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1 Epitaxial wafer and production method thereof The present invention
relates to an epitaxial wafer and a production method thereof. More
specifically, the present 5 invention relates to a method for producing an
epitaxial wafer comprising a step of growing a silicon crystal by the
Czochralski method wherein hydrogep and nitrogen are added to a silicon
melt, a step of preparing a silicon substrate by machining said silicon

crystal,_and, a step. of forming_an,10 epitaxial. laye u e
silicon g%ﬁs%%fé‘.%ri%?aﬁﬁ/vﬁﬁ?hg 6%%‘?8?& § sénr%%gﬁ uggggg\%g;s in
recent years, a 15 severer control of crystal quality of silicon wafers has

The Beendemanded. Especiallydevice sharactgristies,in pagticiar Gate a
xide Integrity, can be deteriorated by defects as tiht%ﬁgrown-in defects

Produgisting if'g silicon wHrsFroduled by Eting A &iicol cryStal Bftérbéing
invegtown by éhe €zechralski 26 rhethodoThesegrowirin defeetsidreokgdematfer

recipitates and its _dislocations.induced | evi uegtion_process,
Comp\%&éic:f'“ or %tasckﬁ% f%%luItgfg&g\%%ger?o%Tﬁé%%ﬁ%r%ﬁgéogtgh@es%?nt@lg

Czochforembhtiorad defectearemilizsd B3t efing sites fodhBady metdlsed to a
s111Asthe.goncenirationof said getteringsites 25 deereasesdbe puiity ofthe
_silicon wafer is compromised and the concentration ofpegvx metal

machjidiifiedfetetds Hifever of 1?&01§3a)n§slgm3?w?uch i< the Tetel ™
epiteequiredfarthe most:advancethdevice prdduction.iConseguently 2since it

IS necessary to reduce heavy metal impurities existing on a silicon wafer

~ as 30 far as possible, controlling those defects is an extremely important

PriogskrAs one of the technologies for avoiding the deterioration of the

device characteristics caused by voids at the surface of

With the progress of semiconductor devices in recent years, a
severer control of crystal gquality of silicon wafers has been
demanded. Especially, device characteristics, in particular
Gate Oxide Integrity, can be deteriorated by defects as the
grown-in defects existing in a silicon wafer produced by
cutting a silicon crystal after being grown by the Czochralskil
method. These grown-in defects are oxygen precipitates and its
dislocations induced in a device production process, volds, or
stacking faults. However, on the other hand, these
aforementicned defects are utilized as gettering sites for
heavy metals. As the concentration of said gettering sites
decreases, the purity of the silicon wafer is compromised and
the concentration of heavy metal impurities exceeds the level
of 1x10*° atoms/cm®, which is the level reguired for the most
advanced device production. Consequently, since it is necessary
to reduce heavy metal impurities existing on a silicon wafer as
far as possible, controlling those defects is an extremely

important task.

As one of the technologies for avoiding the deterioration of
the device characteristics caused by volds at the surface of

the silicon wafer, the method of using an epitaxial wafer has
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35 the silicon wafer, the method of using an epitaxial wafer has 2 been
known, wherein the method comprises the deposition of an epitaxial layer
by a CVD method on a surface of a silicon substrate wafer obtained by
cutting out from a silicon single crystal and then subjecting the cut crystal
to mirror 5 finishing. Because of the ahsence of voids in this epitaxial
layer, a semiconductor wafer with good Gate Oxide Integrity can be
attained. However, Wq:ekgl the qc ogitign of]_gheS egit%xial I @ye{gissﬂ:i(m of an
peﬁg%léd,%x@ﬁgﬁ"%recﬁtzﬂgs Bulk micro asfedt: Eﬁ/l[ffl enerated as a
epitreslit of anvexygen deposit are hbbformedal Ginsitiecthe @pitaxial wafem
subsyhile the silicon waferis subjected. to hegt treatmentin @ deviceProcess,q1 e

If no BMDs are generated, the gettering of heavy metals which are
crys&ifppoted to EsntaHNAte the Watdrd ity theddevice procBss EaR not be
f i nideneglheretosesa problem«ofihe deteriosatioroaiddeviee this epitaxial
Qharacterisgics would result. Accordingly, to salve such problem, T. Abe. _
Lave B aRbee o Bo ey e Yoraeh Shots oF Lol ca
be afeportsdhat BHydopiy asilieon Sivglelenstal Withnirdgenstherggeaxial
laye%gqr§9ﬁg%9%%/@,&"&959%%9{%%’&% in-silican isgsuppressed, and-bat .
the crystal defect density is lowered. JP2000-109396 has been known to
BMD) reF4t8 16 1€ tecdhnofbgdy” Bescried ifthe aheve-méhtivhed @por ot tormed
insi1dR26@00Q-109396G has Ipreposed armethodhehiel tomprises the depositian ected
of an 25 epitaxial layer gn a silicon substrate wafer qbtai Y. gutting
e hgl?t ro%rﬁ %%r@gtnalf W%{tﬁ agdd(g?j%n"litc?ggz)rf ?néfigr%%ef togél%f%cie@ﬁr& y%éalngegrate
geneBRBDSeven aftercthbdiepositioh df¢ae vepitakial fayer UalthtiRetoeposed to

contRecauseiragen;becomes a; Aucleys ferthedarmation-akBMRS and be
BMDs are generated even 30 after the deégosition of the epitaxial _Iaggr, an

doneanitidd water with R 58Pefidr Gettering Capabiity ina heat fréattient of a

characteristics would result.

been

Accordingly, to solve such problem, T. Abe and H. Takeno, Mat.
Res. Soc. Symp. Proc. Vel.262Z2, 3, 1992 for example reports that
by doping a silicon single crystal with nitrogen, the
aggregation of crystal~lattice vacancies in silicon is
suppressed, and that the crystal defect density is lowered.
JP2000-109396 has been known to relate to the technology
degcribed in the above-mentioned report. JP2Z2000-1093%6 has
proposad a method which comprises the deposition of an
epitaxial layer on a silicon substrate wafer obtained by
cutting out from a crystal with added nitrogen in order to
sufficiently generate BMDs even after the deposition of the
epitaxial layer. In this method, because nitrogen becomes a
nucleus for the formation of BMDs and BMDs are generated even
after the deposition of the epitaxial lavyer, an epitaxial wafer
with a superiocr gettering capability in a heat treatment of a

device process can be attained.

