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Technical Field
The present invention relates to 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 finer processes as well as lower process
temperature in the device processes are accelerated,
and therefore, in regard to a silicon wafer there are

| required integrity of device—active region 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 requirements, 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



7 eci pi ion is promoted can be produced. Then, a nirror surface wafer
g[?g;glgﬁgh$such g ni trogen- doped silicon single crystal and pollngd ;Sd
subj ected to a high tenperature annealing in which the wafer is sr j ecte
to a heat treatnment at a high tenperature (1100C to 1350C) for ah ong
period of time using argon gas, hydrogen gas or the like, and 't erefy 2
waf er (anneal ed wafer) simultaneously realizing integrity of the ﬁurbafk
| ayer and increase of density of oxygen precipitation nuclei in the bu

a silicon single crystal doped with nitrogen is
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precipitati OR FUcP &l 1687t FhgIie s tRystedd apod vedrgd dépendi ng on t_e
positions {QF - I{cin . Thus, % wafer sliced fromthe ingot at a position
near the sﬁoﬁ%ék,eﬁh%91$:§13 | SRR eFa§ere conbentliatg ohn whdwsh smal |
si ze of oxygen

&%fer is subfected 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) simultaneously
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 CZ method, nitrogen is taken
in the crystal from silicon melt while it undergoes
segregation. 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
concentrations 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 a low nitrogen

concentration, shows small size of oxygen



precipitation nuclei, and a wafer sliced fromthe ingot at a position near
the tail, which has a high nitrogen concentration, contains oxygen ]
precipitation nuclei having a relatively large size. Further, mher_suc_ a
high tenperature heat treatnment as the aforementioned argon annea |n? i's
applied to a mrror surface wafer, although oxygen precipitation ngc ei
having a relatively large size remain even after the heat treﬁtnep , .
oxygen precipitation nuclei having a snall size are nelted. Therefore,
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t he | nvention The presen nvention mvention is to
bt e SRR L R T
3 treatment as the aforementioned argon annealing is '
applied to a mirror surface wafer, although oxygen
precipitation nuclei having a 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
bresent invention is to provide a nitrogen-doped

annealed wafer with reducing variation of the BMD



density after the annealing anong silicon single crystal wafers sliced
fromvarious positions of the silicon single crystal w thout being
affected by concentration of nitrogen doped in a silicon single crystal
and a method for producing the same. In order to achieve the aforenentioned
object, the present invention provides a nethod for producing a

ni trogen-doped anneal ed wafer, wherein before a wafer sliced froma
silicon single crystal doped with at |east nitrogen and polished is
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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,

a 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
nitrogen-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 temperature heat treatment



4 as described above, oxygen precipitation nuclei having such a size that
the nuclei should be annihilated by the high tenmperature heat treatnent
can be grown to such a size that the nuclei should not be annihilated by
the high tenperature heat treatnent. And then, by subjecting the wafer to
the high tenperature heat treatnent, it is possible to produce a

ni trogen-doped anneal ed wafer having a uniform BMD density irrespective of
the position of the single crystal ingot at which the wafer is sliced. The
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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 temperatiure
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 size 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



treatment tenperature of the high tenperature heat 5 treatnent is
preferably conducted during a process of increasing tenperature to the
treatment tenperature of the high tenperature heat treatnent. If the step
of maintaining the wafer at a tenperature |ower than the treatment
tenperature of the high tenperature heat treatnent is conducted during a
process of increasing tenperature to the treatment tenperature of the high
tenperature heat treatnent as descri bed above, heat treatnment tinme for
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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 a temperature lower than
the treatment temperature of the high temperature
heat treatment is preferably a step of maintaining
the wafer within a temperature region.df from 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 more
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



anni hilated by the high tenperature heat treatment. As a result, variation
of the BVMD densities after the 6 annealing among 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
700'C to 900'C for 60 mnutes or nore is preferably performed with a rate
of increasing tenperature of 3G mn or less for the tenperature region of
from 7000C to 900'C. If the step of maintaining the wafer within the

