a grinding process to remove surface defects

Eeaulting fram, the, s ROHAIRCRSS ol WeSd 8% {BenSATR|Sdloweygtnthifed at a

present invention is not limited to this, but can be applied to a wafer that

hRs Yoderaens Anly Raligiigpiacassda scnaler hatbas sndeeeenRasilicon,
grinding process or a lapping 20 process, or to a wafer that has

HROR(GoNS A-pRIishing PIecess:Ansddditianptbealpresent invention can also
be applied to a square slice of monocrystalline silicon ingot that is

musiled by slickyliaisnoacrysiadlingsiticon ¢agobaxipllydhsaughitpe of sample
center thereof. In this manner, the present invention can be applied to
gralisaleoar 0rystal defedh régitnaat.a Tianpleted padart dneesamplesttiat applied
obtained by slicing a 25 silicon ingot axially. 19 [0087] In step S102, one

sidepfthe dampleds seléictivalycetcheblisinglany a siticantsdbxgln pldsaofertical
the etchant include a dash etchant (HF : HNO3 : CH3CHOOH =1: 3: _
iR)phe Sivterettbantl{elfe G thifOceytallng DiRpnaiGmdcocetichBntitHEe: axial
K2Cr207 aqueous solution (0.15 mol%) = 2 : 1), HF, HNO3, Cr03 aqueous
dohetion. '

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

crystal defect region of a completed wafer or a sample that 15 obtained by slicing a

silicon ingot axially.
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5 (5 mol%), and a Wright etchant that is a mixture of Cu(NO3)2,
CH3COOH, and H20. [0088] In step S 103, 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

jon with P an | rich regio th LDP 5008? In s ep S10
@% e is etched Bgain OremO\% é)nfs ectlveﬁ’y %)e‘:“]ﬁmép rtlol%wC ’usmg any

fth 0090] J S, atl f
gamp{e IS cont taersn?na%l W%ﬁn rﬁrg%a‘ff r%ar?sn?grt%}% ?ﬁ%a@gg 35@? %ls}i{r?OH
Lqniamipa é}@é@&&a&éﬂ'&% . gpnyengiangl. aét4u5tﬂ%tvx0s%&% eHhant (11F ;

transmon etals, the prese t| ventlon "has only to one transition

Eﬂﬁgaéoqg@@l W%'%F/twd?“ﬁ'ﬁy tﬂ@ C@ﬁ@l Qﬁf@‘:taﬁer&%'%‘ﬁumn '

y cﬁan Ing a Iocatlon which the metal is preC|p|tated seléctivel y

@%9!% Q1A 8 SHiLeR SRRl delest Jegionhrpvantes Next e o, and 1L0.

reatment. For example, the sample is contaminated Wlth Cu and then the

[oustyl defectfegions aie, ientifiediwith thenaakegkeye MsiRGBINAZE observed

pattern that is generated on the surface through heat treatment causing

ifferankietbRessinitaia i iacationsdn e Rvpnanth P regiapkslbf the

the front side of the sample is destined for a metal haze pattern, the
hacksigat tagisamplads AnifarmiyLontanmratetanithrt heiohatetidronith LDP.
generation of the haze pattern, at least one side of the sample is
[c@geMinatedwitkhe roétahat saspletdminatiah sgnsemiradiaovel abeiddiXely
1014 to 5x 1016 atoms/cm2. This high- concentration metal contamination
dschetfpsmied vthesamdwiyhasampimbodiment 1. 25 However, because
the photoluminescence analysis as well as the naked-eye check is 20
[0&96iimed in thestepe S8t intehtioh otive Idetall cbatamipition malapenated with
performed independently of the type and concentration of the metal.

fibias; the metaliccontei@inatproconsenaation rmalabénatogtmexall Otnbike the
X 1017 atoms/emz2. [0091] In step 5106, the metal-contaminated sample
derheatioredted wdoertisgkinds of transition metals, the present invention has only

fo 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 through the next heat treatment. For
example, the sample is contaminated with Cu and then the crystal defect regions are
identified with the naked eve using a haze pattern that is generated on the surface
through heat treatment causing different Cu precipitate behavior locations m 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 untformly 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/em®.  This high-.
concentration metal contamination is performed in the same way as in Embodiment [.