In addition, JP2008-150283 has proposed a method for reducing

the number of defects by adding boron and by coptimizing the
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device process can be attained. in addition, JP2008-150283 has proposed
a method for reducing 35 the number of defects by adding boron and by
optimizing the thermal history of pulling and growing a silicon single
crystal with a predetermined resistivity through the Czochralski method.
Such method can reduce the number;of epitaxial defects in the resultant
wafers. Also, a higher in-plane uniformity of 5 the density of oxygen

N recipitates as well as a higher tering capability, ¢ | 1
b QUer b boon STt Uy reodnt lutios that e tramain stabis =2
withorygereprdciitates produeed bl thée nitkdgen 40 ddping: Tiier are k=

net haificult toreliminate-evenby-beatdreatment atbigh temperatuees;, cause fects

. problem as they tend.to indu defegtshig ttpqe gpit%x_jal1la)él%r. Further, .. = ¢
in tRReh$RE-Siiicon i¥ Hoped with BSron” the gettering capability becomes ~
the lowesed foro the heawnmetal dmputitésankess achigh esnéentiativnof

g @‘Ct%%%;g 1% %]g@g.ﬂ;@/erggq{eb@ splye the.gbove problem, for example,

9119 has disclosed a technology for controlling the position where
an OSF ring is generated depending on the pulling rate by 20 controlling a
nowedaR L between the meltsurface:and the lowee ead sefialthesmahshielding
N material so as to adjust the position .of the OSFE ring to the pulling rate.
“herEanddalf) Here k?élsy yeen p?8€&§e%t§ methdd %%%ﬁ%ﬁlr% thjé:wgSF -rogen
dopiregiorwbutof thewergstdlt by settingothe lchystabpdllimg fite By alidie eggalt-ment
at ﬁﬂéﬁf%%ﬁ@@?é%ﬁ%b%?'EEM@@“EeﬂEB%§£§eaée@@%@dHﬁﬂdnﬂBBinduce

od, a density of the epitaxial layer defects can be reduced tp a level ,
def egdifal 16 of EthaA BLE cm2(defects PEF SGiare “E&mtimette) surficishtly >
dopeSHpRIessing the generation of the repitaxiahlayer dgfdots:@0eln addittorgd for
the %gg%ﬂﬁgggthg%55§§ 98? ﬁ?ggg@ﬁhﬁigh concentration of horon

is used.

Therefore, to solve the above problem, for example, JE3589119
has disclosad a technology for controlling the position where
an OSF ring is generated depending on the pulling rate by
controlling a gap L between the melt surface and the lower end
of a thermal shielding material so as to adjust the position of
the OSF ring to the pulling rate. Especially, there has been
proposed a method for pushing the OSF region out of the crystal
by setting the crystal pulling rate to a value equal to or
higher than 1.2 mm/minute. It has been reported that, in this
method, a density of the epitaxial layer defects can be reduced
to a level equal to or lower than 0.1 cm™ (defects per sguare
centimetre) sufficiently suppressing the generation of the

epitaxial layer defects.

In addition, as another method of technology to avoid the
above-mentioned problem, for example, JP2008-100906 has
proposed a method for doping with boron, nitrogen, and
hydrogen. There has been disclosed that in this method, without

increasing the epitaxial layer defects on the epitaxial wafer,
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above-mentioned problem, for example, JP2008-100906 has proposed a
method for doping with boron, nitrogen, and hydrogen. There has been
disclosed that in this method, without 35 increasing the epitaxial layer
defects on the epitaxial wafer, 4 the gettering capability and a low density
of epitaxial layer defects can be achieved by using hydrogen which
weakens the nitrogen's effect of promoting the formation of
oxygen-induced stacking faults. 5 Further, JP2000-281491 has proposed
he ST GONM St GngleotiFby Mo g gn oL8
defearm incorporatingimittogen Invthessilicontmelt ay fevetsranying: froem $xidie
nitrtggjengsojag_f%@é% ’%9%M%9W%@@B@m%931§%0% EEE%%/ hgg}duced
~ the generation of octahedron-like vacancy defects is suppressed to lower
stacthersize 8ftheSracancy defects and to reduce the density of the oxygen
precipitates in the single crystal. 15 Problem to be solved by the invention
Howev inJ -109396, when the, silicon substrate wafer with
Fur el MAGON 1 GG s ah el TR Wiaor sbETALS Siro0en Eakds®
silidefectsingie epitaxiaklayér In addition c20 thesechitragen-irduceda
incddefgetsdn the EE%%Fe@ﬁy%hac%eb%% Kknownfoappear intherdefect o4 ng
region galled an OSF region of a nitrogen-doped substrate. One reason is
fromnat a bartictlat -oxygen précipitate aiteadhy Existing i e OsETegdhat
Thrdhenhstagedustafiescyystakgrowti formiscanew defeetrin die 25 epitaxiahcancy
layer. It should be not%pl that %ewt&rm Ipsgjr%%ogf %%%s %Igs ein

yer

[
defec¥s S suUppresse o The ; ncy defects
re ersjto a re%?on Wﬁere t%e concentration of the crysta attice vacancies

and jsextedieht Lonerdd betausethet bfystaliatice vaeansiés apgghdn the
singi@@rg'g&aéggigqn atoms recombine due to radial diffusion. Also, this is the
region in

Problem to be scolved by the invention

However, as in JP2000-109396, when the silicon substrate wafer
with added nitrogen is used as an epitaxial wafer substrate,
nitrogen causes defects in the epitaxial layer. In addition,
these nitrogen—-induced defects in the epitaxlal layer have been
known to appear in the defect region called an OSF region of a
nitrogen-doped substrate. One reascon is that a particular
oxygen precipitate already existing in the OSF region at the
stage just after crystal growth forms a new defect in the
epitaxial layer. It should be noted that the term "OSF region”,
as used herein, refers tco a reglon where the concentration of
the crystal lattice vacancies 1s extremely lowered because the
crystal lattice vacancies and the interstitial silicon atoms
recombine due to radial diffusion. Also, this i1s the region in
which an oxidation heat treatment of the silicon wafer

generates oxidation-induced stacking faults.

Doping the silicon wafer with boron at a high concentration, as
in JP2008-150283 or JP2008-100906, causes a problem in that the

boron impurities in the substrate diffuse out into the vapour
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30 which an oxidation heat treatment of the silicon wafer generates
oxidation-induced stacking faults. Doping the silicon wafer with boron at a
high concentration, as in JP2008-150283 or JP2008-100906, causes a
problem in that the 35 boron impurities in the substrate diffuse out into the
vapour 5 phase during the deposition of the epitaxial layer and get
incorporated into the epitaxial layer again. This phenomenon is called
auto-doping. On the other hand, a silicon single crystal wafer doped wit
Phasg |G Eofcentration dt borom %%nﬁé% Soive ﬁ?g"” E%%b%m\ﬁ,oaf%ﬁé: Io%/lgr ek
incogetteringecapability foreheavymmetas limpuritiesan thensedregationgypenenon is
call%%?teg{p@o%e ron AtoRys, \gampargd tofhe relaxationrtype gettering Using, s < 1
the oxygen precipitates. 10 Further, as described in JP3589119, when
walethedpstdl 826 beconies 8604 ‘of Hrgertah J00- R SeRTEficit s the

propstablygrowra crysial withea pulling Jatesequal 10 e higher rban #.2etal
.___nun/minute,. In Elddition,riteha% been noted clearly that when an epitaxial
PYRes S Hebosited aftef producing a sifcon 15 substrate wgfer‘uhder stich ™
compeangitions ds describedin JR2000p 281491 ahe epitaxiablayérgenerates?
orecdgfects.even when a substrate with no OSF region is used. It has been
clarified that such epitaxial layer defect are generated from voids at the
substrate surface (Fig. 1). As shown in Fig. 1, it has been 20 confirmed
rurtthatby depingdbe silicon;icrystabwitly nittcogen-and tiydragens veidsaree
enerated in the silicon crystal. Tgose Eéh%r\n/oids.whi h gr%@cgteldint
- i t 5 iy t e [ le]
becot%%%svﬁl%}lyagf the sUbstrate’ surface %e?ore deposﬁlnglt e eapltaiialulayer
stabrhgy gaose adislogatiens inithe epitaxial lyer. THeadisieationsarer25 1gher
t harfORMed in the: epitaxial fayerat the surfage ofthe substrate, with theawids; that
~as an originating fomt. Accqrdlngly, the objective of the present invention
whengggy epitaxia layer is deposited after producing a silicon
substrate wafer under such conditions as described in JP2000-
281491, the epitaxial layer generates defects even when a
substrate with no OSF region ig used. It has been clarified
+hat such epitaxial layer defect are generated from voids at
the substrate surface (Fig. 1). As shown in Fig. 1, it has been
confirmed that by doping the silicon crystal with nitrogen and
hydrogen, voids are generated in the silicon crystal. Those of
the voids which are located in the vicinity of the substrate
surface before depositing the epitaxial layer may cause
dislocations in the epitaxial layer. The dislocations are
formed in the epltaxial layer at the surface of the substrate

with the voids as an originating point.

