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METHOD OF IDENTIFYING CRYSTAL DEFECT REGION IN

MONOCRYSTALLINE SILICON USING METAL CONTAMINATION AND

HEAT TREATMENT

BACKGROUND

[0001] The present disclosure refates to a method of fabricating a wafer for
use in: a semiconductor device, and morg paﬁicuiariy, to a method of identifying and
evaluating a region of various defects present in & monocrystaliine silicon ingot or a
silicon wafer.

[6002] | In general, a silicon wafer is fabricated using a floating zone (FT)
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
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

| (FPD}, Oxygen induced Stacking Fault (Oi5F), 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.

[0004] Depending on the crystal growth conditions, the silicon wafer or the
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monocrystalline silicon includes a V-rich region where vacancy-type point defects
are prevalent and condensed (cluster) defects of supersaturated vacancies are present,
a Pv region where vacancy-type point defects are prevalent but no cluster defect is
present, a vacancy/interstitial (V/1) boundary, a Pi region where interstitial point
defects are prevalent but no cluster defect is present, and an L-rich region where
interstitial point defects are prevalent and cluster defects of supersaturated interstitial
silicon are. present. Detecting how the above regions change depending on thelr
positions and the crystal length of the monocrystalline silicon ingot 18 fupdamental to
evaluating the quality of the crystal.

[0005] There have been several methods fér identifying the defect region of
the monocrystalline silicon. In a first method, the COP distribution of a polished and
cleaned wafer is evaluated using 2 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-ﬁme heat treatment and the
evaluation is performed using a difference between precipitate behaviors of different
defect regions. In a fourth method, low-concentration contamination using 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
and cleaning prior to estimation. Therefore, several subsequent processes must be
performed after the growth of the monocrystal, which increases thé 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

contain environmental toxic materials.



10008] 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. Alse, the third methed cannot identify a crystal defect region in the case
of a sampie with an oxygen concentration of less than 10 ppma (New ASTM
standardsj.
[0009] An example of the fourth method 15 the Korean Patent Publication No.
2005-0067417, which discloses a method for measuring the distribution of point
defects m a mondcrystaliine ingot to evaluate only the state of the ingot. In detail,
the ingot is sliced in the axial direction. Thereafter, two samples are contaminated
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
easurement 15 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.



SUMMARY

{04102] In 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 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 contaminated sample; and
observing the contaminated side or the opposite side of the heat-treated sample with the naked eye to
identify a crystal defect region secondarily.

[6410b] - In another aspect, there is provided a method of identifving a crystal defect region,
comprising: preparing first and second samples in the shape of two silicon wafers or slices that are
sampled from adjacent positions in a single crystalline silicon ingot; selectively etching one side of the
first sample and observing the resulting structure with a microscope; contaminating at least one side of the
second sample with metal; heat-treating the contaminated second sample; and observing the contaminated
side or the opposite side of the heat-treated second sample with the naked eye, wherein the results of the
observation/measurement of the first and second samples are synthesized to identify a crystal defect

region of the single crystalline silicon ingot.
f0011] The present disclosure provides a method of identifying a crystal

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

3a
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accurately, easily and quickly.

[0012] The present disclosure also provides a method of identifying a crystal
defect region of monocrystatline silicon, which can evaluate the entire crystal defect
region of the monocrystalline silicon without depending on the concentration of
oxygen.

[0013] According to an 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 monocrystalline silicon ngot; contaminating at least one side of the sample
with metal at a contamination concertration of about 1x10" 10 5%10' atomsfem’;
heat-treating the contaminated sample; and observing the contaminated side or the

opposite side of the heat-treated sample to identify a crystal defect region.

[0014] The heat-treating of the contaminated sample may be performed under

an atmosphere of at least one selected from the group consisting of helium, mtroger,

argon, oxygen, hydrogen, arﬁrﬁonia, and a mixture thereof. The heat-treating of the

contaminated sample may generate a metal precipitaté mainly within the sample in a

Pv region where vacancy-type point defects are prevalent but no cku;';e;r -éefect 18

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.

