*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 identifying and evaluating a reglon of varlous defects presentin a
monocrystalline sil¢BA YOt OF d BECORI WA G1ORYOA . gBldB( A Skeahh iy is fabricated using a
floating zone (FT) process or a CZochralski (CZ) process. The CZ process is most widely used to
fabricate a sjiconovatars Ththe IS HHCES 6D ARSIy St MEE S1i oD WIIEN Ald GMueaMR crucible. The
polycrystalline silicon is heated and molten by graphite exothermic material, and a seed crystal
immersed into the molten silicon. A 15HOAD RN BINGON 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 monocrystalline silicon ingot or the silicon wafer may have crystal
defects such as Crystal Originated Particles (COP) Flow Pattern Defects 20 (FPD), Oxygen induced
Stackimg Fault (OiSF), and Bulk Micro DefesC{BfRI?WhIeh are called grown-in defects. There is a
need for reducing the concentration and size of the grown-in defects. The crystal defects affect the
quality and f@gitiction yiglbofreevitdssclrmreforstisisvemdhpbrardthsisaieye Hd@riatal defects
and to evaluate the crystal defects easily and quickly. 25[0004]Depending on the crystal growth
conditions, tfe silicemmivafeiotothée vivonoefysitimarsinesn vide adesthod-AE HEaGIH% ABfe
vacancy-type point defects are prevalent and condensed (cluster) defects of supersaturated vacancies
are presenteeRuingioregitiedd vataneyleipssooricabiaadero prevalint sHics Engsterdefect is
present, a vacancy/interstitial (V/I) boundary, a Pi region where interstitial point 5 defects are prevalent
but no cluststidafeeaier present, and an I-rich region where interstitial point defects are prevalent and
cluster defects of supersaturated interstitial silicon are present, Detecting how the abzgzﬁ regions

changddepi@iRly on théfr persiiting amdte WATetalS dABRITBR BB bt St ERicbAingot is

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

fabricate a silicon wafer. In the CZ process, polycrystalline silicon is placed into a
quartz crucible. The polycrystalline silicon is heated and molten by graphite
exothermic material, and a seed crystal immersed into the molten silicon. A
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 nto a
silicon wafer.
[0003] The monocrystalline silicon ingot or the silicon wafer may have
crystal defects such as Crystal Originated Particles (COP), Flow Patiern Defects
20  (FPD), Oxygen induced Stacking Fault (OiSF), and Bulk Micro Defect (BMD),
which are called grown-in defects. There is a need for reducing the concentration and
size of the grown-in defects. The crystal defects affect the quality and production
yield of devices. Therefore, it is very important to remove the crystal defects and fo
evaluate the crystal defects easily and quickly.

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



* evaluating the quality of the crystal. 10[0005]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 cre&}ed by

high-tempetgtiredongrtimeshratkireatment aivdrihe 16y evalrion is HerforRe P USnG £ tiftference
between precipitate behaviors of different defect regions. In a fourth method, low-concentration
contaminatig, ysing tiansilieprneiatdnd diftsiof-hsattroperreitard FRIBRTE ERTHigh the
recombination lifetime is measured. [0006]However, in the first method, the wafer must be cleaned by
polishing 20,and &l@@ﬂim@féjQratﬁaﬁsjzmméopp'ﬂﬁhéﬁ@@%?‘@eﬁ@féﬂ@%%ﬁﬁ%ﬁthbqr%ﬁé[géé& thust be
performed after the growth of the monocrystal, which increases the required timetarfd S’-JPP requires a
high-cost pagtigle;gounerfaryastiensition. (V00 7jmidersecoRdl Fgtibd) BE ISR EICRANE must be
prepared that can provide a suitable etching rate, can be applied to all ¢ ysﬁﬁl surgac%%, raend does not
25contajn enyinmestatioxiennatsrials [BOOSTTE i @THEM0ANa 8 SUETAIGFAWDACKS in terms of

the required time for evaluation, the required cost for high-temper?ture h%?t gt%gtmt%%i%d high-cost
equipment. Alsgstiialthirefhod crerprov RIEME) S Saf et OregiH A of a sample with

e case
an oxygen concentration of less than 10 ppma (New ASTM stand rd%. 009]An example of the fourth
method is theilikotean:PatentPubticstios NO™2 %’@ﬁ?iﬁ’,%i%ﬁa %IL(?% %n.g?‘n ethod for measuring

the distribution of point defects in a monocrystalline ingot to. evaluate only, t! %ﬁ}%gﬁt@@oingot. In
detail, the ingotiisosticed ituttvevaighlenesbhdine MR es%lfrfﬁ:f)) &g’ %/é 1Eontaminated with two or

more metal elements (e.g., Cu, Ni, Fe, and Co) at a low contamination concentration. Thereafter, heat
treatment is perfortiertio ¢rekits af&edHiidation center in the silicon. Thereafter, the recombination

lifetime measured to measure the distribution of point.defects.. In this.: od.the cantanaination
results twd0ReE] elemehtsinistBLEFR R dq#%(%sef% 1%‘%%?@&%& crf/;stal d%fiects. Also, the

measurement is impossible when a metal precipitate or.a h is;generated o0 thesseuface thereof.
Therefore, th@mﬂm@%ﬁ@ﬁﬂfcwwm%ﬁﬁge 8?alt%%r¢t§%1i%§%?on amount ra;md the heat treatment

time and contamination concentration must be as low as 120 Ix10:4 Atomsfem2rBiso, an
additional etdiﬁaqurd&é%‘é éﬁ&éﬂ%ﬁﬂidﬁﬁ%naa@%%gc ev%gégrl% required when a precipitate is

gt L o o ?e%gfrgé% conventional meiads yisipg setarllvemeiahiRgraethod, 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.

[00086} 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 & 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

95  contain environmental toxic materials.



metal contamination cannot identify the entire crystal defect regions. SUMMARY [9010alln one
aspect, there is provided a method of identifying a crystal defect region, comprising: selectively-etching
one side of a sample in the shape of a silicon wafer or a slice of single crystalline silicon ingot, and
observing thE8&&lting strifetdre fitlshaiicrs Seopeatciidenafi aioripstab defdst repiondptinmarily;
removing the selectively etched portion from the one side of the sample; contaminating at least one
side of the sémplelwitiomdbalTtastetesihdoh bl EBriemilratet duaiplesaanddbsetvingtisestontaminated
side or the opposite side of the heat-treated sample with the naked eye to identify a crystal defect
region secorsdaiiyei00 Yo kenidtné reshee Cat b ideprdvidsayaisheioet 6f sientifyirgcaserystal defect
region, comprising: preparing first and second samples in the shape of two silicon wafers or slices that
are sampledframsaipiecyitthositicrs 60a SR ERStAlIN e 8ficBiind t; RheetVEly efehig one side of
the first sample and observing the resulting structure with a microscope; contaminating at least one
side of the s&lepfiiample with metal; heat-treating the contaminated second sample; and observing
the contaminated side or the opposite side of the heat-treated second sample with the naked eye,
wherein the FR308E of the ShssrERIs T BaEHERBERIBPHHE Wirstardadcsmy Sarlisie®aY synthesized
to identify a crystal defect region of the single crystalline silicon ingot. [0011]The present disclosure
provides a mEtoe67 flentiicy ierjetsr c?ef‘@‘c‘fé@ﬁigﬂro?‘ﬁ?éﬁ%’&gyé}ﬂﬁllﬁié% & WhiBAan evaluate
the crystal defect region aceurately, easily and qujckly. [0012]The present disclosure also provides a
method of idSRARING & BIRPATHRETEENG B0 BF WBtBER/RifE siiton! WHidREENn &&tiAte the entire

crystal defect region of the monocrystalliaﬁ silicon vﬁﬁ?out depending on the concentration of 50xygen.

