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 quickly, 2?[({ 4]D%P on thtef rystal growth
conditions, e ilicermigafeiugiomdevice, and more pafticularly, td a g 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



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 vacancyl/interstitial (\V/I) boundary, a Pi
region where interstitial point 5 defects are prevalent but no cluster defect is present, and an I-rich

region Whererﬁeﬁ%ﬁ;%%éahﬁﬂé”Eﬂ%&ﬂ%@{ﬁmvmemar@mﬂme&emommgsamraeémmersmim
silicon are present. Detecting how the above regions change depending on their positions and the

crystal length of the monocrystallingssiicanstepat dscin damestelioashivatingi therguatityrof the crystal.
10[0005]There have been several methods for identifying the defect region of the monocrystalline

silicon. In a f'g%i‘m%g]ggWIJE@@%Q{@WQ@@O@Q{W@@&&@@&QMW%bdtwafehiﬁ@v@if@?@eid using a
particle counter. In a second method, FPD evaluation is performed using a wet etchant for Secco

etching. In a third methede AR y/interdrGiRN prebiitatadarcreatiidroyitughbern patatsitéAbRgitime heat
treatment and the 15evaluation is performed using a difference between precipitate behaviors of

differentglefegtgggions. e feuitbimetbadyow-doficentratiorwontaimmalionushedoransiien metal and
diffusion heat treatment are performed and then the recombination lifetime is measured.
[0006]Howevgsi:Hathe! firsinmatiod, sheprafeemusdodusieadetsdy PoHPRIFG R ERAdEREHRY prior to
estimation. Therefore, several subsequent processes must be performed after the growth of the
monocrystal, which inesqasesith®reeutirgg litne Giadabiereefifras ehpRgs-clseEpditEl e Sifiter for
estimation. [0007]In the second method, a selective etchant must be prepared that can provide a

suitable etchipgstataiscan bie-appitetiltogih ofbrisuracsaling SHeeTHBEoEERRAABtmental
toxic materials.

evaluating the quality of the crystal.

10 [0005] There have been several methods fdr 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 ﬁsing 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.
[6007] 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.



[0008]The third method has several drawbacks in terms of the required time for evaluation, the
required cost for high-temperature heat treatment, and high-cost equipment. Also, the third method
cannot identify a crystal defect region in the case of a sample with an oxygen concentration of less

“than 10 ppma (New ASTM 5standards). [0009]An example of the fourth method is the Korean Patent

~ Publication l\tgoa@g)5-006714ﬂg7ﬂxwmimﬁb@lb&esaam&t&mw%ckﬂéamQﬁ@@mﬁ@mi%ﬁlﬁf point

defects in a monocrystalline ingot to evaluate only the state of the ingot. In detail, the ingot is sliced in

the axial diregtiopyilereaftas, tuaisainpies fareigntamirnatbue Dweiiranorenmaré fetarefements (e.g.,
Cu, Ni, Fe, and Co) at a low contamination concentration. Thereafter, heat treatment is performed to

create a recombipaiien castetin thedsiiedmdn traregfidentte racpsinidation 1HeRR AT ERSUred to
measure the distribution of point defects. In this method, the contamination results of two metal

elements musthe synghesized in anderdo mpepreatie cofsteisddteets OARRBNEhENSméasitement is
impossible when a metal precipitate or a haze is generated on the surface thereof Therefore, the
method ig resitigiedds terms of the metal contamination amount and the heat treatment time and
contamination concentration must be as low as 1x1012 to | x1014 atoms/cm2. Also, an additional
etching procefnasdl an additicnairmbeahfsisaovide sabgdicthuhersarpiaapiBR sy ted.
20[0010]Furthermore, the conventional methods using selective etching or metal contamjnation cannot
identify the ertires 9674l defebidegivainsymMmaRYd [Bo1watmang dhaspsibiitte & fitided a

method of identifying a crystal defect region, comprising: preparing a sample in the shape, of a silicon
wafer or a sliceitsingle crystatisalsiieongagst cvaluate only the siate of the ingot. In demil,

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



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; heat-treating the dried sample; and observing a Cu-contaminated side
or an opposite side of the heat-treated 10sample to the Cu-contaminated side to identify a crystal
defect region#§d481a]In daechHr asprsdt, hrepdiprsidada ancthedwhifmsidingoiutiontidr identifying
a crystal defegg&g{g&gﬁ&&}{%@mﬁfer, where the Cu-contaminated solution is a mixture of copper
(Cu) and a buffered oxide etchant (HOE) solution. [0011]The present disclosure provides a method of
identifying a dBfEINGdeTEBptegib e diapfedrystairae ShEenowhishceari svatimtertsielbngstal defect
region accurgigly,gagiy and quickly. [0012]The present disclosure also provides a method of
identifying a crystal déefect region of monocrystalline silicon, which can evaluate the entire crystal

defect reg ion of the MBHBREySENITEsAREREfselitiva BAdIAG orithE Copasion atfon biBsggen.
[0013]Accordingqto apraxemmisey BIRediMant. AFREhRELYT MENEHINife 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



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 with metal at a
contamination concentration of about 1 x1014 to 5x10'6 atoms/cm2; 10heat-treating the contaminated
sample; and observing the contaminated side or the opposite side of the heat-treated sample to

identify a cry§5@hgggggteggggggn$QQﬁéHﬁe heat-treating of the contaminated sample may be performed
under an atmospheré of at least one selected from the group consisting of helium, nitrogen, argon,