[0015] The heat-treating of the contaminated sample may include a first heat-

treatment process performed at about 600 to 950 °C for about 0.01 to 10 hours and a

second heat-treatment process performed at about 1000 to 1150 °C for about 0.01 to

10 hours. The temperature may be decreased at a rate of about 200 “C/min or less

after the heat-treating of the contaminated sample. If the concentration of oxygen in

the sample is less than 11 ppma, the heat-treating of the contaminated sample may
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include a first heat-treatment process performed at about 600 to 950 “C for about
001 to 10 hours and a second heat-freatment process performed at about 1000 to
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 -
at about 1000 to 1150 °C for about 0.01 to 10 hours.

[0016] The contaminating of one side of the sample with the metal may
include: HF-cleaning both sides of the sample; mounting the sample on 2 sample
stub; applying a Cu-contaminated solution onto one side of the sample, the Cu-
contaminated solution being a mixture of copper and buffered oxide etchant (BOE)
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-
cqntaminated solutié‘ﬁ from the sample; and drying the sample. The Cu-
contaminated solution may have a Cu conceniration of about.i to 15 ppm. The Cu-
contaminated solution may stay in the sample for about 1 to 10 minutes.

[0617] The contaminating of both sides of the sample with the metal may
include: HF-cleaning the both sides of the sample; mounting the sanf;plr;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
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 defe_ct 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

by applying a Cu-contaminated solution, which is a mixture of copper and a buffered
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oxide etchant (BOE) solution, onto at least one side of the sample, and drying the
contaminated sample; heat-treating the dried sample; and observing the contaminated
side or the opposite side of the heat-treated sample to identify a crystal défect region.
[0019] According to still another exemplary embodiment, & method of
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
concentration of about 1%10%2 1o 1x10'7 atoms/cm®. The heat-treating of the
contémina’aed sample may be performéd undef an atmospherewcr)rt:at least one selected
from the group consisting of helium, nitrogen, argon, oxygen, hydrogen, ammonia,
and a mixture thereof. The heat-treating of the contaminated sample may generate a
metal precipitate mainly within the sample in a Pv region where vacancy-type 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 ina
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monocrystalline silicon ingot; selectively etching one side of the first sample and
observing the resulting structure with 2 microscope; contaminating at least one side
of the second sample with metal; heat-treating the contaminated second sample;
observing the contaminated side or the opposite side of the heat-treated second
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
following description taken in comjunction 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 embodiment;

[0024} FIG. 2 is a graph illustrating a heat cycle in the 1dentifying method of
FIG. 1 according to an exemplary embodiment;

[0025] "FIG. 3 is a flow diagram illustrating 2 Cu cﬁﬁéé;;ination Process
according to an exeinplary embodiment;

[0026] - FIG. 4 ris a sectional view illustrating a portion of the Cu

contarnination process of FIG. 3;

{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;

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

[0030] FIG. 8 is a flow diagram illustrating a method of identifying crystal
defect regions according to another exemplary embodiment;

[o0311 . TIG. 9 is a flow diagram iliustrating 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, i
which crystal defect regions are identified using the method of FIG. 8;

[0033] FIG. 11 illusirates a slug-state sample of monocrystaliine silicon, in
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
defect regions of a silicon wafer according to the conventional art; and

[0036] FIG. 14 illustrates information aboﬁf fhe gettering sites of crystal
defect regions estimated by the photoluminescence analysis according to exemplary

embodiments.

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

defect region according to an exemplary embodiment. FIG. 2Zisa graph illustrating
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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 leasi one side of the
sample with metal, heat-treating the contaminated sample, and observes the
contaminated side or the opposite side of the heat-treated sample with the naked eye
under the spotlight to identify a crystal defect region. The haze region is interpreted
as a Pi region where interstitial point defects are prevalent but no cluster defect is
present and the non-haze region is interpreted as a Pv region where vacancy-type
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
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
sample in the Pi region.

