METHOD OF IDENTIFYING CRYSTAL DEFECT REGION IN MONOCRYSTALLINE SILICON
"USING METAL CONTAMINATION AND HEAT TREATMENT 5BACKGROUND [0001]The present
disclosure relates to a method of fabricating a wafer for use in a semiconductor device, and more
particularly, to a method of |dent|fy|ng and evaluat|n a relon of various defects present in a _
monocrystalline sit&bn LRe gERer Brdahlhater is fabricated using a

floatlng zone (FT) process ora CZochraIskr (CZ rocess. The CZ rocess{rs most wrdly used to

: fial Aol s, |ngot is grown by pulling up the
immersed seed crystal while rotatrng the same. The grown silicon ingot is sliced, etched, and polished

into a silicon wafer. [0003]The monocrystalline silicon ingot or the silicon wafer may have crystal
defects such as Crystal Originated Particles (COP), Flow Pattern Defects 20 (FPD), Oxygen induced
Stackirfig Fault (OiSF), and Bulk Micro Defédf{B{ 2HHRN are called grown-in defects. There is a
need for reducing the concentration and size of the grown-in defects, The crystal d s affect the
quality and [§@@tiction yidlbeairaasiedascirrsrsrE RSiLV R FROR rff‘lt’ol?gt’d}év 32 ¢rytal defects

and to evaluate the crystal defects easily and quick TP
use in a senstgconductor device, )émd mgre patyttoulariy, to a method of identifying and

evaluating a region of various defects present in a monocrystalline silicon ingot or a
silicon wafer.

10 [0002] In general, a silicon wafer is fabricated using & floating zone (FT)
process or a CZochralski (CZ) process. The CZ process is most widely used to
¢abricate a silicon wafer. In the CZ process, polycrystalline silicon is placed into a
quartz crucible. The polyecrystalline silicon is heated and moiten by graphite
exothermic material, and a seed crystal immersed into the molten silicon. A

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

[0003] The monocrystalliine silicon ingot or the silicon wafer may have
~crystal defects such as Crystal Originated Particles (COP), Flow Pattern Defects

20 (FPD), Oxygen induced Stacking Fault (OiSF), and Bulk Micro Defect (BMD),
which are calied 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.

25 [0004] Depending on the crystal growth conditions, the silicon wafer or the



25[0004]Depending on the crystal growth conditions, the silicon wafer or the monocrystall ne silicon
includes a V-rich region where vacancy-type point defects are prevalent and condensed (cluster)
defects of supersaturated vacancies are present, a Pv region where vacancy-type point defects are
prevalent but no cluster defect is present, a vacancy/interstitial (V/1) boundary, a Pi region where

interstitial pojnt 5 defects are prevalgptaut nowlsier defectispresenhangan feichdelgion where
interstitial point detects are prevalent and cluster defects of supersaturated interstitial silicon are

present. Det%?éig how.ihe abgye-regipnschangedependingemihairipesitiorissand phearystal length
of the monocrystalline silicon ingot is fundamental to evaluating the quality of the crystal.

10[0005]Thegeﬁﬁvay%]g%emﬁxef@ém@hggg fonidentifyiogitbedefbotrbgiom of tsemisfstrpstalline
silicon. In a first method, the COP distribution of a polished and cleaned wafer is evaluated using a

particle Coungﬁéséﬁt? seepnd pethadi FR I etplbatindeiy perRirmetbusiviees wetcetdhanp i Secco
etching. In a third method, an oxygen precipitate is created by high-temperature/long-time heat
treatmeny ang the15valkaiioans Rerfamadusidglacdifferercathetwean bredipitatebetviors of
different defect regions. In a fourth method, low-concentration contamination using transition metal and
diffusion heat {reatmanbeie pefformed prsdeenzhé chstimBrferioniirepmeyriehsissita
[0006]However, in the first method, the wafer must be cleaned by polishing 20 and cleaning prior to
estimation. Therafarersevesatsubseqtisnt procss abavastasioperformEd R PEWEOF the
monocrystal, which increases the required time and also requires. a high-cost particle COlImter for
estimation. [09§Fliauthendebondymethotia selbetvensrshait nastiseprogrEd RAPESA™! ©
evaluating the quality of the crystal.
10  [00G5] There have been several methods for identifying the defect region of
the monocrystalline silicon. In a first method, the COP distribution of a polished and
cleaned wafer is evaluated using a particle counter. In a second method, FPD
evaluation is performed using a wet etchant for Secco etching. In a third method, an
oxygen precipitate is created by high-temperature/long-time heat treatment and the
15  evaluation is performed using a difference between precipitate behaviors of different
defect regions. In a fourth method, low-concentration contamination using transition
metal and diffusion heat treatment are performed and then the recombination lifefime
is measured.
[0G086] However, in the first method, the wafer must be cleaned by polishing
20  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.
[000T] 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

25  contain environmental toxic materials.



“provide a suitable etching rate, can be applied to all crystal surfaces, and does not 25contain
environmental toxic materials. [0008]The third method has several drawbacks in terms of the required
time for evaluation, the required cost for high-temperature heat treatment, and high-cost equipment.

" Also, the third method cannot identify a crystal defect region in the case of a sample with an oxygen

concentrationgfdeps than i pRimanihiRadAST MEstianrtsyk0R08]Ar efdhvdledwiadetdarth method
is the Korean Patent Publication No. 2005-0067417, which discloses a method for measuring the

distribution ofpointefeeistir scqmanacrystaflindigipetitpevairatesriycareasiatanst BEmgdt. In detalil,
the ingot is sliced in the axial direction. Thereafter, two samples are contaminated 10with two or more

metal elemenigyi@slenCUA NG, B, ditd Er)tatdclancdcAtatinatioystebfetsatreaman Thite 4, heat
treatment is performed to create a recombination center in the silicon. Thereafter, the recombination

lifetime is megpured:eimedsurenthe: distributicansiatiomt efeferststhim tHie PrBodN#E dontafnination
results of two metal elements must be synthesized in order to interpret the crystal defects. Also, the 15
measuregentigtrpegsible 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 contpUE]tion codeentaativn ofiist Heusd litzedlicribe K esqan Daian dricaion Ao, an
additional etching process and an additional analysis device is required when a precipitate is
generated. 2Q{00LO]RGHHErmbIEh tﬁ@%@mhtmﬁé%%%@éﬁﬁ%%ﬁ@@%ﬂ% r iétal

contamination cannot identify the entire crystal defect regions. SUMMARY | .
defects in a monocrystaliine ingot to evaluate only the state of the ingot. In detail,

the ingot is sliced in the axial direction. Thereafter, two samples are contaminated
fO with‘two or more metal elements (e.g., Cu, Ni, Fe, and Co) at a low contamination
- concentration. lThereafter, heat treatment is. performed to create a recombination
center in the silicon. Thereafter, the recombination lifefime is measured fo measure
the dis’{ﬁbution of point defects. In this method, the contamination resuits of two
metal elements must be synthesized in order to interpret the crystal defects. Alsc, the
15  measurement is jmpossible when a metal precipitate or 2 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 conceniration
.must be as low as 1x10' to 1x10™ atoms/em’. Also, an additional etching process

and an additional analysis device is required when a precipitate 1s generated.
20  [0010] Furthermore, the conventional methods using selective etching or

metal contamination cannot identify the entire crystal defect regions.

SUMMARY



[0010a]In a first aspect, there is provided a method of identifying a crystal defect region, comprising:
preparing a sample in the shape of a silicon wafer or a slice of single crystalline silicon ingot; 5applying
a 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
the sample; h¥i#dating the g asrste theig is provigedervirrihe € afcgardifiinasdsigéabr an
opposite side Qfrthe-heat-trealgdsfisample to the Cu-contaminated side to identify a crystal defect
region. [00101a]in a second aspect, there is provided a Cu-contaminated solution for identifying a
crystal defectisgrsioPasamebh Wahs sharsrefre Girupntalpinaited Sritdrrisgenmntstedliof copper (Cu)
and a buﬁeregl@gg%gg{pant (HOE) solution. [0011]The present disclosure provides a method of

identifying a crystal 15defect region of single crystalline silicon, which can evaluate the crystal defect
region aécurately, c@iyiam@ qutgaytaminated 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 the sample;
heat-treating the dried sample; and
observing-a Cu-contaminated side or an opposite side of the heat-treated
10 sample to the Cu-contaminated side to identify a crystal defect region.
[0010b] In a second aspect, there is provided a Cu-contaminated solution for
identifying a crystal defect region of a silicon wafef, where the Cu-contaminated

solution is a mixture of copper (Cu) and a buffered oxide etchant (BOE) solution.

(0011} The present disclosure provides a method of identifying a crystal

15 defect region of single crystalline silicon, which can evaluate the crystal defect region

3a



[0012]The present disclosure also provides a method of identifying a crystal defect region of .