However, because the photoluminescence analysis as well as the naked-eye check is
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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 Pi region. The heat-treatment process may be the same as described
witFrateferbdlts RICSCHL 10VEINOR) INS18Y S CP AR RELR R SRida SarRpieT™ed

[esulting from the above heat- treatmentagroce ses is drtag\ivn o] f}from the
de cj)#

HsRERISAHEh the CoRtarifafedSaRLR iheloikodis jig the metal
sample is ob d to identi | defect reqi darily. Th i
TS TP S AR IR B A T e R SR o e
the metal- | d sic th osite side.of th t-treated.
g e SR R e ShRer i lte chhe eatt et

qenerated on,the, metaleonialinaled SIS 6N o6 APSETYSH ARUAS DB e

Crys ct'regions Pv an monocrysta ilicon can

e ified. dhatis, e harsaoioTen e s ctiheheallietied o meia

sample is interpreted as Pi region, while the non-haze region is

@é@é@#@i&q\ﬁﬁhﬁ%‘atﬁé’ Lagign. Rymheslzing e rﬁﬁH'&}&IéH@eQW%%@@pe metal

ntification process (step S103) and the result of the secondary

.E%%Q AN REOSEAR.CT IHEQNEY G {RRUARSVHIGD. irfieheRi- AR R¥nt process

93] For identification of crystal defects, the conventional art measures

rReombipation difetime thyopairihebishciamperatyre/long-time oxygen

precipitate heat treatment or identifies the defect regions through the

Yotrmephotographdmane 25mnabigischiowexen theARERN ViR eas heat-
easily identify the crystal defect 21 regions without an additional check

prasessbyssing dhe melal bazephenomeannr dhatlisgenesatethihraughide or
the heat-treatment causing the different precipitate behaviors of the metal

iméhe;silicha ehistalfdefectsegienss wibautdepentingfondhistal 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 obs;:r‘.;én.:.l 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 intetpreted 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, Pt and Pv.

[0093] For identification of crystal defects, the conventional art measures
recombination lifetime through the high-temperature/long-time oxygen precipitate

heat treatment.or identifies the defect regions through the X-ray photograph image

analysis. However, the present invention can easily identify the crystal defect
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5 [0094] The present invention can identify the crystal defects using only
one 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

e e et e et e o S o
T T L
R e e s M e A o
S0 ORI RSl iy e o e

otolum RS E00E SRAYERISALTRIMAA DR RESCALANYENUIRR GATY one

e applied independently of the type and concentration of the

Sappoinating metal, Alsgs dhe RresentexenioR MR futhekinclide Aination

step of detecting the gettering efficiency in the sample using the

Ahotluminegeance analysis: 2RI0096)5GnrS isa flow disgramdiustating be

a method of identifying crystal defect regions according to a modification

REanptaen Rxeme Ay amRediRas ol Rhkinike - theaki® . Banethediusiigsent
one sample, the FIG. 9 method uses two samples that are sampled from
ihe same gk 10R08LReferitg i izisistand-apeond samples in the
shape of two 25 silicon wafers or slices, which are sampled at two

Bdiasgnt locatipnstiha LR snomecryistaflinaasiicaningot, are prapaked iby the
step Sill. [0099] In step S 112, one side of the first sample is selectively
gichadnimsiemcs 1ddyshetreridiify structirddfabegivad tistily a Synthesizing
microscope, so that crystal defect regions such as v-rich and i-rich can be
identifiet plithaniymary 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 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 diaglfam 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.

