METHOD OF | NSPECTI NG SI LI CON SI NGLE CRYSTAL AND METHOD OF
MANUFACTURI NG SI LI CON SI NGLE CRYSTAL FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to a nethod of inspecting a silicon
single crystal grown by the Czochral ski process. Mre particularly,
it relates to a nethod.of inspecting a silicon single crystal that
permts the detection wth high sensitivity of an L/D region and a
B-band region in the silicon single crystal with | ow oxygen
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types and distribution of defects. As shown in Fig. 8, when V/G exceeds a certain
value, excessive vacancies form and void defects where atomic vacancies
agglomerate, known as crystal-originated particles (COPs), occur. Additionally,
when V/G is small, there are excess interstitial silicon atoms, and dislocation
clusters called large dislocations (L/Ds), which are aggregates of interstitial
silicon, form.
[0004] Further, between the region in which COPs form and the region in which
L/Ds form (the L/D region), there are multiple regions that behave differently
when heat treated. As shown in Fig. 6, between the region in which COPs form
and the region in which L/Ds form, there are three regions in the form of the OSF
region, Pv region, and Pi region, in order of descending V/G. The OSF region is
a region containing platelike oxygen precipitates (OSF: oxidation-induced
stacking faults) in an as-grown state (a state in which no heat treatment is
conducted following crystal growth), in which OSFs form when hot oxidized at



el evated tenperature (generally at about 1,000C to 1,200C). The Pv
region is a region that contains oxygen precipitation nuclei in an
as-grown state, in which oxygen precipitates tend to form when
subjected to a two-stage heat treatnment at a | ow tenperature and a
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SUMVARY quo-Iv_J'e"\?ell, W@ﬂghcﬁ}ecipitates are a type of crystal defect. When oxygen
precipitates are present on the surface of a wafer on which a device is being
formed, they coniribute to device defects. In recent years, as device cleaning
has advanced, the danger of impurity contamination has been greatly reduced.
In terms of the quality demanded of wafers, gettering capability aside, it is
anticipated that in the next generation of wafers, not just wafers with fewer COPs



[ 0009] Accordingly, it is an object of the present invention to
provi de a neans capable of detecting with high sensitivity the L/D
region and B-band region in silicon single crystals of |ow oxygen
concentration. [0010} The present inventor conducted extensive
research into achieving the above object, resulting in the follow ng
-discoveries: (1) Conducting copper decoration at |ow tenperatures at
whi ch oxygen precipitates did not formin the B-band made it possible.
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oxygen precipitates in the B-band region, and by rapidly cooling so that copper
which has a rapid diffusion rate, does not diffuse beyond L/D regions, it was
possible to selectively render apparent just L/Ds. That made it possible to detect
the L/D region with high sensitivity in silicon single crystals of low oxygen
density.
(2) By conducting a prescribed pretreatiment (heat treatment) before the copper
decoration of (1), it was possible to render the B-band region'and /D region
apparent. By subtracting the L/D region detected in (1) above from the region
rendered apparent here, it was possible to detect the B-band region in silicon
single crystals of low oxygen concentration, which has conventionally been
difficult.

The present invention was devised on the basis of the above
discoveries.
[0011] An aspect of the present invention relates to a method of inspecting a
silicon single crystal, which comprises:

decorating with copper a surface of a sample cut out of a silicon single
crystal ingot with an interstitial oxygen concentration, according to old American
Society for Testing and Materials (old ASTM), of less than 12E17 atoms/cm?® that
has been grown by the Czochralski process;

subjecting the decorated sample to a heating and cooling treatment
comprising heating the sample for equal fo or more than five minutes at a



tenperature region of equal to or higher than 700C but |ess than 800C
foll owed by rapidly cooling the sanple fromthe tenperature region at

a cooling rate exceeding 2.5C m nute; sel ectively etching the
surface of the sanple follow ng the heating and cooling treatnent;
and specifying an L/ D region based on a |ocalized state of

pits on the surface of the sanple follow ng the sel ective etching.
[0012] A further aspect of the present invention relates to a method
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temperature reglon of ,000°C to1 1 0°C;

decorating surfaces of the two samples with copper,

subjecting the decorated samples to a heating and cooling treatment
comprising heating the samples for equal to or more than five minutes at a
temperature region of equal to or higher than 700°C but less than 800°C
followed by rapidly cooling the samples from the temperature region at a cooling
rate exceeding 2.5°C/minute;

selectively etching the surfaces of the samples following the heating and
cooling treatment; and

specifying a B-band region based on a result of comparing a localized
state of pits on the surface of the sample subjected to the pretreatment and that
of the sample not subjected to the pretreatment following the selective etching.
[0013] In the above aspects, the selective etching may be carried out by Wright
etching.
[0014] In the above aspects, the copper decoration may be carried out by
immersing the sample in a copper-containing solution with a copper
concentration of equal to or greater than 3E20 atoms/cm?®.
[0015] A still further aspect of the present invention relates to a method of
manufacturing a silicon single crystal, which comprises:

growing a silicon single crystal to be inspected by the Czochralski
process;



[0014] In the above aspects, the copper decoration may be carried out
by i mersing the sanple in a copper-containing solution with a copper
concentration of equal to or greater than 3E20 atons/cnB8. [0015] A
still further aspect of the present invention relates to a nethod of
manuf acturing a silicon single crystal, which conprises:

growing a silicon single crystal to be inspected by the Czochral sk
process; I nspecting the silicon single crystal to be
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DRAW NGS concentration that are grown by the CZ process. By feeding the resuits obtained
back into the crystal growth conditions when employing the CZ process, it is
possible to stably mass produce high-quality silicon single crystals.
BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The present invention will be described in the following fext by the
exemplary, non-limiting embodiments shown in the figure, wherein:

Fig. 1 is a descriptive drawing of the configuration of the silicon single
crystal pulling device employed in Examples.