[0013]Accortif g ai SX&FpRAPE MBBIREHTE metEH OFiuBRISAMPLES are contammated

with two or more metal elements (e.g., Cu, Ni, Fe, and Co) at a low contamination
concentration. Thereafter, heat treatment is performed to create a recombination
center in the silicon. Thereafter, the recombination iifetirﬁe 15 measured to measure
the distribution of point defects. In this method, the contamination results of two
metal elements must be synthesized in order to interpret the crystal defects. Alsc, the
measurement 1s impossible when a metal precipitate or a haze is generated on the
sﬁrfzj‘«ce. thereof, - Therefore, the method 1z resiricted in terms of the .metai
contamination amount and the heat treatment time and contamination concentration
must be as low as 1x10% to 1x10™ atoms/em®. Also, an additional etching process
and an additional analysis device 1s required when a precipitate 1s generated,

16010} Furthermore, the conventional methods using selective etching or

metal contamination cannot identify the entire crystal defect regions.



crystal defect region includes: preparing a sample in the shape of a silicon wafer or a slice of
monocrystalline silicon ingot; contaminating at Img) of the sample with metal at a
contamination concentration of about 1 x 1014 toms/cm2; 10heat-treating the

contaggdngsed Samnka oaedag%@@%eg the ;ﬁ@m@mir@h@a@de&r H&ﬁt@ﬁ@gsae&j@@oa&@th@aﬁreated

sample to i,d_entlg/ tal defect reg OOl@éﬁ reatl of the co tamlna ed sa rﬁ%’? %f may be
perfoliSHRIRRS AR S OLHara%T é%sot Shé& Scﬂe ?r& fh% GrollE R oREifgP oY e i Hifrogen,
argonyroxyden, hl;minog&m,aamﬁrﬂmaylagldha mixttine thiergofcThethe atitrestimg of tﬁalﬂlﬁf contaminated
Sam p!i@fgé@ée%%he %&Hﬂelﬂ%B%% pifate.mal OLW"&@EH%&*%E%E Rigdn &P MJ@%&@Q Whgke yagancy-type

point defects ‘are prevalent but no cluster defect’is present, and may generate a haze-type metal

preciSREIETGRAHE SreaseBf teesanie Bl FEyBRRVh BT E-ETBETER SO aRRtsSH® Srabdlent but

no cluysierdeiedkisdarasante? QOGN Peat-taating bt thewcentaminaied sample iay inglude a first
heat- treat ent t(a)lcgsfgc %rf%grgg% t about 600 to 950 C for about 0.01 to 10 hours and a second
heat-tf€Atment process perﬁ)rme abbut 1000 to 1150 C for about 0.01 to 10 hours. The
tempdpatdkd may béld@m’féersé@%waath@ll% BfrbYdEQ 00 B of fesatifyingfteraeid edefaveatingiof the
Contamm@%%gaﬁ@%ﬂgthﬁs@%%m QA9 OX YO QR IrAPEher SAMRISCIsH Ie83dhan 1icepma. the

heat treatlng of the contaminated sample may %ﬂﬁme a first heat- ﬁreatment %ocess pé%formed at

aboutsB0'T0 555 é%?e&bB%FEtb"BT’anfﬁlF}&ﬁ%y 7 SEEORAKEAHEARNT OGSy pER TS at

aboutfit@@entple and observing the resulting structure with a microscope; contaminating at least one side of the

second sample with metal; heat-treating the contaminated second sample; and observing the contaminated
side or the opposite side of the heat-treated second sample with the naked eye, wherein the results of the
observation/measurement of the first and second samples are synthesized to identify a crystal defect

region of the single crystalline silicon ingot.

f0011] The present disclosure provides a method of identifying & crystal

defect region of monocrystalline silicon, which can evaluate the crystal defect region

3a



1150 C for about 0.01 to 10 hours. If the concentration of oxygen in the sample is  more than 11
ppma, the heat-treating of the contaminated sample may be performed 5at about 1000 to 1150 C for
about 0.01 to 10 hours. [0016]The contaminating of one side of the sample with the metal may include.
HF-cleaning both sides of the sample; mounting the sample on a sample stub; applying a

Cu-contamingtechsqlytigriignisdanecdside of the sample, the Cu- contaminated solution being a mixture
of copper and buffered oxide etchant (BOE) 10 solution; leaving the resulting structure as it is for a
predeterminggoperiod suciibatenaisitelof thessmpleyidesontamingtet IRIRIRIE e B5pEFelearing and
washing the Cu-contaminated solution from the sample and drying the sample. Thiglé-%gntaminated
solution mayaayve 2 Sir caneentrationitinatdison 1 5ppr. STREE: B RHIHAER sBfltion may stay in
the sample for about 1 to 10 minutes. 15 [0017] The contaminating of both sides of%he soafmple with the
metal may inglude: biFieleaning-tive:Bbtts sitesTorM B SENSREHBANTR I 1H SRR GH a Cassette;
immersing the sample into a Cu-contaminated solution that is a mixture of copper and buffered oxide
etchant BORB)ggdution; leaving the resulting structure as it is for a predetermined period such that the

both sides of the sample are 20contaminated with the copper; drawin%l‘I hés .ﬁle %%;Hm the _
Cu-contamingiedaiolution Andowkishitg Se3aRMIRY SFBRAYMGTtHE 4 %? . f%rg cording to another

exemplary embodiment, a method of identifying a crystal _de{%c rﬁegeio? includes: g{&poqr%ng a sample
0

in the shape afatdilicdewaBooirckiies: GFARBRBEYSEMME BiltsA L SoRtAminating at least one

side of the sample 25by applying a cu-contaminated solution, w iChS{%%J@{?E%? g;e rand a
buffered oxidtietofianmoBOR) SBRHGHOBAEY: FEISPBIE b Hhe SRmple, and drying the

contaminated sample; heat-treating the dried sample and obserying the coptaminated, side or the
opposite sidevafithecteatitre atatPERRAHIRHSIBETHRI L ErY5 A (a%f\égt%}eg?gng [(%Té? According to still

another exemplary embodiment, a method of 5 identifying a crystal def giondncludes:
selectively-etohitreriositie sORERTESHTRPL ﬁééggegﬁ%ﬁr?%a?g?%%%gslice of monocrystalline

silicon ingot, and observing the resulting structure with a microsc elo identify.a crystal defect region
primarily; remepgingjteheidsete éhio dIgaEtE dei?mB{‘? ﬁ%ﬁ?eﬁ%le%o%g fsgag o# the sai"mgle; contaminating at

least one Slde[(;)é']t 2‘_(13 Sampl%\glg]eg?—?;gzli;tigg%tftt%%aég]rga%?nated sample may be performed under

an atmosphere of at least one selected from the group consisting of helium, mtroger,
argon, oxygen, hydrogen, arﬁrﬁonia, and a mixture thereof. The heat-treating of the |

4%  contaminated sample may generate a metal precipitaté 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 sampie

ih a Pi region where interstitial point defects are prevalent but no cluster defect 15

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 a rate of about 200 “C/min or less
after the heat-treating of the contaminated sample. If the concentration of oxygen in

25  the sample is less than 11 ppma, the heat-treating of the contaminated sample may



- 10 contaminatéd 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 photoluminescence analysis to identify a crystal defect region thirdly [0020]The

sample may be contaminated with the metal at a contaminati%n 15 @@nceﬂggtj@ fgg 398{1‘} 1xlOutolx 1
0'7 atoms/crn2iihe Wexat-reztinepoiehe W@ﬁ%ﬁ?nﬂ%f%’d‘?gn% BoRTR 2rformed Under an atmosphere

of at least one selected from the group consisting of helium, nitrogen, ar %rt];a%é){lg%o@ygogen,
ammonia, and h mixtuie et s pra e Aot th 8 eshtam sample may generate a metal

precipitate mainly within the sample in a Pv reeigjn where vacanc%-flt&e éoint Oecgg;gﬁ@ are prevalent
eta 5

but no cluster! fefattis preseft0ard HMaPyenelatB e REZE e M SCipitate on the surface of the

sample in a Pi region where interstitial point defects are prevalent but no cl iSipresent.
[0021]According m%ﬁém&@ﬁéﬁﬁr&ﬁﬁaﬂ%@aﬁ?em?%ﬁg?ﬁ%&d%fn priei e%?% g fgé)g{?/%%al defect
region includes: preparing first and second samples in, the 25shape of two silicon wafers or slices that
are sanipledaframuadjeeein bb%%i%é%ﬂé@%%ﬁé@iﬂ%‘é%incon ingot; selectively etching one side of
the first sample and observing the resulting structure

with icr : inat least one
side of the sE3&hél sampleT Wt ARdtEIHEREHEaliRG ﬁ%c%ﬁt@r%iﬁ%?f&é%g%&gww%g

: - L e second sample; observing the
conaminaied 0 o e copese e 1T et s> ol b aped oy and_
fllowing deseHparPEHh GG AT IS AL Ceying dhamiae i e, [00S2IFIG 1 s a
Z?nmég&?%r:rwplélgtznnﬁﬂgt%dasrgﬁ?o%db%&ﬂ%ei‘tr'n ing 2 spysialdefestagionagsardingdaamexsmplary

10  solution; leaving the resulting s&uctwe as it is for a predetermined period such that

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

15 [0017] The contaminating of both sides of the sample with the metai may

include: HF—éleanixlg the both sides of the sample; mounting the sample on a
cassette; immersing the sample into 2 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

90  contaminated with the copper; drawing the sample out from the Cu-contaminated

solution and washing the sample; and drying the sample.
[06018] According to another exemplary embodiment, 2 method of identifying
a crystal defect region includes: preparing a sample in the shape of a silicon wafer or

a slice of monocrystailine silicon ingot; contaminating at least one side of the sample

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



. [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 illustrating a portion of the Cu
contamination process of FIG. 3; 20[0027]FIG. 5 illustrates an example of the impossibility of
identifying a hgat-teated (RoiBN adedrdingrto thewohoentsition ohexggamn @ e4hpRg [0D28]FIG. 6

shows a Cu haze pattern generated when a Cu contamination process is performed and a

heat-treatmegy, pragassdsaeriermed-aeetndify titEseonte ipa it oY B8 err AR EEERISfe according
to the present invention; 25[0029]FIG. 7 shows the result of identification of the defect regions of a
silicon wafer ggcordingtpibie:pieserftinvertiorand e d0IinHEAETETRE AL FIER et regions of
a silicon wafer according to the conventional art; [0030]FIG. 8 is a flow diagram illustr

tin
identifying crystalojefect regiong Agcarding toanbiie cEvBMBIArF BRASIEIRRENE %F?g
diagram illustrating a method of identifying crystal

5

10

15

20

25

identifying 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
ébserving the resulting structure with a microscope o 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—tre;ating the
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 b.y photofuminescence analysis to identify a
crystal defect region thirdly.