oxygen; hydmegemn; ammoryiae gnesarmiiiures tivenbes. pFne drsat-etitinbosfideatfBies fiarrifated sample
may generate a metal precipitate mainly within the sample in a Pv region where vacancy-type point
defects are pgexalent it soshisten saldetisipresentiahdanay Yunisrie enAEZE9e | precipitate
on the surface of the sample in a Pi region where interstitial point defects are prevalent but no cluster
defect is presggl{on?%@%Eﬁﬁd&eﬁtﬂiﬁaﬁn@ibﬁme@dﬂmnﬁm@@%mpIéhm&?%%‘l‘t?&é%‘ff?gt heat-
treatment process performed at about 600 to 950 C for about 0.01 to 10 hours and a second
heat-tresgmenipsagess perfotined 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
contaminateciaataple. If tha condergration cKoRpen PPEEHESaM3IdIEIeSs thatPTi HpMmA, the
heat-treating of the contaminated sample may include a first heat-treatment, rocessf erformed at
about 600 to 956t defraboxgiGrOineiideshDURRERE B S8EHIAMPHBAEHRR PR P DITEeEE é?é%?uied at
about 1000 to 1150 T for about 0.01 to 10 hours. If the concentration of oxygen in the sanpﬂple is more
than 11 ppmalﬂmdﬁm@ﬂwWMleﬂﬂ@maﬁmaféﬂi@ﬁmﬁ%%%%SI)QH%W%SGD g] about 1000 to
1150 C for about 0.01 to 10 hours. [0016]The contaminating of one side of txgaséar?fles/\évith the metal
may include: hiEcteatning bothrsRiBEaH#ReCeRRTBIE B AR the ShhplE on &'sahple stub; applying a
Cu-contaminated solution onto one side of the sample, tge Cu-coHtamirgtated éstocliugixag being a mixture
of coppdfanchbatfiesadngxitie etsRITEESESATR L dRBRREVIAG the FRBIHIRG Struttlre as 1t is for a

predetermined period such that one side of the sampl isg ontamipﬁ\tggfwlth the copper; clearing and

washing the GuizsHEsia&icHs BRATTFERGS IR SR HRGAHIRG the Sampie. The Cu-contaminated

solution may have a Cu concentration of about 1 to 15 ppm. The Cu-contamin lution may stay in
the sample ¥oi%’tﬂ]t lto 10 FhiplifEs-treating of the Contartimated sampe may%e-pe%%gr&% g may stay

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



15 [0017] The contaminating of both sides of the sample with the metal may include. HF-cleaning the
both sides of the sample; mounting the sample on a cassette; immersing the sample into a
Cu-contaminated solution that is a mixture of copper and buffered oxide etchant (BOE) solution;
leaving the resulting structure as it is for a predetermined period such that the both sides of the sample

are 20contamifatedaniiiithecappereitawitgsthpesrmphsl it dbomt (HROCo-28htdmiRatabPtblution and
washing the sample; and drying the sample. [0018]According to another exemplary embodiment, a
method of idemmtifting & iesystalrdefestrenldrerdladuscropadhss PesHTPFE it thkPshaPebi% silicon
wafer or a slice of monocrystalline silicon ingot; contaminating at least one side of the sample 25 by
applying a Cuisori@rfinatedsoliition | (Whishss ¥ misEeecentappecane s e Bt SBXBE Stchant (BOE)
solution onto at least one side of the sample, and drying the contaminated sample; heat-treating the

dried samplegandishséivipgiheitohtamiinatiod sfddoFmEBipEsHsTRRIORHE HeRFtEREY sample to
identify a crystal defect region. [0019]According to still another exemplary embodiment, a method of
5identifying axcepstal ldéfett tdgibiCiderudest 8dlbéavdlieiEhing one side of a sample in the shape of a

silicon wafer or a slice of monocrystalline silicon ingot, and observing, the resylting structure with a
microscope tERIERLify a cryStalcdafaBinaisn ﬁri%i@??eﬁfo@ﬁé?ﬁ??efgeﬁvg’ﬁ é%fl’ﬁaé%r%%yrtion from
the one side of the sample, contaminating at least one side of the sample wit‘h metal;shealt-treating the
10 contaminh{t@d@arﬁﬁéﬁ%%@%vhﬁéﬁﬁéd%ﬁ’ﬂ%ﬁiﬁwéﬁé&?gﬁid%Pﬁﬁ@%ﬁ%&ﬁ@g 8 Brthe Rest-treated
sample with the naked eye to identify a crystal defect region seco)cgrdary%' and meieas%ien%ﬁhe
heat-treated Sa¥pRPBYIBEGIOGFIBEERIRRL S AL TSN RF S5 <Al Beefg%lppeqmn thiraly.

[0020]The sample may be contaminated with the metal at a cgrgaf{uipeadtigg &ée‘%&ﬁ‘c‘% 'k%n of about
1x1012 to Ix 1O TRETBWEH AP FEAE- 8 SHRY O P the BBt AMinated Sample may be performed under

an atmosphere of at least one selected from the group copsisting of helium, nitr ~RTGQN, oxygen,
hydrogd, anseisrfg: dpY R enikeres wHene SFHA e%-’t?‘ésa '%igao?l%{e%tggﬁ]tlg%r%é%gse@r%%le may

generate & mgltglspi)égcg %L%tiﬁg%g'%vgggéﬁn}&%téﬁw .3 By region wheleVacangy-fype-point
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



- 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 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 25shape of two
silicon wafersogg[d%ligﬁ:%gm@t@@zasmg{ggl fremoadiaeantpesitibnsiinte saopberysthlinengilibon ingot;
selectively etching one side of the first sample and observing the resulting structure with a microscope;
contaminating atleast.pne;sidaofihe-sesens mhamtel withpketak bbsatrtreatig thetewmateinated
second sample; observing the contaminated side or the opposite side of the heat-treated second 5
sample with the nakeg %%5 » aRdimeasting:therbeatt yaatéd tsddand sampledyiplvotohgminescence
analysis. BRIEF DESCRIPTION OF THE DRAWINGS [0022]Exemplary embodiments can be
understood inygppre) detail fromoiaeniOtolleuihgieberptiam pien rnooiunetionavitetirdaetompanying
drawings, in which: [0023]FIG 1 is a flow diagram illustrating a method of identifying a crystal defect
region acgordingnicrAnexempan dabesiearitd0oe] FHEo g agrhpie inostritel KaEPkycle in the
identifying method of 15 FIG. 1 according to an exemplary embodiment; [0025]FIG. 3 is a flow diagram
illustrating a Gy GRatamiRation pioicesseatording tslian ekenyslery gbseimdnen meot 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  contaminated sample; observing the contaminated side or the opposite side of the
heat-treated sample with the naked eye to identify a crystal defect region secondarily;
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  concentration 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



[0026]FIG.4 is a sectional view illustrating a portion of the Cu contamination process of FIG. 3;
20[0027]FIG. 5 illustrates an example of the impossibility of identifyinga 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
concentrationpfg¥naeniin-assamplenaccosdiagitehephéseniiavintiord; R5[G02KEG stows the
result of identification of the defect regions ofa silicon wafer according to the present invention and the
result of measwemanttbé theutipieatregionsvatiasiticonwafer accoringtinghe lcorvertional art;
[0030]FIG. 8 is a flow diagram illustrating a method of identifying crystal defect regions according to
another exemplaky esabadinentsORR1HHG]; Sisatowagrarrillastiatieg asvrsthcdspléentifying
crystal defect regions according to a modification of another exemplary embodiment; [0032]FIG. 10
illustrates a ssisspieipreparedrnnsticing andngot Fertioaibsiin wbicleEipstaiéfoetiasyimssre identified
using the method of FIG. 8; [0033]FIG. 11 illustrates a slug-state sample of monocrystalline silicon, in
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