Fig. 2 shows the results of observation of the state of localized pits in
Example 1.

Fig. 3 shows the results of ohservation of the state of localized pits in
Example 2.

Fig. 4 shows (left) the results of lifetime measurement in Example 2 and
(right) the results of lifetime measurement in a sample subjected to a different
pretreatment.

Fig. 5 shows the results of observation of the state of localized pits in
Example 3.

Fig. 6 is a descriptive drawing showing the relation between the types
and distribution of regions formed in a silicon single crystal ingot and the crystal
growth conditions in the CZ process.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0018] The present invention relates to a method of inspecting a silicon single
crystal {referred to as "Method 1", hereinafter), which comprises:

decorating with copper a surface of a sample cut out of a silicon single
crystal ingot with an interstitial oxygen concentration, according to old American
Society for Testing and Materials (old ASTM), of less than 12E17 atoms/om® that

has been grown by the Czochralski process;



[0017] The present invention will be described in the follow ng text
by the exenplary, non-limting enbodi nrents shown in the figure,

wher ei n: Fig. 1 is a descriptive drawing of the configuration
of the silicon single crystal pulling device enployed in Exanpl es.
Fig. 2 shows the results of observation of the state of |ocalized
pits in Exanple 1. Fig. 3 shows the results of observation of
the state of localized pits in Exanple 2. Fig. 4 shows (left)
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specifying an L/D region based on a localized state of pits on the surface
of the sample following the selective etching; and also relates to a method of
inspecting a silicon single crystal (referred to as "Method 1", hereinafter), which
comprises:

subjecting one of two samples, that have been cut out of a silicon single
crystal ingot with an interstitial oxygen concentration, according to old American
Society for Testing and Materials {old ASTM), of less than 12E17 atoms/cm® that
has been grown by the Czochralski process as well as have approximately the
same crystal region distribution each other, to a pretreatment comprising heating
within a temperature region of 750°C to 800°C and then heating within a
temperature region of 1,000°C to 1,150°C;

decorating surfaces of the two samples with copper;

subjecting the decorated samples to a heating and cooling treatment
comprising heating the samples for equal to or more than five minutes at a
temperature region of equal to or higher than 700°C but less than 800°C
followed by rapidly cooling the samples from the temperature region at a cooling
rate exceeding 2.5°C/minute;

selectively etching the surfaces of the samples following the heating and
cooling treatment; and

specifying a B-band region based on a result of comparing a localized
state of pits on the surface of the sample subjected to the pretreatment and that
of the sample not subjected to the pretreatment following the selective etching.
[0019] In the method of inspecting a silicon single crystal of the present
invention, the silicon single crystal that is subjected fo inspection is grown by the
Czochralski process and has an interstitial oxygen concentration, according to
old American Society for Testing and Materials (old ASTM), of less than 12E17
atoms/em®. It is difficult to identify the L/D region and B-band region by the
conventional copper decoration method in such silicon single crystals of low
oxygen conceniration. Thus, there are problems in that the L/D region ends up



decorating with copper a surface of a sanple cut out of a silicon
single crystal ingot with an interstitial oxygen concentration,
according to old Anerican Society for Testing and Materials (old
ASTM, of less than 12E17 atons/cnB that has been grown by the
Czochral ski process; subj ecting the decorated sanple to a
heati ng and cooling treatnent conprising heating the sanple for equal
to or nore than five mnutes at a tenperature region of equal to or
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treat ment ;thangterstitial oxygen concentration, as set forth above, is less than 12E17
atoms/om® by old ASTM conversion. At equal to or more than 12E17 atoms/cm?,
regions in which oxygen precipitates other than the L/D region tend to be formed
also end up being copper decorated in copper decoration in the present
invention, precluding the highly sensitive detection of the L/D region. That is, the
inspection method of the present invention is for use on silicon single crystals of
low oxygen concentration. A lower limit of the interstitial oxygen concentration
(old ASTM) of the silicon single crystal that is inspected of, for example, about
10E17 atoms/cm?® is desirable for clearly distinguishing the L/D region from
regions adjacent to the L/D region.
[0021] In Method 2, two samples having approximately the same crystal region
distribution each other are employed. That is because, as set forth further below,
specifying the B-band region by comparing the L/D region specified in one of the
samples with the region in which pits have formed in the other sample requires
that the samples have roughly identical crystal region distributions. The two
samples of roughly identical crystal region distributions can be the two equal
halves of an ingot that has been split lengthwise along its central axis, or a wafer
sample that has been divided into two or four parts through its geometric center.
[0022] Since Method 2 comprises steps that are shared by Method 1, Method 1

will be primarily described first below, followed by Method 2.