t enper at ure _r.egi f from 700'.C to 9000C for 60 mnutes or nore is

pe?]Por ned \%I I%ngﬁpmrhg eVt k& eal hgSCatle & & @/%ﬁ%l%lrfﬁé’ﬁ%\% )
descri bed xygen precipitation nuclei having a sm si ze can e
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af orement i oned oduct ion_neth th resent anenpipn can provide a
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el [ h teristics is reduced anmong various positions of
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than the 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 various 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 nuclei having such a



.-tenperature of the high tenperature heat treatment before subjecting it
to the high tenperature heat treatment, 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 be annihilated by the high tenperature heat treatnent. Thus,
variation of the oxygen precipitation characteristics is reduced anpng
waf ers produced from various positions of a silicon single crystal ingot,

i - d I f havj a high BMD density can be
bt ai ned et ? r SRR i r CHGYg ST PBChitts G3BR L Mdarderir B) Sl
Expl ti fio t Drawings Fig. .1 js a figure show ng an anneal i ng recipe
i npcgﬂ\?eln?ir}lo]h%%o a g%ﬁl&ﬂﬁ%‘b&rﬁi é%azf i sT§R e SABWORY SROWANEA i HECReci pe

|oanneal |50 gegerdyng. (9, Lhe Besent LIMENL o0 - PG 8192 Y
e or 5. Subjiais ol 68 § = AFTER HoRE Eabas i hEnto KB ConveRFrandion
anneal i ng meé g'o@f@ef'é%e%fgf%ggiggogﬂgkgéggggééqcglEgogen
reduced among wafers produced from various positions
of a silicon single crystal ingot, and a nitrogen-
doped annealed wafer havingla high BMD density can be
obtained 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.



concentration on density and size of oxygen precipitation nuclei. 8 Best
Mode for Carrying out the Invention Hereafter, the present invention wll
be explained in detail. However, the present invention is not limted to
t hese explanations. In a high tenperature annealing perfornmed by using
argon or the like, in general, a wafer is |oaded into a heat treatnent
furnace at a low tenperature, and the tenperature is gradually increased
to a predeterm ned heat treatnment tenperature so that slip dislocations

shoul d not he . iptroduyced into the wafer, At this ti.ne, a higher rate of
increasinnggﬂbégégﬁr §E?F§yﬂﬁ“% Mbr e i?gﬁpﬁéﬁ¥1tine, and therefore,

product | on cost . PAZSGHEN REY v Eh i FRE anray PG 1 et fobifed, the rate of
i ncreasing tenperature to,the. heat treatnent tenperature js generally set
to be a hﬁ&égﬁlpgﬁeﬁﬂwgegaéé'no QU YoHucd I ipregrsitodft Y8R5 1M o t he
mafer..TheianneaIiT r.eci pe_sh %p in Fi 1 is,an exanple for such
anneal i ng, *&nd*The gWﬁgan?nﬁolg S5t £ orRe@ N WANErgon at nosphere (100% of
argon gas) - according,{£,2 RLOGESS, L0, Wi ch g yaler o boaded gty
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 higher
rate of increasing temperature results in a shorter
treatment'time, and therefore, the throughput can 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°cC.



700C - and the rate of increasing tenperature is set at 5C/mn up to 1000C
and 3¢ mn from1000C to 1200C. 9 However, if wafers obtained froma