- monocrystalline silicon, which can evaluate the entire crystal defect region of the monocrystalline
silicon without depending on the concentration of 50xygen. [0013]According to an exemplary
embodiment, a method of identifying a crystal defect region includes: preparing a sample in the shape

of a silicon wafgr.-gER slisg PhApgeenistalline silicon ingot; contaminating at least one side of the
sample with metal at'a contamination concentration of about 1 x1014 to 5x10'6 atoms/cm2;

10heat-treatifg¥ig contanjinaigd samjile] @ndose pring dbeaconthnd dtebidi e HEWHposite side of
the heat-treated sample to identify a crystal defect region. [0014]The heat-treating of the contaminated
sample may hererommedundanaryanitosphitrenofdtibastores belected fron BESEGlF*Eonsisting of
helium, nitrogen, argon, oxygen; hydrogen, ammonia, and a mixture thereof. The heat-treating of the
15 contaminatgehsasapie: nayngenasaliie mistaipretipititalenendin sviehin MR ecSBRPRAINR v region
where vacancy-type point defects are prevalent but no cluster defect is present, and may generate a
haze-typs meja}qrecipitate on the surface of the sample in a Pi region where interstitial point defects
are prevalent but no cluster defect is present. 20[0015]The heat-treating of the contaminated sample
may include g0$8heat- trelatooedingrocess PErmMRIEERMSHIEBOCFISEE FolSBEHBO1 to 10 hours

and a second heat-treatment process perfotined at about 1000 to 1150 C for about 0,01 to 10 hours.
The temperattamaybe: degimasedides REEPEIHHB PO EHNA SRS IHEH 08 KLt #B4ting of the

contaminated sample. If the concentration of oxygen in 25the sample is less thap %lspapnmfa the
heat-treating sli¢hefontarmimstatsapipeiagot contaminating at icast one side ol the sampic

with metal at a contamination concentration of about 1x10™ to 5%10'¢ atomsfem®;

10 heat-treating the contaminated sample; and observing the contaminated side or the
opposite side of the heat-treated sample to identify a crystal defect region.

[0014] The heat-treating of the contaminated sample may be performed under
an atmosphere of at least one selected from the group consisting of helium, nitrogen,
argon, oxygen, hydrogen, ammoniz, and a mixture thereof. The heat-treating of the

15  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 2 Pi region where interstitial point defects are prevalent but no cluster defect is
present.

20 [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 2 rate of about 200 "C/min or less
after the heat-treating of the c-ontaminated sample. If the concentration of oxygen in

25 the sample is less than 11 ppma, 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 perfoiuied at about 1000 to 1150 T 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 5at about 1000 to 1150 C for about 0.01 to 10 hours. [0016]The
contaminatingfdne sice pfthecample wittetheenétahedagtinbh S MR Rehiry Butiibes of the
sample; mounting the sample on a sample stub; applying a Cu-contaminated solution onto one side of
the sample, theiGu-¢onkaminatedasivtioh Ireingeatmisal @ efsppseoandbatabettolidé &chant (BOE)
10 solution; leaving the resulting structure as it is for a predetermined period such that one side of the
sample is contamitafed abithtthe Loppérhetearihgthng Washimg ehe Coryarmam haeRfution from the
sample; and drying the sample. The Cu-contaminated solution may have a Cu concentration of about
1 to 15 ppm. e Gurcohtaminated salutioringg stey ANKEEMIHSFIP OB 1B PRI, 15 [0017]
The contaminating of both sides of the sample with the metal may include. HF-cleaning the both sides
of the s@impley abountingdtie Idah fefonawadsaiée iHhersing the sample into a Cu-contaminated
solution that is a mixture of copper and buffered oxide etchant (BOE) solutjon. leaving the resulting
structure as if086] a predaterraiTsanBEHREsAER ASatite BothSIHEErST Y atﬁ?p@%?% JBdontaminated
with the copper; drawing the sample out from the Cu-contaminated splution and washin lthe sample;
and drying t-h@@ad%léiﬁ@m}&%c%?@ﬁg% SR Jite PERBIFD BRI RS o ,pzen%ltﬁo%g)laentifying a
crystal defect region includes: preparing a sample in the shape of sil%c&r% wafer. or éllsliég_of

mplé

monocrystallistebsilemivingot: ESrraRmEA AeRELEEN Y LaE B T sd %ﬂgyl/eapp?ying a

Cu-contaminated solution, which is a mixture of copper and a buffered. oxide etch ) solution
onto at least epriaRiBasTdFeSERpREIBAG THTHYS 883?351?#§§H§&ed Wl%%gﬁ}%%@t%%%e dried

samplé;
sample; and observing the contaminated side or the opposite side of the heat-treat ample to
identify Hcryseibtiere dErsgisnnde i O SYEHYfo Bt &h %ﬁ%rpéi%é%e%f§e§rﬁ%%%?m%§ a method of

one side of the sample is contaminated with the copper; ¢clearing and washing the Cu-
contaminated soiﬁtion from the sample; and drying the sample. The Cu-
contaminated solution may have a Cu concentration of about 1 to 15 ppm. The Cu-
contarﬁinated solution may stay in the sample for about 1 10 10 minutes.

15 [0017] The contaminating of both sides of the sample with the meﬁal may
include: HF-cleaning the both sides of the sample; mounting the sample on a
cassette; immersih.g the sample into & 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

20 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 shgpe of a silicon wafer or
a slice of monocrystalline silicon ingot; contaminating at Jeast one side of the sample'

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



- bidentifying a crystal defect region includes: selectively-etching one side of a sample in the shape of a
-silicon wafer or a slice of monocrystalline silicon ingot, and observing the resulting structure with a

microscope to identify a crystal defect region primarily; removing the selectively etched portion from

the one side of the sample, contaminating at least one side of the sample with metal; heat-treating the

10 CO”tami”%ESQBSQm%; ahsesviagiie contaminaied sideior thiethppasifdsidedofitiie héet-treated
sample with the naked eye to identify a crystal defect region secondarily; and measuring the

heat-treated sample; byphataliminescensamanaybittosidesitiaaicystal defdot veyionitiialy.
[0020]The sample may be contaminated with the metal at a contamination 15 concentration of about

1x1012 to Ix1Q37 atems/emid hadheaht eatingeatdhenopitaminatetisampleaidsfdséipadermed under
an atmosphere of at least one selected from the group consisting of helium, nitrogen, argon, oxygen,

hydrogen, amygié, and ambgm&ghedse@ﬁmhenbémftremmgl@&tmmdimﬁMatéd@@hﬂﬂe%ay
generate a metal precipitate mainly within the sample in a Pv region where vacancy-type point 20
defects ase prgvalentut ae chistefdetegids preiselet; anigatiaglyeltbinteonh aiEE-§lpe SHERY precipitate
on the surface of the sample in a Pi region where interstitial point defects are prevalent but no cluster
defect is presgntif@0RipACEDHlisgitoryetefnthen exivapliryentsauitting aiHiOhdaest: anddentifying a
crystal defect region includes: preparing first and second samples in the 25shape of two silicon wafers

or slices that aig.gammpled franitadiacentposititns inicromopotrydeanife stosHiNGESEBetvely

etching one side of the first sample and observing the resulting structure with a microscope;

contaminatingpairiesisy;oresidegofith ecsbeviradyseinisié DR g HBaCRe ity theEsAER nated

second sample; observing the contaminated side or the opposite side of the heat-treated second 5

sample with themakedaeye; andemsasuringitse bedberesBdise Y &fiie WEHB?SRﬁniﬁ scence

analysis. BRIEF DESCRIPTION OF THE DRAWINGS [0022]Exemplary emquime%sgga@n be
a

understaad in sooremdetaifromytiee d0feNGRINE Y &SERRBIREk IOt JhfunBRER With Sompanying
drawings, in o ‘ o
heat-treated sample with the naked eye to identify a crystal defect region secondarly;

and measuring the heat-treated sample by photolurninescence analysis to identify a
crystal defect region thirdly.
[0G20] The sample may be contaminated with the metal at a contamination
15 concentratioﬁ of about 1%10%* to 1x10'7 atomsicm®. The beat-treating of the
contaminated sample may be performed under an atmosphere of at least one selected
from the group consisting of helium, nitrogen, argon. oxygen, hydrogen, ammonia,
and a mixture thereof. The heat-treating of the contaminaied sample may generate a
metal precipitate mainly within the sample in a Pv region where vacancy-type point
20  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 éiuster defect 1s present.
[oo21] According to yet another exem;ﬂary embodiment, a method of
identifying a crystal defect region includes: preparing first and second samples in the

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



which: [0023]FIG 1 is a flow diagram illustrating a method of identifying a crystal defect region
according to an exemplary embodiment; [0024]FIG. 2 is a graph illustrating a heat cycle in the
identifying method of 15 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,diusirling# prden afdbe Cilectntamnation precesk offFIB. Sr:20{0027]RIG. 5
illustrates an example of the impossibility of identifyinga heat-treated region according to the

concentration,péc@wygendnasamplen 00281 6. Hishows @€ whrzepatienadertated siden a Cu
contamination process is performed and a heat-treatment process is‘performed according to the

concentration,pfpxy@esnid sasatepleidcenedingtetiepiegeticineatiom26{0029)FK GamaRows the
result of identification of the defect regions ofa
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 DRAWINGS