speci fying a B-band region based on a result of conparing a | ocalized
state of pits on the surface of the sanple subjected to the
pretreatnment and that of the sanple not subjected to the pretreatnent
following the selective etching. [0019] In the nmethod of inspecting a
silicon single crystal of the present invention, the silicon single
crystal that is subjected to inspection is grown by the Czochral sk
process and has an interstitial oxygen concentration, according to
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[ 0024] Copper decoration can be conducted in the sane manner as
common ‘copper decoration. Specifically, for exanple, the sanple is

i mrersed in a copper-containing solution, renoved fromthe sol ution,
and dried by allowing it to naturally dry for a prescribed period.
The copper-contai ning solution can be in the formof a copper nitrate
aqueous solution or a m xed solution of copper nitrate and

hydrof luoric acid (HF). Fromthe perspective of uniform decoration of
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[ 0030] The above sel ective etching can be conducted with Secco
solution (Secco etching: for exanple, a conmbination of HF = 100 cc
and K2Cr207 = 50 g (0.15 nol/L)); Wight solution (Wight etching:
for exanple, a conbination of HF = 60 cc, HNO3 = 30 cc, Cr203 = 30 cc
(5 mol /L), Cu(N®B)2 = 2.2 g, H20 = 60 cc, CH3COOH = 60 cc). Fromthe
perspective of the stability of the etching solution, Wight etching
is desirably conducted. The pits can be observed visually or under a
M cr oscopegs r¢di &rhp é@ﬂ@ély the size of the L/D reglon decreases near
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~ [0036] In Method 2, the "L/D region + B-band region” is rendered

apparent in one of two sanples having roughly the same crystal region
distribution. In the other sanple, the LID region alone is rendered
apparent, thereby permtting both detection of the UD region and the
B- band region. The foll owi ng enbodi nents are al so included: (1)
Rendering apparent the region in which pits are locally present in
just the sanple that has been subjected to the pretreatnent, and when
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nei t her a%eLéc%)pe?%'ocn)'n%o%dg thBat %r\}g prggb%ed in the oxygen precipitates in the
B-band region are removed by selective etching, pits are locally present in the
"L/D region + B-band region." The surface of the sample in which the "L/D region
+ B-band region” have been rendered apparent can be compared to the other
sample in which just the L/D region has been rendered apparent, and the region
in which pits other than the L/D region are locally present can be specified as the
B-band region. This makes if possible to detect with high sensitivity the L/D
region and the B-band region in silicon single crystals of low oxygen content,
which was difficult in the past. By contrast, in single stage heating and in heating
to a temperature outside the above temperature region, it is impossible to
generate oxygen precipitates in the B-band region and specification of the
B-band region becomes difficult. In the course of specifying the B-band region,
as set forth above, it is possible to combine the use of lifetime map
measurement. This combined use makes it possible to more clearly determine
the boundaries of the regions.
[0034] The low temperature heating in the above pretreaiment is desirably

conducted for a period that is adequate to grow precipitation nuclei of critical size.
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That is, the present invention also provides a nethod of

manuf acturing a silicon single crystal, conprising growng a silicon
single crystal to be inspected by the Czochral ski process; inspecting
the silicon single crystal to be inspected by the inspection nethod
of the present invention; determning a condition of pulling a
silicon single crystal based on a result of the inspection; and
growing a silicon single crystal by the Czochral ski process under the
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2,000 tl{gé%@g?wte%é&gﬁé@é oxygen concentration of 11.8El7

at ons/ cnB . The silicon single crystal pulling
devi ce shd¥idsl n IFthg coursg ofi transitigaingriTase the Rretieatinant xtapper decoratlonrhe

silicon siinghBsdibesd @émmé Jch‘en.ﬁn@}ﬂé frefh &{é 20 WBatmErt fignade aRediatslpped
wth a ch er 1 a L{plfort S alyt tlZCcﬁ,ﬁrSI thonedlutlorf
vertical l y° Wmﬂjé?‘? tpﬁ‘:étr WFEE BHEIE A dSSIetR, B cERmldar oPPling g a}ﬂn te
suscept or pisvent doe ddrmpatianhef siiipeduentd edpid aroating gF rup gbist pempective?, a
quartz cr goqrgwé@n%mﬁ%d%a@ghg e B ABBLE PCIMHERPAIIUL 189C il €51b86°CL5

pOSItlone shaft drivi
P ehant oo B5% iy hecten tepBnent fipAca Talonlng . nloB SR PRI ARG,
shaft 12, for exasmle litue &eéuﬁabﬂmmerrtdve gmsampld fony tedleat aepmidnt gnade e

18 from ‘“’%hﬁ%&@ﬁ%%[%ﬁkaﬁﬁo%ﬁémﬁ ded a wire w nding mechani sm

19 for eat s %ﬁmenber 22 for inhibiting
t enper at uf@®3Gar imMeahid 3, thee Lﬂ?r@&i@hﬂ%l ng region|' isdepdered @ppaEat img

of silicogngigiae s%thib‘}é@ha\hﬁ@%u e é@fﬁéiﬁsté]&@gloﬁrcﬁéﬂlmﬁineﬂn e and
quartz cr u& ible 14 a con

@ 3 cont | us
Gomponent Sner sambie, 38 UREreiR dithe ardaregAnamant TersACrorn ol gt
gas inl et dﬁt@ctlom of ther bfursiging #nd HeesBiband regianbéhe fdlowirigeembodiaenisas
|ntroduce Qltsg ﬁéngE&er 11 via a gas tube 25 and a gas inl et 24. The
quantity |ntro uced was controll ed by a copduct

ce val ve
In the bo(?)oﬁ?'@ﬁerﬁﬁawe'ﬂlth?\d%’ﬁpdv|Vﬂ’é‘€h Rty qee g:lfﬁﬁlépre??"f g} just the
di schar gi sBgmple tashds loss idted-toah® pretichimdhigadd whes nbipits avelocalbal ed

| ehamber J RARSRd. 341%9 2 ReiHhifl ey ol RERAY HSyARR sidihrs 2%

and was d P&y YOF ge gas tube
28 were plasailyeesent inthecBdrmed regione and taafdn@méagiﬁnpwpem n/#euum
pump 30 aggink @Sed the Ar gas within chanber 11 while control ling its