10which crystal defect regions are identified using the method of FIG. 8; [0034]FIG. 12 illustrates a
sample of monocrystalline silicon, in which crystal defect regions are identified using the method of
FIG. 9;'[0035]FIG. 13 shows the result of identification of the defect regions of a  silicon wafer
according to the present invention and the result of measurement of the 15defect regions of a silicon

wafer according 10 the conventional At andA0RRIEIG 1dhlustrates: ipfomatian:alout the gettering

/ R
sites of crystaf dpe?éct regions estimated by the photoluminescence analysis according to exemplary

embodiments, AADREARER PHERCRIGHONAGENB@RIMENTS: @037]Hereinafter, specifi

embodimentslw scribed in dgtail with reference to the accompanying drawings.
[0038]Embodigahl [00321HG gLis,aiflavudiaaramilisiraling asmeihed REideiiyingyaudrystal

25d_efect_re_gion according to an exemplary embodiment. FIG. 2 is a graph illustrating a heat cycle in
the identifyingmetheg;of FGoltdacsadingiier ancaxsiarplanbedmbegiment.
| 5 [0031] FIG. 9 is a flow diagram illustrating a method of identifying crystal
defect regions according to a modification of another exemplary embodiment;
[0032] FIG. 10 illustrates a sample prepared by slicing an ingot vertically, 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



[0040]The present invention prepares a sample in the shape of a silicon wafer or a slice of
monocrystalline silicon ingot, contaminates at least one 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 spotlight to identify a crystal defect region. The haze region is

interpreted ag 3Bl region where inigrstifiabpeistdefeatsrare prevalesidaus ne clisieegpfest is present
and the non-haze region is interpreted as a Pv region where vacancy-type 10 point defects are
prevalent but.pg glusigrdefect 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 locafigagin the Pyand:Ridegianssdoparipdiar a meiplpiacthiatkaiscgenarattcomainly within
the sample in the Pv region, while a haze-type metal precipitate is generated on the surface of the
15sample in thgRixegion[004kinaddiiun: bitausebe hazampatiemn-sidentifiedidithf the naked eye,
the sample has only to have a predetermined surface roughness. Therefore, the present invention can
be appligd tosamytypeieh moeatryktatinesdiicorhsamplensuchials sasiidon samplesendsa tertical
sample obtained by slicing the monocrystalline 20silicon ingot vertically in the axial direction.
[0042]ReferringhtankilGtet, adeample optheishsge of tsilicantwatet smapéticatbfthwomded sidlline silicon
ingot is prepared in step Si. [0043]For example, a wafer, which is prepared by slicing a monocrystalline
silicon ingot anddhére ppsidirhirg algnintlingprocedsitstreaaove ddvadefaion BERsSIRIRS from the
slicing process, is used as the sample. However, the present invention is not limited to this, but can be
applied to a wafePihetshas whesrgoisestnt adsticinefprocassprevalomirbitna pasieeikgbie a grinding .
process or a lapping process, or to a wafer that has undergone a polishing process. In addition, the
present inventiesesapralshbacpplied teeiosdadriesnedast AohdcrySEminhavsficoircancy-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 patiern is identified with the naked eve,
the sample has only to bave 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 monqcrystalline
silicén 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



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®ra sample that is obtained by slicing a silicon ingot axially. [0044]In step S2, at least one side
of the sample is contaminated with metal. 10 Copper (Cu) may be used as the contaminating metal. If

the front sideiof the samg{l)%lils q%%t% g%&@%ﬁ%ﬁ%@&%%&ﬁ@ %@K&@ﬁﬁ%ﬂg@@a&ﬂme is

. VERLON 1 .
uniformly contaminated with the metal. The metal cohtamination concentration must be sufficient to

generate a haze, Prefe/abl, 2 |eas aae aie:al G AR JoGaAmIBAEdh ingypsial ot a

contamination conggnPratlon ‘of about 1 x 0" to 15 5x106 atoms/c f'the metal contamination

concentration s ower.han | xA014 alams/cRA;nechaze i5 4ensialadine meiakentamination

concentratiort is higher than 5x1616 atoms/cm2, a haze is generated on the entire surface of the

wafer, making, L diffioyllio; isedininaleraehmen ay siak defe i ragianed AU SRR afakgantamination

process may include applying a metal- 20 contaminated solution on at least one side of the sample,

and leaving the resylling stiuaibEe,9Ssidmior apredeierminedinenodnanckihan dntingtheneesulting

structure. In step S3, the metal-contaminated sample is heat-treated through a predetermined process

according to the preseplinventian [AMEIT hechgatireatmentdresasscgeipdiatas avakiakprecipitate
mainly 25within the sample in a Pv region, and generates a haze-type metal precipitate on the surface

of the sample.ip aPlisegion.clhie ffeattiepiaentplecess wilnpé-dasciibettimdétayl slitingference to
FIG. 2. [0047]Referring to FIG. 2, a gaseous atmosphere of helium, nitrogen, argon, oxygen,

hydrogen, amynepiainteamiiyre thereof is created in a heat-treatment 5 furnace. For efficiency, the
temperature of the furnace is maintained at a predetermined temperature of about 400 to 800 C during
other processidin the hpatte&ineniasocessids bodtaremiedsviththrersainbies toeided into the
furnace (step I). [0048]Thereafter, the temperature of the furnace is increased at a rate of 10about 1 to
50 C/mincand@ofirst lical-tragthentgractssdsypenfoiitied atctdolf 8B0itorgs0icHbihasenmidzol to 10
hours (step Il). The minimum temperature increase rate of 1 C/min is to reduce the required time, and
the maximumitetepanaturiinerease! rawzof BOteimitiés boghridermiatbresumile 16 ARABIOH
temperature change. .