Accordingly, the objective of the present invention is to
suppress and prevent the epitaxial layer defects generated from
voids in the silicon substrate wafer occurring when the silicon

crystal is doped with nitrogen and hydrogen.

Means for solving the problem



20

23

suppress and prevent the epitaxial layer defects generated from 30 voids
in the silicon substrate wafer occurring when the silicon crystal is doped
with nitrogen and hydrogen. Means for solving the problem 6 As the
result of the present inventors' intensive studies considering the above
problems, the present invention proviges a method for producing an
epitaxial wafer comprising: a step of growing a silicon crystal by the

ns ciZoghral %mog%h%%é r%%gggaipgf{g@g@&@égggmegggﬁ%g%%qeg

“Sificon mettan growi om the silicon m silicon crystal havinga
conspitwgencohtentaiortobFOMI3X1D3 cMe e IREDI-cridl Estep gt Provaices

= meRfeparing a silicon;substrate bymachining saidk siicen-esystak agd 10 a
step of forming an epitaxial layer at the s rfr%ce of the _silicon SLibs,tgate. hod
& stEgedts GTIRE iVenfiod 158y the brodh thettitd gfzt(ﬂ%(%tfrgsgﬁi“ meLno

compiﬂygmﬁ@l,dheie@tgxi&lmmms geheratechfrom bydrogendefects © and
arow9ids) which;are induced by adding hydiagen can be suppressed and
fevenited. 2 Eyt

P n e production method acgording to the present _.

nitringenticlhntrmbérsf bubbie-fike Yo aggrdyatdsiwhicthts a fdrmrof a
2 stdefestinduced byadding:hydregen san bercontroied.Alses then epitaxial
__layer defects induced by the bubble-like void aggregates can be
s1ligipresded-and pfétented. 25 Brief description of the drawings Fig. 1 is a
a stphotographrshiowing theappearante b anepitaxiahdayerdefect inducete
sili%%d%iﬂghé’?é%%‘%”- 30 Fig. 2 is a drawing explaining the relationship
between the

Effects of the invention

By the production method of the present invention, the
epitaxial laver defects generated Ifrom hydrogen defects (voids)
which are induced by adding hydrogen can be suppressed and

prevented.

By the production method according to the present invention,
the number of bubble-like void aggregates which is a form of a
defect induced by adding hydrogen can be controlled. Alsc, the
epitaxial layer defects induced by the bubble-like void

aggregates can be suppressed and prevented.
Brief description of the drawings

Fig. 1 is a photograph showing the appearance of an epitaxial

layer defect induced by adding hydrogen.

Fig. 2 is a drawing explaining the relationship between the
defect regions and the nitrogen concentration in a silicon
ingot grown by the Czochralski method. (a) is a graph showing
the relationship between the defect regions and the nitrogen

concentration in a substrate before the epitaxial deposition.



defect regions and the nitrogen concentration in a silicon ingot grown by
the Czochralski method. (a) is a graph showing the relationship between
the defect regions and the nitrogen 35 concentration in a substrate before
the epitaxial deposition. 7 (b) is a schematic drawing showing the defect
regions and the nitrogen concentration distribution in a silicon crystal
ingot during pulling. 5 Fig. 3 is a schematic drawing showing the defect

regions and the presence.or absence of epitaxial layer. defects. Fig. 4.i .
=2 Eﬁﬁ%t%g?’acp A gl’fl) ‘by'a ﬁgﬁgr%is%b%wélggtrgrb em%?c?sgc%%ers%%%fﬁgég aané the
n it rbgebledikecoid-agdregatalineg silibon irnwaferelevantortheprésent ingot
du rigléleggqu. iFﬂ%._S is a photograph taken by a transmission electron

microscope showing a void in a silicon wafer relevant to the present

invention. 15 Fig 6 is a drawing showing the relationship between the
Fig.Nitrogen copcartration-asiwell asV/&and the epitaxialfaydr defectsis and

induced in an epitaxial wafer using.a substrate with_ hydto and
e e el Ly ahe et o Breemin 20 Mot o7 s a

drawing showing the conditions of the epitaxial layer defect generation in

rig.tesmsof the amount of theradded witrgen-andshydrogen. 25 Detailad
~~ description and preferred embodiments of thde invention A first aspecth.f
nicriRGsretertinventibriste provide A hethod ot e production ot &~
wa f esernicbaduetor waferh whicheeemprisess30. thesfollowing steps: A step of
adding hydrogen and nitrogen to a silicon melt and growing a silicon
crystal having a nitrogen concentration ranging from 3x1013 atoms/cm3
thqd%x@@4qxﬁgQ@@gﬁﬁph taken by a transmission electron

microscope showing a void in a silicon wafer relevant to the

pregent invention.

Fig ¢ is a drawing showing the relationship between the
nitrogen concentration as well as V/G and the epitaxial layer
defects induced in an epitaxial wafer using a substrate with
hydrogen and nitrogen added by the method of the present

invention.

Fig 7 is a drawing showing the conditions of the epitaxial
layver defect generation in terms of the amount of the added

nitrogen and hydrogen.
Detailed description and preferred embodiments of the invention

A first aspect of the present invention is to provide a method
for the production of a semiconductor wafer, which comprises

the following steps: A step of adding hydrogen and nitrogen to
a silicon melt and growing a silicon crystal having a nitrogen

-3 {atoms

concentration ranging from 3x10%° atoms/cm’ to 3x10%° cm
per cubic centimetre) by the Czochralski method (step 1), a

step of machining the silicon crystal to prepare a silicon
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per cubic centimetre) by the Czochralski method (step 1), a step of
machining the silicon crystal to prepare a silicon 8 substrate (step 2), and
a step of forming an epitaxial layer on the surface of the silicon substrate
(step 3). By this method, the epitaxial layer defects generated from 5 voids
on the surface of a substrate with adged hydrogen when an epitaxial
layer is deposited on such a substrate can be suppressed and prevented.