]; Lg\lgvc\é\ndt Bl@ ul%tv%nsfareﬂm é’%&fseﬂhag}%ecrigtb mmgnt a{ h [ & reglon s presfent in
the samples but that no B-band region is present.
(3) When no localized pits are found in either of the two samples, determining
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FurtRer, a magnetic field generating device 31 for applying a
magnetic field to silicon nelt 21 was provi ded outside chanber 11.
The magnetic field generated by magnetic field generating device 31
could be a horizontal magnetic field or a cusp nagnetic field. [0041]
(2) Fabricating sanples to be inspected The silicon single
crystal ingot grown in (1) above was sliced in a crosswi se direction
wth a wire saw to obtain wafer sanples. The sanpl es obtai ned were

di vided i njpg JeHer SALA gé‘%@cﬁg%aﬁa 6% is ﬂ@@erﬁfinwlfé $dmprs, used in

(3) below and another_o t 4) . ., [ 0042 3

Heating and coof'f n@et{%t ﬁ’BﬂYE:tMe@'@E’;g? m§ eq'_ﬂbﬂapéﬂglgn?owde{ermwé]élgemz

t he sanpl gsedeneter bbserice afan'13BTpYien khd dbandaégion) fabricated in

(2) above y@asyt gl ed, ap kel iWanovd seps! blirealRans hd BEstraqRidnid th

pur e wat er[ an(!l u .rasourﬁ, it Wwas mrror c?ye or nutes wi.th an

HNOB: HF = sgch asvpirianeaiehing withi dynixad: REIHJceRtpimndohFaad HRGs)W

\(I:Mo:) Be\rNan ggmf!rhg uréOwBieh Uivashing (With HFt fﬁfﬁﬁfs&m?@mngi ¢Hh $el edridastebioss
was _preparegd jn rm e .

cqubous. SGRaETb S FamBleBIPED 8 nsabircabisE i sefbRE b by Wbed or

( g:u( NCB) 2 e@t20) toi renfaveenatinady Jomfingisie. filmse Psiamie selecta @éhir@, the

above was I by It i

sol ution iﬁgﬁgcgéggﬁée)(yéévr#tah?r gtm%,gaatﬁgr nat ngiérséﬁre{jeﬁé?mﬁglﬁpﬂ%

[0038] The inspection result of the inspection method of the present invention
can be used to optimize the pulling conditions during the growth of silicon single
crystals by the CZ process. If neither an L/D region or B-band region is detected,
the same pulling conditions (specifically, the V/G) can be determined to be the
optimal conditions for growing silicon single crystals that do not contain those
regions. Additionally, when an /D region and/or a B-band region is detected, for
example, the pulling rate can be increased to adjust the pulling conditions so as
to increase the V/G, thereby making it possible to grow silicon single crystals with
neither an L/D region or a B-band region.

That is, the present invention also provides a method of manufacturing a
silicon single crystal, comprising growing a silicon single crystal to be inspected
by the Czochralski process; inspecting the silicon single crystal to be inspected
by the inspection method of the present invention; determining a condition of
pulling a silicon single crystal based on a result of the inspection; and growing a
silicon single crystal by the Czochralski process under the determined pulling
condition to obtain a silicon single crystal that contains neither an L/D region nor
a B-band region. With the exception that the pulling condition in the CZ process
is determined as set forth above, the method of manufacturing a silicon single
crystal of the present invention makes it possible to manufacture silicon single
crystals by known manufacturing steps based on the CZ process. In the present
invention, it is also possible to determine the pulling condition in combination
with a known inspection method that is capable of detecting a COP region, OSF
region, Pv region, or Pi region. Thus, it is possible to provide high-quality silicon
single crystals free of crystal defects and oxygen precipitates in a more reliable
fashion.

EXAMPLES
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(H') The sanple that had been treated in (H) above was | oaded into a
benchtop electric furnace (internal furnace tenperature: 660C,

I nternal furnace atnosphere: air). The tenperature was raised at a
rate of 5C/ mn, and naintained for five mnutes at 750C.

Subsequently, cooling was conducted to 660C at a rate of 5C/ mn, and
t he sanpl e was unl oaded fromthe benchtop electric furnace. (iv) The
surface of the sanple that had been treated in (iii) above was etched

for five %MAS?‘B I‘)ﬂé tﬂg%%?mt e[ﬁ\?éHti‘Bﬁl wl BE | @scAbed NPRidthil Helow! based on

(volumetriccr t hor ou rinsed with water, for 10 m nutes
to renpve SXAPIESH pEloWsVEE th Br %”%F‘Yﬁﬂ“?ﬂés %‘i’fr[m%.to[t%ﬁ’éﬁm?'ﬁﬁ'

Pret r eat mpgd4(anExaagieé rg Dutsttingdr 0D regat medta Bobatet egiorLirDaneafeon +
B- band region One of the sanples fabricated in (2) above
(referred e "Sanple 2", hereinafter) was treated as follows. (i)
‘After cl edhi Gepwingasiispn single ervplal by thetlef PEASES®Il t rasound, it was