[0020] Tﬁe sample may be contaminated with the metal at a contamination
concentratioé of about 1%10%2 1o 1x10'7 atoms/cm®. The heat-treating of the
contémina’aed sa;npie may be performéd undef an atmosphere of at least one selected
from the éroup consisting of helium, nitrogen, argon, oXygen, hydrogen, ammoniz,
and a mixture thereof. The heat-treating of the contaminated sample may generate a

metal precipitate mainly within the sample in a Pv region where vacancy-type pomt

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 vet another exemplary embodiment, a method of

‘identifying a crystal defect region inciudes: preparing first and second sampies in the

shape of two silicon wafers or slices that are sampled from adjacent positions 1t &

a method of

.9is a flow



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 10which
crystal defect regions are identified using the method of FIG. 8; [0034]FIG. 12 illustrates a sample of
monocrystallipgnsticenlinaviietoerystatdefectiretjonsre identifidd osifg thehiamad 8rEIG. 9;
[0035]FIG. 13 shows the result of identification of the defect regions of a silicon wafer according to
the present ipyesion a}!itdrtt?rﬁltngkttm‘cmeasdtbm@nﬁpafmﬁlsmﬁé@tw@%@dﬁ&%ﬂ%ﬁl%afer
according to the conventional art; and [0036]FIG. 14 illustrates infonnation about the gettering sites of
crystal defect fegionscestinates dystite prothliwindsesnget sh apsiaradesiding B &8mplary
embodiments. 20DETAILED DESCRIPTION OF EMBODIMENTS [0037]Hereinafter, specific
embodiments wilhheedescribethinicetall siith refébencergsitiesiic i phnyiag denggeond
[0038]Embodiment 1 ,

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 conjunction with the accompanying drawings, in
which:
[0023] FIG. 1 is a flow diagram illusirating a method of identifying a crystal
defect region according to an exemplary embodi-ment;
[0024} FIG. 2 is a graph illustrating a heat cycle in the 1dentifying method of
15  FIG. 1 according to an exemplary embodiment; -
[;5(525] FIG. 3 is a flow diagram illustrating a Cu contamination process
according to an exeinplary embodiment;
[0026] CFIG. 4 ris a sectional view illustrating a portion of the Cu
contamination process of FIG. 3,
20 [0027] ¥IG. 5 illustrates an example of the impossibility of identifying a
heat-treated region according to the concentration of oxygen in a sample;
[0028] FIG. 6 shows a Cu haze pattern generated when a Cu contamination
process is performed and a heat-treatment Process is performed accoerding 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 region; of a



[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 method of FIG.
1 according to an exemplary embodiment. [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 witl; pgtab dleakdesating iheneqniainiatechsanypié ffangobsefvestvecastthitidted side or
the opposite side of the heat-treated sample with the naked eye under the spotlight to identify a crystal
defect regiongfhe hazsnredioniikinterpfetectasia Pireiiowhetietatérstitial point defects are
prevalent but no cluster defect is present and the non-haze region is interpreted as a Pv region where
vacancy-typed@appint defetts aeiprefiatent auamo iblusteintelete (s Yt SedEntisy BRAHETE! the crystal
defect region can be identified using a haze pattern that is generated through heat treatment causing
the different Gefpracigiatehehdviptidorations:irthe Py WhePPIREEions. In particular, a metal precipitate
is generated mainly within the sample in the Pv region, while a haze-type metal precipitate is

generates! on[0es $prface dfithe 3 Ssanfiote’ iiteatR] HE6HITOOSPARNY AtiBELERgsE Y haze pattern
is identified with the naked eye, the sample has only to have a predetermirﬁ%%surface roughness.
Therefore, thagieesenitnventiodivaricherapisatiomel ARPBHEHBIRVER RSN sample such

as a silicon sample and a vertical sample obtained by slicing the monocrystalline Zoalllicon ingot
vertically in tHO@3@! directidfi. [004RrEwieH ﬁg‘*%‘ﬁ@ri?%%ga]?ﬁﬁl’écﬁ%"‘éﬂ%?)tevgflgl Sificn wafer or a
slice of monocrystalline silicon ingot is prepared in step Si, [004gi§orf%gn%[e, a wafer, which is
prepared by siibinly arsondaiepsramiaas are identified using the method o 8

[0033] FIG. 11 illusirates a slug-state sample of monocrystaliine silicon, in
10  which crystal defect regions are identified using the method of F1G. 8;

{00341 FIG. 12 illustrates a sample of monocrystaliine silicon, in which

erystal 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 defect regions of a silicon wafer according to the conventional art; and

[0036j | FIG. 14 illustrates information aboﬁt the gettering sites of crystal

defect regions estimated by the photoluminescence analysis according to exemplary

embodiments.

20 DETAILED DESCRIPTION OF EMBODIMENTS

{00371 Hereinafter, specific embodiments will be described in detail with

reference to the accompanying drawings.

{0038] Embodiment ]

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

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



silicon ingot and then performing a grinding process to remove surface defects 25resulting from the
slicing process, is used as the sample. However, the present invention is not limited to this, but can be
applied to a wafer that has undergone only a slicing process, to a wafer that has undergone a grinding
process or a lapping process, or to a wafer that has undergone a polishing process. In addition, the
present inveptige,casyalsabenappliedi foiasquatedlict Bitnonberystediing silicon & pngotthat is
obtained by slicing a monocrystalline silicon ingot axially through the center thereof. In this manner,
the present ipygRtigRsan be applied to evaluate a crystal defect region of a completed wafer or a
sample that is obtained by slicing a silicon ingot axially. [0044]In step S2, at least one side of the

sample is cofgagipated withanetaledOiCappen(Gupmay beaspl 48 the chrntnfihdtAgIHetal. If the
front side of the sample is destined for a metal haze pattern, the backside of the sample is uniformly
contaminateevufithdhe stietalf Theoetalatontativeiecosesirangssabitaseasiident Begenerate a
haze. Preferably, at least one side of the sample is contaminated with the metal at a contamination
concenteatioaipboutitx 14y IE5x10LEE0hs/cPRiaming e taredftafifatiSiceticdiMration is
lower than Ix 1014 _ atoms/cm2, no haze is generated. If the metal contamination concentration is
higher than Sxistfatermbiom2yrdlraepriesjerrtariisnher-Banie sarmie BihBaaErY f%king it
difficult to discriminate between crystal defect regions. [0045]The metal contamination process may
include applyindea thetpiotiahtdntadanidied %ﬁﬁﬁ%@e&?%@%a%t O SRS SPEHYSAMIEPIENY leaving the

resulting structure as it is for a predeteimined period, and then drggfg the res Iti%%gtr]u% ure. In step
S3, the metakeerRamvpmedvbar frigshBat Baatelr iFrGRR Bpré ePHﬁr’?@d%% §'§¢cording to the -

present invention. [0046]The heat-treatment proce;&@g}eneraﬁe a metal QéﬁCiQitvatg alggai&lege%within the
sample in a Prassgliorih el gERckaEs TaHAR RBE gfip?%éi[;f’afg%ﬂnth YUrfac

QArf5CE 57 tHe sample in a

Pi region. The heat-treatment process will be descril()je%j in.detail WithIgeferencelto IﬁIG. 2,{ i
10  point defects are prevalent but no cluster defect 1s present. ror example, theTrista

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

régions. In particular, 2 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 i;i;ieﬁiﬁed with the naked eye,

the sample has only to have a predetermined surface roughness. Therefore, the

present invention can be applied to.any type of monocrystalline silicon sample such

as a silicon sample and a vertical sample obtained by slicing the monocrystalline
20  silicon ingot vertically in the axial direction.

[0042] Referring to FIG. 1, a sample in the shape of a silicon wafer or a slice

of monocrystalline silicon ingot is prepared in step S1.