suos fLgeneral e state of gystal defpets vases depending o 10.c0dipkGer on
stch as the presence or absence of a doping of nitrogen or hydrogen, the
the puliihgeatey or theeparahictervalubs tofV/G. Thedhflience of those

conditions on the generation of crystal defects will be explained with

reference to Fig. 2. 15 Fig. 2 is a_drawing ex ﬁ! ining the relationship
BY Théfvéththeddefett rédions and }he? ﬁ?freg eﬁp“c%lo@n%e@r“?trgt%lne|“'Ff3§\[g Sthicss ™
voidingeh graven by thie: Ezockradsks (CZ): methodt {&hisaigraphl sHowirgthehen an
, 1 elationship between the defect regions,and the Jnitrogen congentration in

eplt?%uﬁ%tré‘é&be‘?oﬁe the égpoitaiial 20 deposition. (bs) is a schematic drawing
sSUPPSKEWING WG ald &iEhitFégen concentration distribution in a silicon

crystal ingot during crystal growth. In the CZ method, as is well known, an

ingot of a silicon 25 single crystal is grown while pulling-up gradually.
In 9§AvaRdfrom & sﬁﬁ%%emgﬁ Ina’ §f1;bs‘trr:§§ %C%F E‘uﬁp o‘ﬁﬁ%s |§g§?ﬁ1erg<e¥ “Kinds "
condafrdefest regionszY region; QSEregionrand Ersgion)c éxist ASBhOWNGA

nit 584 @) 30 First the V regionis aregionwhere an excessof srystal: values

lattice vacancies Is introduced from the solid-liquid interface during crystal — _
of Vglowth Phére’existveiddreatstPBy i ahiéyautionof the cA/staiaties™ ©F
crys%%%N@%¥%Jhgsﬁmesﬁﬁeeﬁ§QdQNMﬁ1miﬂ&OPéEém@SEéoﬂ@nﬁﬂgi 2.

particles).
Fig. 2 is a drawing explaining the relationship between the
defect regioﬁs and the nitrogen concentration in a silicon
ingot grown by the Czochralski (CZ) method. (a) is a graph
showing the relationship between the defect regions and the
nitrogen concentration in a substrate before the epitaxial
deposition. (b) is a schematic drawing showing V/G and the
nitrogen concentration distribution in a silicon crystal ingot

during crystal growth.

In the C% method, as is well known, an inget of a silicon
single crystal is grown while pulling-up gradually upward from
a silicon melt. In a substrate cut out of this ingot, three
kinds of defect regions (V reglon, OSF region, and I region)

exist as shown in Fig. 2 {(a).

First, the V region is & region where an excess of crystal-
lattice vacancies is introduced from the solid-liguid interface
during crystal growth. There exist voids created by the
aggregation of the crystal-lattice vacancies. These voids are

also known as “COPs” (crystal originated particles).
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359 The OSF region is a region where OSFs are generated when the

silicon single crystal wafer is subjected to an oxidation heat treatment. It

should be noted that an OSF as referred to herein is a disk-like stacking

fault with a diameter of about several 5 microns, where an oxygen

precipitate (the OSF nucleus) exists gt the centre. The USE can be

formed by the aggregation of the interstitial silicon atoms, which are

. enerated, from. the _interface between idized film and_a silicon

The Yibstiate “&round the o%%ﬁﬁcﬁéu%r?h?%%: RUcleds s a %aéﬁ%u ar " the
s1ilioxygenii@ precipitate havingieprobertytb tolléctdhé interstitial Siicopn heat
t rea@iomsand is considered o already exist agthe, substrate ot the stagedusie e in

. after the crystal growth. Because the OSF nucleus has a small size (itis
is acGnsiderbdits B eduat e orsmallef tidn 20Tt cahnBtbé detected 7ot
micrby present 15 evaluastionanethpds stth:asa particleccaunter-arears infrared ¢ =

omograph. Therefore, the presence.of OSFs can be confirmed. first by . .,
at t%?rfé?en%ﬁé%h gg&at%%hecgaﬁre%?m%%{mﬁeslbr\égit?hels%r %1?0%51% ere - -
int egxuessinterstitial sificors 20 atoms are introtiucad rom el sélidliq e e

i nt dhterface duringthe crystal growth. There gxist dislocation loopsereated:
by the aggregation of the interstitial silicon atoms, For examdg/%e, accordin

aroufyednventihal khowstdye AS Bublishdd 2557 %. 12 VbrBikdv: KA -Crysfai Y 95"
precGrowi; 591(3982)625 erMe-diday WoKusdki Mt Tamatsukas Es tino,1 ML
.. .Kimura and S. Muraoka, Defects in Silicon. T, 2, ulliseta
5L S T T 1560) 98}, I et b Rhowin that the dfec
sub setions 6ft tHaSubstage ate dEtermitad BY thecritrogan coneeitratidirardse

the 3Rthecrystal growth congitiomofV/t (whereinsV dsa puling=fateo be equal
[mm/minute]; and G is an average temperature gradient [C/mm}J ina

£ CrySTAT grdwth xS diréctidh from the Milfing °= G=-ected By present

evaluation methods such as a particle counter or an infrared
tomograph. Therefore, the presence of O8Fs can be confirmed

first by performing an oxidation heat treatment.

The I regilon is a region where excess interstitial silicon
atoms are introduced from the solid-ligquid interface during the
crystal growth. There exist disleocation locops created by the

aggregation of the interstitial silicon atoms.

For example, according to conventional knowledge as published
in V. V. Voronkov, K. Crystal Growth, 59 (1982) 625 or M. Iida,
W. Kusaki, M. Tamatsuka, E. Iino, M. Kimura and S. Muraocka,
Defects in Silicon. T. Abe, W. M. Bullisetal (ECS., Pennington
N. J., 1999) 49%9), it has been known that the defect regions of
the substrate are determined by the nitrogen concentration and
the crystal growth condition of V/G (wherein V is a pulling
rate [mm/minute]; and G is an average temperature gradient
(°C/mm] in a crystal growth axis direction from the melting

point down to 1350 °C).
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point down to 1350 C). 10 If the substrate was cut out of a silicon single

crystal with no nitrogen added, crystal lattice vacancies are introduced

excessively to form a V region in a silicon substrate when V/G becomes

larger than a specific value. In contrast, when V/G 5 becomes smaller

than a specific value, interstitial silico% atoms are introduced excessively

to form an I region in the silicon substrate. On the other hand, nitrogen
If til'qﬂu%gl esttjpgt %u%gtéty of Lh% cré/sg -Iattig@ vgc%nci%i an th% iJ_pteSrJ_sgpLalWl ok

b SificSi atornis introdtced froni the SO ida-lliunTé‘ intstiade- 10 Theretors the” -

nc ndéfectreyiersisfca silicors sabstiateicut ouv ef-the siticor singletrystakced
excoWith added nitragen, can be Lepresented .as;shown in Eig2(a)pya wa, v/c

dimensional defect region map with the nitrogen concentration and V/G
becoge five k88 115 FFadditicie Sohetpiecd vt Higot of-a crystaiwitn abded v /G
becoRifogendiese as shawn4n &ig:2(a), @ certaia widthta the inittegernsilicon
ngoncentration and VIG and is.shown by areclanular redion (called a

growth condition Tegion) in the nitrogen concentration-v/G drawing. This'
silijgdecaube tasshowrRin Figg 202(bY, dreingot ofld cry/stdl withiaddad-es the

quan@ﬂ@?eBPa{%k?eh@?%ﬂ&tiaﬂe&%‘%wn&@é@ﬁﬁé}':%e lowverpagt and-Ras @i tia1
lower V/G value at the crystal periphery compared to the centre part. The