21;[ E:L?Flge;glhﬁdi Lﬁé"‘é(}ﬁ% %ﬂ%‘@? is\"ﬁg‘l@c@,@’g{dﬁﬂ@ﬁh@"ﬁe}ﬁcé3sho(AMthH‘@.t 1, aisii@dn'ho)
nse wa r

Sl ot naindiesveEL fopt Endin 2Rt st SRR siael b Gign et

t r eat ment pblaribagetypadbomnrdopedk derigih of kingle erystalcere: 28166 mm) avith an

oxi di zi ng hﬂéﬁﬂﬁﬂ%&ger&@%yc&%ﬁiﬁn 91 m@1?eéibm§rcm3<§§m&aml) vidd€grown.

t enper at ure was ralﬂ'&?ﬁ Q 000C, l&iﬁq?cﬁetﬁlzdetail

mai nt ai ned "esilicen s %Wﬁ’fta?PWE']t'gn@%‘Fﬁ%$'%{%W "é‘ﬁggb@’
t elrrgz(rjgéu;br@m@ts | ower ed by t2C/ mn to 950C, and the sanple was
femperature. (14 pan.obaR ﬁ@%hﬁ%”ﬂﬁ%%%%@‘é%ﬁ’?@’gﬁﬂﬁ’-érfﬁﬁ’é igeed s
et ched f owithier ehanberir e retating suphoriahaid 2aesiionss tofunvertiogly @L@‘. 1
(vol umet r e EAktEPHf the HoMBRY6f éieniseri1dealgraphitersuschiter 48sbagred to the
upper end of rotating support shaft 12, a quartz crucible 14 housed within
graphite susceptor 13, a heater 15 positioned around graphite susceptor 13, a
support shaft driving mechanism 16 for raising, lowering, and turning rotating
support shaft 12, a seed chuck 17 supporting a seed crystal, a pulling wire 18
from which seed chuck 17 was suspended, a wire winding mechanism 19 for
winding wire 18, a heat shielding member 22 for inhibiting temperature variation
in the silicon melt 21 and to prevent heating of silicon single crystal ingot 20 by
radiant heat from heater 15 and quartz crucible 14, and a control device 23
controlling the various components.
In the top portion of chamber 11 was provided a gas inlet 24 for
introducing Ar gas into chamber 11. The Ar gas was infroduced into chamber 11
via a gas tube 25 and a gas inlet 24. The quantity introduced was controlled by a
conductance valve 26.
In the bottom of chamber 11 was provided a gas outlet 27 for discharging
Ar gas from within chamber 11. The Ar gas that was sealed in chamber 11
passed through gas outlet 27, discharge gas tube 28, and was discharged to the
exterior, Part way along discharge gas tube 28 were provided a conductance
valve 29 and a vacuum pump 30, Vacuum pump 30 aspirated the Ar gas within
chamber 11 while controlling its flow with conductance valve 29, thereby
maintaining a state of reduced pressure within chamber 11.
Further, a magnetic field generating device 31 for applying a magnetic
field to silicon melt 21 was provided outside chamber 11. The magnetic field
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(iv) The sanple treated in (iii) above was etched for five mnutes in
an etching solution of HNGB:HF = 5:1 (volunetric ratio) and then
rinsed with water for 10 m nutes. Subsequently, the sanple was
subjected to the treatnment of (ii) to (iv) in (3) above. [0044] (5)
Formi ng pits by selective etching Fol |l owi ng the treatnent of
(3) and (4) above, selective etching was conducted by etching the

waf er surface to a depth of 5 mwith Wight solution. Foll ow ng

tching, t . : | N zaph
Caken of Penarid AF fipUARiRIE bYREAURT REviED 3Y SO d AR REGARIAP"S
phot o on ffisld ¢ref eusphoagnatisdiebser vati on result of the wafer surface
subj ect ed jaeu ) hg2} FaHERRY s&hpled)to 88 c@d the photo on the right

h th b t |t of t f ' :
reatment of (4] eidiben Toghstvael DR PHE) PN RSIPHE I
presence cfossivise diteationUBith eyjivére saw tvooblaimualdrnsamplesalibe santiflese
subj ect ed Ob%iﬁé}frﬁffgﬁémt iﬂfHchgﬁ)e PYf-sipdd 28168 BrieZ BOwRICASeAS €

of pits in an, gi on .region” S firmed in the wafer
surface suBpéét G below ard anQigerWwhien a/@ﬁ)tr_eag%gngé I9%5i on was

spe](c:i fi ed[%3429,ulqulﬂ@étlnggaﬁdm)dlinga‘ebmm@gémntmi:c_»ﬂD tegiom the waf er
surface subject t 3 | '
regi on of in ts 'lsﬂetoﬁteﬁe\?\%né@g%&%gﬂ ts)u% §gﬁ@?'?d h’% ﬁéem%@atagg%tégﬁp (4)

above. (2) aboveevastitraed as fallowsi ndi cated that the present invention
per m tt edjj ARePEIESHIRY B $0ApIefwitpuré WatdtGindrultPaduad Bt Wasehirregitoned n a

i . t £l , trati O .