ni trogen- doped silicon single crystal were subjected to a high _
tenperature heat treatment according to the aforementioned conventional
anneal ing recipe, significant variation in BMD density of the obtained
anneal ed wafers was observed in spite of use of mrror surface wafers
sliced fromthe sanme silicon single crystal ingot. It ﬁaz f ound thaL, in
articular, a waf,er_sliced.from ortion of straight ody nearer the
ghoulder(ﬁ t he gpﬁﬁzﬁr(néﬁe”ﬁfgfﬁmﬁb%ﬁ%Q% ef T d%nﬂ%ﬁ?ﬂ%?nTenﬂed to
have a | ower._ BMD density. As result of the investigation about the
cause of s 8?%§€%é§&ﬁﬁﬁ;ﬁ1P9§®a§?¥ﬁﬁa tmﬁr%.FHﬁéﬁcﬁﬁfrBSeﬁ high
concentratign of the wafer provided a  smaller size of the oxygen

preci pit at it%ﬁ“pn%‘? }lree}}%#)ngrﬁélfetd‘?eenF hé FedtdiPeatferfil®and therefore
such nucleif re nore likely to b%.nelt d_and apni hilated by the high

t enper at ur & lﬁ%ﬁf?%éon e¥8P8ﬁ§ IR NFOMSR S1B MREHP@sent i nvention

i . \ i, pi i on nucl] ei havin a sma| | size could
ggngfgﬁdtégﬁt%éjgcgﬁ gevgqrglr%ﬁ%%lnt aitrll BMD densarjty or 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 sliced 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 nuclei were more likely to be melted and
annihilated by the high temperature 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 melting of the nuclei by the high temperature
annedling before the temperature of the wafer reached
the temperature at which the high temperature

annealing was performed, even a wafer sliced from the

10



allow nmelting of the nuclei by the high tenperature annealing before the
tenperature of the wafer reached the tenperature at which the high
tenperature annealing was performed, even a wafer sliced fromthe 10 | ow
nitrogen concentration side of a single crystal ingot (a portion near the
shoul der) could have a BMD density at sane |evel as that of a wafer sliced
from the high nitrogen concentration side of the sane single crystal

ingot (a portion near the tail), and conducted various investigations to

acconpl i sh.the resent invention. That is, by performng a step of

mai nt ai ni ng %’ %éﬁﬁpgﬁqcﬁﬁnF?B Q?Fﬂ??oﬁéﬂﬁkﬁgdasﬁﬁ e sPRyIsEakryst al
and polished wthin a quztengerat re regio | ower than the treatnent

t enper at ur 89T h&2hPGHF © 1 ¥ipBFaturd fed Fentoxtl d pave o BMB00C in
an atnosphere .of argon, hydrogen or a m xed gas thereof _for a certain
period of 'er?GSJb%Yo?g tsl?én%/aﬁ-ggqqs a%uBF@@t éﬂfgt% VRd & ghl tefflerfdt¥ e heat
treatnent,tbgg ox%gen recigitation nucl ei havjng such a small size that
the nuclei “SFodt o Belaihi FFFRt EFNASRL TREMOSY st 1€ OF tHee cdA¥ENt i onal hi gh
tenperature, reat nent, can _be grown to such a size that the nucl ei

heat t
shoul d notS&mﬁaﬁlﬁfgéégith%gpgm&ﬁeﬁﬁFgl@mt@%arCG@ﬁyﬁié%éhIﬂ%ﬁ

t enper at ur e _heat trgatnenl and . . .
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
lower 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 before 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
tempefature of the conventional high temperature 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 temperature heat treatment can be
performed. By growing oxygen precipitation nuclei
within a low temperature region as described above,
even if the wafer sliced from the low nitrogen

concentration side of the ingot (a portion near the
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then the high tenperature heat treatnent can be performed. By grow ng
oxygen precipitation nuclei wthin a low tenperature region as described
above, even if the wafer sliced fromthe |ow nitrogen concentration side
of the ingot (a portion near the 11 shoulder) is subjected to the high
tenperature heat treatnent, the oxygen precipitation nuclei in the wafer
are not nelted and can be remained. As a result, nitrogen-doped anneal ed
waf ers having a wuniform BVD density can be obtained irrespective of

post L1 Gh SEALRIOC 2L tHich LD vaTere have been sliced bn ipis case,
129 on Touar LepLe b Letperature b, Lrearent ) Lemerature during o
Lemper a0 ¢ TRl LEEALTIL healy LESOUIEN U1 e o i ol e process car