[06098] Referring to FIG. 9, first and second samples in the shape of two

silicon wafers or slices, which are sampled at two adjacent locations in a
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5[00100] In step S 114, one side of the second sample is contaminated
with metal. [00101] In step S115, the metal-contaminated second sample
is heat-treated. In step S116, 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 syrface 1 he heat-treated d
e aiﬁ’féerﬁ}]é?@l}g@ ‘eaﬁi%eé’l%rﬁ,géﬁétﬁ?;éﬂrﬁlhaze regioneisSecon

interpreted as the P ion. Synthesjzing the result of bseryati f .
B e S e S e e ¥
§$§§,g%§$pﬁ§éﬁﬁgg?rﬁ% r}g Stg sléer(?c!:%ngsy_“%b ’rrlﬁ[:llgohsbg 18 ns% ?ﬁ/ai[%r%gﬁ] &@fect

-tréated second Sample’is measured by the 1

phetaluminescence anglysis, SYVSSEIRG S sesis of the observation

o) irst ‘and second samples an e resu e’measurement of the

REGR08h SamefR Gt IGeniRofie a0 8RS e ey ki hnfihe ESRARAANA with
-band, thereby making it” possible to identify the entire defect regions of
onocrystalline silicon ingot. [00103] FIG. 10 illustrates a sample

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

@gg%fﬁd using, the Methgdiat FiGaBetherasRestiVe.JRgions ReasHEad reated

e photoluminescence analysis are marked in FIG. 10, and an

HPRegions, aR-bandesias adid sedignegpskacRidegiomaneidentiied sccond

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

Ghysialideiecvegiang ake idealfligd usiogokaenmofhnelaiklfegBntlba the surface
respective 25 regions measured using the photoluminescence analysis

3 pakad e ciCsctbnandndiea PiregivaahdsalRy e gigivarevidemtfiesh-haze
[00105] FIG. 12 illustrates a sample of monocrystalline silicon. Crystal

defret regiongratatidentified usiignthS ynetbdding RGrSuihefdspebtiueration of
regions measured using the photoluminescence analysis are marked in

& il ;anthk Ritep S113) and the result of the observation of the second sample -
can identify the regions v-rich, i-rich, Pi and Pv.

100102} 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. %hé .;esult 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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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

samples are prepared by slici _silicon ingot vertically. 10 According to
41 WSE@WQ’% FE&t ?"i%éd%%trag%dﬁtration of oxygen in each sample is

(New. ASTM, stapndards). For the,first.s , jonal .
@ﬁg@j precﬁﬁé‘tel\/llhgaﬂ?g}é?r%)%n% (}%YP ﬁiﬁooltjfrs%g%gr tgﬁ ﬂf\%eﬁggcrrasgat Crystal
&e(%g& ¢ ii% se gﬁ%é?&%tl‘t’t;% Oéjstilme{ﬁé %&mi%{i}t%ﬁo @b%ﬁg rl@?pective regions

recombination Ime by oxygen precipitation. For the second sample,

é%‘e%s%%Pf‘-'u%%pg%ﬁg?ur#gg{g@kﬁgg&%@%m&%a@g%mg tQ thRPreseNthd a Pi

invention 1s heat-treatment process of FIG. 2 is

or . . en from FIG. 13, the conventional art
%gagnnoﬁagdn%%%%mg%a%éﬂ' X

e crystal defect regions when the concentration of

oS in theygmplg isulaws 382 RPMaF fdeMaET SRS PTasaRsfiRYeakaRs of a
a

n clearly identify the respective regions by 20 identifying the v-rich

tegion-gadtheckHER Segign BaisehihgvealeaiivaEibhiRGuIr ocesesaRdnent of the
identifying the detailed regions such as Pi and Pv using the metal

gorlaninationrand s rhatelepingseencaaaalysigidhisiarthe present
invention can identify the entire crystal defect regions by only one-time