51 LiGitogBh Ylition thIHE EA s iR singfe Estat 1525 Peftormied by tisig

Thera Mmelewith ladded fitcogere dlawever fit has (heercknew thatdhe ratio: out of
tne (08 s29reaRlion coefficiens)of the, pittagen coneeniraion inggrpgrated

- rom the melt into the ¢ ystaFLin the soﬁ(ﬁﬁcaﬂon proceéss is very small.

repreferefsie; mestofine nittogehdn the melt Fermaing iPthélmensand:the 3G fect
regiBiffogen coneentration.inthe daelt isineteased @sdhe crystal/gramthe wo axes.
proceeds. As a result, the nitrogen concentration becomes higher at the
lower part of the crystal. In addition,
In addition, one pilece of ingot of a crvstal with added

ato

nitrogen has, as shown in Fig. 2(a), a certain width in the
nitrogen concentration and V/G and is shown by a rectangular
regicn (called & growth condition region) in the nitrogen
concentration-V/G drawing. This 1s because, as shown in Fig.
2{b)}, an ingot of a crvystal with added nitrogen has a higher
nitrogen concentration at the lower part and has a lower V/G

value at the crystal periphery compared to the centre part.

The nitrogen addition to the Cil-silicon single crystal is
performed by using a melt with added nitrogen. However, i1t has
bheen kncown that the ratic (the segregation coefficient) of the
nitrogen concentration incorporated frem the melt into the
crystal in the scolidification process 1s very small. Therefore,
most of the nitrogen in the melt remains in the melt, and the
nitrogen concentration in the melt is increased as the crystal
growth proceeds. As a result, the nitrogen concentratilion
becomes higher at the lower part of the crystal. In addition,
the average temperature gradient G [°C/mm] in a crystal growth
axis directicn from the melting point down to 1350 °C depends

on the crystal cooling capability. However, because tThe crystal
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the average temperature gradient G C/mmj in a crystal growth axis
direction from the melting point down to 1350 C depends 35 on the crystal
cooling capability. However, because the crystal 11 periphery is in
general easily cooled, G is larger at the crystal periphery. As a result, V/IG
becomes lower at the crystal periphgliy. 5 By overlapping a range of
growth conditions of one piece of a crystal ingot with nitrogen added over

_the two-dimensional defect region map which uses the nitrogen
peripgfdehtration’ adf VG %as tev?o%%é]s, (fr%)\qﬂ/%f%’ct réegjl'cr)sng(%‘f‘C t%ggcr%“taltgaen
crysbeldescribeide For ekampler irsa trystalAWithiR acgrowth evirditie’ 10Fange

crys%ﬁfh \élpjjgfég,yz the V region can be found at the crystal centre while
the OSF region Can be found at the crystal periphery. When V/G is
increased with the nitrogen concentration range fixed, the V region

By o@¥endseverthe whalg: sulisttatesurfacenhendd/s is decreasete the VL a
regjon becomes 15 shrunk at the substrate centre, a e lon. .

Crys&frend8 BV r‘%ﬁé:]}‘wh%lréé Substrate %J(t%f%cg.v I%radgc?ditieon, w%eélit%%ll?\%%gggni

de f ecancentrationtis incrédssd witl ¥/GHiked | tHecOSF regiRas tgeneratedend V/ G

as ci@m.theperiphery.and spreads Qyes therwhgle substrate susiacee20 As a

result of the detailed investigation on the relationship between the .
des cepikial 1AVt de18Ets Genefdted ify theEpitaxial wafer Usfigd - ©°" o
ranglitrogenidopedisubsirate with sheh defest iregionsn thesnifroged at the

ors R G M U e e e ey
per iwitk added mitrogettbitwitiout cRidrogen i usett: the EpRSGA layer
con%@i@s%t%gggg%‘ﬁg@@dﬁx%% a place correspongdingtothe OBk ¢egionofwhole
substrate surface. When V/G is decreased, the V region becomes
shrunk at the substrate centre, and the I region extends over
the whole substrate surface. In addition, when the nittogen
concentration is increased with V/G fixed, the OSF reglon is
generated from the periphery and spreads over the whole

substrate surface.

Az a result of the detalled investigation on the relationship
between the epitaxial layer defects generated in the epitaxial
wafer using a nitrogen-doped substrate with such defect
regions, the nitrogen concentration and V/G, 1t has been found
that the defect regicns after the epitaxial deposition appear

as shown in Fig. 3.

First, when a substrate with added nitrogen but without
hydrogen is used, the epitaxial layer defects are generated at
a place corresponding to the OSF regicn of the substrate (this
defect is called an N~induced defect). It 1s considered that
this defect is generated by a new defect formed in the
epitaxial layer due to a particular oxygen precipitate alrsady
existing at the stage just after crystal growth in the OSEF

region.
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defect is called an N-induced defect). It is considered that this defect is
generated by a new defect formed in the epitaxial layer due to a particular
oxygen precipitate already existing at the stage just after crystal growth in
the OSF 35 region. 12 Then, when a silicon substrate with hydrogen as
well as nitrogen added is used, OSFs,are not generated in a region
corresponding to the OSF region of the substrate with added 5 nitrogen.
The N-induced defects are not generated as well. It is supposed that this
is because hydrogen renders harmless the existing particular oxygen
Thenprecipitates inithe @SF segiohranethelothel ianddathé easé bt thes

ni« Sllicon substrate with.added, hiydragen, jt hasheen,confismed thata gewn,
epitaxial layer 10 defect different from the N-induced defect is generated
COTIiRPIBEIORL O FespoRdingtto TRE Voregion 6F&id SEBSFAEI e defé&ig”
nitreafied arheinducedidefect)cd herefore; whendhe gepitaxialavafesisve 11 . It
;5 opioduced by.using the silicon substiate with, ydrpden ARINITEEN, o o5 tne
added, it'is necessarysto take T5 countermeasures to prevent the
exisgemaration bf thel Hxinducerk defatt CABdSrdingly, itwillibe sonfirhgd by . On

the herexamplesto bg describeddater thatcindhe siliconyvafer apddherith added
production 20 method thereof accordi{ggto the present inventioargl,t e
e

hydregitikial tyeridefe&E nden by e additiorfof WydrGger ¢4 e ~ &Y+

defestippiessed-and prevented:by addingunitrdgelr And hydrogemras: avelbasn &

reqiPhoRUNgdNe lydngen narial Prossle {9, MIBPEL 1ANde R Bare  (chis
producing the silicon wafer according to the present invention, it has been

de fegdnfitmed by the Freséntinverters thaf By growingirisifcon efystal the

epitdnderthe predetemminedquced by using the silicon substrate with

hydrogen and nitrogen added, it is necessary to take
countermeasures to prevent the generation of the H-induced

defect.

Accordingly, it will be confirmed by the examples to be
described later that, in the silicon wafer and the production
method thereof according to the present invention, the
epitaxial layer defects induced by the addition of hydrogen can
be suppressed and prevented by adding nitrogen and hydrogen as
well as by setting the hydrogen partial pressure to a proper

range.