T ] LT SRR RS SSTAGTE  rptai noo
| detal | Mk dSLoBAT oA 1Ll 098, Ly 3,00 1 0gerdoped i con

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
temperature 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
silicon 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
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i'ngot - was grown by the CZ nethod. The obtained silicon single crystal

ingot had a nitrogen concentration ratio of 5 times between a portion near
the shoul der and a portion near the tail. This nitrogen-doped silicon
single crystal was sliced into wafers, and the wafers are polished to
prepare mrror 12 surface wafers corresponding to various positions of the
ingot. Before the wafers were subjected to a high tenperature heat

they were subjected to a step of nmaintaining themat a | ow
enoer at ul A ) gh, tenperature

TP ol uf & kPaREN LOUEL Ran.t e bemeelatuce oL e hgh, Lemerature
Fate of i noPist G CLenpe it e FOF 41 GRFSL It abupd SBRONEET & rom 700’ C
Then, t hood WGl ef ST HEP¢ BBl BERT  GPR2BMEET i { ARFOh MeEal StpdRaBat. ”andf
the vl or s oub 8500 o Thi e AR Gabhet Hecer 4N é%ﬁpﬁﬁéf%‘ééﬂ BgND ’
Gons i os SR VAPHEE ' (Behedry TonPREAiaat ot PEalihénthagBor ding to the

temperature heat treatment. More specifically, they

were subjected to annealing in an argon atmosphere

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) to 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 the 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 invention were significantly

13



anneating recipe of Fig. 1 (conventional annealing recipe) are shown in
Fig. 3 (Fig. 2/Fig. 1). Fromthe results of the above, it could be
confirmed that the anneal ed wafers subjected to the heat treatnent
according to the conventional annealing recipe and the anneal ed wafers
produced according to the present invention were significantly 13
different in the BVMD density. It could also be confirmed that the wafers
having a |l ow nitrogen concentration of less than 1.0 x 1014/cnB, in

it the BMIHEhSFErEe 1l the B cneRkavitig o i GAUA rigeR Bancentrati on
in an’at oGSt 7 BEh THA B0 B TR LORRgBR GHLT and Iy OGEA OB O 100% |
This can bE KT A Rad Babeht o Stmer ABFath dh * abBLt/ €RG St Be of the oxygen
Dy T otuci n L Hb FULE Tl TREPORITH: LEnSHARRceR Ehe ChowrEsm@ature

region of f,rom 700C to 900C as_ _shown_in the annealing recipe according to

the presedt®Thv@ntion, L e NRSL AT 0? / ittt it nBMR Wiy itaes 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 températurelregion 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 precipitation 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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this tenperature region becones longer. As a result, the oxygen _
precipitation nuclei having a small size can be grown. Therefore, even in
the wafers having a |ow nitrogen concentration (1013/cnB order or |ess),
the grown precipitation nuclei are not nelted by the high tenperature heat
treatment performed thereafter, and the density of the remaining oxygen
precipitation nuclei is increased. In contrast, in the wafers 14 having a
hi gh nitrogen concentration (1 x 1014/CMB or nore), they contained oxygen
nmpst of the nyclei, shoul d not
n

i pi i . | ei . .havi ch a size that 3
be el ted Bogi 1y %'helﬁiméln”%iémthﬂagefamma ocorkdind 7% i
i I | ipe, and therefore, jt,is considered that, even
T the  anbSEt g T hEY, C RS LRENG A YOS HRRL F AG LTt PAC LR ( he