r the yeyticakgestiomylitoart gheaedd fotithecchedicdaritivet vertically.
respective regions. 25 [00109] FIG. 14 illustrates information about the
aeisrng:stasohwsiaimedtdedant ragionscestinmaiacd byxtheen in each sample is
photoluminescence analysis according to the above embodiments. The
infepmationeabous e geiteiinty effidlenchecdinsal serbplobtaited chbeadsexygen
the photoluminescence analysis is used. [00110] As described above,
psioipithe pointitefecthdcadténsticst B0the Py 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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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.
Accordingly, the crystal defect regions can be identified with the naked
RN TS 0 S D ORI ATEB 1 the SEEE b aian Brove
silicon oxygen is lower than 10 ppma, the_ conventional methochu ing ... .
RGBT Oh CHRRBE I ?#le"%‘é}@“‘“ A psgieined

eg(e:}g% gﬁdﬂe ec IoNns. nowever,

t%e&céﬁ%s/%%% P?})é){‘gﬁ?g% grecigg%ggp S|’]s8 ?ggggg_ed, the present invention can

%Ptnreglon more conveniently when the oxygen

tration,is low.. 15 [00112] Accordingly..the, present invention cap . p
@%ﬁw the cf;}%téi%é%e% ?qéa‘féhgga%%l?rhaet yf%?é%a%n(g‘quickly Witshout e

%eg)fffj!g%%”ﬂ‘e% %%@&%“éﬁ?;%% YRR be manesrysialine silisofyeen

e present Invention can easlly identify the crystal defect regions

W@%gﬂ&%‘é‘n%HQigéoaﬁ' Sn?&‘%ﬂ@&\rig%%ﬁﬁm he Gikbhazsphenamaner Batple
S ont

generate e surface of the siliconthrough a simple

eattreatment after, 3 igh cengenirHRI RO CIL CRMAMINRIIQRLASOF the

the present invention can greatly reduce the time and cost required to

ideniity;the defectsegions [0Rk 14l Alse. dheRresaBtineignaaridenifified
a

Il the crystal defect regions of all the monocrystalline silicon samples

indeprndantof heHypephthgnmranainating metal and the type of

the sample. The selective etching process, the 25 metal contamination

00§53 and Mepholluminesesnse @niliysis aregerioinie dmroteppma, the .
sample or two samples, which are sampled from at adjacent positions,

thatebyomakinghis Pessibleis ddeniibcipeadntireenystdtidefdet tegionstal defect
[00115] According to the present invention, the crystal defect regions can
Reions. However, because the oxygen precipitation is excluded, the present
invention can identify the crystal defect regions more convenienﬂy when the oxygen
concentration is low.

[0(}'#12] Accordingly, the present invention can identify the crystal defect
regions accuraltt;ls.z,“ easily and quickly without depending on the concentrati.;r; o”f
oxygen in the monocrystalline silicon.

[00113] The present invention can easily identify the crystal defect régions
without an additional check device by using the Cu haze phenomenon that is
gen'erated 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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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 dofedliiRs. MAROGIYIANNE SUCOD plrmed
rﬂ?g%fﬁn ﬁ%lgﬁ?éﬂntﬁéoﬁ%%%%%ﬁdgntifyirillg a crysltal defe%t regionpin glme o
mon @gﬁ%t%l"Rﬁos%ﬁ%BiHé'%{Pﬁ@eC&%%[@@ﬁ%ﬁ{‘eﬁnﬁ RAhIEHMEN thereby
ave been described with reference to the specific enibodiments, it is not
imited theretey. Theselore, davillbe readibuunderstaogkby those skilled in
the a IIt:}g(tgvari%us modﬁrcations and changes cargfq be made thereto
w&*i%(; departing,fram theEpiftans HoStRRE Akios RLeSeAtIVERIRAB can be
defined by the appended claims. 26 WHAT IS CLAIMED IS: 1. A method
alidepiifyiag-agystakielas reaiany GomMBUSIG MERRAIYBesamplainile of
shape of a silicon wafer or a slice of single crystalline 5 silicon ingot;

