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Technical Field
The present invention relates toc a method for
producing a nitrogen-doped annealed wafer by using a

silicon single crystal doped with nitrogen.

Background Art

In recent years, use of higher integration
degree and fine: processes as well as lower process
temperatﬁre in the device processes are accelerated,
and therefore, in regard to a silicon wafer there are

'required integrity of device—active regién of the |
surface layer and an improvement of gettering ability
for capturing impurities of metals and so forth
formed due to increase of bulk micro defects (BMD)
consisting of oxide precipitates (nuclei) in the bulk
and so forth.

As for these reguirements, various approaches
have been attempted. For example, nitrogen doping is
performed during the growth of a silicon single
crystal by the Czochralski method (CZ method),

thereby a silicon single crystal ingot in which
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recipitation is prompted can be produced. Then, a mrror s e %ﬁ 2005
glli ceg from such g "nitrogen- doped silicon single crystal a;%ig\g?‘f eecflzs

j a high tenperature annealing in which .the wafer is subjected
fgbgeﬁégs E?eatne%t atng hi gh tenperature (1100C to 1350C) for a Iong
period of time using argon gas, hydrogen gas or the like, and therfby a
waf er (anneal ed wafer) sinmultaneously reaI|Z|ng.|ntggr|ty of the sEr chk
| ayer and increase of density of oxygen precipitation nuclei in the bu
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posi tions £Qf- -E@éngo Eh S, .a fer sliced fromthe ingot at a position
near the s%oupggy whi ch hi&%?lﬁ%pﬁqq%ﬁgﬁe Eoitert 1RO o Whbes snal |
size of OXYHBNyafer is subjected to a heat treatment at a high
temperature (1100°C to 1350°C) for a long period of
 time using argon gas, hydrogen gas or the like, and
thereby a wafer (annealed wafer) simultaneocusly
realizing integrity of the surface layer and increase
of density of oxygen precipitation nuclei in the bulk
can be produced.

When a silicon single crystal doped with
nitrogen is grown by the C% method, nitrogen is taken
in the crystal from silicon melt while it undergoes
ségregation. At this time, since the segregation
coefficient of nitrogen is extremely small, i.e.,
0.0007, nitrogen concentration in the single crystal
ingot becomes low near the shoulder and becomes high
near the tail. The ratio between the nitrogen
éoncentrations is around 3 to 7 times. Therefore,
the sizes of oxygen precipitation nuclei existing in
the crystal also vary depending on the positions for
slicing. Thus, a wafer sliced from the ingot at =a

position near the shoulder, which has =z low nitrogen

concentration, shows small size of oxygen
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2 precipitation nuclei, and a wafer sliced fromthe . ingot 2 Pos1 L1 oo
négr fhg tail, which has a high nitrogen concentration, contarlns o?@ﬁen

ipitation nuclei having a relatively large size. Further, when such a
E{gﬁlfgaperature heat trea?nent as the aforenentioned argon apnealln? i's
applied to a mrror surface wafer, although oxygen precipitation nuclei
having a relatively large size remain even after the heat treatnept, .
oxygen precipitation nuclei having a snall size are nelted. Therefore,

BMD densi ! pakofpanaealad webeEs SIIe80s (LaONe, DLLIPgeN doped ST 1 i con

sing!e crystal a vaalous p05|g|o?s are forpar & | oh the sinale
Syl SIS ORI S, BRSO Shnat Sk S,
oo SAMEASLE SRS AR, SO B DR St O
the I nvent Fon FFo 57 eaoit & rebPran Sibd SAESHolTCrBd In view of the
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provi de a nitrogen-doped
' treatment as the aforementioned argon annealing is
applied to a mirror surface wafer, although oxygen
precipitation nuclei havingla relatively large size
remain even after the heat treatment, oxygen
precipitation nuclei having a small size are melted.
Therefore, if BMD densities of annealed wafers sliced
from one nitrogen-doped silicon single crystal at
various positions are compared, variation of the
density was observed depending on the positions at
which the single crystal ingot was sliced.
Such variation of BMD density among nitrogen-
- doped annealed wafers as described above also results
in variation of the gettering ability of the wafers,

and this constitutes one of the causes of reduction

of yield and productivity of devices as a result.

Disclosure of the Invention

The present invention was accomplished in view
of the aforementioned problems, and an object of the
present invention is to provide a nitrogen-doped

annealed wafer with reducing variation of the BMD




anneal ed wafer with reducing variation of the BVMD 3 density a%%- %Xﬁﬁ£er 2005
anneal’ing anong silicon single . crystal wafers sliced fro

positions of the silicon single crystal w thout being affected by :
concentration of nitrogen doped in a silicon single crystal and a .nethod
for producing the same. In order to achieve the aforenentioned object, the
present invention provides a nethod for producing a nitrogen-doped

anneal ed wafer, wherein before a wafer sliced froma silicon single
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In order to achieve the aforementioned object,
the present invention provides a method for producing
a nitrogen-doped annealed wafer, wherein before a
wafer sliced from a silicon single crystal doped with
at least nitrogen and polished is subjected to a high
temperature heat treatment at 1100°C to 1350°C in an
atmosphere of argon, hydrogen or a mixed gas thereof,
a4 step of maintaining the wafer at a temperature
lower than the treatment temperature of the high
temperature heat treatment is conducted to allow
growth of oxygen precipitation nuclei having such a
size that the nuclei should be anhihilated by the
high temperature heat treatment to such a size that
the nuclei should not be annihilated by the high
temperature heat treatment, and then the high
temperature heat treatment is performed.