[0043] For example, a wafer, which i_s prepared by slicing a monocrystalline

silicon 'ingot and then performing 2 grinding process to remove surface defects

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



[0047]Referring to FIG. 2, a gaseous atmosphere of helium, nitrogen, argon, oxygen, hydrogen,
ammonia, or a mixture 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
processes than the heat-treatment process. A boat mounted with the sample is loaded into the furnace

(step I). [0048]Thareafter, the temperatuns.otihedupsicalinincretsatatasrate ot ddaboigt Ito 50 C/min
and a first heat-treatment process is performed at about 600 to 950 T for about 0.01 to 10 hours (step

Il). The minimum tempgialweingrease rate afl Ghtinimtoeditcitheprecpsived timeppind the
maximum emperature increase rate of 50 C/min is to prevent a stress due to an abrupt temperature

change. [OOA%QHEQ@S firgt heat-reRIMBAY procesiaeates aciabancythuster spaeddhianl BBy region so
that a metal {e.g., copper) precipitate is created in the vacancy cluster space. [0050]In more detail, the

first heat-treafnent REosassHCatSesthednetsitd diffusetarouthetivd samplestsadineppbsite side of the
sample, on which the metal- contaminated solution is not applied. At this point, the metal of the applied

metal- 2§ coptaminated selatien diffuliempoathemonpenyistallifécsilicorcinatielkafpsiugibits the defect
regions (i.e., the Pv and Pi regions) in the monocrystalline silicon, in such a way that the metal diffuses
assuming differgaceraspectsninihentefect régigns#nimetshtomsauis rtipitdte §HHMY the above
process. That is, metal ions in Sigre restored in the defect region to create a metal E).rceigipétate.
25[0051]Aftecsatapletian nfddoe fifst kheatpirtedrinaftinrd Cessniie hainjierhitieed by slicing
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 side of the sample
‘e 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 ome side of the sample is
contaminated with the metal at a contamination concentration of about 1x10' 1o
15  5%10'° atoms/em®. If the metai contamination concentration is lower than 1x10"
| atoms/cm>, no haze is generated. If the';niétal contamination concentration is higher
than 5x16'¢ atoms/cm®, & haze is generated on the entire surface of the wafer, making
it difficult to discriminate between crystal defect regions.
[6045] The metal contamination process may include applying a metal-
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 $3, the metal-contaminated sample is heat-treated through a predetermined
process according fo the present invention.

[00486] The heat-treatment process generates a metal precipitate mainty

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

10



of the furnace is'increased at a rate of about 1 to 50 C/min and a second heat-treatment process is
performed at about 1000 to 1150 C for about 0.01 to 10 hours (step Ill). The minimum temperature
increase rate of 1 C/min is to reduce the required time, and the maximum temperature increase rate of
50 C/min is to prevent 5a stress due to an abrupt temperature change. [0052]The second '

heat-treatmeptrprocess-aawsidhe metabgiecipitatecestttingéromr thesfirst heatdrsatheént process, and
causes the metal to diffuse throughout the sample. However, as described later, the second

heat-treatmgpi,prasess My kadenarmed 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 heajgeatment precgssithedéithetatugesebthefmaberisoddctoasetiap g ratdhabout 200
C/min or less (step Pi). Such a slow cooling process makes a clear difference between precipitate
regions in the, Py and;Risegionsnibifias 44 restep s therhebtitreeelddampl@sestRfg Tom the above
heat- treatment processes is drawn out from the furnace and then the contaminated side or the
oppositg sidgigfthe sampleiidbseyvedito icentifterystd] defelemagions. AREFEIAktén dn the
opposite side can be identified more clearly than on the contaminated side. In this case, there is no
need for an pdditenaleithingpratesdrberaditional090 Ehéerdeoleer Wﬁ%ﬁ%%‘i’ﬁetgﬁpg%‘?te side of the
heat-treated sample is checked with the naked eye under the spotlight, a metal precipitate haze can
be observechamd tiumene prysted .defderacgiony Dy v e srerdmd gL inih %i%‘&ﬁ}?cfan be
identified. That is, the haze region on the surface of the heat-treated sample is interpreted as the Pi
region, whilégep hon-haze region is interpreted as the Pv region. 25[0055]For identification of crystal
defects, the conventional art measures recombination lifetime through the hi%?-tem %-rat%lrellong-time
oxygen precipR48i heat trédereiicor {8 HETISTHE Hefl dPre TR T AT RS X Faff pRGtEgraph image
analysis. However, the present invention can easily identify the crység%l def%r(]:t re?ion%e%it%out an
additioh@l chiokeptocess By nimeanthé FetBEESBRERDRTERTH B #Rkt 15 Geh&r &8 tirough the
heat-treatment causing the different precipitate beks;gv' rs of the me%al in the siIi(r:l(gpe Cré’?etfﬁll defect
regions, withdift deSenaegtdhthdcOAGOMEEER doxyge SR SHESASBIinS sticon. [0056]The

resent invention can identify the crystal defects using only one . o
P of 1 *C/min is t(gy reduceythe required tirne, 24" Maximum temperature increase

rate 6f 50 “C/min is to prevent a stress due to an abrupt temperature change.
[0048] The first heat-treatment process creates a vacancy cluster space in a
15 Pv région so that a metal (e.g., copper) precipitate is created i 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-
90  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 Si are
restored in the defect region to create a metal precipitate.

25 [0051]. After completion of the first heat-treatment. process, the temperature

™



metal element. The convention art is restricted in terms of the metal contamination 10amount and the

heat-treatment time because the recombination lifetime cannot be measured whe n 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 perfoimed

using  the follawing methods,described with sefevence twoFIGSCaanddd thesamplecsan be
15contaminated to a higher concentration, thereby reducing the heat-treatment time. FIG. 3 is a flow

diagram illusfalinga GuGABtRPiRiatPressanaLooiding 16k ekembiatyidhboditerrtrand FIG. 4 is
a sectional view illustrating a portion of the Cu contamination process of FIG. 3. [0058]The
conventional(ggébcgmanqiﬂ@tmmm@gﬁoﬁmpﬂﬂ@aesﬁﬁtma@tirrgt@@f)rbc"é‘émharhﬁé@ deftatninate the
monocrystalline silicon to the extent of generating a Cu haze. Therefore, the present invention
proposes a qgg,sige seBtaminationmisthaddtystrated i@ 3xwiiE At drtamiraie s8R 'one side of
the monocrystalline silicon uniformly to a high concentration in order to identify the crystal defects of
the mongcrystalline siicorustngiheGpehgze phergmenon. 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 g8alillustratétldndelGnd. o6 Hristd S2BCHT TS Ra i 8o RIGEH i€ %pplied to
one side of the

resulting from the first heat-treatment process, and causes the metal to diffuse
throughout the sample.. However, as described later, the second heat-treatment
process 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 Pprocess, the
temperature of the furnace is decreased at a rate of about 200 "C/min or less (step I'V).
Such a slow cooling process makes a clear difference between precipitate regions m
the Pv and Pi regions. | |

15 [0054] In step S4, the heat-treated sample resulting from the above heat-
treatment processes is drawn out from the furnace and then the contaminated side or
the opposite side of the sample is observed to identify crystal defect regions. A haze
pattern on the opposite side can be identified more clearly than on the contaminated
side. In this case, there is no need for an additional etching process or.an additional

90  check device. When the opposite side of the heat-treated sample is checked with the
naked eye under the spotlight, é metal precipitate haze can be observed and thus the
crystal defect regions Pv and Pi of the monocrystalline silicon can be identified.
.That is, the haze region on the surface of the heat-treated sample is interpreted as the
pi region, while the non-haze region is interpreted as the Pv region.

25  [0055] For identification of crystal defects, the conventional art measures
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-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. The BOB solution is a mixture solution of HF
and NI-14F. The concentration of the BOE solution may be determined suitably in consideration of the

defect evaluation possibility, the processing time, and the efficiency. If the concentration of the BOE 10

solution is tog.low«{jeRipeEsSRG limsbrcamenioaiangsneduoingifte progiLestivityc i
concentration of t

e BOE solution is too high, the reaction occurs rapidly, making it difficult to identify

the crystal defegts,[002IF0n exampleda Giranlutigiors mmixechirbe X 6679hBAEEDIUMEES(0.24% HF +
19.5% NI-14F), such that the concentration of Cu in the solution is from 15 about 1 ppm to about 15

ppm. When %%’vﬁgsCu-H@@@réﬂ,nmdlﬁ@mﬁonﬂsmm, Qu2eaithys draififobmigrapplietsto the
sample, so that the contamination concentration of Cu in the monocrystalline silicon can be about |

x1014 to 5x1Q16 atomsism2rAsidessaribathaie viousky, Htheiveritenimitohies iEERPRTIBATS Cu is
lower than Ix 1014 atoms/cm2, a Cu haze phenomenon does not occur. If the contamination

20concentratigp ofsCpeis-higherihapbx 106 atarusiomena GuhazethheABERbNTBECRIS Excessively,
making it impossible to identify the crystal defect regions of the monocrystalline silicon with the naked
eye under the, gpatight Rreferatiinttie sohtaninatdrebatamenfondhot ASRBKIPE $3%9015 to0 1.33
x1016 atoms/cm2. [0063]A pipette 40 is used to apply the Cu-contaminated solution onto one 25side
(specifically, thehagkside) ofdhe saitle onqmestallss §H50this is that, if the Cu-contaminated
solution is applied onto the front side of the sample 10, which is fabricated as a semiconductor device,
the Cu ions cpo&slinate tHehfrgme sideideerliog BRSPS T RS AR, T&%’Gﬁlﬁ% step S24,
one side of the sample 10 is Cu-contaminated for a Spredetermined period after the a %I(i)%ation of the
Cu-contaminatechisektion. THescontagniition BroeeesiFiay BIBetomelar a RORA femperature

under a normal pressure. [0065]In step S25, the Cu-contaminatece)_solutioq.%s cleared andowashed from
10  amount and the heat-treatment time because the recombination lifettme cannot be

measured when the metal precipitate or the haze 1s generated. However, the present
invention can identify the crystal defect regions by generating the haze.
{0057] Meanwhile, when the Cu contamination process 1s performed using
the following methods described with reference to FIGS. 3 and 4, the sample can be
15  contaminated to a higher concenfration, thereby reducing the heat~treatmegt tlme
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 2 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 the
monocrystailine silicon using the Cu haze phenomenon.