[0041] in addition, because the haze pattern 131dent1ﬁed with the naked eye,
the sample has only to have a predetermined surface roughness. Therefore, the
present invention can be applied to.any type of monocrystalline silicon sample such
as a silicon sample and a vertical sample obtained by slicing the monocrystalline
silicon ingot vertically in the axial direction.

[0042] Referring to FIG. 1, a sample in the shape of a silicon wafer or a slice
of monocrystalline silicon ingot is prepared in step S1.

[0043] For example, a wafer, which is prepared by slicing a monocrystalline
silicon 'ingot and then performing 2 grinding process to remove surface defects

resulting from the slicing process, is used as the sample. However, the present
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invention is not limited to this, but can be applied to a wafer that has undergone only
a slicing process, to a wafer that has undergone a grinding process or a lapping
process, or to a wafer that has undergone a polishing process. In addition, the
present invention can also be applied to a square slice of monocrystalline silicon
ingot that is obtained by slicing a monocrystalline silicon ingot axially through the
center fhereof. In this manner, the present invention can be applied to evaluate a
crystal defect region of a completed wafer or a sample that is obtained by slicing a
silicon ingot axially.

[0044] In step S2, at least one side of the sample is contaminated with metal.
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
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-
contaminated solution on at least one side of the sample, and leaving the resulfing
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

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

10
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surface of the sample in a Pi region. The heat-treatment process will be described n
detail with reference to FIG. 2.

[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
fumaée. 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 samptle is loaded into the furnace
(step I).

10048} Thercafter, the temperature of the furnace is increased at a rate of
about ! to 50 "C/min and a first heat-treatment process is performed at about 600 to
950 *C for about 0.01 to 10 hours (step II). The minimum temperature increase rate
of 1 *C/min is to reduce the required time, and the 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
Py 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-
contaminated solution diffuses to the monocrystalline silicon in the sample, or 1o 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.

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

™
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of the furnace is increased at a rate of about 1 to 5¢ "C/min and a second heat-
treatment process is performed at about 1000 to 1150 °C for about 0.01 to 10 hours
{step I1I). The minimum {emperature increase rate of 1 "C/min is to reduce the
require;i fime, and the maximum temperature increase rate of SOl *C/min is to prevent
a stress due to an abrupt temperature change.

[0052] The second heat-treatment process grows the metal precipitate
resulting from the first heat-treatment process, and causes the metal to diffuse
throughout the sample.. However, as described later, the second heat-treatment
process may be performed without the performance of the first heat-treatment
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.

[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
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.

[0055] For identification of crystal defects, the conventional art measures

12
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recombination lifetime through the high-temperature/long-time oxygen precipitate
heat treatment or identifies the defect regions through the X-ray photograph image
analysis. Fowever, the present invention can easily identify the crystal defect
regions without an additional check process by using the metal haze phenomenon
that is generated through the heat-treatment causing the different precipitate
behaviors of the metal in the silicon crystal defect regions, without depending on the
concentration of oxygen of the monocrystalline silicon.

[0056] The present invention can identify the crystal defects using only one
metal element. The convention art is restricted in terms of the metal contamination
amount and the heat-treatment time because the recombination lifetime 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
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 2 spin coating
process cannot contaminate the monocrystalline silicon to the extent of generating a
Cu haze. Therefore, the present invention proposes a one side contamination method
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.

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

13



10

15

20

25

step S21.

[0060] In step S22, the sample 10 is mounted on a safnple stub 20 as
illustrated in FIG. 4.

[0061] In step S23, a Cu-contaminated solution is applied to one side of the
sample 10, while keeping the sample stub 20 horizontal. For example, & mixture
solution of BOE solution and Cu is used as the Cu-contaminated solution. The BOE
solution is 2 mixture -solution of HF and NHsF. The conecentration 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
solution is too low, the processing time becomes too long, reducing the productivity.
If the concentration of the BOE solution is too high, the reaction. occurs rapidly,
making it difficult to identify the crystal defects.