By conducting the step of maintaining a
hitrogen—doped silicon single crystal wafer at a
temperature lower than the treatment temperature of
the high temperature heat treatment before the wafer

is subjected to the high Cemperature heat treatment




tenperature |ower than the treatnent tenperature of the hig ﬁﬁ)er tur%oos
heat treatnent before the wafer is subjected to the high te He

treatment 4 as descri bed above, oxygen precipitation nuclei having such a
size that the nuclei should be annihilated by the high tenperature heat
treatment can be grown to such a size that the nuclei should not be

anni hilated by the high tenperature heat treatnent. And then, by
subjecting the wafer to the high tenperature heat treatnent, it is

fonai ty i 1 FEs et v Lo B AR Bos: PROM S DERE 9 gt &6y STl Thaot. at whi ch
treatment PEVIAN nbdctr Gm tb0 EhEG {450 GLC B0 RUMET 6t s mear the wafer
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are caused?gﬂe_to the heat treatnent. at gh%%ngrature exceedi ng 1350' C
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treatment an he size, of _.nuclei at .are _not anni hilated by the high
tenperatur%oﬁeéﬁt?%%%ﬂé&@%ﬁé %gtggﬁrﬂhgﬁe%&mﬂgﬁature heat

treatment. And then, by subjecting the wafer to the
high temperature heat treatment, it is‘possible to
produce a nitrogen-doped annealed wafer having a
uniform BMD density irrespective of the position of
the single crystal ingot at which the wafer is sliced.

The temperature region for the high temperature
heat treatment is defined from 1100°C to 1350°C,
because defects near the wafer surface cannot be
fully eliminated at a temperature lower than 1100°C,
and problems concerning contamination with metals and
durability of furnace are caused due to the heat
treatment at a temperature exceeding 1350°C.

The éize of nuclei-that are annihilated by the
high temperature heat treatment and the size of
nuclei that are not annihilated by the high
temperature heat treatment are determined depending
on the conditions of the high temperature heat
treatment (température and time) .

In the aforementioned method, the step of
maintaining the wafer at a temperature lower than the

Treatment temperature of the high temperature heat




on the conditions of the high tenperature heat treatnent (tgg? rature a %05
tine). In the aforenentioned nethod, the step of maintainin ﬁﬁowgt

a tenperature lower than the treatnment tenperature of the high tenperature
heat 5 treatnent is preferably conducted during a process of increasing
tenperature to the treatnent tenperature of the high tenperature heat
treatment. If the step of maintaining the wafer at a tenperature |ower
than the treatment tenperature of the high tenperature heat treatnent is

i tenperature to the treatnent

conducted _durin rocess of increasin .
tenpenﬂtngr8P9ﬁ%£%P§ﬁ Pperhebre ﬁ&ﬁéh@F@Qtﬁ#ﬁlag de S @RS abdve,
heat treatnent time for the whole process can be shortened, and thus the
oxygen pr etPpr &S oo nhEF&e AR b8 &Cr it @ntFpadiRmt Ferpmratiunet he
aforenentiogeﬁ met,.hod, %he ste of maintaining the wafer at a tenperature
| ower tharPtt h8S tebdReht™ tatGr 85T t hBeRtgERenperature heat

treatnent is pr raply a step of maintaining the wafer within a
. tenperature regﬁgﬁ Bﬁef SO 08 Clatid b EnPort18d wRAGresitoranore. If the

i intained at the tenperature region of from700'C to 900' C for
ggfﬁ{nhfeg?%mpﬁﬁq;ure &owerrqaan the trgatment temperature of

the high temperature heat treatment is conducted
during a process of increasing temperature to the
treatment temperature of the high temperature heat
treatment as described above, heat treatment time for
the whole process can be shortened, and thus the
OXygen precipitation nuclei can be efficiently grown.

Further, in the aforementioned method, the step
of maintaining the wafer at altemperature lower than
the treatment temperature of the high temperature
heat treatment is preferably a step of maintaining
the wafer within a temperature region ofrfrom 700°C
to 900°C for 60 minutes or more.

If the wafer is maintained at the temperature
region of from 700°C to 900°C for 60 minutes or hore
before the wafer is subjected to the high temperature
heat treatment, oxygen precipitation nuclei having
such a size that the nuclei should be annihilated by
the high temperature heat treatment can be surely
grown to such a size that the nuclei should not be
annihilated by the high temperature heat treatment.

As a result, variation of the BMD densities after the



before the wafer is subjected to the high tenperature heat t ment
oxygen precipitation nuclei having such a size that the nucléf Yﬁﬁ%?ﬁx?oos
anni hilated by the high tenperature heat treatnent can be surely grown to
such a size that the nuclei should not be annihilated by the high
tenperature heat treatnent. As a result, variation of the BMD densities
after the 6 annealing anong wafers sliced froma single crystal ingot at
various positions can be reduced. In this case, the step.of maintaining the
wafer wthin the tenperature region of from 7000C to 9000C for 60 m nutes
or more i s®PREFerELY y e Dritcnst wldcedafa st 3 neiagsingrenpedat ure of
3'Cmn or.less for the tenperature region of from700'C to 9000C. If the
“step of mathB&Mmidly YRS 1erPafthi®ihecakemserz@dnecdagi on of from 700' C
to 900'C for 60 _mputes or nore is performed with a tenperature

increasing rate bf 80EGiGROE | &8¢ aterseli Bedl abave inskygen prdEmitation
nucl ei having.a small size can be sufficiently and efficiently grown.

- Further, a‘(’f%gpdirh D tREDH R eRERt KON ppSddctomn’ fB Kod; o t he0SEesent
invention can provide a nitrogen-daoped anneal ed wafer of high quality in
whi ch vari 5PF o ot het 6%y §8n PPES| pist foferably performed with a .

rate of increasing temperature of 3°C/min or less for
the temperature region of from 700°C to 900°C.