25 [0059] Referring to FIG. 3, the both sides of the sample are HF-cleaned In
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the sample 10. For example, the washing process may be a process of rinsing the 10 sample using
deionized water. Through the above processes, the Cu-contaminated solution stays in the sample 10
for about Ito 10 minutes, for example, for 4 minutes. [0066] In step 826, 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@5@1@ C. The sample 10 may be dried using a spin drier or nitrogen-gas, 15 [0067] The
above method can easily identify the crystal defect regions without an additional check device by using
the Cu hazejphegpmenonithatis geberatedaompthel$utfacecshthé S’mcénsﬂﬂ"@@@ﬁt&bsi%qp@
heat-treatment after a high-concentration uniform Cu contamination. The convention art is restricted in
terms of the;metaieoniarnination amount and the heat-treatment time because the 20 recombination
lifetime cannot be measured when the metal precipitate or the haze is,gen_erated.‘é)ge {articular, the
conventiona[@estaminatidn sencEbratiChisonrmingied 1211591 KeRIIEMY Ve, {HS present
invention enables a higher contamination concentration and can identify the crystal defect regions by
generatifig the:Gis NazevfoR68}dpauatbn (@) masib dbh EREIEton At TETB W& &85 Predict the
25amount of Cu that can contaminate the monocrystalline silicon using the1 contamination method
illustrated in $olGi 81 GREITvwalerien 2rpakm B Eses 858heHEIETINFEGEC &)Ofbggéﬁe u

contamination amount Cu on wafer can be obtained b mixini a pred?terminefdtggna% of Cu
solution into $hmtB®ESs®Immﬁlm1@Qhéw5d€fn%?nﬁ?§tiﬁé{ﬂ¥e oERStAT illistrated in

ﬁ?g%}ﬁigon as
FIG. 3, while changing the Cu concentration Cu in ROE. [Q070]It ca S that t esent
invention carscr}omammebmeiﬁ‘m%téﬂﬁ?é’@iIi’(fbr?%f’# i) Q%S%ﬁeg%s%%ﬁy%%%minated

solution than the conventional contamination methad using a.spjn coating process Thedfesent 10
invention carp@ﬂ@ébih@:l@lftd)&m%%@st%ré‘%mﬁ o th%l%nFg eecggﬁ%%%%tg%al sﬁ‘ﬁ coating method.
The high-concentration uniform concentration. is necessary for identj i%gn =Rels staldefect regions of
the mofBcrystauting &iesnoTh e Corar AR oM IR EHOH Sccor %ragtgt’%% pr senP{inventioi?fcan increase
the maximum amount of the metal contamination. in the. monoerystalline silicon. 1,pl094Llor the
metal-contanifn%?ﬁo@%‘f%té%%ﬂé,q}?e%$£éﬂﬁjitr‘f\)/%ﬁ |6Erqom% AYREER iy

making it difficult to identify the crystal defects.

[0062] For example, a Cu solution is mixed into 2 0.67% BOE solution
(0.24% HF + 19.5% NH4F), such that the concentration of Cu in the so}ution is from
15 about 1 ppm to about 15 ppm. When such a Cu-contaminated solution is used, Cu™*
ions are uniformly %;p;ied onto the sample, so that the contamination concentrati;ﬁ
of Cu in the monocrystalline silicon can be about 1x10% to 5%10'° atomsfem”. As
described previously, if the contamination concentration of Cu is lower than 1x10™
atoms/em’, a Cu haze phenomepon dogs not occur. [f the contamination
20 conceﬁtration of Cu is higher than 5x10' atoms/cm”, a Cu haze phenomenon oceurs
excessively, making it impossible to identify the crystal defect regions of the
monocrystalline silicon with the naked eye under the spotlight. Preferably, the
contamination concentration of Cu is about 8.83x10% to 1.33x10'° atoms/cm”.
[0063] A pipette 40 is used to apply the Cu-contaminated sclution onto one

25  side (specifically, the back side) of the sampie 10. The reason for this is that, if the
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-use any method that can provide a metal contamination concentration suitable for generation of the
haze. [0072]Both sides of the sample may be contaminated with metal such as Cu. In this case, the
both sides of the sample are FIF-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
immersed for-a-pradeternines peiiad sushiithabtive thetlirsideslofthehsainpiald Cthidntaminated.
Thereafter, the sample is drawn out from the Cu-contaminated solution. Thereafter, the sample is
washed and gigda {9073} Kb ilustratésvir, akarfipléoot toatrnpexsiBm oridulsutsiiirg
25heat-treated region according to the concentration of oxygen in a sample. [0074]There is a case
where a samplennthbam dsfige meancenization [Oil of less than 11 ppma is contaminated with Cu and
only the second heat-treatment process is performed on the contaminated sample. In this case, an

overall haze e is gerierater, $aakiongitsidpossibe wmatntfify QUerPSiATBiEd f8Gidn. 5 There is
another case where a sample with an oxygen concentration of more than 11 ppma is taminated
with Cu 8nd bestieafithinditspaidl setonthheapticitament %&%@%‘%%ﬁﬁ%‘a‘% the’ontaminated
sample. In this case, no haze pattern is generated, making it impossible to identifying a cEystaI defect
region. If the axygemetnTamtEse ey das BREATIER Find AR Rt e eh BiEeess is
omitted, a 10 vacancy cluster space, in which a Cu precipitate can be generated in the Pv region,
cannot be prgwidadethereby generating the overall haze pattern. If the oxygen concentration is more
than 11 ppma and both of the first and second heat-treatment. ro.ceﬁtggrse (gre (P%rgs%rﬁnaeigo ﬁn oxygen
pitate. Also, no haze

precipitate is [§96&tated in AESRIEHA; thefeby YEIRIRRCE SH GEhE SR E i preci
pattern is generated in the 15surface of the sample and thus the c¢rystal defec lon gapnot be
identified. [00R8]TmRleHE pler amRHSS t‘}?ég‘%opﬁ%% S%réna%%éyn%%rgﬁgsﬁdﬁ)r%%é% tge concentration

of oxygen in the sample. .
yg10 sample Lgsing deionized water. Through the above processes, the Cu-contaminated

solution stays in the sample 10 for about 1 to 10 minutes, for exampie, for 4 minute.s.

| [0066] In step S26, the sample 10 is dried. For example, the sample 10 is
dried on & hot plate. The sample 10 may be dried at about 100 °C, for example, 80 ¢
120 °C. The sample 10 may be dried using a spin drier or nitrogen gas.

15 [0067] The above method caﬁ eésily identify the crystal defect regions
without an additionzﬁ rcﬁeck device by using the Cu haze phenomenon that is
generated on the surface of the silicon through a simple heat-treatment after a high-
concentration uniform Cu contamination. The convention art is restricted in terms of
the metal contamination amount and the heat-treatment time because the

590  recombination lifetime cannot be measured when the metal precipitate or the haze s
generated. In particular, the conventional contamination concentration is 1x10% to
1x10" atoms/cm’. However, the present invention enables a higher contarnination
concentration and can identify the crystal defect regions by generating the Cu haze.
(6068} Equation (1) is a feedback equaticn that can be used to predict the

95  amount of Cu that can contaminate the monocrystalline silicon using the
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- [0076]As illustrated in Table 1, if_ the oxygen concentration [0i] is more than 11 ppma, only the
second heat-treatment process is performed without the 20performance of the first heat-treatment
Eroc;eiss. If the oxygen concentration [Oil is less than 11 ppma, both of the first and second

eat-treatment processes are performed. 0077Table | [01] <11 ppma >11 [
: ppma First heat-treatment
process perfoiayngh RESOEBhod illustrated in FIG. 3.

Cuonwafer =-4.23x107 +8.87x 10" Cuin BOE ... (1)

[0069] The Cu contamination amount Cu on wafer can be obtained by mixing

a predetermined amount of Cu solution into the BOE solution and then
5  contaminating the monocrystalline silicon as iitustrated in FIG. 3, while changing

the Cu concentration Cu in BOE.

[0070] | [t can be seen that the present invention can contaminate the

monocrystalline siticon 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 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 monocrystaﬂine silicon.

15 [0071] | For the metal-contamination of the sample, the present invention may
use any ;nethod that can provide a metal contamination concentratior; su1table for
generation of the haze.