Shot o on' {01 FgHies i eRgiNGsHE B GEREER PG| Aening solion DY 1% e

In a Pv regsenwitivaterias 1@ ounuiee t he oxygen precipitates that had

been f or "gﬁAgoé{i@- tarirﬁﬁgs_eal_uaan t1%oBpet a@ﬁmtwé@gr/@@%u MaRefahed
per. Si'nce the po

g on. " 8l BBRRY UGS RARALS rsliad B FEDS 20 Faol RHBRR nPRLS,
coul d be wrradidty (GuMNONgBHsDEI. five litars hwafenothe samipladreateghin (i) abevey.
2ol oAb ePH ISR hO Bl et SefE ST b 6
i nhi bi ts prepared vithdeawn, engsnatuigly giiedent i nvention pernits the
geL S(r:\;[j i ? 2 (iﬁ)‘; TRY ség%llééfh%t agal bBEn g@%ﬁwgrmpa@?@ \ﬁéé@ lbatlgd liHtD & 2@@1@: ?Bd
regi ons a%l?cg'lsoba H’ﬁﬁ@]gi @ﬁ%r%glm 93 5 g%u'le(? 6%%; Shidfitl furhbod

atmosphere: air). The temperature was raised at a rate of 5°C/min, and

maintained for five minutes at 750°C. Subsequently, cooling was conducted to

660°C at a rate of 5°C/min, and the sample was unloaded from the benchtop

electric furnace.

(iv) The surface of the sample that had been treated in (jii) above was etched for

five minutes with an etching solution of HNOz:HF = 5:1 (volumetric ratio), and

thoroughly rinsed with water for 10 minutes to remove the copper precipitate

from the surface.

[0043] (4) Pretreatment and heating and cooling treatment to detect L/D region

+ B-band region

One of the samples fabricated in (2) above (referred to as "Sample 2",

hereinafter) was treated as follows.

(i) After cleaning the sample with pure water and ultrasound, it was mirror etched

for 5 minutes with an HNOa:HF = 5:1 (volumetric ratio) etching solution and then

rinsed with water for 10 minutes.

(i) The sample that had been treated in (i) above was loaded into a heat
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Wth the exception that a sanple obtained froma silicon single
crystal ingot grown under the different condition from Exanple 1 was
enpl oyed, the sane treatnents were conducted as in Exanple 1. The
treated wafer surface was selectively etched by etching to a depth of
5 mwith Wight solution. The surface follow ng etching was exam ned
under convergi ng | anps; photographs taken of it are shown in Fig. 3.
In the photographs of Fig. 3, the photo on the |eft shows the

obser vatl qpatfstt furﬁafacc?t Bd ALt F8CTrsd Bt 8F 76e°t A 4 Aty Of
ant . pIRIMGSRATEIEY i | CaneoRAGY GG D IR RSERLED WES FAREHLEY o
surface suECashetd mg)aoh@ ahdatheesimpl (43 rabioteinddfert M8 ahomratatatidt
- the. protobSRRESbREBRN. e el stz He0  SoIFd S0T,
in the wafaed tbatﬁmmlgwatswn!mdad amnibat hest t'(es)m%md‘vaﬁaf@cartdw'éoole to
eval uat ed rééyﬁﬁ ,g @fg}‘fur@eterm ned not to cont al n an L/ D region.

Che rignt GIhTR gamele aghd fedh ubten 180 b6 uB sierel br fufe Bl °LII§% to
be pr esenwmran Ia’e;hmgasqllatoadofsldg@lHE Ml evaklineton ratl@éi@demava fhe otide o

on the rig l‘oﬁ'n'ﬁﬁ%ugé ed regl on in which no pits were found that was
pr esent betvveen t

8 Eanderelon was .det erm ne be
a Pi regi 6 Th@@@mpmrfeeﬁe (ﬁ&a AienWas Siehed for five minites i chifg
erE?SUFI ng samﬁanah‘urﬂ\IWHE&OB 1 (volondetnit Iratio) versl theplrimged witRewatebiforatd on
ifetime nt
and heati ﬁﬁﬁ&t‘é C00 |ﬁémM] t%lg %"ﬁ%) %ﬁdﬁg@%r@ﬁ%ﬁ 6P6'Efd5(§ﬁd{re
treat ment X @Ifw\fﬁn (5) above in Exarrpl e 2 was conduct ed to obtain
lifetinme AL drgﬁhﬁ ,tgﬁygé]@mecgtcm I eLt i R gl g. 4. Separately,
lifetime maps obt a { hat ha

the same maﬁner V‘I"?g ?]26 %rfﬁh'"?%t) °§6@ gﬁ) ?%)na R 38 ﬁ?’?oﬁcﬁﬁge\gfl%e
heat treatcopdictedby etohihgcthedvafer swifadediorasdepth of SoomTwithdNegit seiutione
pretreat n?Bhomg(@&InIgI t@esdr%%el twdss d’o@emcjormnaane EdriBEging) lahips; 4-

In th hot

ot et e PhOIpOFRRNe ST O ff ARGTAHGK D U 218 PBIRNCEABAP O4Fda 2 & on

\C/u1 st LI b:Jt bhobtol stethial leftishbws tabbservation @sok of the wfer sudide subjédted 8, I
ich alsg ¢ r ul t

of 1itot; e faaidl &y Rabaleshantfihe Githo ol ¥y SABRS thd Sopcfalfy

regi ons corfulf déherwaterspdaee subieeiad {9 t@dree{tmgmsqf (Fxabpyee 3: Detecting

an L/ D regigys] awé L#Ioﬁmhﬁﬂib rzeqwlbdanzea:améb@ﬁcesbﬂ ;q&dnlaeﬂgbhwgm was

I d I
o ST eSHHIGR S i pLBbe SRR B8 B R g e e, fpH™ ©
sanpl es sldcalized pregehed ebpitsTinears 4nPl regioobt BHrand region” eqsatdniimied irded
in two al gpg vIaIg& CHME sé}?ﬂbétteﬁfg [ I@aﬁﬁeqt%ﬁ(@f A Isebmé 8n Wass