In producing the silicon wafer according to the present
inventicn, it has been confirmed by the present inventors that
by growing the silicon crystal under the predetermined
conditions with hydrogen and nitrogen added, the shapes of the
voids in the V region vary. That is, the form of the voids
changes from an octahedron to a bubble-like void aggregate (see
Fig. 4). In addition, it is considered that said bubble-like
void aggregates cause the H-induced defects which are generated

in the epitaxial layer.
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conditions with hydrogen and nitrogen added, the shapes of the 30 voids
in the V region vary. That is, the form of the voids changes from an
octahedron to a bubble-like void aggregate (see Fig. 4). In addition, it is
considered that said bubble-like void aggregates cause the H-induced
defects which are generated in the epjtaxial layer. 35 13 That is, as a
result of an intensive study, the present inventors have been able to
. observe the silicon crystal (silicon,wafer) relevant to the. present inyention
Thatpyd Bsing% ?raﬁ%?n{%sfs‘%:)ﬁ éléglcrfroﬁnr%%?gs}b%%es(ﬁ%ﬁ ’J éﬁ\/ifazﬁ'g%se}é%
invemanufactured SbyIEOLLEtYe The obseration direttiepwasthieab
(51 1diregtion.. [Lhe diffraction . gondifionwas settothe twowaveconditioning a
which the 220 reflection excites. When the deviation quantity S from the
© r NSy coHditforE WAS S8t TakGerthan Ay, the bove pubhigikB i 2 -t ured
by Jagaregates,were-found sAng thedaflugnceof 1frthedubbleslike Voidirection.
aggregates.on the epjtaxial layer was_ found n the epitaxial Y
T e hE GO WATer nAINy 5 DUBDIS e art sgregsten ha "
whicéxplaratiohlofithé lbabblelike void-aggreafsin‘compaisontoa quantity
£ rorCONYENHCRA yoid, Wil begiven belows. 1Bt has begn notedsgleary thatove
the shape of voids existing in the V region of a conventional Sjlicpf crystal .
bubbidgnlgctahddion RAVIRG LA sUfces a3 SHown ih ig?’%.elnltﬁé silicon® “*
the Singlelerystatbavinga erysial giametesof eqaaltpiordarget thany20 2065
sourfRIOdUCed by dhe Sochraisi rmethod. e sige obthe, pctahedalyidsase
isa out 100 fo nm. Upon deposition of the epitaxial layer, no ,
havigpitakist |dyerldbfects bfe Jeneratstiie Brd- Vegivh WWheresstichion of the
pubrPctahedronsjike yoids-exist: 25 G the-ether hand, kig. 4 isaphotegraphl void

taken by a
will be glven below.

953

Tt has been noted clearly that the shape of voids existing in
the V region of a conventional silicon crystal is an octahedron
having {111} surfaces as shown in Fig. 5. In the silicon single
crystal having a crystal diameter of egual to or larger Than
200 mm produced by the Czochralski method, the size of the
octahedral voids is about 100 to 200 nm. Upon deposition of the
epitaxial layer, no epitaxial layer defects are generated in

the V region where such octahedron-like voids exist.

On the other hand, Fig. 4 i1s a photograph taken by a
transmission electron microscope showing a bubble-like void
aggregate existing in a silicon crystal in the present
invention. The term “bubble-like” means an aggregate of a
plurality of irreguiarly shaped volids which have neither an
octahedral shape nor {111} surfaces as shown in Fig. 4.
Therefore, a void aggregate seen specifically in the silicon
wafer (silicon crystal) according to the present invention is
called a “bubble-like void aggregate”. The present inventors
nave found that, when an epitaxial layer is deposited on a

substrate containing many such bubble-like void aggregates, H-
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transmission electron microscope showing a bubble-like void aggregate
existing in a silicon crystal in the present invention. The term "bubble-like"
means an aggregate of a plurality of irregularly shaped voids which have
neither an 30 octahedral shape nor {lli} surfaces as shown in Fig. 4.
Therefore, a void aggregate seen spefgifically in the silicon wafer (silicon
crystal) according to the present invention is called a "bubble-like void

.. ..aqgregate”. The present inventors have found tha - an, epitaxial

o a%%r %eﬁep%éﬁeé)%er] a %gesﬁ%%ﬁ%e%on%a?h#%%%aﬁ%%%%%bETLEe-Iﬁ?ée

epitvoidahgtegates, AN ifdiced detects late genersted in‘g latge uantifecates

25 sidDe epitaxig) layer; The season.why the bubble-like void aggregates: @sct s
shown in Fig. 4 induce the generation of H-induced defects as shown in

25 SBig has fotheeh ClArTidt Vet HHe présent 5%tade However-iths Sent
stagestimatedstbat, small veids=lissalve:in thesgrowrsdilicow crystal  leavings in
cne [Fi2lively large voids, A3 . result, avacancy appears, pnd,thevagancy a5 o
- ggg_:ﬂomerates and form a vacancy type dislocation loop. Then, such
resudislocation 1epp is Fanserived érte thé BpitaarayeT, aRd- tRdHiedsssornd

forml@ :ii%q;;aﬁiep (Eyiﬁg ue”e;@, ggbtlc%c@j@f@ _c_g?ksjﬂﬁre@l@mge formmediine the-at ion
epitaxial layer. As an allowable quantity for.the number of epitaxial layer
1098 qefeots Wil HOT 0B frobikin 38 Y44 e Faradianaieoe® °F

_ dévice 15Characteristics

di s liscontermedif thednumberiof such) defectsdsrlewee thrah the émbddiment in

the v(\E/itr:zL %ré%(§ f\llei% umber of such defects (0.04 cm-2 [defects per square
centimetre], that is 28 defects/wafer for a 300 mm wafer) described in
JP3589119 for example. According to the knowledge by the present

ns 2Aventors; 20:ithas beenconfiemed thattheiepitaxial layerdefestcanbe r
kept at the above-mentioned level b%inaintainig the ratj&of &he .
S t%lénEbSAh e evice

deLoGithie-fike VBt aggiagatés équat 1o smarter

characteristics is concerned if the number of such defects is
lower than the embodiment with the smallest number of such
defects (0.04 cm™ [defects per sqguare centimetre], that is 28
defects/wafer for a 300 mm wafer) described in JP3589%119 for
example. According to the knowledge by the present inventors,
it has been confirmed that the epitaxial layer defect can be
kept at the above-mentioned level by maintaining the ratioc of
the bubble-like void aggregates egual to or smaller than 0.4.
1t should be noted that the “ratic of the bubble-like void
aggregates” according to the present invention means a ratio of
the bubble-like void aggregates to the total void number which

r

ig set to 1. The “total void number” means the total number of
voids contained in the bubble~like void aggregates as well as

other voids not contained in the aggregates.

Therefore, regarding the voilds existing in the silicon
substrate obtained from the silicon crystal according to the
present invention, the number of the bubble-like void
aggregates having a plurality of irregular volds aggregated 1is
preferably below 0.4 relative to the tectal number of veoids.