[0072] Both sides of the sample may be contaminated with metal such as Cu.
In this case, the both sides of the sample are HF-cleaned, and the HF-cleaned sample

20  is mounted on a cassette and immersed into a Cu-contaminated solution according to
the present invention. The sample is immersed for a predetermined period such that
the both sides of the sample are Cu-contaminated. Thereafter, the sampie is drawn
out from the Cu-contaminated solution. Thereafter, the sample is washed and dried.
[0073]  FIG. 5 illustrates an exampie of thé impossibility of identifying a

95  heat-treated region according to the conceniration of oxygen in a sample.
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‘Second heat-treatment process perform 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 Cu ions can be 5identified with the naked eye in

different CO'Otﬁd?af}]he respelivey eQioRs.aueh asdhe PwahdiR regiensofRe79iEtG. [DEhdws the result
of identification of the defect regions of a silicon wafer according to the present invention and the result

of measurement ot the defgghregionseharsilicon wafenagedraing thdheconvéntionedtartnd 0[0080]FIG..
7 shows identification of Pv and Pi crystal defect regions by Cu
process is performed on the contaminated sampie. In this case, an overall haze
pattern is generated, making it impossible to identifying a crystal defect region.
5 Thereis ;another case where a sample with an oxygen concentration of more than 11
ppma is contaminated with Cu ané 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 omitted, a
10 vacancy cluster space, in which a Cu precipitate can be gencrated 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 o generate a Cu precipitate. Also, no haze pattern is generated in the
15 surface of the sample amd 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.
[0076} As iltustrated in Table 1, if the oxygen concentration [Of] is more than
11 ppma, only the second heat-treatment process is performed without the

20  performance of the first heat-treatment process. If the oxygen concentration {O1] is

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

performed.
[0077] Table 1 ‘
o] | <11 ppma i > 11 ppma #
First heat-treatment process perform l not perform ]
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haze patterns of the sample that is heat-treated after the Cu contamination of the sample with a
sample [0i] 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-treatmernt(for4 15 hoursiat 800 C + 16 hours at 1000 C). If the oxygen coCcentration
is low (11.5 prumand theceanenionabarscan also jefiify the crystal defecprsioh. If the oxygen
concentrati(erTT's—highﬂ%TS ppma), the conventional art cannot identify the crystal defect region. In this
case, the hegggragtment using thenetad contaminaticmngestbepeviomred tociddumipaiercrystal defect
region. 20 [0081]Embodiment 2 [0082]FIG. 8 is a flow diagram illustrating a method of identifying
crystal defechfagigns aceorging tenanethextexermptatyreptbedimeat 008 | FHe19aSelt fR¥ention can
identify all the crystal defect regions of the monocrystalline silicon without an additional analysis
method. Thatiscthepreseftoinentionacamsimukanabugljoastnmatecall WieeRntal l&mtLfegions of the
monocrystalline silicon such as a Pv region where vacancy-type defects are prevalent, a P-band
_region wheresinefplateRigperedipitdeée aregiresarostinsaty disHiféisientet by Keacte Mment under
an oxidation atmosphere, a Pi region where interstitial 5 defects are prevalent, a B-band, region where
oxygen Brecipitatifindsviribeatekicdt ey highldbreahaafentpy the S ResiNfernEEn g 585 40f a cluster of
interstitial silicon, and an i-rich region where interstitial silicon is prevalent. [0084]In addition, the
present inveitiomdadh tegiapplied to any type of sample that is about 0.4 to 3 mm in thickness. That
is, the present invention can be applied 10to any type of mgnocrystalline silicon sample such as a
silicon samplE&n8la vertio%ﬂ%arﬁp@%b%éﬁ%ﬁeﬁy%lﬂﬁhﬁeﬂji@ﬁ%%é@&ﬁlI%ieégﬁié%ﬁﬁ %c()}tts vertically in

the axial direction. [0085]Referring to FIG. 8, a sample in th %harpe ?f_afsilicon wafe{ or @ slice
silicon wafer according to the present invention and the result of measurement ol 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
Pv and Pi crystal defect regions by the recombination lifetime according to oxygen
precipitation resulting from a conventional oxygen precipitg??___kfat—treatment (for 4

15 i#mrs at 800 °C + 16 hours at IOCO “C). If the oxygen concentration is low {11.5
ppma), the conventional art can also identify the crystal defect region. If the oxygen
concentration is high (8.5 ppma), the conventional art cannot identify the crystal
defect region. In this case, the heat treatment using the metal contamination must be

performed to identify the crystal defect region.

20  [0081] Embodiment 2

[0082] FIG. 8 is a flow diagram illustrating a method of identifying crystal
defect regions according to another exemplary embodiment_.
[0083] The present invention can identify all the crystal defect regions of the

monocrystaliine silicon without an additional. analysis method. That is, the present
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“of monocrystalline silicon ingot is prepared in step 8101. 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 thatvbasoundengonedigriedisly pestestorh |abpirgy2thréelss, sraem wafetthat has
undergone a polishing process. In addition, the present invention can also be applied to a square slice
of monocrystatiinersiietmingbtohatishobaitietBpalikisea merocysailfectFs PIRYE txially through
the center thereof. In this manner, the present invention can be applied to evaluate a crystal defect
region of a coihpletédegiaferbrsafiio et iDOBEHREIEY SIRGE PSSO ot SRS [0087]In
step 5102, one side of the sample is selectively etched using any etchant Examples of. the etchant
include a dasly étehamntHRNHNGS GHICHEOON 2ros3bess, & |Ftléeé’t%a\¢ipfﬁlzmﬁs?ﬁa§0 =1:0.4:
0.2), a Secco etchant (I-IF: K2Cr207 aqueous solution (0.15 mol%) = 2.: 1), HF, HNO3, Cr03 aqueous
solution® (5dwieiSs)arsnprer anghe dhchmd HEPTS HHFT QT SSSP AHIRIBI OIS SRS dhd H20. [0088]
In step S103, the selectively etched side of the sample is f%b erde usin%atmi%r%)slcorl)]%&r? identify a
crystal defedeigbgiongsrrmiiy. toxBrmpbEEBrRE RIS A FEREE fegIBRTh QLIS A VR TEGGN with COP
and an i-rich region with LDP. [0089] In ste,p,é?l, 4, the sample is etched again to remove a selectively
10etched poPlditroRF BRI ORIGASENHIR TO658]IR K ST05, at least one side of the sample is

contaminated with metal. A transition metal may be l%s%dcgjsl gée cogé%rpoinati @?@a&ﬁ Ilige the
conventionall8P8ing twoRiAE 3P RSRISTERIAENITRE BFrRSSERvention has only fo Use one

(ocation at wEHAHETHEILH & pt O SRl S A 6 o byt SETEAt oron

ely according to a silicon crystal detfect region

through the next heat treatment. For example, the sample.is contami it -then the crystal
defect rlhiort8 P& Féiaﬁﬁf?éa%ﬂﬁ}'ﬁg %jl%e% 89% %asrflr%eagﬁ(é%gg p%a’%t%ﬁ]&%%%%%egﬁeg%%%%% ?he surface

trough heat reafnept causing diferens Cu 1eSOIEIR BeNRNY AgaIRDR I P u20nd Piregions.
S a

If the front s_ia TR Eathed for a m aze pattern, the backside of the sample is
uniformly confaminated with the metal. For generation of the haze pattern, at least one side of the
sample is co HiftiAted with the metal at a contamination concentration of about 1 xi014 to 5x106

atoms/em2. i joh-coneeniralionmefal conampRianis RRnaesimbs sameovayagn
Embodiment®L.
of monocrystalline silicon ingot is prepared in step S101.

15 [0086] For example, a wafer, which is prepared by slicing a monocrystalline
sﬂwon ingot and then performing a grinding---i};séess toc remove surface defec{é
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 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 monocrystailine 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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- 25However, because the photoluminescence analysis as well as the naked-eye check is performed in
the present invention, the metal contamination may be perfoimed independently of the type and
concentration of the metal. Thus, the metal contamination concentration may be about 1x1012 to ix
1017 atoms/em2. [0091]In step S106, the metal-contaminated sample is heat-treated according 5 to
the present jgeaTjon. Therheat-tfadinent pidcesstinay e perforiedviditivicbsdentititattie metal can
be diffused. The heat-treatment process generates a metal precipitate within the sample in the Pv
region, and generatdsxahpize ¢ypecraetaipreciitate drstucbariadéior the@anfpe iR region. The
heat-treatment process may be the same as described with reference to FIG. 2. 10[0092]In step S107,
the heat-treateld: sample reSirtingttiomt théFabove Hegt=treafiient proceseesistehawn Bt from the
furnace and then the contaminated side or the opposite side of the sample is observed to identify
crystal defedf s€gionasecondalifioT fers isnl need folla $Bpaiate etekitigPprseEs s U 4 8eparate
check device. When the metal-contaminated side or the opposite side of the heat-treated 15 sample is
checicedl witf5 the!Plakedley ¥/ uglier thexibaighta sz gl keraiét on(tHe hsta Rt nated side
can be observed and thus the crystal defect regions Pv and Pi of the monocrystalline silicon can be
identified. THAORBkhe hazki reigio HH tHE GHSERVEHtHEMEAt e SRS HtBPSTEYEY as the Pi
region, while the non-haze region is interpreted as the Pv region. Synthesizing the re ugof the primary
20identificatisingraceie (sepeIeoR Ay thensdal Giitht Selha4rRIaHbht H*?fr&%et & can identify
the regions v-rich, i-rich, Pi and Pv. [0093]For identifica iogéé crystal defects,.the cor 1r-irILtional art
measures ¢é§&§%h5ﬁ§ﬁﬂdﬁg%fé‘t%‘tﬁ?(ﬁ1§ﬁlﬂl?é?ﬁﬁmﬂﬁb FEHBRGHRE YN Brecivitate heat
treatment or identifies the defect cri‘@%%i%ons through the X-r?ﬁihotogr?gh ima\ge 258a e%l g,i?. However,
the present ifRBHon can Basigpidetitfy the SR8 SR GBHE WHSTPAR daditiohal check process
by using the metal haze phenomenon that is generated through the heat-treatment causing the
differeﬂ%preéﬁﬁﬁﬁ@d’%w&@%é@ﬁé’é&ﬁ s??fgfgﬁﬁ‘con crystal defect regions, without depending on