[0022] Exemplary embodiments can be understood in more detail from the
10  following description taken in conmjunction with the accompanying drawings, n
which:
[0623] FIG. 1 is a flow diagram illustrating a method of identifying a crystal
defect region according to an exempiary embodiment;
[0024] " FIG. 2 is a graph illustrating a heat cycle in the identifying method of
15  FIG. 1 according to an exempiafy embodiment;
[0025] FIG. 3 is a flow diagram illustrating a Cu contamination process
éccording 10 an exemplary embodiment;
[6026] FIG. 4 is a sectional view illustrating a portion of the Cu
contamination process of FIG. 3;
20  [0027] FIG. S 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 patiern 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;

25 [0029] FIG. 7 shows the result of identification of the defect regions of a



5|Ii<_:(_3n wafer according to the present invention and the result of measurement of the defect regions of
a S|I|(;on wafer according-to the conventional art; [0030]FIG. 8 is a flow diagram illustrating a method of
|Qent|fying crystal 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 e%‘ﬁ%'ﬁ%’i&[g&%ﬁﬂg mlﬁlgld{ﬁ%kfa{?ﬁ@ea%m%dptﬁp%ﬁgm@Jﬂ@&@%ﬂéﬂg@f wertically, in

. 1
which crystal detect regions are identified using the method of FIG. 8; [0033]FIG. 11 illustrates a

sugtate saquple oL anncr I SleoeIriRANISIhCsiok et gions are idenied using the

method of FI 4]FIG. 12 illustrates a sample of monocrystalline silicon, in which crystal defect

regions are idggfigd usingriies methadialRlGxAn0NRBHRIG, Larshaws thedestiiatidsntification of the

defect regions of cY silicon _V\_/afer according to the present invention and the result of measurement
of the 15defegt regions.af aslirannaiaiacsrdinglarharteaduesiional art; and [0036]FIG. 14

iIIu_strates. information about the gettering sites of crystal defect regions estimated by the
photolumiinesggieg analysisiaccordingriovesmptaryliustrating 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, in
which crystal defect regions are identified using the method of FIG. 8;
[0033} FIG. 11 illustrates a slug-state sample of monocrystalline silicon, in
10  which crystal defect regions are identified using the method of FIG. §;
{00341 FIG. 12 illustrates a sample of monocrystaliine 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
15 defeét regions of a silicon wafer according to the conventional art; and
[0036] FIG. 14 illustrates information about the gettering sites of crystal

defect regions estimated by the photoluminescence analysis according to exemplary

embodiments,

20 DETAILED DESCRIPTION OF EMBODIMENTS

[0037% Hereinafier, specific embodiments will be described in detail with

reference to the accompanying drawings.

(00383 Embodiment 1

[0039] FIG. 1 is a flow diagram illustrating 2 method of identifying a crystal

25  defect region according to an exemplary embodiment. FIG. 2 is a graph illustrating



embodiments. 20DETAILED DESCRIPTION OF EMBODIMENTS [0037]Hereinafter, specific
embodiments will be described in detail with reference to the accompanying drawings.
[0038]Embodiment 1 [0039]FIG. 1 is a flow diagram illustrating a method of identifying a crystal
25defect region according to an exemplary embodiment. FIG. 2 is a graph illustrating a heat cycle in

the identifying mathed of RIGuE aeeardingdo,ierediplary: embagdiogihd 0R4QHT bedaigkent invention

prepares a sample in'the shape of a silicon wafer or a slice of monocrystalline silicon ingot,

contaminateg ghleasippe side of the 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 spegiggitto identifyta grvwial defastoegiespare hazepegion dscinferpreséchasiadi region
yvhere interstitial point qlefects are prevalent but no cluster defect is present and the non-haze region is
interpreted ag,gi\bregionaviersvaganalihidi o pdigbdelaatsranetpsevadant dng sideciiister defect is
present. For example, the crystal defect region can be identified using a haze pattern that is generated
through 5eatgz{@@ﬁme{arﬁmuﬁm@ljthﬁediﬁ[ewﬁlt§ukpreodmimm¢thviarripkatim inbtreRy diwd Pi regions.
In particular, a metal _pr_empitate is generated mainly within the sample in the Pv region, while a
haze-type metattprecipitateids gerieratgbsire thidesafficehofitheedisd anmpidarnvitie the redicheJ0041]In
addition, because the haze pattern is identified 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 cluster defect is
present and the non-haze region is interpreted as a Pv region where vacancy-type
10 point defects are prevalent but no cluster defect is present. For example, the crystal
defect region can be identified using a haze pattern that is generated through heat
treatment causing the different Cu precipitate behavior locations in the Pv and Pi
regions. In particular, a metal precipitate is generated mainly within the sample in
the Pv region, while a haze-type metal precipitate is generated on the surface of the
15 sample in the Pi region.
[0041] In addition, because the haze pattern is identified with the naked eye,
the sample has only to have a predetermined surface roughness. Therefore, the
present invention can be applied to any type of monocrystaliine silicon sample such
as a silicon sample and a vertical sample obtained by slicing the monacrystalline
20 silicon ingot vertically in the axial direction.
10042] 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.
[06043] For example, a wafer, which is prepared by slicing a monocrystalline

silicon ingot and then performing a grinding process to remove surface defects

25  resulting from the slicing process, is used as the sample. However, the present



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
sampfé obtained by slicing the monocrystalline 20silicon 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 s prepated n otep o1 {04IEOnFEATPIE, BV AlERICH s Risgared nslcing Agmonocrysaline

silicon ingot and then performing a grinding process t6 remove surface defects 25resulting from the

slicing process, is used as the sample: However, %Qrg%%%ng E}Yﬂiﬂ rbil%ggggliggitgqa%més, but can be

!
applied to a wa é?iﬁgapﬁ%cgslfhé%rgone only a slicing process, to a Wager that has undergone a grinding

process or a |aRRINY BIORESS\AI FNAIRE Rl HNdgraRnE:R RRlbing Rrogeskidn, addition, the

present inverition can also [ monocrystalline silicon 5 ingot that is

e applied to a square slice o

obtained by slicing a;menostysiallinesilicaningetaxallyuheoueh the srmsiRemset bikis manner,

the present invention can be applied to evaluate a crystal defect region of a completed wafer or a

sample that isQbtaingd by sicing gySlitaRkinoabaxiaal0Qd4linsteme, atigsteneyside of the

sample is contaminated with metal. 10 Copper (Cu) may be used as the contaminating metal. If the

front side of thg,aaraple:is dastingsd fomadnatal bazemattesntithedaacksigepiitthe samipkads uniformly
contaminated with the metal. The metal contamination concentration must be sufficient to generate a

haze. Preferaliysat ieass opg siderof toapriepleviseataningikdivittithémietd lat slicomtamination
concentration of about 1 x 0" to 15 5x10'6 atoms/cm2. If the metal contamination concentration is

lower than | xdi¢dnatamsienaly no haze is generated. If the metal contamination concentration is
higher than 5x1616 atoms/cm2, a haze is generated on the entire surface of the wafer, making it

difficult to disgaoagte betweersiystat defecitegidns! [0045iThle metaltzomaradnatibnstacess may
include applying a metal-

10 Copper (Cu) may be used as the contaminating metal. If the front side of the sampie
is destined for a metal haze pattern, the backside of the sample is uniformly
contaminated with the metal. The metal contamination concentration must be
sufficient to generate a haze. Preferably, at least one side of the sample is
contaminated with the metal at a contamination concentration of about 1x10" to

15  5x10' atoms/cm®. If the metal contamination concentration is lower than 1x10"

| atoms/cm’, no haze is generated. If the metal contamination concentration 1s higher
than 5%16'° atoms/cm?, a haze is generated on the entire surface of the wafer, making
it difficuit to discriminate between crystal defect regions.
[00.45] The metal contamination process may include applying a metal-

20  contaminated solution on at least one side of the sample, and leaving the resuiting
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.