Below 0.3 relative to the total number of veids weould be more
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It should be noted that the "ratio of the bubble-like void aggregates”
according to the present invention means a ratio of 25 the bubble-like void
aggregates to the total void number which is set to 1. The "total void
number" means the total number of voids contained in the bubble-like
void aggregates as well as other voids not contained in the aggregates.
30 Therefore, regarding the voids existing in the silicon substrate

obtained from the silicon crystal according to the present.inventj e
PrefRifier of E]% tj)gurblbﬁeffiﬁg ’vo? “’ag%?léngga?gs ﬁév%b%abﬁlﬁra |Jt“)§/é %fti{r%g:b%jlar
aggregids aggregated is: prefanably betovw O.4 refativecto tHe t6@rAumbareec bv

the Y0i9s.35 Below O 3irelative tothe tofal pumber, of weids would beyrore 15
preferable. In this way, the number of bubble-like void aggr&gates,

~ pre vay, the r 1 ( .which

epitgrelane kindoot HAFGGEPdefedtERbubad by SthEHdditor dYSdgm,
aggrean becoptralled Thus, the epitaxiat layee defectsiinduced by the

bubble-like void 5 aggregates can be suppressed and prevented. In

addition, it has been confirmed that in a silicon crystal grown by adding
In adalynitrogenito & sitichs Tielt FiofBubieLliké aoid Aggreyatdsare fofmads
grow%”ﬁ?‘@H@Qﬁ%aBngdH¥¥¥b§%%lQ§dge@ﬂm§é@%oﬁé@ﬁpmﬁdmgdﬁwle—like

aggregates increases proportionally to the added hydrogen

, 1€ ogen .
VO LA GREENTARbR SFarfer: tRES bebf Tonfirmidd thalt f0Y L siieor efeta® =S
adde@r,OV\t[hby addit_lg nifrdge}nta@rgd—h;&d{ege@ t@it_hegsjhircempmeﬁ, thecratio of s
prop%.“bat%d%h'é‘&%,vo'%gggﬁ%gag%%w%@%féo@e%?'tsoq{é@%l&cg%q%in the 18 r, it
nlﬁogen congentratlon. In addition; th_e’increase in the cooling rate during
has hessilicon drystargrowth detpeasesthe Lo oINS babbUKE VY a9cing

nitragyegates. Rynheydtisteongidered thata vagancy-hydrogen compositenhle-
or an interstitial _silicon-hydrogen com?hosite,can be formed. by a reaction

likeofs Hy@dgeR IR el sificar eryatal with (e Vatacies oF rease in the

nitrogen cencentration. In addition, the increase in the
cooling rate during the silicon crystal growth decreases the
ratio of the bubble-like void aggregates. Further, 1t is
considered that a vacancy-hydrogen composite or an interstitial
silicon-hydrogen composite can be formed by a reaction of
nydrogen in the silicon crystal with the vacancies or
interstitial silicon atoms existing in excess. Thus, the number
of vacancies or interstitial silicon atoms 1s decreased, which
allows growing a silicon crystal with a smaller number of COPs
or dislocation loops or a small defect size. Accordingly, it is
considered that if the hydrogen concentration added to the
silicon melt is lowered, the amount by which the vacancies or
the interstitial silicon atoms existing in excess in the
silicon crystal can be rendered harmless decreases as well.
Thus, the defect density in the silicon crystal cannot be

suppressead.

Therefore, for example, as in embodiment 1 in paragraph “00487,
or embodiment 2 in paragraph “0055” of the above-cited JP-
2000~-281491, under the condition in which the hydrogen volume

ratio in the atmosphere during growth of the silicon single
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interstitial silicon atoms existing in excess. Thus, the number of vacancies
or interstitial silicon atoms is decreased, which allows growing a silicon
crystal with a smaller number of COPs or dislocation loops or a small
defect size. Accordingly, it is 25 considered that if the hydrogen
concentration added to the silicon mglt is lowered, the amount by which
the vacancies or the interstitial silicon atoms existing in excess in the

__._silicon crystal can be rendered harml §f creases as well. Thus,the -5 -
“Sysagfﬁec%aer%ﬁ/ri%atﬁg%ili%%n@y&gfﬂcaigno Ee 36?su86re&gidp$ﬁer§or"’é? o
whilforrexaniple,rasim embodiment Uringsaragraph<0048 iorembadipigit s as

highinRAragraph 0985 of the abovexcited JP- 2000:281491 rynderthge rect s

condition in which the hydrogen volume 35 ratio in the atmosphere during
suchgrsivtRof thé &iR6N shigle 1BPEFSETTS détreddéd 750 Bpi®%16-3 %)
The reF0A=ppmdlx0-5 o) anhilermaintainingea highinitrogernyeancehteationne

atmaosphere as_high as 1016.t0. 1019 order, the ge jon of crystal
AePOFd actd’ sb%ﬁra%OOSF?%aﬁﬁ%tlobté gﬁbprgfgsé’ fo%t@eg g%%\%%e;{:o%n. 57 |
incrihersforet defderslerain in ahuapitakidl layef aftéPthes Hepesitisae curing

the thergef Inadditian dt is;understood that-by, ncreasing the hydioges 4 =
volume ratio of the atmosphere durin%1 the growth of the silican single

undegnyRtat s as high 88 870 GRGE a highifrogen EGiTcentiation of the ==

descatmesphere as Addesgeribeddn paragraph 16056 0f said:lriterature, thet 1o of
ratio-af, bubble-like void regates.increases. T th itaxia

bubb gféé%skganvﬁét%)egggggr%%g(? an%%?g\?e%t;egd. E#g%forzﬁtgis%?&nlts%i%é

Layethat tHee AMbERBf BABblBgike Waid A5°4Gyréfates cardie-éhtrolled by
controlling such conditions within specified ranges, as the nitrogen
concentration jn the silicon si%gle,crystal and the h:ydro

) tial , ,
ThersieaSire it growifig e CR/sTAl, the Cooling ratd aHd pdl in%)ﬁg{glie— like wvoid

aggregates can be controlled by controlling such conditions
within specified ranges, as the nitrogen concentration in the
silicon single crystal and the hydrogen partial pressure in

growing the crystal, the ccoling rate and pulling rate.

Fig., 6 is a schematic drawing showing the relationship between
the epitaxial layer defects generated in an epitaxial wafer and
the nitrogen concentration and V/G, wherein the above epitaxial
wafer used a substrate with hydrogen and nitrogen added and was
produced by the production method of the present invention. The
H-induced defects in the V region and the N-induced defects in
the region corresponding to the OSF region at the substrate
with only nitrogen added are both suppressed. In the production
method of the present invention, because 1t 1s not necessary to
control a defect region of the substrate by controlling V/G to
avoid the epitaxial laver defect, it is advantageous that an
allowable range for the crystal production condition can be

broadensad.