If the step of maintaining the wafer within the
temperature region of from 700°C to 900°C for 60
minutes or more is performed with a temperature
increasing rate of 3°C/min or less as described above,
oxygen precipitation nuclei having a small size can
be sufficiently and efficiently grown.

Further, according to the aforementioned
production method, the present invention can provide
a nitrogen-doped annealed wafer of high Quality'in
which variation of the oxygen precipitation
characteristics is reduced among wvarious positions of
a silicon single crystal.

As explained above, according to the present
invention, by conducting a step of maintaining a
‘wafer sliced from a nitrogen-doped silicon single
crystal and polished at a temperature lower than the

- temperature of the high temperature heat treatment
before subjecting it to the high temperature-heat

treatment, oxygen precipitation nuciei having such a



characteristics is reduced anong various positions of a siligon single
crystal. As expl ai ned above, according to the present invem%%nﬁo er 2005
conducting a step of maintaining a wafer sliced froma nitrogen-doped
silicon single crystal and polished at a tenperature |ower than the
-tenperature of the high tenperature heat treatnent before subjecting it
to the high tenperature heat treatnent, oxygen precipitation nuclei having
such a 7 size that the nuclei should be annihilated by the high
tenperature heat treatnent can be grown to such a size that the nuclei
shoul d not SB&Cariit &t | khed Biclehe shiqgphl € dhpepanirlel hahed feat heat . Thus,
variation _qof the oxygen precipitation characteristics is reduced anong
waf ers proBd&8d FeBREFaLiGs hesit itgirat®ens €dn doa gnegire teystah i ngot,
and a nitrogen- doped anneal ed wafer having a high BMD density can be

obt ai ned e®effF%ntkahafde HaVFAGla St hilt RegePe canoemirlated. bBri ef

Expl anation_of the Drawings Fig. 1 is a figure show ng an anneal i ng recipe
i n convent FBRalh gihebPMRg T grehienta ¥ Tgataeston Mhas, ameezld igoneci pe

in anneal ing according to the present invention.
of the oxygen precipitation characteristics is

reduced among wafers produced from various positions
‘of a silicon single crystal ingot, and a nitrogen-
doped annealed wafer having-a high BMD density can be
obtaired even from a wafer having a low nitrogen

concentration.

Brief Explanation of the Drawings

Fig. 1 is a figure showing an annealing recipe
in conventional annealing.

Fig. 2 is a figure showing an annealing recipe
in annealing according to the present invention.

Fig. 3 is a figure showing ratios of BMD
‘densities between wafers subjected to a heat
treatment according to the annealing recipe of the
present invention and wafers subjected to a heat
treatment according to the conventional annealing
recipe. |

Fig. 4 is a figure showing effects of nitrogen
concentration on density and size of oxygen

precipitation nuclei.



Fig. 3is a figure showng ratios of BVD densities between

to a heat treatnment according to the annealing recipe of t
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invention and wafers subjected to a heat treatnent according to the

conventional annealing recipe. Fig. 4 is a figure show ng

effects of

nitrogen concentration on density and size of oxygen precipitation

nucl ei. 8 Best Mdde for Carrying out the Invention Hereafter, the present
invention will be explained in. detail. However, the present invention 1is
not limted to these explanations. In a hjgh tenperature annealing

performed B§StudGRe af §&n HTERENM; KAt | hhgedav@nt Aonaf er

is " |loaded into

a heat treatnent_furnace at a |low tenperature, and the tenperature is
gradual Iy i ncreB8E&afd & predst ugaREthdavanehoremilt dhperature so that

slip dislocations should not be introduced into the wafer.

At this tine, a

hi gher raf8PdR iR eddi A iahper alOre iessul E5ei PLE3BBEL aRVaNehehent
time, and therefore, the throughput can be inproved. This results in
reducti on of TR bIBYLEE P cbBEseace HRRGILY,OThen the annealing is

In a high temperature annealing performed by

using argon or the like, in general, a wafer is

loaded into a heat treatment furnace at a low

temperature, and the temperature is gradually

increased to a predetermined heat treatment

temperature so that slip dislocations should not be

introduced into the wafer. At this time, a higherx

rate of increasing temperature results in a shorter

treatment'time, and therefore, the throughput caﬁ be

improved. This results in reduction of the

production cost. Accordingly, when the annealing is

performed, the rate of increasing temperature to the

heat treatment temperature is generally set to be a

highest rate that does not introduce slip

dislocations into the wafer.

The annealing recipe shown in Fig. 1 is an

example for such annealing, and the annealing is

performed in an argon atmosphere (100% of argon gas)

according to a process in which a wafer is loaded at

700°C, and the rate of increasing temperature is set

at 5°C/min up to 1000°C and 3°C/min from 1000°C to

1200°C.



performed, the rate of increasing tenperature to the heat tr nt
temperature is generally set to be a highest rate that does;ﬁ%&ﬂﬁﬁFFﬁﬁhggos

slip dislocations into the wafer. The annealing recipe showmn in Fig. 1 is
an exanple for such annealing, and the annealing is perforned in an argon
at nosphere (100% of argon gas) according to a process in which a wafer is
| oaded at 700C, and the rate of increasing tenperature is set at 5C/ mn
up to 1000C and 3C/ mn from 1000C to 1200C. 9 However, if wafers obtai ned
froma nitrogen-_doped silicon single crystal were subjected to a high

t enper at ur e heatEFe¥e¥EFent: ac¢aiginty Wt & haedafiorehent nérfeto@envent i onal
anneal ing recipe,  signifi.cant variation in BMD density of the obtained
anneal ed vBPBRS sl bBeBr ved ke spris teil userss suhTeotesurface haters
sliced fromthe sane silicon single crystal ingot. It was found that, in
parti cul ar FeBPFRERULE | Bead U rorratpentt arceprdimd ghe thedy nearer the
shoul der of _the crystal (nanmely, |ower nitrogen concentration) tended to
have a | ovefCTrBMSTHeh’RE|. CRRverbigra bfarnealivest¥gatbsn about the

significant variation in BMD density of the obtained
annealed wafers was observed in spite of use_of
mirror surface wafers sliced from the same silicon
single crystal ingot. It was found that, in
particular, a wafer siiced from a portion of straight
body nearer the shoulder of the crystal (namely,
lower nitrogen concentration) tended to have a lower
BMD density.