Ving: aifehcaiarvnatag saisian thatdsdanglixtue pedytigniatention can be
buffered oxide etchant (BOE) solution and copper (Cu) onto one side of
Lhasanepladeigonanineie Gfeandhienns side-nidheatinplelanh dayipde with
the sample; heat-treating the dried sample; and 10 observing a
Ge-eonfaminategside of davopposite sidecalthe dheantreatettsdopplisfect-free
the Cu-contaminated side to identify a crystal defect region. 2. The
metbogwiitiedmillcomherein the Cu-contaminated solution has a Cu
concentration of about 1 to 15 ppm. 15 3. The method of claim 1, wherein
[o@s8hple is/Abmagtingtednuithoduodt dentifying 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 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 spint and

scope of the present invention defined by the appended claims.
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30

contamination concentration of about 1X1014 to 5X1016 atoms/cm2 by
the Cu- contaminated solution. 20 4. The method of claim 1, wherein the
Cu-contaminated solution stays in the sample for about 1 to 10 minutes.
5. The method of claim 1, wherein the heat-treatment process is

perf t apout 1000C for about 20 minutes. 25 6. The method of

13 KRR S AMED LY. generated on the Cu-contaminated side is
observed from the heat-treated sample. 7. The method of claim 6, wherein

a haze generated on the Cu-contaminated 30 side of the heat-treated
lsamplé Ryhed Rled tifitnd rtiritehds B fegsas amiggBn where
prissstitial Reinh defeqts atle.preyaleniiRhnQ glster defect i3 RIGSE:30 ine
to interpret the non-haze region as a Pv region where vacancy-type point
SHERR 96 27 prevalent but no cluster defect is present. 8. The method

of claighdiywerein hs@rnhing ebihedkYnsontaminated selution Jhatstared
mixture solution of a buffered oxide etchant (BOE) solution and copper

Wy R SHOEHSVFHwe sHif plerBEditamite € Sithebiesigaple ©
dhe-samale@nsh dying: of dbe sampIg O mPRIessh Hirciaaning both sides

of the sample; mounting the sample on a sample stub; applying the
Cu-colitaiiiated S5kt sHPtre®Bfe side of the sample; 10 keeping the

one sigpsehiie sanRlefakRRERSeaIRined pesign s& thakthe eRetsidarhicd
the sample is Cu-contaminated; clearinﬁ and washing the

SARRB IRRT frEg BB Sife e Idamite shatdssRT R Rmple.

2. The method of claim I, wherein the Cu-contaminated solution has a Cu

concentration of about 1 to 15 ppm.

3. The method of claim 1, wherein the sample is contaminated with Cu at a
contamination concentration of about 1x10' to 5x10'® atoms/em® by the Cu-

contaminated solution.

4, The method of claim 1, wherein the Cu-contaminated solution stays in the

sample for about 1 to 10 minutes.

3. The method of claim 1, wherein the heat-treatment process is performed at

about 1000°C for about 20 minutes.

6. The method of claim 1, wherein a haze generated on the Cu-contaminated

side 1s observed from the heat-treated sample.

7. The method of claim 6, wherein a haze generated on the Cu-contaminated
side of the heat-treated sample is observed tfo interpret the haze region as a Pi region
where interstitial point defects are prevalent but no cluster defect is present and to

interpret the non-haze region as a Pv region where vacancy-type point defects are
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15 9. A Cu-contaminated solution for identifying a crystal defect region of
a silicon wafer, where the Cu-contaminated solution is a mixture of
copper (Cu) and a buffered oxide etchant (BOE) solution. 28

prevalent but no cluster defect is present.

8. The method of claim 1, wherein the applying of the Cu-contaminated solution
that is a mixture solution of a buffered oxide etchant (BOE) solution and copper (Cu)
onto one side of the sample to contaminate Cu on the one side of the sample and
drying of the sample, comprises:

HE-cleaning both sides of the sample;

mounting the sample on a sample stub;

applying the Cu-contaminated solution onto the one side of the sample;

keeping the one side of the sample for a predetermined period so that the one-
side of the sample is Cu-contaminated;

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

drying the sample.
9. A Cu-contaminated solution for identifying a crystal defect region of &

silicon wafer, where the Cu-contaminated solution is a mixture of copper (Cu) and a

buffered oxide etchant (BOE) solution.

28