i nt ai ni ST B B ag - £ et dTRS Fosl (hanTERA dlenBepHadt 1ot | he.
rent i oned BBoUE 1T UnFR L et rBPE G1SRT nEr SR TRE cher 41 BOFSachduced 1o
enabl i g DBFSAASHIE SRt It Sr BT B H P2 RgBrea bi-861 FiEiPon RISt of
havi ng Suc@h%fgfgiéﬁag€w¥% 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
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nucl et shoul d be annihilated by a high tenperature heat treatment at
1100' C to 1350' C to such a size that the nuclei should not be annihil ated.
For exanple, it is possible to use a two-step heat treatnenF in mhlch a
step of keeping a wafer at a certain tenperature of from700'C to 900'C
for a predeterm ned period of tinme not shorter than 60 mnutes is
performed as the step of maintaining the wafer at a tenperature |ower than
the tenperature of 15 the high tenperature heat_tLeatnent and thﬁn Ehe
tenperature, s jncreased again to performthe high tenperature hea

tr ggt nent . etgéf%?%ihh e[%g?tﬁiree }P?@Ei 5,{eaf¢fg§pgg|a@§i oihengmhmoc Eg 900C
IS referr r..the growh of the precipitation nuclei, owever e
tenpgrat uréceegneéggﬁttu %oissi'fl?c?tqayseai ARG t Ot Rerffint B fyigrh 700C to

900C, and rature that enables the growh of the precipitation
nucl e nay%§ﬁ§§g§?W5ﬁt %?E Ch SHE8REp ofSndidi aF RBnG ameevatare in the

t regi on from700C to 900C, a [ower rate of increasing
i:%:igt ﬂigrea%%o%’.l %k]geerre‘ﬂﬂﬁ &fon%ifﬁ{“aﬂrq(hgc at @aP&0 (,%nllpro?/l de m)rte f
rowth of the oxygen precipitation nuclei. However, unduly |ower rate o

'?ncreasinggﬁﬁﬁﬁﬁggﬁré%ﬁmFﬁﬁd@ﬁPWWQnﬁérqﬂ@mpbﬁcﬁmhﬂ%ﬁhpﬂgmm@kﬁer

invites re %%é&@r 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°cC, a
lower rate of increasing temperature and a longer
time of maintaining a wafer can provide more growth
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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of productivity and increase of cost due to increase of the annealing
time. Therefore, the rate of increasing tenperature of 1C/ mn or nore and
the time of maintaining a wafer of 200 minutes or less are preferred,
because such a rate and tinme provide sufficient growth of oxygen _
precipitation nuclei. Hereafter, the present invention will be explained
nore specifically with reference to the follow ng exanples and conparative
exanpl e. However, 16 the present invention is not limted to these.

le 1).120 | polycrystal silicon was charged into a
éggfpg gru%bﬁe@?l ?H&riwﬁﬁgﬂﬁﬁb%<ﬁs %@t ﬁéﬂ%% Cedod nmhhesfd a silicon

single crystal having a diameter of 200 mmwas pulled for about 120 cm
Ni trogen doping was attained by introducing a predeternm ned amount of

silicon maf s _ha |n nitride films into the raw material. The nitrogen
concentrati R g?tlon near the shoulder of the single crystal ingot

was 2.0 x 1013 cal cul ated val ue, and the nitrogen
concentration i E}iﬁ{dﬁé(q a% LPde MAteha2 tr%@%KFrHW%%léép&ﬂ @8 to be

10.0 x 1013 at .nost. Fromthis sin crystal ingot, wafers were

sl'iced and® Q%%] eUES 3§ BPrAGZ éHﬂﬁ@éPﬂﬁgréﬁﬂlﬁgl@sﬁﬁ#ﬁ“@ﬁeﬁrduﬁce

mrror 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%® [/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 thé 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 annealing at 1200°C for 1 hour in an