As a result of the investigation about the
cause of such a phenomenon, it was found that a lower
nitrogen concentration of the wafer provided a
smaller size of the oxygen precipitation nuclei
existing before the heat treatment, and therefore
such nucleili were more likely to be melted and
annihilated by the high temperature annéaling.
Therefore, the inventors of the present inventicn
conceived that, if oxygen precipitation nuclei having
a small size could be grown to a size that did naot
allow melting of the nuclei by the high temperature
anneéling before the temperature of the wafer reached
the {emperature at which the high temperature

anpealing was performed, even a wafer sliced from the

10



cause of such a phenonenon, it was found that a lower nitro
concentration of the wafer provided a smaller size of the o%&ﬁ@ﬁwember 2005
precipitation nuclei existing before the heat treatnent, and therefore

such nuclei were nore likely to be nelted and annihilated by the high
tenperature annealing. Therefore, the inventors of the present invention
conceived that, if oxygen precipitation nuclei having a small size could

be grown to a size that did not allow nelting of the nuclei by the high
tenperature annealing before the tenperature of the wafer reached the

t enper at ur €°Ht DA PO ERe CRNGIER bEpEiatureldansdala rey nad eperfosed, even a
wafer sliced fromthe 10 | ow nitrogen concentration side of a single

crystal i ®gBPY a v erbaORedreahetiifouiien) deall d-tale haBND a dBMBI ty at
sanme |level as that of a wafer sliced from the high nitrogen concentration
side of tHeSRERdY stthghamer st eeli agotthat poift owaitar ©hé aexd | Fromnd
conducted various investigations to acconplish the present invention. That
is, by perfbentigh BtEposE e PR aRAILAR il onaBédes| ¢ Cether rame

ni trogen-doped _silicon single crystal and polished within a | ow

t enper at ur@lR@giCort Ty bRl LR E héat peattnepl nemperther eadfl )t heahilgh

conducted various investigations to accomplish the
present invention.

That is, by performing a step of maintaining a
wafer sliced from a nitrogen-doped silicon single
crystal and polished within a low temperature regioﬁ
iower than the treatment temperature of the high
temperature heat treatment at 1100°C to 1350°C in an
atmosphere of argon, hydrogen or a mixed gas thereof
for a certain period of time béfore the wafer is
subjected to the high temperature heat treatment, the
oxygen precipitation nuclei having such a small size
that the nuclei should be annihilated at a
tempefaturé of the conventional high temperéture heat
treatment can be grown to such a size that the nuclei
should not annihilated at the temperature of the
conventional high temperature heat treatment, and
then the high tempefature heat treatment can be
performed. By growing oxygen precipitation nuclei
within a low temperature region as described above,
even if the wafer sliced from thé low nitrogen

concentration side of the ingot (a portion near the

11



tenperature heat treatnent at 1100C to 1350C in an atnospher ar gon
hydrogen or a mixed gas thereof for a certain period of ti rref?bgb}%‘fteé'g?% 2005
wafer is subjected to the high tenperature heat treatnment, the oxygen
precipitation nuclei having such a small size that the nuclei should be
anni hilated at a tenperature of the conventional high tenperature heat
treatnent can be grown to such a size that the nuclei should not

anni hilated at the tenperature of the conventional high tenperature heat
treatnment, and _then the high tenperature heat treatnent can be perforned.
By growi ngSORYEIR bl eéiSpitHi i oAtRGcI®e thiet Bl tempeewiarae uneartegi on as
descri bed above, even if the wafer sliced fromthe |ow nitrogen

concent r at FORSITHRNBF  {The i MEBY SPa NI TiDA tadaron heutl eshad dehk i s

subj ected to the high tenperature heat treatnent, the oxygen precipitation
nucl ei in VRECTnAEE BPE MAlheft ebpdneerrabhcheemmingdd. As & result,

ni trogen-doped anneal ed wafers having a uniform BMD density can be

obt ai ned | FPE&Pdet | Ve tEPIgbsiePeas afneadedngmf ar swhiaotitdheawaf er s have
been sliced. In this case, by performng the ste p of maintaining the

waf er wi t hWFRMERER oMPefisaYst iy ecan be obtained irrespective of

positions of the ingot at which the wafers have been
sliced. |

In this case, by performing the step of
maintaining the wafer within the low-temperature
region lower than the high temperature heat treatment
temperaturé during a process of increasing
temperature to the treatment temperature of the high
temperature heat treatment, heat treatment time of
the whole process can be shortened. And thereby, the
throughput of the annéaling of wafers is increased,
reduction of the production cost can be accomplished.

Hereafter, specific embodiments of the present
invention will be explained in detail with reference
to the drawings. |

First, a nitrogen-doped silicon single crystal
_ingot.was grown by the CZ method. The obtained
silicen single crystal ingot had a nitrogen
concentration ratio of 5 times between a portion near
the shoulder and a portion near the tail. This
nitrogen-doped silicon single crystal was sliced into

wafers, and the wafers are polished to prepare mirror

12




region lower than the high tenperature heat treatnent tenper %%e‘%ﬁé 5
process of increasing tenperature to the treatnent tenperat v qﬁﬁ)
tenperature heat treatnent, heat treatnment tinme of the whole process can

be shortened. And thereby, the throughput of the annealing of wafers is

i ncreased, reduction of the production cost can be'acconplished.