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 1x10M 10

15  5x10'® atoms/cm®. If the metal contamination concentration is lower than 1x10M

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



[0049]The first heat-treatment process creates a vacancy cluster space in a 15Pv 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- 20 Contﬁanég%ﬁ%eﬁg&;}étg diffusesladthe-mengeryaialing siiicradn dhe samaleiteat the defect
r

regions (i.e.,stlr]{e v and PI regions) in the monocrystalline silicon, in such a way that the metal diffuses

assuming differance aspects in {he:flefect regions. A metal compound precipitates during the above
process. That is, metal ions in Si are restored in the defect region to create a metal precipitate.

25[0051]Aftefgppapletion @Je@%%ﬂ{%tts'@%tr@? Btrosesssihe-tamperaiurai obiee, irpace is
Increased at a rate of about 1 to 50 'C/mmn and a second heat-treatment process is perfouined at

about 1000 tBX%QIQJ G farRRRULA R IR1 Ghursiksiep tHirddeiminbmath ierpesatuainenease rate of
1 C/min is to reduce the required time, and the maximum temperature increase rate of 50 'C/mmn is to

prevent ba stfgggdue tpan ahryphiempes atuig change o[00h2] Thmsecond heatdieatment process
grows the metal precipitate resulting from the first heat-treatment process, and causes the metal to

diffuse throu?%a&éhﬁiﬁmt@pa@weﬂ asodegotibedsatetC thierserancheateentnibat phocess may
be performed without the performance of the first heat-treatment 10process, depending on the
concentrationgf xv@geeringheeampleboat 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

11



[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 IV). Such a slow cooling process makes a clear
difference between precipitate regions in the Pv and Pi regions. 15[0054]In step 54, the heat-treated
sample resulting from the above heat- treatment processes is drawn out from the furnace and then the
contaminated sige @1 ihe LpPasite-side AT tharsasrnisds: observed widaniity erystakdefesi-regions. A
haze pattern on the opposite side can be identified more clearly than on the contaminated side. In this

case, there is,pg.Reed,foran additienalatehing pracessen asoadditiondl20 cleck devieersvhen the
opposite side of the heat-treated sample is checked with the naked eye under the spotlight, a metal

precipitate hazg,cambe phsenyacand dhtscthasrysiakdefeateagions EwmandsPbofdhemorocrystalline
silicon can be identified. That is, the haze region on the surface of the heat-treated sample is
interpreted as:iig:B rRGIORnAVitle AR MRmhe@p Lo iscintarratedf) tHeRin legiorre2&j0055] For
identification of crystal defects, the conventional art measures recombination lifetime through the
high-temperaturefioadima-caygenipresipitate deaigtreatment or identifies the defect regions through
the X-ray photograph image analysis. However, the present invention can easily identify the crystal
defect regionpyedipput an atiditieaschenkeptooessity psingthermetl Hazenghenomensals that is
generated through the heat-treatment causing the different precipitate behaviors of the metal in the
silicon crystateefeatrégionshawifeuthdeperaingnonptisecsonesatregivasotisxygeilofthdshocrystalline
silicon. [0056]The present invention can identify the crystal defects using only one metal element. The
convention athisuglstrictée isamipis ofivevavetalasodesmihedioatanatie istet isatiesimahtiment time
because the recombination lifetime cannot be measured when the metal precipitate or the haze is
generated. Hpwever, e mesgﬂfﬂmétiﬁfitbahtidéﬁtwlﬂ?@m%loéeﬁ%tgéﬁi bygEREtating the

haze. [0057]Meanwhile, when the Cu contamination process is performed using the following methods
describd@ withreekssedepetsliRIS, BerrneEntiaieamprEasnds 1S sdhilfinated to a higher
concentration, thereby reducing the heat-treatment time. FIG, 3. is a flow diagram iIIustra}t{_{r%g a Cu

contaminatiodQ$88kss accdiing (e ERlEs M pry BmbethfiEnt PAATFIBIENS LLGSnaliew

illustrating a portion of the Cu contamination process of FIG. 3. . , .
] F;emperature of the furnace is decregsed 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

12



[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 illustrated in FIG. 3, which contaminates only one side of
the monocrystalline silicon uniformly to a high concentration in order to identify the crystal defects of

e s e T S e P hepamenan, 2lfsalRe oG o fuine ot

sides of the s € are aned ep S21.710060]In step S22, the sample 10 is mounted on a

sample sub 20,85 Iysigfed )£ 4 (G053 HEN 2T o IRINTAleG kDN gppled o
ne

one side of the's sample 10, w eeping the sample stub 20 horizontal. For example, a mixture

solution of BOB, solytion aue g iuspil s Ghrcanaminainy sebien. FaedBlisalation s a
an

mixture solution of H4F. The concentration of the BOE solution may be determined suitably
in consideratign.of the defect evaluationipassibilidsdhe Brosessingtimearndheieffisisany If the

concentration (%Jt e BOE 10 solution is too low, the processing time becomes too long, reducing the

productivity. Ifithe coneaptrationighihe BB selistiamkintao highithetractifRiencupsaapidly, making it
difficult to identify the crystal defects. [0062]For example, a Cu solution is mixed into a 0.67% BOB

solution (02486 ko 19:5% N\NE4R) isughsiniebihersamcertratieniof Cwiththe depatidimgsdnghe 15 about 1

ppm to about 15 ppm. When such a Cu-contaminated solution is used, Cu24 ions are uniformly

applied onto the, sampleserthaldhe santaminatioratiteesitation of Cu in the monocrystalline silicon
can be about 1 x1014 to 5x10/6 atoms/cm2. As described previously, if the contamination

concentrationggh€syis lowerthanduci@4mtamsicm, d@tifvabe pherdmehors dses notoeser. If the
contamination 20 concentration of Cu is higher than 5 x1016 atoms/cm2, a Cu haze phenomenon

occurs excessively. Jaaking itivpossibiedo identifysthietedystatdefadt fegopotanemisaitystalline
silicon with the naked eye under the spotlight. Preferably, the contamination concentration of Cu is
about 888X 104mim i BAxAR Gedomsicnedt [0063haqatstidi teronddtatirapifsiiie cuehbiminated
solution onto one 25side (specifically, the back side) of the sample 10. The reason for this is that, if the
measured when the metal precipitate or the haze is generated. However, the present
invention can identify the crystal defect regions by generating the haze.
[0057]  Meanwhile, when the Cu contamination process is performed using
the following methods described with reference to FIGS. 3 and 4, the sample can be
15  contaminated to a higher concentration, thereby reducing the heat-treatment time.
FIG. 3 is a flow diagram illustrating a Cu contamination process according to an
exemplary embodiment, and FIG. 4 is a sectional view illustrating a portion of the
Cu contamination process of FIG. 3.
[0058] The conventional Cu contamination method using a spin coating
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 haze phenomenon.