[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
about 1 ppm to about 15 ppm. When such a Cu-contarninated solution is used, o™
ions are uniformly apphed onto the sample, so that the contamination concentratmn
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
concentration 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
monocrystaliige 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

side (specifically, the back side) of the sampie 10. The reason for this is that, if the
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Cu-contaminated solution is applied onto the front side of the sample 10, which 1s
fabricated as a semiconductor device, the Cu ions contaminate the front side, leading
to an error in defect measurement.

[0064] In step $24, one side of the sample 10 1s Cu-contaminated for a
predetermined period after the application of the Cu-contaminated solution. The
contamination process may be performed at a normal temperature under a normal
pressure.

[0065] In step S25, the Cu-contaminated solution is cleared and washed from
the sample 10. For example, the washing process may be a process of rinsing the
sample using deionized water. Through the above processes, the Cu- contarninated
solution stays in the sample 10 for about 1 to 10 minutes, for example, for 4 minutes.
[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.

[0067] The above method can ea511y identify the crystal defect regions
without an addmonai 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. The convention art is restricted in terms of
the metal contamination amount and the heat-treatment time because the
recombination lifetime cannot be measured when the metal precipitate or the haze is
generated. In particular, the conventional contamination concentration is 1x10% to
1x10" atoms/cm’. However, the present invention enables a higher 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

amount of Cu that can contaminate the monocrystalline silicon using the
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contamination method illustrated in F1G. 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
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
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.

[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
is mounted on a cassette and immersed 1nto 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

heat-treated region according to the concentration of oxygen in a sample.
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{907.4] There is a case where a samplé with an oxygen concentration [Oi] of
less than 11 ppma is contaminated with Cu and only the second heat-treatment
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.
There is 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
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
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
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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Second heat-treatment process perform perform

[0078] FIG. 6 shows a Cu haze pattern generated when a Cu contamination
process is performed and 2 heat-treatment process is performed according to the
concentration of oxygen in a sample according to the present invention. [t can be
seen from FIG. 6 that a defect region according to the diffusion of Cu ions can be
identified with the naked eye in different colors for the respective regions such as the
Pv and Pi regions.

[06079] FIG. 7 shows the result of identification of the defect regions of a
silicon wafer according to the present invention and the result of measurement of the
defect regions of a silicon wafer according to the conventional art.

[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 precipitate heat-treatment (for 4
hours at 800 °C + 16 hours at IOCO *Ch. If the oxygen co;;;:;;ation is low {11.5
ppma), the conventional art can also identify the crystal defect region. If the oxygen
concentration is high (8.5 ppma), the conventional art cannot identify the crystal
defect region. In this case, the heat treatment using the metal contamination must be
performed to identify the crystal defect region.

{0081} Embodiment 2

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

monocrystaliine silicon without an additional. analysis method. That is, the present
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- invenflon can simulfaneousiy estimate all the crystal defect regions of the

monocrystalline silicon such asa Pv regio.n where vacancy-type defects are prevalent,
a P-band region where fine-plate-type precipitates are present and an OiSF is created
by heat treatment under an oxidation atmosphere, a Pi region where interstitial
defects are prevalent, a B-band region where oxygen precipitation is generated at a
high concentration by heat treatment using a seed of a cluster of interstitial silicon,
and an i-rich region where interstitial silicon is prevalent.

[0084] In addition, the present invention can be applied to any type of sample
that is about 0.4 to 3 mm in thickness. That is, the present invention can be applied

to any type of monocrystalline silicon sample such as a silicon sample and a vertical

sample obtained by slicing the monocrystalline silicon ingot vertically in the axial

direction.

[0085] Referring to FIG. 8, a sample in the shape of a silicon wafer or a slice
of monocrystalline silicon ingot is prepared in step S101.