Hereafter, specific enbodinents of the present invention will be expl ai ned
in detail with reference to the drawﬁngs First, a nitrogen-doped silicon
single cry taI i ngot grown b CZ met hod. , The obtajned silicon
single crystal ?@owaﬁﬁ¥%i%?FF8§ @n bAgeCr 4t3 HhORAt e B t 5onisnes bet ween
a portion ortlon near the tail. This

t he_sho
ni trogen- d& &ﬁjﬁﬁg?EOn gﬁ% Q?c? @tIaﬁﬁﬁﬁsWP€@dﬁqﬁbECW%ﬁﬂﬁp and the
waf ers are pollshed to are mrror 12 surface wafers corresponding to
various poSitibnecBpe rta% & 5 gdE 2t BT L RRE tuafldr ey weed & ubjledeed ab a
hi gh tenperature heat t eatnent ., they were subjected to a step of '
mai nt ai ni n % Ferii 5¢P a® O\Watje?ﬁ)%FBtI@r theli 8fF 1wepPvt hemReeatemser at ure of

t he high gperat re he ment. Mre specifically, they were
subjected t ?WS% ESn@ﬁWﬁ%Eﬁ§P€e of the high

temperature heat treatment. More specifically, they
were subjected to annealing in an argon atﬁosphere
according to the annealing recipe (Fig. 2) in which
the rate of increasing temperature for a low
temperature region of from 700°C to 900°C was reduced
~to 2°C/min from the conventional rate of 5°C/min.
Then, those wafers were subjected to a precipitation
heat treatment, and BMD densities of the wafers were
measured.

Ratios of the BMD densities of the wafers
subjected to the heat treatment according to the
annealing recipe of Fig. 2 (annealing recipe of the
present invention) tb the BMD densities of the wafers
subjected to the heat treatment according to the
annealing recipe of Fig. 1 (conventional annealing
recipe) are shown in Fig. 3 (Fig. 2/Fig. 1).

From thé results of the above, it could be
confirmed that the annealed-wafers subjected to the
heat treatment according to the conventional
annealing recipe and the annealed wafers produced

according to the present inventiocn were significantly

13




according to the annealing recipe (Fig. 2) in which the rat f_increasi
terrper'atgre for a | ow te?rperature regi on of from 7000C to 9%@%"}’917 2bs
reduced to 20C/ mn fromthe conventional rate of 5*C/ mn. Then, those

waf ers were subjected to a precipitation heat treatnent, and BVD densities
of the wafers were neasured. Ratios of the BMD densities of the wafers
subjected to the heat treatnent according to the annealing recipe of Fig.

2 (annealing recipe of the present.invention) to the BMD densities of the

waf er s su%@gﬁ%ﬁﬂ tg the heat_treatnmenf according to_the annealing recipe
of Fig. 1 Eibnaf aPilhg A1 bE)y afé ShoWdi alEig® (Fig. 2/Fig.
1). Fromthe result t he above,_ it could be confirnmed that the anneal ed
waf er s SUbF&Hé;FW%atﬁbaWFQEE VedRmenba¥ddsh & nbOVo Nfiec @@ARent i onal

anneal i ng reci pe and the anpeal ed fers_produced, according to the present
i nvention ﬁﬁ?%P P ghPFOEntd i@séiﬁgéﬁ%n%-pnxtﬁé)éwgﬂgen§ﬂ¥y. It could also

be confirnmed.that the wafers hav%ggfa_lom/nitro en concentration of |ess
than 1.0 XPPET4/ERRAT /| WeLRArPTEAIEY IRELUGNERT YOV nithferezleby ft he rat e

of increasing tenperature, but the BMD densities of the
i1ncreasling temperature, but the BMD densities of the

- wafers having a high nitrogen concentration did not
vary so significantly. Even when the heat treatment
was performed in an atmosphere of a mixed gas of
argon gas and hydrogen gas or 100% hydrogen gas
atmosphere, results showing the same tendency were
obtained.

This can be explained based on consideration
about the size of the oxygen precipitation nuclei
grown by the annealing as shown in Fig. 4. That is,
by reducing the rate of increasing temperature in the
low température_region of from 700°C to 900°C as
shown in the annealing recipe according to the
present invention, the time of maintaining a.wafer in
this temperature region becomes longer. As a result,
the oxygen precipitation nuciei having a small size
can be grown. Therefore, even in the wafers having a
low nitrogen concentration (10*/cm® order or less),
the grown preéipitation nuclei are not melted by the
high temperature heat treatment performed thereafter,
and the density of the remaining oxygen precipitation

nuclei is increased. 1In contrast, in the wafers
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waf ers having a high nitrogen concentration did not vary so 'qgifiiantl 05
Even when the heat treatnent was perforned in an at nosphere ° (‘f;@so

of argon gas and hydrogen gas or 100% hydrogen gas atnosphere, results
showi ng the sane tendency were obtained. This can be expl ai ned based on
consideration about the size of the oxygen precipitation nuclei grown by
the annealing as shown in Fig. 4. That is, by reducing the rate of

i ncreasing tenperature in the |ow tenperature region of from700'Cto
900' C as shown in the annealing reci pe according to the Qzesegt

i nvent i on, PENé 9 e B IRaiNtF APRE £aREeRtTRTIN s (1 eHpdldf dea’r gi on
beconmes longer. As a result,  the oxygen precipitation nuclei having a

smal | si ze™O€&n et BRBwr Ofickee6r OXvRn PR et vt bionhavidbed | ow
nitrogen concentration (1013/CM3 order or less), the grown precipitation
nucl ei ar ePASETFEIT6AbY tHZ S hi A tt &REF afdr & eantcl pdatatenie L genicdr med
thereafter, and the density of the renmaining oxygen precipitation nuclei

i s increasef. e i@t exen Gt the hersr st1aahamaiy wWahi genferogan
concentration (1 X' 10"/cm3 or nore), they contained oxygen precipitation
nucl ei  ha¥fR§SLidhd at i £#8a RRNHBEL Isina heannd i 1 stoukd ifot, and

therefore, it is considered that, even if the
annealing recipe was changed to the annealing recipe
of the present invention, the BMD density was not
increased so much.