{00461 The heat-treatment process generates a metal precipitate mainly

25  within the samplie in a Pv region, and generates a haze-type metal precipitate on the

10



20 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 25within the sample in a Pv region, and

generates a e b il ReARIpG andhe 1auiage AdiacRpiRie.o adl vedian: Bhein

heat-treatme%%rprocess wi described in detail with reference to FIG. 2. [0047]Referring to FIG. 2, a

gaseous atm e%glpgyghqfeggggg@,tgiﬁ@_e@t argon, oxygen, hydrogen, ammonia, or a m_ixturg thgreof is
created in a heat-treatment 5 furnace. For efficiency, the temperature of the furnace is maintained at a

predetermin%gdgﬂperaturﬁagﬁmﬂ&ﬁf@p BQOLs&MNGrRbRsRdEOsERSREN athe M eatdreatment

process. A boat mounted with the sample is loaded into the furnace (step I). [0048]Thereatfter, the

temperature gf Jhe fugnacs i Increasad aba raigiafildabawbl 1o SRk&idnimanthefustdmatireatment
process is perfoiiited at about 600 to 950 C for about 0.01 to 10 hours (step II). The minimum

temperature inarease rate ofhGARR istie reduperihedeqtingd tifomeaad ithenmiaxiinedn semperature
increase rate of 50 C/min is to prevent a stress due to an abrupt temperature change. [0049]The first

heat-treatmeplAEAGESH &I QAlESANAAGL YIRS IISPAcEUN'E HaRugegion sotkatea thetalie.g., copper)
precipitate is created in the vacancy cluster space. [0050]In more detail, the first heat-treatment
process causgsithesmetal tRocess. A boat mounted with the sample is loaded inio the furnace

(step I).
[0048] Thereafter, the temperature of the furnace is increased at a rate of
10 about 1 to 50 "C/min and a first heat-treatment process is performed at about 600 to
950 °C for about 0.0 to 10 hours (step II). The minimum temperature increase rate
of 1 *C/min is to reduce the required time, and the maximuwm 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 in a
15  Pv region so that a metal {e.g., copper) precipitate is created 1n 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-
20  contaminated solution diffuses to the monocrystalline silicon in the sample, or to the
defect regions (i.e., the Pv and Pi regions) in the monocrystalline silicon, in such a
way that the metal diffuses assuming difference aspects in the defect regions. A
metal compound precipitates during the above process. That is, metal ions in St are
restored in the defect region to create a metal precipitate.

25  [0051] After completion of the first heat-treatment process, the temperature
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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- 20 contaminated solution diffuses
to the monocrystalline silicon in the sample, or to the defect regions (i.e., the Pv and Pi regions) in the
monocrystalline silicon, in such a way that the metal diffuses assuming difference aspects in the defect

regions. A mgtalcompaund.precipitatesduring he apeve nreessCHhat imdnetkinns ia:5i are
restored in the defect region to create a metal precipitate. 25[0051]After completion of the first

heat-treatmept gracesswingdemperatiie; of shsdurnacadsimmyeasest abauate)ofialiouicuio 50 'C/mmn
and a second heat-treatment process is perfouined at about 1000 to 1150 C for about 0.01 to 10 hours

(step IIl). Thegminimuym ieRpsHatHienerpasataeiatkdsimindsotd redliaerthe tequidecktitiee, and the
maximum temperature increase rate of 50 'C/mmn is to prevent 5a stress due to an abrupt

temperature ghanaa-{QR52Thaseeantd e tieatmentpreesssagrads tHE métdk poesipitate resulting
from the first heat-treatment process, and causes the metal to diffuse throughout the sample.

Howeveg as gleserihed lates, dheseranstheattthatarent process may be performed without the
performance of the first heat-treatment 10process, depending on the concentration of oxygen in the

sample. [0058}882] compl@tien efthel séeantidieatite pnmens pavoess, tive rertpermapitithe furnace
is decreased at a rate of about 200 C/min or less (step V). Such a slow cooling process makes a clear
difference beteeiimpréeipitate régiorisin-tiretPydnprPiatsgions. IB[OT54)n Srip!sle, HEFEat-treated
sample resulting from the above heat-
throughout the sample. However, as described later, the second heat-freatment
process may be performed without the performance of the first heat-treatment
10  process, depending on the concentration of oxygen in the sample.
[0053] After completion of .the second heat-treatment process, the
temperature of .the furnace is decreased at a rate of about 200 "C/min or less (step [V).
Such a slow coo.ling process makes a clear difference between precipitate regions in
the Pv and Pi regions.
15 [0054] In step S4, the heat—trerated sample resulting from the above heat-
freatment processes is drawn out from the furnace and then the contaminated side or
the opposite side of the sample is observed to identify crystal defect regions. A haze
pattern on the opposite side can be identified more clearly than on the contaminated
side. In this case, there is no need for an additional etching process or an additional
20  check device. When the opposite side of the heat-treated sample is checked with the
naked eye under the spotlight, a metal precipitate haze can be observed and thus the
crystal defect regions Pv and Pi of the monocrystalline silicon can be identified.
That is, the haze region on the sur’_face of the heat-treated sample is interpreted as the

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

25  [0055] " For identification of crystal defects, the conventional art measures
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treatment processes is drawn out from the furnace and then the contaminated side or the opposite
side of the sample is observed to identify crystal defect regions. A haze pattern on the opposite side
can be identified more clearly than on the contaminated side. In this case, there is no need for an
additional etching process or an additional 20 check device. When the opposite side of the
heat-treated sample is checked witla?}h naked gye under the. spatlioht,@ m?grpiggmgﬁg haze can
be observed gﬂﬁal%nlgﬁ%afhoél c(fr%)%/gstfgf e e%? egltligns év andﬁPi of the mgonocrysta ine silicon can be
identified. .Th%é%’&gaet haze region.on the syrface 0 %Q%ﬁgﬁ%%d;@@?ﬁ@ prefageas the Pi
region, while the non-haze region is interpreted as the Pv region. 25[0055]For identification of crystal

defects, the Co%s”ﬁ"”ﬂo%&@%% &5 LegomRinatian ietine:throusks thedigbriempestéyre/long-time
a

oxygen precigll% eat treatment or identifies the defect regions through the X-ray photograph image

analysis. Howeyer, the present invention casceasieidentiuthe; cBisiakde astregionsnitbout an

additional check process by using the metal haze phenomenon 5 that is generated through the

heat-treaiment, caysing the diffessnt pre cipitaiepehamiass ot sbsinpetakindifesiticoprerystaiedefect
regions, without depending on the concentration of oxygen of the monocrystalline silicon. [0056]The

present inventjgn, candidentify.ihel Giyaialdefesterusingionly eneometaitiamdnpeifimcondantion art is
restricted in mints of the metal contamination 10amount and the heat-treatment time because the

recombination Jifetine canarbbe: srassueesh woery thdimetaliprecipitate or the haze is generated.
However, the present invention can identify the crystal defect regions by generating the haze.
[0057]Meanwfilgsayhen therGa menaminatitivpracesiisipetiormetalsinfpthedehewinl wisthods
described with reference to FIGS. 3 and 4, the sample can be 15 contaminated to a higher
concentrationtharepmesucing therheattreatmentstinuedFiGiedis alfiby wiiglamikasRaiy a Cu
contamination process according to an exemplary embodiment, and FIG. 4 is a sectional view
illustrating a periomoiidelGuhcantaximationiprobessust RIG recqobbsifoe E&aateRarthe
contamination method using a spin coating 20 process cannot contaminate the monocrystalline silicon
to the extent Ghgenerdtinga B hazd pHéwrefdreotibedrezist aVEHRSh PIOPEIES A6 ESie
contamination method illustrated in FIG. 3, which contaminates only one side of the monocrystalline

silicon unifornitytatiohigmddaueitthtionyina didpeb B e prRiREdEfRIg%T the monocrystalline

silicon using the Cu haze phenomenon. . . .
[005717 Meanwhile, when the Cu contamination process is performed using

the following methods described with reference to FIGS. 3 and 4, the sample can be
15 contamina‘@d 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 & portion of the
Cu contamination process of FIG. 3.
[0058] The conventional Cu contamination method using a spin coating
20  process cannot contaminate the monocrystalline silicon to the extent of generating a
Cu haze. Therefore, the present invention proposes a one side contamination method
Alustrated in FIG, 3, which contaminates only one side of the monocrystalline
silicon uniformiy to a high cdncentration'in order to identify the brystal defects of the
monocrystalline silicon using the Cu héze phenomenon.

25 [0059] Referring to FIG. 3, the both sides of the sample are HE-cleaned in
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25[0059]Referring to FIG. 3, the both sides of the sample are HF-cleaned in step S21. [0060]In step
S22, the sample 10 is mounted on a sample stub 20 as illustrated in FIG. 4. [0061]In step S23, a
Cu-contaminated solution is applied to one side of the 5 sample 10, while keeping the sample stub 20
horizontal. For example, a mixture solution of BOB solution and Cu is used as the Cu-contaminated
solution. Thesgfp@;gplution 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 tipgggand the efficiencisit thecanagneralivnsofitbenB@BoiOschutiph istdo Bwathe
processing time becomes too long, reducing the productivity. If the concentration of the BOB solution
is too high, thpyeagstiomagcurs rapidly, making it difficult to identify the crystal defects. [0062]For
example, a Cu solution is mixed into a 0.67% BOB solution (0.24% HF 19.5% NH4F), such that the
concentrationgfedy in the Bokutios1s frofuiSaboinitpbreigiabdatapbligshio Wwiesiduehbe
Cu-contaminated solution is used, Cu24 ions are uniformly applied onto the sample, so that the
contamimatioguganeerily atioif: dfEpiirg the mrongerysthlffehsiiconteln ber aB¢im s FOTAY5x10/6
atoms/cm2. As described previously, if the contamination concentration of Cu is lower than Ix iO4
atoms/cm?2, aduioaze BiaEherhahonaddsristisedur theHelcerminatrshsolrEsRceitfatiBh of Cu is
higher than 5 x1016 atoms/cm2, a Cu haze phenomenon occurs excessively, making it impossible to
identify the crystalcdefect regibns obthiéomsnodh<ialind &l corl Hitharre R edE IidBPhe spotlight.
Preferably, the contamination concentration of Cu is about 8.83x1015 to 1.33x10'6 atoms/cm2.
[0063]A pipetteidtois wsad to agpHecd useBAbRN Na N E8RIABATND Bife %f&eﬁ‘?{ggﬁtﬂf?@ally, the

back side) of the sample 10. The reason for this is that, if the .
possibility, the processing time, and the efficiency. If the concentration of the BOE

10  solution is too low, the processing time becomes too long, reducing the productivity.
If the concentration of the BOE solution is too high, the reaction occurs rapidly,
making it difficult to identify the crystal' defects.