-argon atmosphere. The nitrogen-doped annealed wafers
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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
| ower end of the straight body (near the tail) of the single crystal
ingot were nmaintained in the tenperature region of from 700C to 900C for
100 mnutes with a rate of increasing tenperature of 2C/ mn, and then
subjected to annealing at 1200C for 1 hour in an argon atnosphere. The

ni t rogen- doped anneal ed wafers 17 obtained fromvarious portions of the

800G 1or 4Rt A AT OBOGL P B ROGPS 16F gFBR RIS plectp) Lot os | nto
b oduced by BAACEAbOt dt oY PELS L BRBHBEE By 96 SPAGPE ¥4y SKaRY ngot was
dimole orySEATTTGBE A gy ) bnd Soat RRETSCToMaBr, 04 (6 R oro of The
o1 oauce. m LS Suf Pagd b o S EC TR O R T nbBomet (o7 C SEPRIES va or s

were mai ntai.ned in_th te ature region of from 700C to 900C for 67
ni nut es mﬁ?ﬁ%??a?gdo%q%%pggbiQ§Q%%$§ryﬁ§w9%ﬁsured by using OPP

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 900°C 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
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3C mn, and then subjected to annealing at 1200C for 1 hour in an argon
at nosphere. Then, the obtained nitrogen-doped anneal ed wafers were

subj ected to the sane oxygen precipitation heat treatnent as in Exanple 1,
and BMD density was neasured. (Conparative Exanple 1) A single crystal
ingot was grown in the sane 18 manner as in Exanple 1, and wafers were
sliced from the single crystal ingot at portions near the shoul der, at
the center of the straight body and near the tail of the straight body,

and pol | shehrhoer PEQUUGE ML EREN SUf [ A8RQNRLEF Sy TheN e Lhe, glilained, miTror

surface wafers were heated in"the tenperature region o to 900C

with a raterd olfgleasiigstgmbenalof eaof RO goLaly ai pag tine: 40

m nut es), and then subjected to anheal I ng Sur in an ar gon

at mspher e stBieTiethe atobt aLned nids ogensdnped: agngaled walers aere, .

subj ected to the sanme oxygen precipitation ea

and BMD dergid Y 483 oqquyéegggggﬁﬁg§f§55§aofaﬁge gﬁﬁiéégafgt of BMD

density for the nitrogen-dop fers obtain fh various

portions obryd\te fhY¥t éﬁg?g%érhg¥3?%LeSThen, 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. fhen, the
obtained nitrogen-doped annealed 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

1l and 2 and Comparative Example 1 are shown in Table

1.
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1 and 2 and Conparative Exanple 1 are shown in Table 1. 19 (Table 1) Rate

of Porti on near Center of Portion increasingshoul der ofstraightnear tai

t enper at ur est rai ght bodyof strai ght for 700-900' C body body - (Exanp!e

T)4.0 x 1P4.0 x 1093.0 x 109 2' C/nmin[/CMB][/CMB] [/ CVB] (Exanplel.0 x 10'2

.0 x 1093.0 x 10 3 Cmn[/CMB][ / | cm3 1[ / cm | (Conparative0.8.x 1011
0 x 1093.0 x 10' Exanple 1)E/CMB][/CMB][/CMB] 5" Cmn Fromthe

nmeasurenent results shown in Table 1, it can be seen that, if the rate of

i ncreasing (T¢ymerajure was 3'C/mn or less, variation of the BMD density

dependi ng-on—portions of crystal was suff!cientlv reduced. It_can be
further seBatehadfa |over 1 &crtofonncesasi|iieneapecdt urlesetibal ently
increasing shoulder of |straight near tail
temperature straight body of straight
for 700-900°C body body
(Example 1) 4.0 x 10° 4.0 x 10° 3.0 x 10°
2°C/min [/cm®] [/cm®] [/cm?®)
(Example 2) 1.0 x 10° 2.0 x 10° 3.0 x 10°
3°C/min [/cm®] [/cm?] [/cm?)
(Comparative 0.8.x 10° 1.0 x 10° 3.0 x 10°
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 present invention is not limited to the
embodiments described above. 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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i'ncreased the BMD density at a portion near the shoulder. The present
invention is not limted to the enbodinents described above. The
above-descri bed enbodinents are nere exanples, and those having the
substantially same structure as that described in the appended clains and
t hose providing simlar functions and advantages are all included in the
scope of the present invention. For exanple, in the-aforenentioned