The step of maintaining the wafer at a
temperature lower than the temperature of the high
temperature heat treatment is not limited to such a
method as mentioned above in which the rate of
increasing temperature is reduced to 2°C/min, and any
method may be used so long as it consists of a step
enabling beforehand sufficient growth of oxygen
precipitation nuclei having such a size that the
.nuclei should be annihilated by a high temperature
heat treatment at 1100°C to 1350°C to such a size
that the nuclei should not be annihilated. For
eXample, it is possible to use a two-step heat
treatment in which a step of keeping a wafer at a
certain temperature of from 700°C to 900°C for a
predetermined period of time not shorter than 60
minutes is performed as the step of maintaining the

wafer at a temperature lower than the temperature of

15



be nelted even if the heat treatnent was perforned accordin t he
conventional annealing recipe, and therefore, it is conside%ﬁ%q?'%ﬁmbiﬁuﬁ905
if the - .annealing recipe was changed to the annealing recipe of the
present invention, the BVMD density was not increased so much. The step of
mai ntaining the wafer at a tenperature |ower than the tenperature of the
high tenperature heat treatnment is not limted to such a nethod as

menti oned above in which the rate of increasing tenperature is reduced to
2'C/mn, and any. nethod nmay be used so long as it consists of a step
enabl i ng bk Sréﬁéﬂﬂ SERPEEE T §r BRET Jtrerygent predi phweat itghenucl ei

havi ng such a size that .the nuclei should be annihilated by a high

t enper at ur EETREL 2 FHES Aentl T 232660C 392 1B500C R E0ER &1 Zeigbhat the
nucl ei shoul d not be annihilated. For exanple, it is possible to use a

two- st ep heSFPaLTRathent Sat it eRtaedilep dFs kEepi fda Wamperatwrecertain
tenperature of, from 7000C to 900' C for a gedeterningd period of tine not
shorter thﬁﬁgéénhnfnﬁﬁe§e@§‘§%r@grﬁﬁﬂn%s7@aecéﬁéb ¥ 0 @i Atsai ni ng the wafer

at a tenperatuyre | ower Hwntheteq?rmureof15;hetﬂghtemmrmyrehem
“treatment BREIEFEEdNECr the growth of the precipitation nuclei,

however the temperature region is not strictly
limited to the region of from 700°C to 900°C, and a
temperature that enables the growth of the
precipitation nuclei may be used.
Further, in the step of maintaining the wafer
in the temperature region of from 700°C to 900°C, a
lower rate of increasing temperature and a longer
time of maintaining a wafer can provide more growtn
of the oxygen precipitation_nuclei. However, unduly
lower rate of increasing temperature and unduly
- longer time of maintaining a wafer invites reduction
-of productivity and increase of cost due to increase
of the annealing time. Therefore, the rate of
increasing temperature of 1°C/min or more and.the
time of maintaining a wafer of 200 minutes or less
are preferred, because such a rate and time provide

sufficient growth of oxygen precipitation nuclei.

Hereafter, the present invention will be
explained more specifically with reference to the

following examples and comparative example. However,
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tenperature is increased again to performthe high tenperatuyye heat
treatfrent. As for the tenperature region, the region of fro##%@%EQW?%ﬁmg 05

is preferred for the growh of the precipitation nuclei, however the
tenperature region is not strictly limted to the region of from 700C to
900C, and a tenperature that enables the growmh of the precipitation
nucl ei may be used. Further, in the step of maintaining the wafer in the
tenperature region of from700C to 900C, a |ower rate of increasing
tenperaturge _and _a | onge time, of naintaining.a wafer can provi de nore
grm%r1 %@ &ﬁ&ﬁﬂgpﬁgyﬁﬂﬁ%@?oﬁsmﬂﬂ%l11%&&ﬁ@ﬁtou RESISE - | oner rate of
increaS|ng tenperature and unduly .longer tinme of maintaining a wafer
invites reduction of productivity and increase of cost due to increase of

t he annealkﬁg tiﬁgé Tgerefore, the rate of increasing tenperature of
1C mn or time of maintaining a wafer of 200 m nutes or |ess

are preferred, u a rate and tinme _provide _sufficient growh of
oxygen precipitgﬁ$@ iﬁucﬂ |raWbW€§ﬁﬁ%aitH8 1yrEsentaln@dntd @Pn WIS be

| ai ned re cifjcally with reference to the follow ng exanples and
géﬁpghﬂivgﬁgygs ! %ﬁm@vé@a@_z crucible having a diameter gp _

24 inches (600 mm), and a silicon single crystal
having a diameter of 200 mm was pulled for about 120
cm. Nitrogen doping was attained by introducing a
predetermined amount of silicon wafers having nitride
films into the.raw material. The nitrogen
concentration in a portion near the shoulder of the
single crystal ingot was 2.0 x 10*3 [/cm®] as a
calculated value, and the nitrogen concentration in
the last éide of the straight body was calculated to
be 10.0 x 10% [/cm’] at most. From this single
crystal ingot, wafers were sliced and subjected to
lapping, chamfering and polishing to produce mirror
surface wafers. Then, the mirror surface wafers
obtained by slicing of portions near the shoulder, at
the center of the straight body and at the lower end
of the straight body (near the tail) of the single
crystal ingot were maintained in the temperature
region of from 700°C to 900°C for 100 minutes with a
rate of increasing temperature of 2°C/min, and then
subjected to aanealing at 1200°C for 1 hour in an