10062} For example, 2 Cu solution is mixed into a 0.67% BOE solution
(0.24% HF + 19.5% N14F), such that the concentration of Cu in the solution is from

15  about 1 ppm to about 15 ppm. When such a Cu-contaminated solution is used, Cu™"
jons are uniformly applied onto the sample, so that the contamination concentratién
of Cu in the monocrystalline silicon can be about 110" to 5%10' atoms/em®. As
described previously, if the contamination concentration of Cu is lower than 1x10"
atoms/em’, a Cu haze phenomenon does not occur. If the contamination

20  concentration of Cu is higher than 5x10" atoms/cm?, a Cu haze phenomenon occurs
excessively, making it impossible to identify the crystal defect regions of the
monocrystalline silicon with the naked eye under the spotlight. Preferably, the
contamination concentration of Cu is about 8.83x10" to 1.33%10'® atoms/em”.
[0663] A pipette 40 1s used to apply the Cu-contaminated solution onto one

25  side (specifically, the back side) of the sample 10. The reason for this is that, if the
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- Cu-contaminated solution is applied onto the front side of the sample 10, which is fabricated as a -
semiconductor device, the Cu ions contaminate the front side, leading to an error in defect
measurement, [0064]In step S24, one side of the sample 10 is Cu-contaminated for a 5 predetermined
period after the application of the Cu-contaminated solution. The contamination process may be

performed at@ noimaligmpetature Hndepiearsae pressure.0065] thestamB23,thelGehdentaminated
solution is cleared and washed from the sample 10. For example, the washing process may be a

process of ringingihe; 10 sampleusingodainnizehwaieioThougithetatioviprocéssiesdig
Cu-contaminated solution stays in the sample 10 for about 1 to 10 minutes, for example, for 4 minutes.

[0066] In stepS36eihe sadpple Aisdsedntor example, the sample 10 is dried on a hot plate. The
sample 10 may be dried at about 100 C, for example, 80 to 120 C. The sample 10 may be dried using
a spin drier ofgtigayen gasiql 5087} Theeakidveothehoshumbce 8Sills identfyitwinristaladetect regions
without an additional check device by using the Cu haze phenomenon that is generated on the surface
of the siligon thedeghng sith ple-beatitke atmentpditet anhightoo e ntrettionnatifosm Warcontdmination.
The convention art is restricted in terms of the metal contamination amount and the heat-treatment
time becausedhea@iecompinatisnifstimepcaionotBerieasunsd WhekraierenaEtdrhre8RRE or the
haze is generated. In particular, the conventional contamination concentration is 1x10'2 to Ix 10k
atoms/cm2. Hewgeusr, 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 {086 used o ptenlist ihtho Sansenrranaiatisalision opigmsihand HaShIneY stalline

silicon using the contamination method illustrated in FIG. 3. Cu on wafer = -4.23x 10u +§.e87 x 10" Cu

in BOE(I) [0068 Faen@le ¢6ntanmirmaasinknidanvehiBs Warsst B e oBERmsE b hikHge

predetermined amount of Cu solution into the BOE solution and then 5conta§éinatin the
monocryétallinensilleorsiag ileismined warchs. Brargle BraARKG BiecessSotite éct%ﬁa%l[‘flﬁ%eﬁOE.

solution stays in the sample 10 for about 1 to 10 minutes, for example, for 4 minutes.
{0066] Tn step S26, the sample 10 is dried. For example, the sample 10 is
dried on a hot plate. The sample 10 may be dried at about 100 °C, for example, 80 to
120 *C. The sample 10 may be dried using a spin drier or nitrogen gas.

15 [0067] The above method caﬁ easity identify the crystai defect regions
without an additional check device by using the Cu haze phenorhenon that is
generated on the surface of the silicon through a simple heat-treatment after a high-
concentration unifoml. Cu contamination. The convention art is restricted in terms of
the metal contamination amount and the heat-treatment time because the

20  recombination lifetime cannot be measured when the metal precipitate or the haze 1s
generated. In particular, the conventional contamination concentration is 1x10% to
1%10% atoms/em?. However, the present invention enables a higher contamination
concentration and can identify the crystal defect regions by generating the Cu haze.
10068] Equation (1) is a feedback equation that can be used to predict the

55  amount of Cu that can contaminate the monocrystalline silicon using the
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[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 method using a spin
coating process. The present 10 invention can provide 10 to 100 times more contamination than the
conventional spin coating method. The high-concentration uniform concentration is necessary for

identifying the. crystaldefesiragions.atdha manogrystalline silicon. The contamination method

according to the present invention gal% g}gir?ageﬁl_tg%ﬂgmm% gwt of t.h.e_.rjrkqt)al contamination in

the monocrystalline 15%06?’1 the” -contamination o sample, the present invention may use
any method that can provide a metal contamination concentration suitable for generation of the haze.
[0072]Both sjdes®yf the saffipiemaybendosiaminatadivithomeaiessen he TpifvH 888 %he both
sides of the sample are HF-cleaned, and the HF-cleaned sample 20 is mounted on a cassette and
immersed into aGuecantaminatedsolutén Gecordiitpto tHoprdsert berftbiioma8amBis
immersed for a predetermined period such that the both sides of the sample are Cu-contaminated.
Thereaft®r, themampleiigdiawmaucioiltine Cliton g HEEb BBl Thers e MBS mple is
washed and dried. [0073] FIG. 5 illustrates an example of the impossibility of identifying a
25heat-treateterEgionnacabrdion o+ teBédhcentration of oxygen in a sample. [0074]There is a case
where a sample with an oxygen concentration [Oil of less than 11 ppma is contaminated }/{/ith Cu and

only the secdi@Hlat-treathertipréeesssd paMoRedRFHE dBXTAHIRaE sSAHE W hid Case, an

overall haze pattern is generated, making it impossible to identifying a crystal defect yegian.
?nonocrystzglline silicon with 1%01‘6 é)u using less u—cglntegnmat}e/:a soﬁi%on had e

conventional contamination method using a spin coating process. The present

10 invention can provide 10 to 100 times more contamination than the conventional spin
coating method. The high-concentration uniform concentration is necessary for
identifying the crystal defect regions of the monocrystalline silicon.  The
contamination method according to the present invention can increase the maximum
amount of the metal contamination in the monocrystalline silicon.

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

10072} Both sides of the sample may be contaminated with metal such as Cu.
In this case, the both sides of the sample are ITF-cleaned, and the HF-cleaned sample

20  is mounted on a cassette and immersed into a Cu-contaminated solution according to
the present invention. The sample is tmmersed for a predeternuned périod such that
the both sides of the sample are Cu-contaminated. Thereafier, the sample 1s drawn
out from the Cu-contaminated sotation. Thereafier, the sample is washed and dried.
[0073] FIG. 5 illustrates an example of the impossibility of identifying a

95  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 to identifying a
crystal defect region If the oxygen concentration is less than 11 ppma and the first heat-treatment

process is 0 al0v ¢l ,. . ‘ e _
g E?e'd"'plmvideﬁ? ALY WRUEL SR A @iGuReeRiate sambemaneated in the Pv

region, cann ereby generating the overall haze pattern. If the oxygen concentration is

more than 111@£”Eﬁaﬁni’zb8g&8f the. first andsecond heateaimenieresessenarenattaemed, an

oxygen precipitate Is generated in the silicon, thereby gettering Cu to generate a Cu precipitate. Also,

no haze pattern is generated-inthe 1 2purtase.phihe sampigandihustheserystab deftictregion cannot
be identified. [0075]Thus, the present invention uses two heat treatments depending on the