[0088] For example, a wafer, which is prepared by slicing a monocrystalline
sﬂwon ingot and then performing a grinding---i};séess to remove surface defects
resulting from the slicing process, is used as the sample. However, the present
invention is not limited to this, but can be applied to a wafer that has undergone only
a slicing process, to a wafer that has undergone a grinding process or a lapping
process, or to a wafer that has undergone a polishing process. In addition, the
present invention can also be applied to a square slice of monocrystalline silicon

ingot that is obtained by slicing a monocrystailine silicon ingot axially through the

center thereof. In this manner, the present invention can be applied to evaluate &

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

silicon ingot axially.
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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 : HNO; : CH;CHOOH
=1:3:12), a Sirtle etchant (HF : Cr: H;0 =1:0.4 :0.2), a Secco etchant {HF :
K>Cr07 aqueous solution (0.15 mol%;) = 2 1), HF, HNO;, CrO; aqueous .solution
(5 mol%), and a Wright etchant that is a mixture of Cu(NO3), CH;COOH, and H,O.
[0088] In step S103, the selectively etched side of the sample is observed
using a microscope to identify a crystal defect region primarily. Examples of the
crystal defect region include a v-rich region with COP and an i-rich region with LDP.
[0089] In step S104, the sample is eiched again to remove a selectively
etched portion from one side of the sample.

[0090] In step S105, at least one side of the sampie is contaminated with
metal.. A transition metal may be used as the contaminating metal. Unlike the
conventional art using two kinds of transition metals, the present invention has only
to use one transition metal. The metal contamination is to identify the crystal defect
regions by changing a location at which ‘the metal is precipitated selectively
according to a silicon crystal defect region throuéhr'thle 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
and Pi regions. 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 px10" fo 5%10'® atoms/em®. This high-
concentration metal contamination is performed in the same way as in Embodiment 1.

However, because the photoluminescence analysis as well as the naked-eye check is
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performed in the present invention, the rﬁetai contamination may be performed
independently of the type and concentration of the metal. Thus, the metal
contamination concentration may be about %10 to 1%10" atoms/cm®,

[6091] In step S106, the metal-contaminated sample is heat-treated according
to the present invention. The heat-treatment process may be performed to the extent
fhat the metal can be diffused. The heat-treatment process generates a metal
precipitate within the sample in the Pv region, and generates a haze-type metal
precipitate on the surface of the sample in the Pi region. The heat-treatment process
may be the same as described with reference to FIG. 2.

[0082] 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
sample is checkeci with the naked eye under the spotlight, a haze generated on the
metal-contaminated side can be observed and thus the crystal defect regions Pv and
Pi of the monocrystalline silicon can be identified. That is, the haze region on the
surface of the heat-treated sample is interpreted as the Pi region, while the non-haze
region is interpreted as the Pv region. Synthesizing the result of the primary
identification process (step S103) and the result of the secondary identification
process can identify the regions v-rich, i-rich, 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

analysis. However, the present invention can easily identify the crystal defect
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regions without an additional check process by using the metal haze phenomenon
that is generated through the heat-treatment causing the different precipitate

hehaviors of the metal in the silicon crystal defect regions, without depending on the

~ concentration of oxygen of the monocrystalline silicon.

[0094] The present invention can identify the crystal defects using only one
metal element. The convention art is restricted in terms of the metal contamination
amount and the heat-treatment time because the recombination lifetime cannot be
measured when the metal precipitate or the haze is generated. However, the present
invention can identify the crystai defect regions by generating the haze.

[0085] 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
monocrystalline silicon. As described above, because the photoluminescence
analysis is performed, the present invention can be appliedmigc.lependenﬂy 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.

[00S6] 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

silicon wafers or slices, which are sampled at two adjacent locations m a
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monocrystalline silicon ingot, are prepared in step 5111.
[0099] In step S112, one side of the first sample is selectively etched. In step
S113, the resiﬂting structure is observed using a microscope, so that crystal defect

regions such as v-rich and i-rich can be identified primarily.

[00100] In step S114, one side of the second sample 15 contaminated with
metal.
[00101] In step S115, the metal-contaminated second sample is heat-treated.

In step S116, the contaminated side or the opposite side of the heat-treated second
sample is observed with the naked eye. Accordingly, the haze region on the surface
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 sample
can identify the regions v-rich, i-rich, Pi and Pv.