-argon atmosphere. The nitrogen-doped annealed wafers
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the present invention is not limted to these. (Exanple 1) 1 kg of _raw
mat eri al polycrystal silicon was charged into a quartz cruci &gﬁﬁvFﬁﬁ’goos
di aneter of 24 inches (600 mm), and a silicon single crystal having a

di anet er-of 200 mmwas pulled for about 120 cm N trogen dopi ng was
attained by introducing a predeterm ned anmount of silicon wafers having
nitride filnms into the raw material. The nitrogen concentration in a
portion near the shoulder of the single crystal ingot was 2.0 x 1013

[/cnB] as gb calcula%ed val ue, and the nitrogen concentration in the | ast
side of thePEerdStht TH8HY WRdsl RBF cRCAtePRS Ofe tS 01RIOF1F'GT@NB] at nost
Fromthis single crystal ingot, wafers were sliced and subjected to .

| appi ng, cPEREEGTRAaRE FoltSHIMAY OFYSFPRIUBESHIMbratd0rf &2 Wwaf ers. Then,
the mrror_surface wafer obt ai_ned béﬁglicing of portions near the

shoul der, 5¥eaFﬁ5”yén?§r%6¥)t%engréi UBBdYEhcktat LPRO ToviePT eh@ of the
. straight bodg %near the tail) of the single crystal ingot were maintained
Cin the tenp8RESU® FEGFoRGFAS rBREEGCE tat860E T aodehmanfiaklfith a
rate of increasing éengerature of 2C/ mn, and then subjected to annealing
at 1200C f®Z28-héttdi hRgR BMQYoACEEHRIShHER 8. NERsS Ui ¢ ofon Ufoied aRRFeal ed

waf ers . .
produced by BioRad Laboratories.

(Example 2}

A single crystal ingot was grown in the same
manner as in Example 1, and wafers were sliced from
the single crystal ingot at portions near the
shoulder, at the center of the straight body and near
the tail of the straight body, and polished to
produce mirror surface wafers. Then, the obtained
mirror surface wafers were maintained in the
temperature region of from 700°C to 9005C for 67
minutes with a rate of increasing temperature of
3°C/min, and then subjected to annealing at 1200°C
for 1 hour in an argon atmosphere. Then, the
obtained nitrogen-doped annealed wafers were
subjected to the same oxygen precipitation heat
treatment as in Example 1, and BMD density was

measured.

(Comparative Example 1)

A single crystal ingot was grown in the same

18



17 obtained fromvarious portions of the ingot were .subjected to a _nornal
oxygen precipitation heat treatment at 800C for 4 hours and &% NOUsH <005
16 hours to grow oxide precipitates into a detectable size, and then BMD
density was neasured by using OPP produced by Bi oRad Laboratories.

(Exanmple 2) A single crystal ingot was grown in the sane nanner as in
Exanple 1, and wafers were sliced from the single crystal ingot at

portions near the shoulder, at the center of the straight body and near

the tail trai ght nd pal.ish t I ce - mrror_.surface
waf ers. Tﬁfgﬁ%%%hlz % tgllﬂneg rr?%réo(rfiL ’s%r#%cgg\%ae%esr g'qﬁgge%r%ﬁi%%cii REET n t he
t enper at ur g eQ+ ' C 0 f A L, hutes wi,th a rate of
i ncr easi nggF%n%el?g%E%eEgyB%%?mlhgO%ngaq% hgﬁr;%&b?%%t}gaatro%&h%eal ing at 1200C
for 1 hour «j on+a p T , e aj ned.ni frogen-doped
anneal ed mg?gpgﬂﬁgég qug?g%tgghggxiggPs%%§ Sﬁyd%ﬂé%gegfﬁﬁfé%?annﬁéﬂﬁ

Example 1) CACSTGl o By SR T Gat s oy e ERA S T ta (compArative
produce mirror surface wafers. Then, the obtained
mirror surface wafers were heated in the temperature
region of from 700°C to 900°C with a rate of
increasing temperature of 5°C/min (maintaining time:
'40'minutes), and then subjected to annealing at
1200°C for 1 hour in an argon atmosphere. Then, the
obtained nitrogen-doped anneaied wafers were
subjected to the same oxygen precipitation heat
treatment as in Example 1, and BMD density was
measured.

The results of the measurement of BMD density
for .the nitrogen-doped annealed wafers obtained from
various portions of single crystal ingots in Examples
1 and 2 and Comparative Exémple 1l are shown in Table

1.
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18 manner as in Exanple 1, and wafers were sliced from the single c t%oos
ihgot'at portions near the shoulder, at the center of the st 1ﬁﬁﬁﬂﬁ%ﬂ?

and near the tail of the straight body, and polished to produce mrror
surface wafers. Then, the obtained mrror surface wafers were heated in
the tenperature region of from700C to 900C with a rate of increasing
tenperature of 5C/mn (maintaining time: 40 nminutes), and then subjected
to annealing at 1200C for 1 hour in an argon atnosphere. Then, the
obt ai ned nitpbgen-idoped anneal ed wafers were subjected to the same oxygen
precipitajionheat treatnment as in Exanple 1, and BMD density was
neasur ed. | Fdger&ful t s of t hePasiswremeaarof CBNMDedensEt y| Pbearttitdie

ni tr ogen- doped eamisal ed waf esSoahti nedrf r pst ruargious pprkhens pf1 sinpl e

i tive Exa e re wnoin
'$;%f;ah.l gEg ortion nfgrgp#?g¥l%$g Ftion
| ncreasin 1.0 x 10° | 3.0 % 10°
[/cm?] [/cm®]
(Example 2) 1.0 x 10° 2.0 % 10° 3.0 x 10°
3°C/min [/cm®] [/cm?®] [/cm®]
(Comparative 0.8.x 10° 1.0 x 10° 3.0 x 190°
Example 1) [/cm?] [/cm®] [/cm?]
5°C/min '

From the measurement results shown in Table 1,
it can be seen that, if the rate of increasing
temperature was 3°C/min or less, variation of the BMD
density depending on portions of crystal was
sufficiently reduced. It can be further seen that a
lower rate of increasing temperature sufficiently
increased the BMD density at a portion near the
shoulder.