_concentratiorTg{tggfy gendndhe-sannlanfoor Gids sy atedimiibig 1 ittheabxiden cegioentration [Oi]
is more than 11 ppma, only the second heat-treatment process is performed without the 20

e e A e i i e 2 o
processes are performed. [0077]Table 1 = Second
heat-treatmenipraCRSs PRifMIIAted with Cu and both of the first and second heat-ireatment
processes are performed on the contaminated sample. In this case, no haze pattern is
senerated, making it impossible to identifying a crystal defect region. If the oxygen
concentration is less than 11 ppma and the first heat-treatment process is omitted, a
10  vacancy cluster space, in which a Cu precipitate can be geherated in the Pv region,
cannot be provided, thereby generating the overall 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 1n the
15  surface of the sample and thus the crystal defect region cannot be identified.
[0075] Thus, the present invention uses two heat treatments depending on the
concentration of oxygen in the sample.
[00786] As illustrated in Table 1, if the oxygen concentration [Oi} is more than
11 ppma, only the second heat-ireatment process is performed without the

20  performance of the first heat-treatment process. If the oxygen concentration [Oi] 1s

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

performed.
[0077] Table 1
)
[01] < 11 ppma > 11 ppma R{
. First heat-treatment process perform not perform !
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perform [0078]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. It can be seen from FIG. 6 that a defect region according to
the diffusion-of-Guiens-can-be-bidentifietwith-the-naked-eyeindifferenttotors for the resp§ctlve

reg?ons such Sgcgh%g p{}ga?ﬂlg%gmeggom]FIG I]eﬁggws the result of |deﬁg;ff§§ﬁon of theidefect

regions of a'sticen-wa er according-to-the-presentinvention-and-the resutt of measurement of the

defect reglong0@f7§ silicon Wﬁer acegrding m&ggﬁ{@ﬁtlg{{@rgﬁgd 10HQ80IRIGorft shawsddentification
of Pv and Pi ysta defect regions by Cu

process is performed and a heat-treatment process is performed according to the

concentration of oxygen in a sample according to the present invention. It can be
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 a silicon wafer according to the conventional art.
10  [0080] FIG. 7 shows identification of Pv and Pi crystal defect regions by Cu
haze patterns of the sample that is heat-treated after the Cu contamination of the
“sample with a sample [Oi} of 115, 5 ppma and 8.5 ppma, and shows identification of
Py and Pi crystal defect regions by the recombination lifetime according to oxygen
precipitation resﬁit'mg from a conventional oxygen precipitate heat-treatment (for 4
15  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. Iﬁ this case, the heat treatment using the metal contamination must be
performed to identify the crystal defect region.

20 [o081] Embediment 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

monocrystaliine silicon without an additional analysis method. That is, the present
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- haze patterns of the sample that is heat-treated after the Cu contamination of the sample with a
'sample [Oil of 115. 5 ppma and 8.5 ppma, and shows identification of Pv and Pi crystal defect regions
by the recombination lifetime according to oxygen precipitation resulting from a conventional oxygen
precipitate heat-treatment (for 4 15 hours at 800 C + 16 hours at 1000 C). If the oxygen concentration

is low (11.5 ppmay; dhe sanentisnal aiticanalspddentifyithe erysial driest regioms!f dre gxygen

concentration is high (8.5 ppma), the conventional art cannot identify the crystal defect region. In this

case, the heaf treatment:using he metalcoplaminationdnusthe seremeddasdentifinibengrystal defect
region. 20 [0081]Embodiment 2 [0082]FIG. 8 is a flow diagram illustrating a method of identifying

crystal defect,regians aerRrWRS-OraRANes BRI MRk erebacimeREI0A88H G Prasentdrdention can
identify all the crystal defect regions of the monocrystalline silicon without an additional analysis

method, That,is,1ihe RresRininventionCanisimulianeeysherstinaieraliitie viyataligefectisegions of the
monocrystalline silicon such as a Pv region where vacancy-type defects are prevalent, a P-band

region wheredine-glate-typaRiacipinienane gresentanchandificdpiretedshyehaatateatment under
an oxidation atmosphere, a Pi region where interstitial 5 defects are prevalent, a B-band region where
oxygen precipitatiomisgenesated atat highmancentratiordy dfeatirsatmeninisiigial sdednf a cluster of
interstitial silicon, and an i-rich region where interstitial silicon is prevalent. [0084]In addition, the
present inventignsanibe repplied boranyttypeief simples travideabout 0.4 to 3 mm in thickness. That is,
the present invention can be applied 10 to any type of rnonocrystalline silicon sample such as a
silicon sampl§0&Bdla vertichl sddnpie abtapmesgisyrstivitignivemboreplysidtinaisiivewingopiertically in
the axial direction. [0085]Referring to FIG. 8, a sample in the shape of a silicon wafer or a slice of
monocrystallifietsitiebnin@st s prapaiadhiivisteps SToat is, the present invention can be applied
10  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.
[0085] Referring to FIG. 8, a sample in the shape of a silicon wafer or a shee
of monocrystalline silicon ingot is prepared in step S101.
15 [0086] For example, a wafer, which is prepared by slicing a monocrystalline
silicon ingot and then performing a grinding process to 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 a lapping
20  process, or to a wafer that has undergone a polishing process. In addition, the
present invention can also be applied to a square slice of monocrystalline silicon
ingot that is obtained by slicing a monocrystalline silicon ingot axially through the
center thereof. In this manner, the present invention can be applied to evaluate a

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

25  silicon ingot axially.
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- 15[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 20

process, or tpagvafer thatihaspreiggone apelishing piagasds lrerddition, dadgresint imyention can
also be applied to a square slice of monocrystalline silicon ingot that is obtained by slicing a
monocrystalliaehsilicapxiagpleaxipiyctbisiagh ithdceniatathesenhdn(this: manher, the EHESEH invention
can be applied to evaluate a crystal defect region of a completed wafer or a sample that is obtained by
slicing a 25s#igon3ngnt)axidiytlc [@R8aitnNEep S102]0ne didd df the samfpleds selestivély etched using
any etchant. Examples of the etchant include a dash etchant (HF : HNO3 : CH3CHOOH =1:3:12), a
Sirtle etchanKgdhOCaqud@s sdluliod (012) neoBeéteoktdharifHENKR CI207 agueausobafiation (0.15
mol%) = 2 1), FIF, HNO3, CO3 aqueous solution 5 (5 mol%), and a Wright etchant that is a mixture of
Cu(NO32, QH3GROHndndW2¢hi 0088t thetep &103ithecs€laCtilaly. éithedsite fdfieSample is
observed using a microscope to identify a crystal defect region primarily. Examples of the crystal
defect regior{@8BHe a v-richsteyiShaaitthe RN réglie With pDMC[0OBY]M i5tepSSTG4, the sample
is etched again to remove a selectively 10etched portion from one side of the sample. [0090]In step
S105, at leaststreskicoigRsampsleniis onninhteefSoitiosieta PIRRERS tiGFATESS rhay e used as

the contaminating metal. Unlike the . _ . _ _
crystal defect region include a v-rich region with COP and an i-rich region with LDP.

[0089] In step S104, the sample is etched again to remove a selectively
10 etched portion from one side of the sample.
{0090] In step S103, at least one side of the sample is contaminated with
metal.. A transition metal may be used as the contaminating metal. Unlike the
conventional art using two kinds of transition metals, the present invention has only
to use one transition metal. The metal contamination is to identify the crystal defect
15  regions by changing a location at which the metal is precipitated selectively
according to a silicon crystal defect region through the next heat treatment. For
example, the sample is contaminated with Cu and then the crystal defect regions are
identified with the naked eye using a haze pattern that is generated on the surface
through heat treatment causing different Cu precipitate behavior locations in the Pv
20  and Piregions. 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
tile 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 1.

25 Howevér, because the photoluminescence analysis as well as the naked-eye check is
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conventional art using two kinds of transition metals, the present invention has only to use one
transition metal. The metal contamination is to identify the crystal defect 15 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 regiongafgidentifiegwiththanakesd@ye usihgraihnzematiamitatisageneratetanthe surface
through heat treatment causing different Cu precipitate behavior locations in the Pv 20 and Pi regions.