exanpl es, cases of utilizing argon as the atnDsphere for the 20 hi gh

Lenper at ur & ifat tempabiRNirar feakemphbbiadn: HO m{éf pugspnt invention
can be simlarly applied to a case eret hte atd heat

treatment HowWEvée| Methd Mo Ac BRAROGENE ere of .a .1 xed_atnosphere of
hydr ogen and argon. 21 CE%INB 1. A neth§g§$g CIS%ro Scfﬁﬁn Eﬁlrﬁrogen doped

anneal ed wafgsliabetei i hedoce,d efnsl g silicon single
crystal doped with at |east ni trc%%l E%%dhp |s%8§b%§as%\ﬂ)fgc &fto a high

t enper at ur Qrtmmehteqtanjgrgbr;ﬂjeqpqltlo 1?1 gn %t m)s§gere of argon,
tai |

hydrogen or a m xed gas thereof, a step o Shat 1T o a
tenperat ur gieuerathdBp¥re of hydrogen and argon.
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treatment tenperature of the high tenperature heat treatnent is mrﬁudsﬂ
to allow growth of oxygen precipitation nuclei having such a size that e
nucl ei should be annihilated by the high tenperature heat treatnment to
such a size that the nuclei should not be annihilated by the high t
tenperature heat treatnent, and then the high tenperature heat trgat rr]\cen
is performed. 2. The method for producing a nitrogen-doped annealed wafer
according to Gaim1l, wherein the step of maintaining the wafer at at
tenperature lower than the treatmentcfghperature of Hw_Mghtmmmatﬂf
heat treatnment is conducted during a process of increasing tenperaturg o]
the treatment tenperature of the high tenperature heat treatment. 22 3.
The net hod for producing a nitrogen-doped annealed wafer according to

_ . . o ture
Glaiml or 22, whereidrhiba refrehpLbapl N g Lhe wafer at a tenpera
| ower than the treatment terrpgg_; ature g#@t%e %I _gh_g_%,\@nggpftdu;e E?gtregi on
treatment iahieslien oa @t ?ah!é'fkgintﬂ%f‘éﬁfeera%gx?ﬁq* ﬁ%i,ﬁgg%f ﬁr?}?oauci ng a
of from700C to 900C for 60 m nutes or nore. 4. 3e e 0 the ste of
mtrogen-d@%ﬁhc@ﬂn@@ﬁ§l@ﬁ&§?§%§?r8b?gé(%f%ﬁ'g%’leag enltrogen P

mai ntai ning the wafer wthin The tenperature
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 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 annihilated 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.

2. The method for producing a nitrogen-doped
annealed wafer according to Claim 1, wherein the stép
of maintaining the wafer at a temperature lower than
the treatment 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.
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regi on of from700C to 900C for 60 mnutes or nore is a step that is
pe?forned with a rate of increasing tenperature of 3G mn or less for the
tenperature region of from 700C to 900C. 5. A nitrogen-doped anneal ed
waf er produced by the nethod according to any one of Clains 1 to 4. 23

3. The method for producing a nitrogen-doped
annealed wafer according to Claim 1 or 2, wherein the
step of maintaining the wafer at a temperature lower
than the treatment temperature of the high
temperature heat treatment is a.step of maintaining
the wafer within a temperature region of from 700°C

to 900°C for 60 minutes or more.

4, The method for producing a nitrogen-doped
annealed wafer according to Claim 3, 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 increasing
temperature of 3°C/min or less for the temperature

region of from 700°C to 900°C.

5. A nitrogen-doped annealed wafer produced by the

method according to any one of Claims 1 to 4.
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