The preéent invention is not limited to the
embodiments describedrabove. The above-described
_embodiments are mere examples, and those having the
substantially same structure as that described in the
appended claims and those providing similar functions
and advantages are all included in the scope of the
present invention.

For example, in the aforementioned examples,

cases of utilizing argon as the atmosphere for the
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t enper at ur est r ai ght bodyof straight for 700-900Cbodybody (Exaqgge 1)4.0 x
1094. '0 x 1093.0 x 109 2C/ min[/cnB][/cnB][/cnB] (Exanpl e 2)1.9¢ NAgPEF 2005
1093.0 x 109 3C mn[/cnB][/cnB][/cnB] (Conparative0.8,x 1091.0 x 1093.0 x
109 Exanple 1)[/cnB][/cnB][/cnB] 5C/ mn Fromthe neasurenent results shown
in Table 1, it can be seen that, if the rate of increasing tenperature
was 3C/mn or less, variation of the BMD density dependi ng on portions of
crystal was sufficiently reduced. It can be further seen that a |ower
rate of ingigasidigntEepReratding. syf i gl ent i.ncreased the. BVD density at a
portion neargthe é%oulder. T'%égrégg%t |%§Enfﬁg% i eﬂgélﬁﬁﬁggéd to the
enbodi ment gogesey bed,ab - ri.ned, enpodi.nents are nere
exanpl es, and those havi%§%¥ﬂ%b€s§§§¥§ﬂgfgﬁl?ggb%§35§%ﬂﬁﬁgﬁ%f%s t hat
descri bed ipptheq appesded « aj n rovi di ng_simlar functions

Bp : dﬁér% %H@%f%ﬁogetnﬁoeegﬁfgg:&fhﬁaﬂg

and advantages are all included i'n the scop ention. For
exanple, i¥réhendimy efgnb'é%rﬁgrlﬁéﬁmlnesa hydrogen atmosphere or a

mixed atmosphere of hydrogen and argon.

21



cases of utilizing argon as the atnosphere for the 20 hi gh tepperature heat
treatment are exenplified. However, the present invention caf®bROEERPEL4305
applied to a case where the high tenperature heat treatnent is perforned
in a hydrogen atnosphere or a m xed atnosphere of hydrogen and argon. 21
22 Novenber-2005 CLAIM5S 1 A nethod for producing a nitrogen-doped anneal ed
wafer, wherein before a wafer sliced froma silicon single crystal doped
with at |east nitrogen and polishedis subjected to a high tenperature
heat treatnment at 1100C to 1350C in @pagjmpsphere of argon, hydrogen or a
m xed gas-thereof, a step of .maintaining the wafer within a . tenperature
region of from700 Cto 900 C for -60 mnutes or nore is conducted to all ow
growt h of -oxygen ' precipitation nuclei to such a size that the nucl ei

shoul d notl be adnimethioed Hyrt ke dhgh gmeratyre heat-, treatment, and then
t he hi gh tenperature heat treg)?:rrent Bllgl perfgéﬁgﬁgép“ﬁ@%t hod f or

roduci ngaame 41 egeny |+ accordi to aim1l, wherein
Itohe stepg gevaiope] RS ek AcCoLdlng, slgced from a :

. silicon single crystal doped with at least nitrogen
and polished is subjected to a high temperature heat
treatment at'1100°C to 1350°C in an atmosphere of
argon, hydrogen or a.mixed gas-thereof, a step of

-maintaining the wafer within a temperature region

oi from 700° C to 900° ¢ for 40 minutes Or more
is conducteq to allow growth of oxygen.
p;ecipitation nuclei_to such a size that the nuelei
‘Fshould:not be annihiiated by the high tempenatune neat'
‘treatment, and then the high temperature heat

treatment is performed.

2.' The method for producing a nitrogen-doped

annealed wafer according to Claim-l, wherein the atep
of maintaining the wafer within a temperature region
of from 700° C to 900° C for 60 minntes or mere |

"is conducted during a process of
increasing temperature to the treatment temperatnre

of the high temperature heat treatment.



of maintaining the wafer within a tenperature region of fro C 1.0 9

C for 60 ninu?es or nore is conductegpduring a p?ocess of i ﬁ%?gggY?ﬁFen(Ebos
tenperature to the treatnent tenperature of the high tenperature heat
treatment. 22 Novenber. 2005 3. The method for producing a nitrogen-doped
anneal ed ‘waf er according to Clain 1 or 2, wherein the step of naintaining
the wafer wrthin the tenperature region of from 700C to 900C for 60 m nutes
or nore is a step that is performed with a rate of increasing tenperature

of 3C/min 9 | esEhéomatinod eFper ¥rbeuched op Qi 08 10y 900C. 4. A
ni trogen-doped anneal ed waf er pr %)tduced b?/g% he Bgﬁ’ecir{]o%g%cg&p&%g to any one
of C ai ms annéaded 3wafer according to Claim 1 or 2, wherein the step
- of maintaining the wafer within the temperature
region of from_700°c to 900°C for 60 minutes or more
is a step that is performed with a rate of increasiﬁg

Temperature of 3°C/min or less for the temperature

region of from 700°C to 900°C.

4. A nitrogen-doped annealed wafer produced by the

method according to any one of Claims l; 2 and 3,

LR,

23