If the front sidgabthesamplg isdesiinechior amesatiagae palteia, thedackSidesofithe sambple is
uniformly contaminated with the metal. For generation of the haze pattern, at least one side of the

sample is coniguninatad onithibenmaiahaheycandaminatioh cenceritatiomosfabout 1 ,Th u to 5x10'6
atoms/cm2. This high-  concentration metal contamination is performed in the same way as in
Embodiment §085Hiipweveribseausshehphotniininescence analysissdswellcatthecpakiad:eye check
is performed in the present invention, the metal contamination may be performed independently of the
type andzongentkatinrent thesmetal. Thudicthemetad wantamsnationbeareénratiote thayelieribout
1x1012 to 1 x1017 atoms/cm2. [0091]In step SI06, the metal-contaminated sample is heat-treated
according 5 tehtie thee senslinuention diffistbat-eathmanhtisaoosss magdse geroiited o Aféextent that
the metal can be diffused. The heat-treatment process generates a metal precipitate within the sample
in the PV regiprecapithgensizitesha razeptype Histdl presisitatandn aere st e lsrae Barlin the Pi
region. The heat-treatment process may be the same as described with reference to FIG. 2.
10[0092]In stepeSp0Ticthe Asamtisatcef shprmsraplesintiig Fiokeite abokEREMCHRSTH B Dcesses is
drawn out from the furnace and then the contaminated side or the opposite side of the sample is
observed to identife hpseingefcdesaihsASBeBHasnRE PHdfé idno need for a separate etching
process or a separate check device. When the metal-contaminated side or the opposite side of the

heat-trefed 18@8&lple is dretRBAWA the RAREH S IR THE LPORH AR ARG & YTePSTEd on the

metal-contaminated side can be observed and thus the crystal defect regions Pv anﬁ Pi of the
monocrystalliEXmeah RIARCEE Ide MiREE. S dFosn 48 HEDEFeliorsh the SOHARNYITAE AR S treated
sample is interpreted as the Pi region, while the non-haze region is.interpreted as the Pv region.
Synthesizing tHe RIS HEDrithaRF 2BTaEifia ﬁeﬁYS%eté)s t‘é[,%gB 16%%%%%53%3% ' OFthe

secondary identification process can iden%fy the region _v-{i h, 1-rich, Pi and Pyv.
secondarily. ‘There 15 no need for a separale etchiig proc

Bss Of a separate check
device. When the metal-contaminated side or the opposite side of the heat-treated
15  sample is checked with the naked eye under the spotlight, a haze generated ﬁn the
| metal-contaminated side can be obser"\-fe.c.i 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
20  identification process (step S103) and the result of the secondary identification
process can identify the regions v-rich, i-rich, Pi and Pv.
[0083] 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

25  analysis. However, the present invention can ecasily identifv the crystal defect
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[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 25analysis. However, the present invention can easily
identify the crystal defect regions without an additional check process by using the metal haze

phenomenon that is gensrated thradgh-the,healtgatment causing thediffierantRessipitate behaviors

of the metal in‘the silicon crystal defect regions, without depending on the concentration of oxygen of

the monocrysgialling siligen:&I0094lIde aleseakinvantion canidentifthe;aretal defaptsatsing only

one metal element. The convention art is restricted in terms of the metal contamination amount and

the heat-treaimentdimemgcansaitherrcgmbinatienlitetine canne! Retmeagureddiviahtie metal
precipitate or the haze is generated. However, the present invention can identify the crystal defect

regions by gepgeatingibe Jraze-bal0PaR] InsHeR S HBnihelleat-treated sample is measured by the

photoluminescence analysis to identify crystal defect regions thirdly. Synthesizing the results of the
primary gnd sggoaplary idenkfigatiompincassas andithatBsult af thethistidentificatinly piecess can
identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band, thereby making it possible to identify the
entire defect segipRteafdhe Theraonoanistalinéssiticondisitdesenibed thbaveabecausertien
photoluminescence analysis is performed, the present invention can be applied independently of the
type and congeptratiandofiihéemntaminatingrmeebak Alsofliheqresbntinve hifommagafarthée include a
step of detecting the gettering efficiency in the sample using the photoluminescence analysis.
20[0096]FIG riswadowldiagtamdiss matingt stenethudhetidergyine oty dtaivfacthe gisnsnaiccording to
a modification of another exemplary embodiment. [0097]Unlike the FIG. 8 method using one sample,
the FIG. 9 méthediosesuividestifiypies thatadde amelidrisdm gheesaiing thybezfo098]Referring to FIG. 9,
first and second samples in the shape of two 25silicon wafers or slices, which are sampled at two
adjacertJocai@®¥Sin a  In step S108, the heat-treated sample is measured by the

photoluminescence analysis to identify crystal defect regions thirdly. Synthesizing

the resuits of the primary and secondary identification processes and the result of the

third identification process can identify the regions v-rich, i-rich, P1, Pv, P-band and

B-band, thereby making it possible to identify the entire defect regions of the

15  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.

20 [00986] FIG. 9 is a flow diagram illustrating a method of identifying crystal

defect regions according to a modification of another exemplary embodiment.

{0087] Unlike the FIG. 8 method using one sample, the FIG. 9 method uses

two samples that are sampled from the same mgot.

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

25  silicon wafers or slices, which are sampled at two adjacent locations m a
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monocrystalline silicon ingot are prepared in step Sill. [0099]In step S112, one side of the first sample
is selectively etched. In step S113, the resulting structure is observed using a microscope, so that
crystal defect regions such as v-rich and i-rich can be identified primarily. 5[00100]In step SI14, one
side of the second sample is contaminated with metal. [00101]In step 5115, the metal-contaminated

second sample.is, g§@g %tggrcl(ghq}gg%mi ihaconiasipaied;side or the opposite side of the
sa

heat-treated secon mple’is observed with the naked eye. Accordingly, the haze region on the

surface 10 of i gpat- ”eafﬁ%t%g@ﬂ@ saeRlads inierpraledasithe Risegier, arddhe mopaze region
is mterpreted as the Pv region. Synthesizing the result of the observation of the first sample (step

S113) and the result of thgrahsenation of e seeand sampigicardopntify the:regiaas defieh, i-rich, Pi
and Pv. [00102]in’ step S117, the heat-treated second sample is measured by the

15photolumingsgeRcganalysisciSymhasizingibe iesuli-afghaabservation of the first and second
samples and the result of the measurement of the second sample can identify the regions v-rich, i-rich,

Pi, Pv, Psbangbandd3-banditheegbyimaking itidessibirdaidentifyaingleritirecdedadhregiontlof the
monocrystalline silicon ingot. [00103]FIG. 10 illustrates a sample prepared by slicing an ingot
vertically. 20Ggystal defect regions are identified using the method of FIG. 8, the respective
[o0101] In step S115, the metal-contaminated second sample is heat-treated.
In step S116, the contaminated side or the opposite side of the heat—treafed second
sample is observed with the naked eye. Accordingly, the haze region on the surface
10 of the heat-treated second sample is interpreted as the Pi region, and i‘he non-haze
region is interpreted as the Pv region. Synthesizing the result of the observation of
the first sample (step S113) and the result of the observation of the second sample
can identify the regions v-rich, i-rich, Pi and Pv.
[00102] In step S117, the heat-treated second sample is measured by the
15 photoluminescence anaiysis. Synthesizing the results of the observation of the first
and second samples and the result of the measurement of the second sample can
identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band, thereby making it
possible to identify the entire defect regions of the monocrystalline sﬂicon ingot.
1001031 FIG. 10 illustrates a sample prepared by slicing an ingot vertically.
20  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~stai¢ sample of monocrystalline silicon.
Crystal defect regions are identified using the method of FIG. 8, the respective

25  regions measured using the photolumineécence analysis are marked in FIG. 11, and
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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 25regions measured using the photoluminescence analysis are marked in FIG. 11, and a
Pi region and, @ Ry srgieneieidenified:{08ARIEIG. 12 illustrates a sample of monocrystalline silicon.
Crystal defect regions are identified using the method of FIG. 9, the respective regions measured
using the phqtalysBpescercesanalysisanesrarkeshingfd Gif 1R 0and esRiliregitivend &Putrégion are
identified. [00106]FIG. 13 shows the result of identification of the defect regions of a silicon wafer
according to He:presgininventidansifiddhestesultcofimbadurdight of tHbdefeptégioissiona silicon
wafer according to the conventional art. [00107]Two vertical samples are prepared by slicing a silicon
ingot verticalipe2QiAdcosdipglio fetwieasurenent reelits the condedtiatibiof dxygen mléach sample
is 9 ppma (New ASTIVI standards). For the first sample, a conventional oxygen precipitate
heat-tredtmentdian dndouis atB00 Ce-{de6tHeis 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) contamirffdk®8lethod FiSacddrdhmyvo theerprelerft rraHiratiog pdrtberdeB driggifehebitreatment

process of FIG. 2 is performed. [00108]As can be seen from FIG. 13, the conventional ?rt cannot
identify the silicon wafer according to the present invention and the result of measurement of the

defect regions of a silicon wafer according to the conventional art.
[06107] Two vertical samples are prepared by slicing a silicon ingot vertically.
10 According to the measurement results, the concentration of oxygen in each sample is
9 ppma (New ASTM standards). For the first sample, a conventional oxygen
precipitate heat-treatment (for 4 hours at 800 °C + 16 hours at 1000 *C) is performed
without metal contamination to check the recombination lifetime by oxygen
precipitation. For the second sampl'e, the metal (e.g., Cu) contamination method
15 according to the present invention is performed and the heat-treatment process of
FIG. 21s perforrhed.
[00108] As can be seen from FIG. 13, the conventional art cannot identify the
crystal defect regions when the concentrafion of oxygen in the sample is low as 9
ppma. However, the present invention can clearly identify the respective regions by
20  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.