25 [0059] Referring to FIG. 3, the both sides of the sample are HE-cleaned in

13



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 atsgegggpal 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 ripgisgpihe 10 semalg using deiogizgdevatets Thromgh the abcwenptocesbed) the
Cu-contaminated solution stays in the sample 10 for about 1 to 10 minutes, for example, for 4 minutes.

[0066] In step946;1tlagsanmple 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 opEig9Ppen gadnkif0867] T il abotennethd ddaticeasilgritbedifp theccrifsial defect regions
without an additional check device by using the Cu haze phenomenon that is generated on the surface

of the silizon shigiigh & simikekeepitrahtmentradter g heoneentration GrFBIIFCY B&HERMInation.
The convention art is restricted in terms of the metal contamination amount and the heat-treatment
time becausessheiaf oé &Dibioatiom|ifedife tamedtddindasopstamingietheohs pléGipitdte or the
haze is generated. In particular, the conventional contamination concentration is 1x10'2 to Ix 10k
atoms/cm?2. Holwgwerjshe presentipksioionfcHibiasl MNigher EBAtaAMFRRIGHIEBNRE MRl and can

identify the crystal defect regions by generating the Cu haze. [0068] E%gtion (fllz is a&feedback
equation thatscatibe usey ks pletionthed2 Suitidlntor eSS cBhtERInRE theSROMBER stalline

silicon using the contamination method illustrated in FIG. 3. Cu on wafer = -4.23x§%u §§E87 x 10" Cu
in BOE(I) [006033hdicw hermaenpananimndit B aiiciener «AhtBe SHEMEG I Mk
predetermined amount of Cu solution into the BOE solution and then Co'nta%inatiré%éﬁ%t

monocriStallisesiteon iR R EIERSIRARSHARYIRG AR EHRE IR EbA EU N ROE.

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

14



[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 grystal defackregionmok thepmaneskysirllhensiitRnoThe camigmiriatiohichethod
according to the present invention can increase the maximum amount of the metal contamination in

the monocrysialling 151007 MRardhe.metak-crataninationof dnesanplehdfeoptesintadantion may use
any method that can provide a metal contamination concentration suitable for generation of the haze.

[0072]Both sides,oftheisaple maybesantaminated with metal such as Cu. In this case, the both
sides of the sample are HF-cleaned, and the HF-cleaned sample 20 is mounted on a cassette and
immersed intpo@ §43-contaminates! sohtier adderdingito thepredéntsirVertommhaisarfple is
immersed for a predetermined period such that the both sides of the sample are Cu-contaminated.
Thereaftgr, thesampleisdgmio dutfeonhhepGlisaomtantitzedusotutionimitdreafisiothe Eemple is
washed and dried. [0073] FIG. 5 illustrates an example of the impossibility of identifying a
25heat-treatechregion azeording o ty denperfiratioh of oxygerlicaresrprs. Job74mERAs a case
where a sample with an oxygen concentration [Oil of less than 11 ppma is contaminated with Cu and
only the secopetfweat-treatment process is perfolined on the contaminated sample. In this case, an
overall haze pattern is generated, making it impossible to identifying a crystal defect region. 5 There is
another case [0R6A a samplestitSah. oy GancesraamtbiPbrio e Harrd fbwshet BRBminated
with Cu and both of the first and second heat-treatment processes are performed on the contaminated
sample. In thitheaseypio hazdpataamiydhe rarsBing MRHGT iMPoSSiBIETr iR iRy S éﬁ?‘stal defect

region If the oxygen concentration is less than 11 %pma and the first heattr%atmené&roce%s is omitted,
a 10 sample using deionized water. Through the above processes, the {u-containinate

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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10 vacancy cluster space, in which a Cu precipitate can be generated 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 generate_d in the silicon, thereby gettering Cu to generate a Cu precipitate. Also, no haze pattern is
generated in the 15surface.ofiihe sampie andititus the crystal defect region cannot be identified.

[0075]Thus, the present inventign use pgat t ts-de j [

_ , us g on the ggncentration of oxygen
in the sample. [0076]A§‘i’llﬁ’§f?’é’{%’d in %Sg%llvﬁo] : iﬁk‘%(re%gf%%gn%%ﬁa?r}]?gﬂon'[bi} is@nore than 11 ppm{/a(:d,l
only the second heat-treatment process is performed without the 20 performance of the first

heat-treatmejggseLess. If The Gxygen:canetntration:{Off isde sstiaper bppRialsdthgPikdsirst and
second heat-treatment processes are performed. [0077]Table 1  Second heat-treatment process
perform perfarnpredetermined amount of Cu solution into the BOE solution and then

) contaﬁlinating the monocrystalline silicon as illustrated in FIG. 3, while changing
the Cu concentration Cu in BOE.
(0070} | It can be seen that the present invention can contaminate the
monocrystalline silicon with more Cu using fess 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 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 sﬁitablé_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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[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
Cu ions can be 5identified with the naked eye.in different colors for the respective regions such as the

Py and Pi reqigfs{00791FiGe . sbauisdhe fesull efdanifisatian.eling defeshregionmon] arsilicon

wafer according to the present invention and the result of measurement of the defect regions of a

siicon waler gecojino;tp theconvepfionaharts 10IQ0AAIRR Taows ideniificatian.ehitieand Pi crystal

defect regions by Cu haze patterns of the sample that is heat-treated after the Cu contamination of the

sample with %ﬁ%@b@"?s[(i}@rﬁfrﬂrﬂe%- S PRRABREBiR-RRMAnaNE ShawgidentificationefPwhard Pi crystal
n

defect regions by the recombination lifetime according to oxygen precipitation resulting from a

conventional gxygen;presieitate heakireaimanbéfertel b hiaursiBi89G Cry<iA hiefrs at:3080 C). If the
oxygen concentration is low (11.5 ppma), the conventional art can also identify the crystal defect

region. Ifghe gxygen cangrptationisRigh(®:pppmaluthegenvenienaltidcannotdsatifyithe crystal
defect region. In this case, the heat treatment using the metal contamination must be performed to
identify the crystal defeshragiane20@@8 ik mpddiment2 the first and second heai-freatment
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 L