[00102] In step S117, the heat-treated second sample is measured by the
photoluminescence analysis. Synthesizing the results of the observation of the first
and second samples and &xe 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.
[00103] FIG. 10 illustrates a sample prepared by slicing an ingot ?erticaily.
Crystal defect regions are identified using the method of FIG. 8, 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

regions measured using the photoluminescence analysis are marked in FIG. 11, and
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a Pi region and a Py region are identified.

[00105] FIG. 12 illustrates a sample of monocrystalline silicon. Crystal
defect regions are identified using the method of FIG. 9, the respective regions
measured -using the photoluminescence analysis are marked in FIG. 12, and a P
region and a Pv fegion are identified.

[00106] FIG. 13 shows the result of identification of the defect regions of a
silicon wafer according to the present invention and the result of measurement of the
defect regions of a silicon wafer according to the conventional art.

[00107] Two vertical samples are prepared by slicing a silicon ingot vertically.
According to the measurement results, the concentration of oxygen in each sample is
9 ppma (New ASTM standards). For the first sample, a conventional oxygen
precipitate heat-treatment (for 4 hours at 800 "C + 16 hours at 1000 "C) is performed
without metal contamination to check the recombination lifetime by oxygen
precipitation. For the second sample, the metal (e.g., Cu) contamination method
according to the present invention is performed and the heat-treatment process of
FIG. 2 is performed.

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
identifying the v-rich region and the i-rich region using the selective etching process
and identifying the detailed regions such as Pi and Pv using the metal contamination
and the photoluminescence analysis. Also, the present invention can identify the
entire crystal defect regions by only one-time check for the vertical section without
the need for the check for the respective regions.

[00109] FIG. 14 illustrates information about the gettering sites of crystat
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defect regions estimated by the photoluminescence analysis éccord'mg to the above
erabodiments. The information about the gettering efficiency can also be obtained
because the photoluminescence analysis is used.

[00110] As described above, using the point-defect characteristics of the Pv
and Pi regions irrespective of the crystal defect identification method using oxygen
precipitation in the silicon, a metal precipitate is generated mainly within the sample
in the Pv region and a haze-type metal precipitate is generated on the surface of the
sample in the Pi region. Accordingly, the crystal defect regions can be identified
with the naked eye without an additional analysis.

[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 18 excluded, the present
invention can identify the crystal defect regions more conveniently when the oxygen
concentration is fow.

[00112] Accordmgly the present mventmn can identify the crysta1 defect
regions accurately, easily and quickly without dependmg 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
generated 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

contaminating metal and the type of the sample. The selective etching process, the
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etal contamination process, and the photoluminescence analysis are performed on
one sample or two samples, which are sampled from at adjacent positions, thereby
making it possible to identify the entire crystal defect regions.
[60115] According to the present invention, the crystal defect regions can be
analyzed accurately, easily and quickly without depending on the concentration of
oxygen in the monocrystalline silicon. Accordingly, the present invention can be
utilized to identify the crystal defect regions of a monocrystalline silicon sample with
the Pv and Pi regions of low oxygen concentration and to develop defect-free
monocrystalline siticon.
[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

scope of the present invention defined by the appended claims.
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WHAT IS CLAIMED IS:

1. 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 crystaliine silicon ingot, and observing the resulting structure with 2
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
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.
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
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-treating of the contaminated sample
generates a metal precipitate mainty within the sample in a Pv region where vacancy-
type point defects are prevalent but no cluster defect is present, and generates a haze-
type metal precipitate on the surface of the 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
is less than 11 ppma, the heat-treating of the contaminated sample comprises & 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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0.01 to 10 hours; and if the concentration of oxygen in the sample is more than 11
ppma, the heat-treating of the contaminated sample is performed at about 1000 to
1150 *C for about 0.01 to 10 hours.

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.

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
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 crystalime

silicon ingot.

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

sample by photoluminescence analysis.
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