subjected to treat ment and a
was subj eEP@RIfIe% l’-tyhéu?tlr%’&'ﬂ"ﬂeme Caﬂ'ﬁ‘? rﬁg'ERa ngslm g]?oé’@%feﬁ't‘ﬁ r’g)t he

fse: IeC't i vesghjebiedgoahe tEhtmenttofa@phboile fram therldealized redibe osﬁlpltié ac the
n nver gi n
)0t 10 S T W i 0 conve oL T

the center axisTh# nbeve dﬁSldIS indisatedybat b‘ﬁdﬂeﬁﬂt 'ﬁ’éﬁﬁ@“t@%’n’ﬁt{ﬁ%ﬁhe
peri net er g5&ificiidn Hf RC/DoRgRIN drtPaiBBAd region in a silicon single crystal of

low oxygen concentration.

In the photo on the right in Fig. 2, the presence of pits was also
confirmed in a Pv region. That was because the oxygen precipitates that had
been formed in the Pv region by the pretreatment had been decorated with
copper. Since the positions and shapes of the Pv region, L/D region, and B-band
region that formed differed, as was known, they could be readily distinguished.
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The photo on thevupper left in Fig. 5 shows the observation result of
the sanple surface subjected to the treatnent of (3). The photo on
the upper right in Fig. 5 shows the observation result of the sanple
surface treated in (4). The lower photo in Fig. 5 shows the result of
superposing the region specifying results of the upper left photo and
t he upper right photo. By superposing the results in this manner, it
was possible to specify the B-band as indicated in the |lower photo in

e P2 g fan . :
et st A B SRR by PUEL el s ahich ey oh Botuee
i nspect i ngpreseit p?@‘(ﬁ?”sthﬂ@g'éa'ldr (ggion and,Ry Qi Was Adddegion, a region tha
decolr at i ngnvibitd) preipitation Fhud, dhe présent Savgrition quermitaitthe fdetectiohi afoPv
single cr . | : . ' t ,
Sceor di no e00hy aRaPLi R3dhBbG T LD Iigf AReBERRTEILES 1 0T
ASTM), of [0G48] tl:‘wampiezElﬁﬁemmﬁaf{qfean%@tetmgmb@‘ewgFQQWSo?n@ Heband

Czochr al skigiBR®FBESfer samples Subj ecting the decorated sanple to a
heat i ng andg co0|. | Pment

. | Si | he.. l e, f
peatng ool e B iR B LB S
hi gher t hamgol @dGvbumndeediss diifener8 a@GdRioh | fowe Exaynpiadi why epidoyady theae

sanple fr : ' '
SoEe o nuggbﬁhﬁeétﬁfgﬁg{ fﬂal‘g Eott ¥1.é§{'a ?n Exgﬁl@lé 'i‘.??’ﬁé‘ttr%a R8f&r Rerface

F o e sosp s bhsk e 68 AER S ago Vot SBART e o
UD r egi on shefaesi falldwing etehingaesks exahimedfurpiet sowverging Iamps;auetographe
sanpl e f'ollél%wi S ér@%hﬁﬁr’n?ﬁ ﬁg\{%. ﬁ‘ft‘ﬁ@d?%tographs of Fig. 3, the photo on the left
shows the observation result of the wafer surface subjected to the treatment of
(3) above (heating and cooling treatment to detect an L/D region}, and the photo
on the right shows the observation result of the wafer surface subjected to the
treatment of (4) above (pretreatment and heating and cooling treatment to detect
L/D region + B-band region). |
In the photo on the left in Fig. 3, no localized pits were observed in the
wafer subjected to the treatment of (3) above, so the evaluated sample was
determined not to contain an L/D region. By confrast, based on the state of the
localized pits in the photo on the right in Fig. 3, a B-band region and Pv region
were determined to be present in the evaluated sample. In addition, based on
the photo on the right in Fig. 3, a region in which no pits were found that was
present between the B-band region and Pv region was determined to be a Pi
region.
[0047] Lifetime map measurement
A lifetime measuring apparatus WT-2000 from Semilab was employed.
Recombination lifetime measurement of the sample treated in (4) above
(pretreatment and heating and cooling treatment to determine L/D region +
B-band treatment) and in (5) above in Example 2 was conducted {o obtain
lifetime maps. The result is shown on the left in Fig. 4. Separately, lifetime maps
were obtained for the sample that had been treated in the same manner as in (4)
and (5) above with the exception that the heat treatment was conducted for 10
hours at 1,000°C instead of the pretreatment of (4)(ii}. The result is shown on the
right in Fig. 4.
In the photo on the right in Fig. 4, the B-band region was not detected.
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2. A nethod of inspecting a silicon single crystal, which conprises:
subj ecting one of two sanples, that have been cut out of a silicon
single crystal ingot with an interstitial oxygen concentration,
according to old American Society for Testing and Materials (old
ASTM), of |ess than 12E17 atons/cnB that has been grown by the
Czochral ski process as well as have approximtely the sane crystal
region distribution each other, to a pretreatnent conprising heating