[O1] <11 ppma > 11 ppma RE
. First heat-treatment process perform not perform !
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[0082]FIG. 8 is a flow diagram illustrating a method of identifying crystal defect regions according to
another exemplary embodiment. [0083]The present invention can identify all the crystal defect regions
of the monocrystalline silicon without an additional analysis method, That is, the present invention can

simultaneously-estimate-all-the-crystat-defect-regionsof the uunuuuthWMWa Pv
region where ng%g%ééyﬁ%ﬂﬁf&g&%@ﬁrevalent, ﬁeﬁgggpd region where fiperflate-type precipitates
are present and-an-OiSHis-created-by-heat-treatment-under-anoxidationatrmosphere; a Pitegion
where i“te“tgéﬁhéjﬁefed%?@ reyalent & Bhandsesianvihere @yeanPecipitatiomisigenerated at
a high concentration by heat treatment using a seed of a cluster of interstitial silicon, and an i-rich
region where iterstitial siicanda preyalent. {QRBHImagHilion: theypiesentdnyentiamgan he:applied to
any type of sample that is about 0.4 to 3 mm in thickness. That is, the present invention can be applied
10 to any type pf.enpnestystaline siligon sample suehiagasiicopsaempleandienvelticahsample
obtained by slicing the monocrystalline silicon ingot vertically in the axial direction. [0085]Referring to
FIG. 8, a samplg,inthemstape afa silieonwaiasonacslica ofmoratiffstatinef silicomingot is prepared in
step S101. 15[0086]For example, a wafer, which is prepared by slicing a monocrystalline silicon ingot
and thengperforaiea Qrindinggtecess o kiMovet sutfacdodefeatspestiftinge fions thiekstielhg process, is
used as the sample. However, the present invention is not limited to this, but can be applied to a wafer
that has undergong Pnygioslicing 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 canfalspde appligtto 4 shuare Slicesaimohstorysfstinensiicdre ingicthseisbbiined by
slicing a monocrystalline silicon ingot axially through the center thereof. In this manner, the present

~ invention candikcapplieertacevalintectiorystledefovensgiormdfhcmplab asrEren SAMiple that is
obtained by slicing a 25silicon ingot axially. ' _
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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- [0087]In step:S102, one side of the sample is selectively etched using any etchant. Examples of the
‘etchant include a dash etchant (HF : HNO3 : CH3CHOOH =1: 3: 12), a Sirtle etchant (HF : Cr : H20
=1:0.4:0.2), a Secco etchant (HF : K2Cr207 aqueous solution (0.15 mol%) = 2 1), FIF, HNO3, CO3
aqueous solution 5 (5 mol%), and a Wright etchant that is a mixture of Cu(NO3)2, CH3COOH, and

H20. [0088] Ip,5lep R0, t%ﬁ%ﬁ%@\éﬁ&f@&%ﬁa‘%@%ﬁf e samnle isobseryeddisingra microscope to

identify a crystal defect region primarily. Examples of the crystal defect region include a v-rich region

with COP aﬂ%ﬁ&&gk@&%%@& {00817 slep G494 Hbe: SamBle isBiched AOAIB fetamayve a

selectively 10etched portion from one side of the sample. [0090]In step S105, at least one side of the

sample is conptangipated-withymatakA fransitign petabimay be ysedasaiesonismipatingmetal. Unlike

the conventional art using two kinds of transition metals, the present invention has only to use one
transition metgl. e mekalsanimainationtsdiise atlibotpeaty siabdefegbl Swirgionsdytiehanging a

location at which the metal is precipitated selectively according to a silicon crystal defect region
through the nextheakirgaimaent, ROR dxamh pleidhewdarnpeisccoptasiyinatien witheGeirant shen the crystal
defect regions are identified with the naked eye using a haze pattern that is generated on the surface
through heat tightrogaicairind diffesent@mprecipitgte Beldavier dbeations inttheifal 20icand Pi regions.
If the front side of the sample is destined for a metal haze pattern, the backside of the sample is
uniformly cordaminateidhithi sheshetalnfeorgeheiationopthealvaze pattern, at least one side of the
sample is contaminated with the metal at a contamination concentration of about 1 ,Th u to 5x10'6
atoms/cm2. TRBBAIQh- In addition, the present invention can be applied to any type of sample
that is about 0.4 to 3 mm in thickness. That 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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- concentration metal contamination is performed in the same way as in Embodiment |. 25However,
because the photoluminescence analysis as well as the naked-eye check is performed in the present
invention, the metal contamination may be performed independently of the type and concentration of
the metal. Thus, the metal contamination concentration may be about 1x1012 to 1 x1017 atoms/cm2.
[0091]In steg@R)@B; the metakeontaninatedsamgfiatis heapisaatedeacoeldisgiptodtiagragent
invention. The heat-treatment process may be perfoill ed to the extent that the metal can be diffused.
The heat-tregiphent. PRRcess gaatates Ramdiall piecipitate sxdtain (REF saine indihk G OEdion, and
generates a haze-type metal precipitate on the surface of the sample in the Pi region. The
heat-treatmeatipracess)magibe: theigam@i@s: desciibéd=with feferérive 4B 2:chef0(BE]tn step S107,
the heat-treated sample resulting from the above heat- treatment processes is drawn out from the
furnace and ¥girihe cprtamindtedsidel Gritld6ppositéd sidéfofthsafirple ig wivsersadtioridentify
crystal defect regions secondarily. There is no need for a separate etching process or a separate
check dévicd5\ibér thevinetiligbhtachimatbdt Side oritherophosityGide OFt{e(Hedt-arabted’ 15 sample is
checked with the naked eye under the spotlight, a haze generated on the metal-contaminated side can
be observed [@88hus the brystal éfSctthsgishsxelndtPiest sike mbibrersealinéssissredn be
identified. That is, the haze region on the surface of the heat-treated sample is interpreted as the Pi
region, whiletisghanhereecansich igentdipretarstd griept REMNPOPRIHE i Arg s 8fiit6f the primary
20identification process (step 5103) and the result of the secondary identification process can identify
the regions \erietal efert PEipdudooosTEdy iertnvdhdrUt ardstaidir seginaeBhlERtional art
measures recombination lifetime through the high-temperature/long-time oxygen precipitate heat
treatment or [98&ffies the &éf@é?r@d%s%ﬁro‘iﬁ&fp X SEYSInBEBHY AN AKYE 25 SHEREE Y However,
the present invention can easily identify the crystal defect regions without an additional check process.
by usintPthe Bidied RAYEOPHENB PEHBALRALRE @%‘HB]r%ted through the heat-treatment causing the