25 [60108] FIG. 14 illustrates information about the gettering sites of crystal
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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 20 identifying the v-rich region and the
i-rich region using the selective etching process arid identifying the detailed regions such as Pi and Pv
using the metal contamination and the photoluminescence analysis. Also, the present invention can

identify the eqtite GrystakdetashiegionsHeypantylanarinechenifarithecverfice) sedtioabwithout the
need for the check for the respective regions. 25[00109]FIG 14 illustrates information about the

gettering sites,of anvstak defiectreginns estivatethdydherphotdlirnescencdsartalysitatisrbrding to the
above embodiments. The information about the gettering efficiency can also be obtained because the

photoluminesggnee aRalxsisiisnisestld0lAsdesarsted above, using the point-defect characteristics
of the Pv 5 and Pi regions irrespective of the crystal defect identification method using oxygen
precipitation jogheagilicon, asndetatipeecipitate issgentratednhdifsrwithiratteristiniphé heHe Py region
and a haze-type metal precipitate is generated on the surface of the sample in the Pi region.
Accordirgly, she Prystabatefeetpegivrsotaheber ydmntifideritntidsraleadregBadihang f uHditional
analysis. 10[00111]Also, if' the concentration of silicon oxygen is lower than 10 ppma, the conventional
method usingexjjgeri précipitationocarmotidepmiynieiciysendetd madibne i hsubssfRiEause the
oxygen precipitation is excluded, the present invention can identify the crystal defect regions more
conveniently iwhisn Rheagiygendcoheentieriomsaon caipjong 12 prassth ol Wiewiselififention can
identify the crystal defect regions accurately, easily and quickly without dependjng.gn th
concentratiorsafpirygethénfthee ghomochrSEmme 3Hidyh cToTeL SPR Breledt Flertidte ﬁﬁegasily identify
the crystal defect regions without an additional check device by using the Cu haze phenomenon that is
20 generatedvdh thienslisthercorihe s morititeH a°8liie heat-treatment after a high-concentration

uniform Cu contamination. Also, the present inyentign_can greatley reduce th}? tirp(? and c&st required to
identify'tﬁe dé@@ét"r&;ions.AlS@ if the concentration of siliconoxygen 1s lower than LU ppma, e

conventional method using oxygen precipitation cannot identify the crystal defect
regions. However, because the oxygen precipitation is excluded, the present
invention can identify the crystal defect regions more conveniently when the oxygen
concentration 1s low.

15 {00112} Accordingly, the present invention can identify the crystal defect
regions accurately, easily and qﬁickly without depending on the concentration of
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

20  generated on the surface of the silicon through 2 simple heat-treatment afier 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 indep;-:ncientky of the type of the

25  contaminating metal and the type of the sample. The selective etching process, the
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[00114]Also, the present invention can identify all the crystal defect regions of all the
monocrystalline silicon samples independently of the type of the 25contaminating metal and the type
of the sample. The selective etching process, the metal contamination process, and the
photoluminescence analysis are performed on one sample or two samples, which are sampled from at
adjacent posifions clherehy.Making depossibletoidanlifnthe anidtecnistat defestrfegiamson
[00115]According to the present invention, the crystal defect regions can be 5 analyzed accurately,
easily and quigklywithost depending:-onvihricarceniiplianfafroxygeljcethemanonrystatine silicon.
Accordingly, the present invention can be utilized to identify the crystal defect regions of a
monocrystallipg:siicepsampleovithniie By andrPeregidasietiovgioxggen concentration and to develop
defect-free monocrystalline silicon. 10[00116]Although the method of identifying a crystal defect region
in @ monocrymgeling silicomusingimetal thentanumatiormo hdatdrestehdafhavezbusrcdeseribed with
reference to the specific embodiments, it is not limited thereto. Therefore, it will be readily understood
by thosesskilledintiesaruthad yaciamily raodifualiin svithd whéapgedivarrbeinawaeeretowihout
departing from the spirit and 15scope of the present invention defined by the appended claims. WHAT
IS CLAIMEDdS:gkrAiméthadcabictontififing silevgstalArsfersdinaliiothecoRpFRIAGYEntisie SaRMS a sample in
the shape of a silicon wafer or a slice of single crystalline 5silicon ingot;  applyinga .
Cu-contaminatédsbluticmtHattie amiselidsisetuasivns of Burrereer sl EnsieHiEBoBlessittion and
copper (Cu) onto one side of the sample to contaminate Cu on the one side of the sample and drying
the sample; HeatfveatifgPthecaiut seimighy; akgeen concentration and to develop defect-free

monocrystaliine silicon.

10 [00116] Although the method of identifying a crystal defect region in a
monocrystalline silicon using metal contamination and heat treatment have been
described with reference to the specific embodiments, it is not 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

15  scope of the present invention defined by the appended claims.
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10observing a Cu-contaminated side or an opposite side of the heat-treated sample to the
Cu-contaminated side to identify a crystal defect region. The method of claim 1, wherein the
Cu-contaminated solution has a Cu concentration of about I. to 15 ppm. 15 3.The method of claim 1,
wherein the sample is contaminated with Cu at a contamination concentration of about 1 i05x10'6
atoms/cm2 lyy iheTOs COMIMITALER] solution. 204.The method of claim 1, wherein the
Cu-contaminated solution stays in the sample for about | to 10 minutes. 5. The method of claim I,
wherein the heat-treatment process is performed at about 1000C for about 20 minutes. 25 6. The
method of claim 1, wherginia hareaenerated an ialetrsopiaminaiediside is observed from the

heat-treated sample. 7. The method of claim 6, wherein a haze generated on the Cu-contaminated
preparing a sampie in the shape of a silicon wafer or a shice of single crystalline

5  silicon ingot;
applying a Cu-contaminated solution that is a2 mixture solution of a buffered
oxide ewhant {BOE) solution and copper (Cu) onto one side of the sample to
contaminate Cu on the one side of the sample and drying the sampie;
heat-treating the dried sample; and
10 - observing 2 Cu-contaminated side or an opposite side of the heat-treated

sample to the Cu-contaminated side to identify a crystal defect region.

2. The method of claim 1, wherein the Cu-contaminated solution has a Cu

concentration of about 1 to 15 ppm.

15
3. The method of claim 1, wherein the sampie is contaminated with Cu at a
contamination concentration of about 1x10™ to 3x10% atoms/em® 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.
3. The method of claim 1, wherein the heat-treatment process is performed at
about 1000°C for about 20 minutes.

25

6. The method of claim 1, wherein a haze 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 sample is observed to 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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“ 30side of the heat-treated sample is observed to 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 prevalent but no cluster defect is present.

8.The meth% e%@ﬁé%nw@ﬁ@é? &Qﬁ&gp%g&ﬁf the Cu-contaminated solution that is a mixture

solution of a buffered oxide etchant (BOE) solution and copper (Cu) 5onto one side of the sample to
contaminate Cu on the one side of the sample and drying of the sample, comprises: EIF-cleaning both

 Sides of the gamplarbauiting dRSAMP IR A ASRHD B S ARRYING L scaniamipated solution

onto the one side e sample. 10keeping the one side of the sample for a predetermined period so

that the onetlsids @mh@gamm@im}@ﬁmﬂﬁ&mma@dg glebding B wabHiny the cresrtaminated
solutiorgfrom he SAMPlE: o?qgedgéffﬂﬁéqg SBMRG nate Cu on the one side of the sampie and

drying of the sample, comprises:
HF-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;
10 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.
15 G A Cu-contaminated solution for identifving 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} sohution.
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159.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 (BOB) solution.
METHOD OF IDENTIFYING CRYSTAL DEFECT REGION IN MONOCRYSTALLINE SILICON USING
METAL CONTAMINATIGRAND HEATFRBATMENS WESPRAET PRWMESHT a method of identifying
crystal defect regions of monocrystalline silicon using metal contamination and heat treatment. In the
method, a sampieiichey siape Bof B SlidEIDWARSIYCahiderds RN EERERIELiiotlihgot is prepared.
At least one side of the sample is contaminated with metal at a contamination concentration of 10
about | x1014 to 5x 10" atoms/cm2. ThéitertamiBatedEaMple is heat-treated. The contaminated side
or the opposite side of the heat-treated sample is observed to identify a crystal defect region. The
crystal defect region can be analyzed accur: BAdily and quickly without the use of an additional
check device, without depending on the concentration of oxygen in the monocrystalline silicon. 15FIG.

Il 5

A £5
AR

Provided is a method of identifying crystal defect regions of monocrystailine silicon
using metal -contamination and heat treatment. In the method, a sample in the shape
of a silicon wafer or a slice of monocrysta-lliﬁe silicon ingot is prepared. Af least one
side of the sample is contaminated with metal at a contamination concentration of

10 about 1x10™ to 5%10' atoms/cm”. The contaminated sample is heat-treated. The
contaminated side or the opposite side of the heat-treated sample is observed to
identify a crystal defect region. The crystal defect region can be analyzed accurately,
easily and quickly without the use of an additional check device, without depending
on the concentration of oxygen in the monocrystalline silicon.

15 FIG. 1
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