the concentration of oxygen of the mqgnocrystalline silicon..5[0094 Tre. re i ion,gan identify
the crystal dé#98Qusing &Wﬁ@ﬁe%né%alaél %Sgn?}]'? He go{ﬁ%?al[ﬁ ig?\nlla? ﬁislgrecs%ﬁ{c]teg\%ge%s of the metal

contamination amount and the heat-treatment time because the r com i t(jﬁn Ii{%mg gannot be
measured wHStHe P SEI VAR St 6?%:%‘361%%6.85 %Ser%gract%n. %Lv%é\r} r, %e present invention can

identify the ngg%lﬂ%%&%%tﬁrg %Is%rl]g P\X()gl%rr]ﬁga})ip galrbsqt%g%etals, 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 throuéhr'the next heat fréa,tment. 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 generaied on the surface

through heat treafment causing different Cu precipitate behavior locations in the Pv

20  and Piregions. If the front side of the sample 1s destined for a metal haze pattern, the
backside of the sample is uniformly contaminated with the metal. For generation of

tﬁe haze pattern, at least one side of the sample is contaminated with the metal at a
contamination concentration of about Ix 10" fo 5%10'® atoms/em®. This high-
concentration metal contamination is performed in the same way as in Embodiment 1.

25  However, because the photolumiﬁescenoe 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
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 monocrysiaiingsiligom. As.deseribeckabevehecaise ibaphotoliominescenrceanalysis is
performed, the present invention can be applied independently of the type and concentration of the

contaminating aetaleAls0 oiherpresant inventiairenayisnther ineludetalstefTbigdetactingithe gettering
efficiency in the sample using the photoluminescence analysis. 20[0096]FIG. 9 is a flow diagram

illustrating a fpethagafidentifkngchys@kdefeabsagions Bacdrding ta@mbdification of another
exemplary embodiment. [0097]Unlike the FIG. 8 method using one sample, the FIG. 9 method uses

two samplesjtigg-gre samplee:framnihelsametingontio088IR efentihyi sch PG & tfidstandisgcond
samples in the shape of two 25silicon wafers or slices, which are sampled at two adjacent locations in
a monogrystalinesilicaniingatiaie fieparsetisastemiG1ddesfoos9]h stapo81ed (o sierbf the first
sample is selectively etched. In step S113, the resulting structure is observed using a microscope, so
that crystal defectiregind such bs fisand iTich vzt beaidsntifiew g 2RETS[00 200 HAStep 5114,
one side of the second sample is contaminated with metal. [00101]In step S115, the
metal-contarpiraiisicheeodthins dmpierpheat-tlattd. region, and generates a haze-type metal
precipitate on the surface of the sample in the Pi region. The heat-treatment process
may be the same as described 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 efching 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, Piand 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 casily identify the crystal defect
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In step S116, the contaminated side or the opposite side of the heat-treated second sample is
observed with the naked eye. Accordingly, the haze region on the 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 PJFEBESSMQISM%iﬁ%HQﬂ%gN thedegiensuvifichhd-fiefaPhandrRvn §0G102]In step
S117, the heat-treated second sample is measured by the 15photoluminescence analysis.

Synthesizing the respits-ofithe @bsesvation atihedishand second sampigkand thedpsult of the
measurement of the second sample can identify the regions v-rich, i-rich, Pi, Pv, P-band and B-band,
thereby making.itRessibigtaidentifyithe peirersefeictefgionsi of theithonodeystailigensilivon ingot.
[00103]FIG. 10 illustrates a sample prepared by slicing an ingot vertically. 20Crystal defect regions are

identified usigg themethed ot 6 & themespestivalisgithiomeasured 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. [OQIGHMFIG. 11 ifnsisaiomaishigrstatessanipla i tromysiystafins siisunodrystal defect
regions are identified using the method of FIG. 8, the respective 25regions measured using the
photoluminesgesice @natysiy are onatker inaFl G rddiatid & Pimegidrtenaei vaegibmaiendentified.
[00105]FIG. 12 illustrates a sample of monocrystalline silicon. Crystal defect regions are identified
using the methedaf HIG 1, therospectivetiegidesansatraecosihigatietp dtEmmAtEaeeAte 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 results 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 invenfion may
further include a step of detecting the gettering efficiency in the sample using the
photoluminescence analysis.
20  [0086] FIG. 9 is a flow diagram illustrating a method of identifying crystal
defect regions according to a modification of another exemplary embodiment.
[0097] Uniike the FIG. & method using one sample, the FIG. 9 method uses
two samples that are sampled from the same ingot.

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

25 gilicon wafers or slices, which are sampled at two adjacent locations in 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

ASTM standargs)cRarthe-fistcsamiple:, areqnupntidrialstay§éhlprecipitate heat-treatment (for 4 hours
at 800 C + 16 hours at 1000 C) is performed without metal contamination to check the recombination
lifetime by oxp@eprecipitatiasy Eol thesesdadStm it theuretals@agt €l htdminaiigh method
15according to the present invention is performed and the heat-treatment process of FIG. 2 is perfoed.
[00108]As cagy be seerckiainf Kiuifirthe cinesrtonsinart caithcRIEhtHY fgét «Ftal gefect regions
when the concentration of oxygen in the sample is low as 9 ppma. However, the present invention can
clearly identify ghesespeetiverkeginds-birl2xddnatifianglitd vimsilegion and the i-rich region using the
selective etching process and identifying the detailed regions such as Pi and Pv using the metal
contamigatiofoandahe phdtolsmpirgkcbnorcapidlysis. theseceprepraselt iﬁvé?ﬁi@ﬁ‘&?ﬁﬁef%émﬁy the entire
crystal defect regions by only one-time check for the vertical section without the need for the check for
the respectiveneegions. 25[00109]FIG. 14 illustrates information about the gettering sites of crystal

defect regions estimated by the photoluminescence analysis accordin%é%éhe. above emg){?diments.

The informati®® 4Bt the hestering &fficienh &ycsarr AREPRTBII AT OGRS ﬂﬁg‘ﬁﬁiéqglal}minescence

analysis is used. [00110]As described above usin%the point-dﬁeéectf(c)hargcte_risti%s of t(boen g’v 5 and Pi
regions irrespectie o lﬁethwatﬁéf@%@i@éféﬁi%t h AReRTYE HShg oy ﬁaﬁ«g%efpelfiaﬁ%n in the silicon,
a metal precipitate is generated mainly within the sample, in aige v,region and & ng%ﬁyfggemetal
precipitate is Gersrateobspring WiiHdbe BrRE S8mphei g I’E%"I CEBraTgly the crystal defect
regions can be identified with the naked eye without an additignal analysis. 10[00111 if the
concentr@tiorpiatliberi-s%piansreIOWETHRRIT 16 BHTHRICHRS & ¢ PHPRENGS AR IR

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 Vresuit 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 iggot.
[00103] FIG. 10 illustrates a sample prepared by slicing an ingot vertically.
20  Crystal defect regions are identified using the method of FIG. &, the respective
regions measured using the photoluminescence analysts are marked in FIG. 10, and
an LDP region, a B-band region,r 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

25  regions measured using the photoluminescence 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 pf RxygeRnin dive menactysialingisilicon. [00113]The present invention can easily identify
the crystal defect regions  without an additional check device by using the Cu haze phenomenon

that is 20gerfiedjon thersarfackofitarsiticon shropighod siepteriisalipeatifient after & Righ-
concentration uniform Cu contamination. Also, the present invention can greatly reduce the time and

cost requireditgdetenifys ibeatefdentdgionsifoohe Anddodtied flésert-inbeAtsrF CarrideHan all the
crystal defect regions of all the monocrystalline silicon samples independently of the type of the
25contaminatipgsmedalsng the pisdttkecsampte aTestcrseiverkichifgprocess, e dtal
contamination process, and the photoluminescence analysis are performed on one sample or two
samples; whichiareasdmpled:friom at adjas@natpositions, thereby making it possible to identify the entire
crystal defect regions. [00115]According to the present invention, the crystal defect regi?gs can be

5analyzed adedrti6ly, easii@nd Guibkiynihnoeiide peilsmigicatNe CoMeREStbIFBrnS ©