different precipitate behaviors of the metal jn the silico cr¥s al defect regions, without depending on
the concentr&ﬁgﬁq}f oxygehloglt‘?ﬁesr%%inoaér)i/ﬁ‘éﬂiﬂ’éesfﬂ o 5{%@%‘]‘*@% Br&BTHOAtioR Ehn identify

the crystal defects using only one m%fal element. The cgnvention art is restricLed i %mﬁleof the metal

contaminatioRsfouftt ThEATHeRivelt (s e s STRE PAEHRBIAEISH lifefitis cafnot be
e e s iy 218 Q1ABE DAZe S AN RIaled. HOWEYSH: IR RISTERL RN ton can
identify the cRPOTHERE: FEGIORE BY YeHsrafih g the haze P Y
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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10[0095]In step S108, the heat-treated sample is measured by the photoluminescence analysis to
identify crystal defect regions thirdly. Synthesizing the results of the primary and secondary
@dentification 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

15 monocrystallinesiicen. As grseribedhave, kecaysethenhetelininaseensce sadbisisds
perform_ed,_the present invention can be applied independently of the type and concentration of the
contaminatingmefaldAle9. dre deesept inventiondsayatitthestinalidea:step Dhdetestinguthe gettering
gfflClency in the sample using the photoluminescence analysis. 20[0096]FIG. 9 is a flow diagram
illustrating a mathes ofiseptifyingarisiahdefeciregidnd @éeorting foaeometdification of another
exemplary embodiment. [0097]Unlike the FIG. 8 method using one sample, the FIG. 9 method uses

two samples {pggafe sampledibios (e sSemeingotn[@R98iRefarriply to HE&-t8;diest mndrdagond
samples in the §hap_e_ of tvyo 25silicon wafers or slices, which are sampled at two adjacent locations in
a mono@ystafine siisent ingehaca prEpabedtirstepesilhf0esotn stepr8bppoddositie oftthe first
sample is selectively etched. In step S113, the resulting structure is observed using a microscope, so
that crystal defect tiegiormbueh dsvditiisadd i-ibh dwatbechimstifiael prinsa g BROT1 00 step SI14,
one side of the second sample is contaminated with metal. [00101]In step 5115, the
metal-contampnatidtstecontiisathpleaipleatrtrtitddy region, and generates a haze-type metal
precipitate on the surface of the sample in the Piregion. The heat-treatment process
may be the same as described with reference to FIG. 2.
10 [0092] In step S107, the heat-treated sample resulting from the above heat-
treatment processes is drawn out from the furnace and then the contaminated side or
the opposité side of the sample is observed to identify crystal defect regions
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
15  sample is checked with the naked eye under the spotlight, a haze generated on the
metal-contaminated side can be observed and thus the crystal defect regions Pv and
Pi of the monocrystalline silicon can be identified. That is, the haze region on the
surface of the heat-treated sample is interpreted as the Pi region, while the non-haze
region is interpreted as the Pv region. Synthesizing the result of the primary
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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In step 5116, the contaminated side or the opposite side of the heat-treated second sample is
observed with the naked eye. Accordingly, the haze region on the surface 10 of the heat-treated
second sample is interpreted as the Pi region, and the non-haze region is interpreted as the Pv region.
Synthesizing the result of the observation of the first sample (step S113) and the result of the

observation of the second,samBIEFAISERUDK e Eeaions s iy ict i R B-{0RAA3HN step

S117, the heat-treated second sample is measured by the 15photoluminescence analysis.

Synthesizingdhe resulig ofihe ehspatian aldheshand seeend samplasaes: hedasuiiof the

measurement of the Second sample can identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band,

thereby making, it passiblgdaidentifythe entire.daferiresionsaftheasmpnaciystaliing siligan ingot.
[00103]FIG. 10 illustrates a sample prepared by slicing an ingot vertically. 20Crystal defect regions are

identified usipgnthe meathpgrekkien 81 ife resrretvalirgieonrseasured 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

identifiedh [0q80417IG. 11 fiystiates:a Sivensiaiesanielaiof heneerydtalinesilisan. ofdrystal defect
regions are identified using the method of FIG. 8, the respective 25regions measured using the
photoluminesgencelanalysisTateonarkesbin G relraned anRbregiof tuda BV aegionaréoidentified.
[00105]FIG. 12 illustrates a sample of monocrystalline silicon. Crystal defect regions are identified
using the methadef kG 1B thexrespentive tiegions-neashred usirgtheophibfciominesoenoe analysis

are marked in FIG. 12, and a Pi 5region and a Pv region are identified.
measured when the metal precipitate or the haze is generated. However, the present
invention can identify the crystal defect regions by generating the haze.

10 [0095] In step S108, the heat-treated sample is measured by the
photoluminescence analysis to identify crystal defect regions thirdly. Synthesizing
the resuits of the primary 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

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.

[0088] 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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[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 slicing a silicon ingot vertically.
10 According to the measurement results, the concentration of oxygen in each sample is 9 ppma (New

ASTIVI standg@%&ggﬁ%f&%ggml& %ggpéﬁ@g@%@gwggm precipitate heat-treatment (for 4 hours
& .

at 800 C -( 16 hours at 1000 C) is performed without metal contamination to check t_he recombination
lifetime by oxygryprecipitatjan. For thesecand sampirsthgpetal (e16.:Gu) contaminatiep method

15according to thepresent invention is performed and the heat-treatment process of FIG. 2 is

performed. [094Q8]AS ran e seandiam KIGhsiRchenanveniionatapecapnpiidenity hewrystal defect
regions when the concentration of oxygen in the sample is low as 9 ppma. However, the present

invention can, cleatlysidently iherespesirecredionsday Reigemiifing 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 metaf; corfgamiggtion and theppRotaluniinesscenceboalysindAdampikeipreseatimentioritcan identify
the entire crystal defect regions by only one-time check for the vertical section without the need for the
_check for the ggggective regions. 25[00109]FIG 14 illustrates information about the gettering sites of
crystal defect regions estimated by the photoluminescence analysis according to the above
embodiments{otHetihformatiostabdlit thelgettermg effiviemesedasalsd borghtainddtideaiss the
photoluminescence analysis is used. [00110]As described above, using the point-defect characteristics
of the Pv 5 ahdsRigégibfistirrespeatireatidiselcrystiicdefpositesidficalits Arsthbeairsiny@ifgen
precipitation in the silicon, a metal precipitate is generated mainly within the sample in the Pv region
and a haze-typenpietal girecipitateiis Genskiedisn thecsudiacty ofth Bzt hahéDPiTEEI6H.
Accordingly, the crystal defect regions can be identified with the naked eye without an additional
analysisi ALO[O&F1the | dsbidathd comushtaible of sieonassggeriie Bweepamad Pisnmerdheze

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 analysis. Synthesizing the results of the observation of the first

and second samples and the result of the measurement of the second sample can

identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band, thereby making it

possible to identify the entire defect regions of the monocrystalline silicon ingot.