within a t@m&ﬁr@&vﬁrﬁh@%d@cﬁloﬁ&hdﬁﬂ%r @@Wd*sﬁi@ﬂt]&?@bhﬁ@alm flatn a

terrperature re 5 ec . at surfaces o

two sanpl é ; ha"jm;” F'fgdBS‘M% lgéllsl E\Jﬂeedo%scﬁaﬁﬁgw §89W§@?Eto a
heat i ng arﬁy comblmrw tthee aeswh tof difetipné ghayy rheasurenenthaé dkisphesndrothe
equal to Wuﬁ@%ﬁ’esté;%ﬂ' é%yggl(fﬂgl b@h’é %%?H?rd’%nﬂfédbreg' on of equal
to or higher than % es an c@% Iovveo'l y rapidly cooling
the sanpl é%ﬂworﬁwmé %&'ﬂgeaw E9iot apd @ Brang ealos 8 $hg
2. 50 m nutsticed lengthwiseel ectivel y et Chl ng the surfaces of the sanples

foll.owing the heayLon <Rk 690k Aot d8ARTERG 3 metnog ag TWBSLEKP 2

B- band regi on ba oca rze
pits on t M@asssliced axially alpeg §%ﬁn§ﬁ@fe§@hﬂse@ft@§ ingot ipeohipist panaplas rlicethd

thfit ?f th@}g@fﬂﬂ'@é ﬁﬁ@éa:ﬂﬂ@seﬁtﬁﬂed Wetréleq@é@tdlﬂaé@wmcf Qﬂohg\m@geﬁtee

crystal ' agusdhg gt PR AT InG Fanles HaF Bfibjora loha RIS AN 1 <

carried olixamplav| gimd thechiheg.sample was subjected to the treatment of (4) in
Example 1. Subsequently, the seleciive etching of (5) in Example 1 was
conducted. The surface following selective etching was observed under a
converging tamp; photographs taken of it are shown in Fig. 5. In Fig. 5, "CE"
means the center axis direction of the ingot, and "ED" means the outer perimeter
surface direction of the ingot.

The photo on the upper left in Fig. 5 shows the observation result of the

sample surface subjected to the treatment of (3). The photo on the upper right in
Fig. 5 shows the observation result of the sample surface treated in (4). The
lower photo in Fig. 5 shows the result of superposing the region specifying
results of the upper left photo and the uppér right photo. By superposing the
results in this manner, it was possible to specify the B-band as indicated in the
lower photo in Fig. 5.
[0049] The present invention is useful in the field of manufacturing silicon
single crystal wafers.
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4. The method of inspeéting a silicon single crystal according to any
of claimse 1 to 3, wherein the copper decoration is carried out by

I mersing the sanple in a copper-containing solution with a copper
concentration of equal to or greater than 3E20 atons/cnB. 5. A nethod
of manufacturing a silicon single crystal, which conprises: growing a
silicon single crystal to be inspected by the Czochral ski process;

I nspecting the silicon single crystal to be inspected by the nethod

of inspecting according to any of qdEamgs 1l to 4, determning a
condition of pulling a silicon single crystal based on a result of
t he i nspection; and grow ng a silicon single crystal by the

Czochr al skii. pr oAessthod déinspeetinge silictnreingle ehysialgnitiomdomposes o obt ai n
a silicon singl ggrysialihhahpGonbaias Bl sBRpIAttidUPof 8%iRBn RfgId

- band region. . ) . " ) - ) )
crystal ingot with an interstitial oxygen concentration, according to old American

Society for Testing and Materials (old ASTM), of less than 12E17 atomsfcm® that
has been grown by the Czochralski process;

subjecting the decorated sample to a heating and cooling freatment
comprising heating the sample for equal to or more than five minutes at a
temperature region of equal to or higher than 700°C but less than 800°C
followed by rapidly cooling the sample from the temperature region at a cooling
rate exceeding 2.5°C/minute;

selectively etching the surface of the sample following the heating and
cooling treatment; and

specifying an L/D region based on a localized state of pits on the surface
of the sample following the selective etching.
2. A method of inspecting a silicon single crystal, which comprises:

subjecting one of two samples, that have been cut out of a silicon single
crystal ingot with an interstitial oxygen concentration, according to old American
Society for Testing and Materials (old ASTM), of less than 12E17 atoms/cm? that
has been grown by the Czochralski process as well as have approximately the
same crystal region distribution each other, to a pretreatment comprising heating
within a temperature region of 750°C to 900°C and then heating within a
temperature region of 1,000°C to 1,150°C;

decorating surfaces of the two samples with copper;

subjecting the decorated samples to a heating and cooling treatment
comprising heating the samples for equal to or more than five minutes at a
temperature region of equal to or higher than 700°C but less than 800°C
followed by rapidly cooling the samples from the temperature region at a cooling
rate exceeding 2.5°C/minute;

selectively etching the surfaces of the samples following the heating and
cooling treatment; and

specifying a B-band region based on a result of comparing a localized
state of pits on the surface of the sample subjected to the pretreatment and that
of the sample not subjected to the pretreatment following the selective etching.
3. The method of inspecting a silicon single crystal according to claim 1 or
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2, wherein the selective etching is carried out by Wright eiching. _
4. The method of inspecting a silicon single crystal according to any of
claims 1 to 3, wherein the copper decoration is carried out by immersing the
sample in a copper-containing solution with a copper concentration of equal to or
greater than 3E20 atoms/cm®,
5, A method of manufacturing a silicon single crystal, which comprises:

growing a silicon single crystal to be inspected by the Czochralski
process,;

inspecting the silicon single crystal fo be inspected by the method of
inspecting according to any of claims 1 {o 4;

determining a condition of pulling a silicon single crystal based on a
result of the inspection; and

growing a silicon single crystal by the Czochralski process under the
determined puliing condition to obtain a silicon single crystal that contains
neither an L/D region nor a B-band region.
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