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 Qf oxygen in each sample 1s
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 sample, the metal (e.g., Cu) contamination method
15 according to the present invention is performed and the heat-treatment process of
FIG. 2 is performed.
1001083 As can be seen from FIG. 13, the conventional art cannot identify the
crystal defect regions when the concentration of oxygen iﬁ 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 ipvention 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 [00109] FIG. 14 illustrates information about the gettering sites of crystal
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oxygen in the monocrystalline silicon. Accordingly, the present invention can be utilized to identify the
crystal defect regions of a monocrystalline silicon sample with the Pv and Pi regions of low oxygen
concentration and to develop defect-free monocrystalline silicon. 10[00116]Although the method of
identifying a crystal defect region in a monocrystalline silicon using metal contamination and heat

treatment haye heen descriadwith yefespneetontfiscsperificeshisodimentspit o tiet Aited thereto.
Therefore, it will be readily understood by those skilled in the art that various modifications and

changes can.hg mads thergte withewitepastngfrom:theispirffancht8seopevf BieoprR®EAt invention
defined by the appended claims. WHAT IS CLAIMED IS: 1. A method of identifying a crystal defect
region, COMpYising: the piepleciivaliRickiagebnissidesaf.a sample in the shape of a silicon wafer or a
5slice of single crystalline silicon ingot, and observing the resulting structure with a microscope to

 identify a crygfah dfect regiongirtalyibemovingthie setttiveiyee ehEacHIHIEH Ari'the bne side of
the sample; contaminating at least one side of the sample with metal; heat-treating the contaminated
sample;m@andand Pi regions irrespective of the crystal defect identification method using oxygen

precipitation in the silicon, a metal precipitate is generated mainly within the sample
in the Pv region and a haze-type metal precipitate is generated on the surface of the
sample in the Pi region. Accordingly, the crystal defect regions can be identified
with the naked eye without an additional analysis.

10 [00111] 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 is fow.

15  [00112] Accordingly, the present invention'can identify the crystal defect
regions accuratéiy,..easily and quickly 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  gencrated on the surface of the silicon through a simple heat-treatment after a high-
conceniration uniform Cu contamination. Also, the present invention can greatly
reduce the time and cost required to identify the defect regions.

[00114] Also, the present invention can identify all the crystal defect regions
of all the monocrystalline silicon samples independently of the type of the

25  contaminating metal and the type of the sample. The selective etching process, the
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- 100bserving the contaminated side or the opposite side of the heat-treated sample with the naked eye
to identify a crystal defect region secondarily. 2. The method of claim 1, further comprising measuring
the heat-treated sample by photoluminescence analysis to identify a crystal defect region thirdly. 15 3.
The method of claim 1, wherein the sample, is contaminated with the metal at a contamination
concentratiqof ahaulh A2 st xkObd dtemsicmBrdnThentrethall o claime fwhedei the
heat-treating of the contaminated sample 20is performed under an atmosphere of at least one
selected fro%&hﬁﬁ{%}y%&aﬂ@%ﬂ@ﬁ&h@ﬂwﬂ,alﬂétrs(agﬂﬂs?faf@mm, oxaderchyereigens.affitoiia, and a
mixture thereof. 5. The method of claim 1, wherein the heat-treating of the contaminated sampilh;
generates a;metal preeiRitatasiaialy fvithirethessapmpledefecPvgiegion where vacancy- 25 type point
defects are prevalent but no cluster defect is present, and generates a haze-type metal precipitate on
the surface pfgha spmpie AR Riirggionhwiperentarstiidt pdirt dersai<iafechregliBhtBuPRo cluster
defect is present. 6. The method of cla m 5, wherein if the concentration of oxygen in the sample 30 is
less tham 11ppmiadthedeatiyeatisdyoithe colitanminbes denesiinEoPRpiSe AL 18 Hfeatment
process performed at about 600 to 950 C for about 0.01 to 10 hours and a second heat-treatment
process perfgrmes af dboide00yallis0siiforabégeosionets HHnBIHEIAnBMPHE 61t &ftration of
oxygen in the sample is more than 11 ppma, the heat-treating of the_ contaminated sample is
performed atialinut baaenid 150cTy forl alsbist 00106 G0 HBRECE TS HidifoY wi M5 wherein the

temperature is decreased at a rate of about 200 C/min or less after the Iaeat-trea&ir}g %)ffthe
contaminatethsaimptad Pi regions of low oxygen concentration and to develop deigci-iree

monocrystalline siticon.

10  [00116] Although the method of identifying a crystal defect region i &
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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8. The method of claim 2, further comprising evaluating the gettering efficiency in the sample by the
photoluminescence analysis. 10 9. A method of identifying a crystal defect region, comprising:
preparing first and second samples in the shape of two silicon wafers or slices that are sampled from
adjacent positions in a single crystalline silicon ingot: selectively etching one side of the first
sample andwhsewing des@guiting: 15structure with a microscope; contaminating, at least one side of
the second sample with metal: heat-treating the contaminated second sample; and observing the
contaminated side or the opposite side of the heat-treated second sample with the naked eye,
20wherein the r.esuggy%mgg Ahgeraio/ measyieernt of ihe fitshapdisgcond samples are
synthesized to identify a crystal defect region of the single crystalline silicon ingot. 10. The method of
claim 9, further coragasing mesbinngntheifrat-fsatapladedha I89smple BRGNS cence

lysis. METH ‘ CR) : _
SILICON USTAMETAL CONT BN T ORER s vosorvint-uat etk SRR AR LI

microscope to identify a crystal defect region primarily;

removing the selectively eiched portion from the one side of the sample;
contaminating at least one side of the sample with metal;
heat-treating the contaminated sample; and

10 observing the contaminated side or the opposite side of the heat-treated

sample with the naked eye to identify a crystal defect region secondarily.

2. The method of claim 1, further comprising measuring the heat-treated sample

by photoluminescénce analysis to identify a crystal defect region thirdly.
15

n

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

a contamination concentration of about 1 %10 10 1x10"7 atoms/cm’.

4, The method of claim 1, wherein the heat-treating of the contaminated sample
20  is performed under an atmosphere of at least one selected from the group consisting
of helium, nitrogen, argon, oxygen, hydrogen, ammonia, and a mixture thereof.
5. The method of claim 1, wherein the heat-ireating of the contaminated sample
generates a metal precipitate mainty within the sample in a Pv region where vacancy-
25  type point defects are prevalent but no cluster defect is present, and generates a haze-
type metal precipitate on the surface of the sampie in a Pi region where interstitial

point defects are prevalent but no cluster defect is present.

6. The method of claim 5, wherein if the concentration of oxygen in the sample
30 s less than 11 ppma, the heat-freating of the contaminated sample comprises a first
heat-treatment process performed at about 600 to 950 “C for about 0.01 to 10 hours

and z second heat-treatment process performed at about 1000 to 1150 “C for about
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HEAT TREATMENT ABSTRACT 5 Provided is a method of identifying crystal defect regions of
monocrystalline silicon using metal contamination and heat treatment. In the method, a sample in the
shape of a silicon wafer or a slice of monocrystalline silicon ingot is prepared. At least one side of the

sample is copgaringiegwith-metalat agReiamiRalion sencanimatienahs @ abausrd #1914 to 5x10'6
atoms/cm2. The contaminated sa@(g;le is heat-treated. The contaminated side or the o p05|te side of

the heat-tre 2% dhspIEas RSB €Y BRI saaBiodt RYGFPAETAY 4% egion can be

analyzed acgueatelyr gasilyiang quicklywithout the use of an additional check device, without
depending on the concentration of oxygen in the monocrystalline silicon. 15FIG. |

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

about 200 *C/min or less after the heat-ireating of the contaminated sample.

8. The method of claim 2, further comprising evaluating the gettering efficiency
in the sample by the photoluminescence analysis.
10
9. A method of identifying a crystal defect region, comprising:
preparing first and second sampies in the shape of two silicon wafers or slices
that are sampled from adjacent positions in a single crystalline siiicon ingot;
selectively etching one side of the first sample and observing the resulting
15 structure with a microscope;
contaminating at least one side of the second sample with metal:
heat-treating the contaminated second sample; and
observing the contaminated side or the opposite side of the heat-treated
second sample with the naked eye,
20 wherein the results of the observation/measurement of the first and second
samples are synthe.sized to identify a crystal defect region of the single crystaliine

silicon ingot.

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

25  sample by photoluminescence analysis.
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METHOD OF IDENTIFYING CRYSTAL DEFECT REGION IN
MONOCRYSTALLINE SILICON USING METAL CONTAMINATION AND
HEAT TREATMENT

ABSTRACT

Provided is a method of idc—:ntifyiﬁg crystal defect regions of monocrystalline silicon
using metal contamination and heat treatment. In the method, 2 sample in the shape
of a silicon wafer or a slice ‘of monocrystalline silicon ingot is prepared. At least one
side of the sample is contaminated with metal at a contamination céncentration of
about 1x10™ to 5%10'¢ atoms/cm®. The contaminated sample is heat-treated. The
contaminated side or the opposite side of the heat-treated éampie is observed to
identify a crystal defect region. The erystal defect region can be aﬁalyzed accurately,
easily and quickly without the use of an additional check device, without depending
on the concentration of oxygen in the monocrystalline silicon.

FIG. 1
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