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 iliustrates a slug-state 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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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 is low. 15[00112]Accordingly, the present
invention can identify the crystal defect regions accurately, easily and quickly without depending on the
concentration, of @xygsR:in thevranesastalinemiticon. [00113]The present invention can easily identify
the crystal defect regions without an additional check device by using the Cu haze phenomenon that is
20 generategoon s surfapehf the slicarathougbaamsimple heabtryatmient atteoa. highsstrcentration
uniform Cu contamination. Also, the present invention can greatly reduce the time and cost required to
identify the defgetiregions. O1ddiARal therprebentihvehtidnfdan idertlify winheliceystaidsfect regions
of all the monocrystalline silicon samples independently of the type of the 25contaminating metal and
the type of theeamplerding seleptiveeichnegcprocess]bie wretakdostamiltionigratess, fnd the
photoluminescence analysis are performed on one sample or two samples, which are sampled from at
adjacentfpositigits; tiereBy megldnguit pdsgilbiedto identify the entire crystal defect regions.
[00115]According to the present invention, the crystal defect regions can be 5 analyzed accurately,
easily and quiBRIJOGkhout ddpendhghomihdeosrdhabitshofempgenfitithesishsrammha silicon.
Accordingly, the present invention can be utilized to identify the crystal defect regions of
monocrystallisi§siticonfenmpadii thbh PRraF PRIy s BA b &&ﬁ%ﬁféﬁ??é@ﬁ?fﬁ?ﬁﬁgﬁﬁ to develop
defect-free monocrystalline silicon. 10[00116]Although the method of jdentifying a crystal defect region
in a monocrysefiiriaesinasoh siAg eRBIAPESTREFATARIBE AHURBLEHENFhart have been described with
reference to the specific embodiments, it is not limited theri)to. Thereforﬁ it will be rerf?dil understood

by those skillEBOAGRE art ther KU hEBISH R S SRAEh 8 GES B BHRORIB SR FER Sithout

departing from the spirit and 15scope of the present invention definfed b\g/ the aé)pfended claims.
1% According to the measurement results, the concentration ol OXygen in each samplé 15

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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WHAT I_S CLAIMED IS: 1.A method of identifying a crystal defect region, comprising:
sample in the shape of.a silicon wafer or a slice of single crystalline 5silicon ingot;
Cu-contaminated solution that is a mixture solution of a buffered oxide etchant (BOE) solution and

preparing a.
applying a

copper (Cu) onto one _side of th_e sample to contaminate Cu on the one side of the sample and drying
the sample; heattrealing thedried samplestand dOahsesviagaLyscontaminated sideaboean opposite

side of the heat—treated sample to the Cu-contaminated side to identify a crystal defect region.
method of clajgndaiwbereinifeiSurgrniominatedisoltionihas fiGantyncenthtion oftaboet . to 15
ppm. 15 3.The method of claim 1, wherein the sample is contaminated with Cu at a contamination

The

concentrationQfakout bioBNiRMetamsiem hysthen@d- contaminated 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 clggo41ejhereinthedsesibtatment wingeds ipperidefned drasten ton0d t8f dbout 20

minutes.
5

10

15

20

25

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 1s generated on the surface of the
sample in the Pi region. Accordingly, the erystal defect regions can be identified
with the naked eye without an additional analysis.

[o0111] Also, if the concentration of silicon oxygen is lower than 10 ppma, the
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.

100112} Accordingly, the present invention can identify the crystal defect
regions accurately, easily and qﬁickly without depending on the concentratiéﬁ 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
generated on the surface of the silicon through a simple heat-treatment after a high-
concentration uniform Cu contamination. Also, the present invention can greatly
reduce the time and cost required to identify the defect regions.

[00114] Also, the present invention can identify all the crystal defect regions
of all the monocrystalline silicon samples indep;-:ncientky of the type of the

contaminating metal and the type of the sample. The selective etching process, the
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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 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 regian, s ARV FREIAN Whese vacaaey iype paiidetectsaatdy fireualeat fotthad eluster defect
is present. 8. The method of claim 1, wherein the applying of the Cu-contaminated solution thatis a

mixture solutign efatiered, axigp Rishari (RRE)Sahltid Trandacagper(CypSants,dhersige of the
sample to contaminate Cu on the one side of the sample and drying of the sample, comprises:

EIF-cleaninghgth sides ivhasamepltyteunting cthesahdyitetongaosample stub; applying the
Cu-contaminated solution onto the one side of the sample.
[00115} According to the present invention, the crystal defect regions can be
5  analyzed accurétely, 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 monocrystaliine silicon sample with
the Pv and Pi regions of low oxygen concentration and fo 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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10keeping 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 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. METHA@D BECIDONTBING CRYSTAL DEFECT REGION IN MONOCRYSTALLINE
SILICON USING METAL CONTAMINATION AND HEAT TREATMENT ABSTRACT Provided is a
method of identifying crystal defect regions of monocrystalline silicon using metal contamination and

heat treatment. In the,ieihods ASAMAIL N dhashaprafasiliconmaRier a slice of monocrystalline
silicon ingot is prepared. At least one side of the sample is contaminated with metal at a contamination

concentratioPt St aBoBRMREOTAthS Shang Afienid/iem Wafer contatiriatios Bt S HERE treated. The

contaminateghsidg pi-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 quicglf\éewithout the use

of an additional chetl F&ce NIt ATBRBERUMY BRTHBA 3h e aHBN 8T B8y 8h 3P tHE idnocrystalline
silicon. 15FIGyikie 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 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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10

15

prevaient but no cluster defect is present.

g. 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 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;

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 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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