Fig. 7 shows a part of the experimental results achieved by the

™

present inventors. As shown in Fig. 7(a), 1t can be confirmed
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20 Fig. 6 is a schematic drawing showing the relationship between the
epitaxial layer defects generated in an epitaxial wafer and the nitrogen
concentration and V/G, wherein the above epitaxial wafer used a
substrate with hydrogen and nitrogen added and was produced by the
production method of the present invention. The 25 H-induced defects in
the V region and the N-induced defects in the region corresponding to the
OSF region at the substrate with onlxgné%(é?eﬁ%aed%ecg d%rtei%%ho =

1 ~ 4= 5 - ) 1 L it iy
tna‘"sﬂprr@%@e&.ll 1hEPréduction ™ metho e présent invention, becatse it

the {sSotmecessanytedcntralzedefdctiregion ofiths substate Byecoitidingg &S
can M%Gﬁgégras@&doweﬁ@w@w% defectgit is:advantageous hak@bgen under
allowable range for the crystal production condition can be brogldened.
SUChFRRITCSHOWEIE paft GTIRE BRpéfinehtal fes e Uthived byithe” 387+ 1
he cpreseptiventors. Asshown in Figy 7{a); itveat bercanfirmed i thatin
... the silicon crystal grown by the addition of nitrogen, the OSF ring caused
249 b Hhe %8&%0%‘8?% nﬁpo%ee%%s Sried as 'caﬂ(é%%hderstood from Fig. 3(a).
By dopi_ng \_/vith hydrogen under such conditions, a change occurs as
The rt%r?%\%% In Fig. %&(%)t-_ B&f@ %Q%t@ElF&EEHGE%HEIEZ }h%%%?ﬁgﬂaagﬂva@iﬁoaf
: e nitrogen addition does not appear (see Fig. .. Therefore, it has
n it rBEER cBRfirmiSt EHRAE B thd- ddbitisH of %ﬁro%%%eaéﬁgﬁfd}oﬁ é:% Calthdugh
precmj_ggwati@t@f, oxpgen h&p[ﬁl_:’tpif:afe&bm. as aresel ofth&inifrogens one
causdIQOn 28 on: cause of the epltaxial lavet defaets,can be.conrolled by
ﬁy rogen dpp?ng, Tetects aeﬁ/ved. rom hydrogen are generated as shown
hydrby Fig. ). HOWeVRE SEEEN Herdefstbs@that Y- adaingifogérangted as
showwq{c?g@@c_m a-predeterminedaange and:hy 1z setting psedetermined by
,.con itions (cooling rate or the like), as in the production method of the .,
add i fesentTvERTor e BUBBIEZ e YBid agiegses TOUR by tHe Hresant °

settinMenioredanbemined conditions (cooling rate or the like), as

T ocan

in the production method of the present invention, the bubble-
like void aggregates found by the present inventors can be
controlled. Also, the epitaxial layer defects (H-induced
defects) generated from the bubble-like void aggregates can be
suppressed and prevented as shown in Fig. 7(c). In addition, it
is considered that the bubble-like void aggregate found by the
present inventors 1s not a huge cavity formed by the
aggregation of hydrogen but rather is an object morphologically
changed from the void defect formed by the aggregation of

crystal-lattice vacancies due to hydrogen addition.

Below, the production method for the epitaxial wafer according

to the present invention will be explained step by step.
tep 1
The production method of the epitaxial wafer according to the

present invention comprises a step of adding hydrogen and

nitrogen to a silicon melt and then growing a silicon crystal
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controlled. Also, the epitaxial layer defects (H-induced defects) generated
from the bubble-like void aggregates can be 20 suppressed and
prevented as shown in Fig. 7(c). In addition, it is considered that the
bubble-like void aggregate found by the present inventors is not a huge
cavity formed by the aggregation of lpé/drogen but rather is an object
morphologically changed from the void defect formed by the aggregation
. of 25 crystal-lattice vacancies due to h ien addition. Belows the-z .
havm%d%cﬁ%ﬁ ‘method ?grntﬁ%%%ﬁggijé %aﬁ%ggggd%%%p tt%p%ese%% -C
3» 10frvertioniwill becexprainéd sfep<By Bteph36 Step 1 The production method
of the epitaxial wafer according to the present invention comprises a step
_of adding hydrogen and nitrogen to a silicon melt and then growing a oy
The RGeS 18 Ralifg a hitrogén cbﬁESntTQt%nsfaﬁgﬁ%r%%gi%cﬁpr +ng
to tem-3ie:Bx1014cme3hycthe iGzoohralskieméthoda The method for; adding any

enoufiggeRdpiodhe slicon el agearding, giodhe Present pyealian is fot
spemflca{fly limited, and any known method can be used. For example, it

int riglhpssible to dawaduEsnitegén gas tfurirg the helfidg bF theSsildorraw 2"

nateP@ierial or {0, add @ silicomsuhstrate ppwhiek aditride was depositedibywas
a CUD method or the Iik%before m Itinqtt e 1%si icon raw material. The

dePOgitrlogen Contetratioirin the siiicon Erystal sccording fo “the present

=1 1 linventewvispreterably from 3x1013 CM -3 to 3x10 cm- 3, and more
preferably from 5x10'3 cm 3 to 2x101" cm 3. 15 If the nitrogen
concentration in the crystal is below 3x1013  CM-3, the BMD density

The WoHGRIISEONTETEShaR DX P03 e 31As &l rdsuftia Stifitient getterng ¢ t°

the ¢aRability can-not beachievedr Om the othef handsif the hitegénto 3x10"

5 concentration is over 3x101 3 -3 Y -3
cm™?, and more pregéra%gy from 5x10%7 cm™ to 2x10™ cm™.

: s ; D ‘ 13
If the nitrogen concentration in the crystal is below 3x10

- . R - -3
cm™®, the BMD density would become less than 2x10° cm

. As a
result, a sufficient gettering capability can not be achieved.
On the other hand, if the nitrogen concentration 1s over 3x10M
cm™®, the ratio of bubble-like void aggregates would become
greater than 0.4. As a result, the epitaxial layer defects

induced by the hydrogen addition would be generated.

The method for adding hydrogen to the silicon melt in the
process of growing the silicon crystal according to the present
invention preferably comprises a step of pulling the silicon
single crystal under an atmosphere with a hydrogen partial
pressure ranging from 0.1 mbar to 0.4 mbar, or more preferably

from 0.2 mbar to 0.35 mbar.

If the hydrogen partial pressure is below 0.1 mbar, the
epitaxial layer defect induced by nitrogen would not be
suppressed. If the hydrogen partial pressure is over 0.4 mbar,

the ratio of bubble-like void aggregates would become greater
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20 cmg, the ratio of bubble-like void aggregates would become greater
than 0.4. As a result, the epitaxial layer defects induced by the hydrogen
addition would be generated. The method for adding hydrogen to the
silicon melt in the 25 process of growing the silicon crystal according to
the present invention preferably comprises a step of pulling the silicon
single crystal under an atmosphere with a hydrogen partial pressure
rangjng from 0.1 mbar to Q.4 mbar. ly f 2
=nanG SO AS 30 e hycrosn parial bressura & balow 0 1 mbar tho > >
the Bbpitaxialdayacdefectindiiced By AitrcterrweiEhot be suppressed. If the
hydrogen partial pressure is over 0.4 mbar, the ratio of bubble-like void
aggregates would become greater 19 than 0.4. Asar sulté the egita ial
The (3yaF Hefebtinduded by Sthe iy dibgen abdis Would b8 generated The
growguantity of. hydrogenttodecintrdduced mtaatcrystak Sgrowing:furnade i
presigProduction methad accarding fo the, presentinvention;isdgtermined.,
such that the volume ratio thereof (volume of hydrogen/volume of total
the rapded|§as toe GhtrbaGEE) 98 0:3°% 4651 .0 'or MRdra préferably &5 96 to €
int *29u40A velyme ratip of hydragen, indheaimesphere-ofdbe furnace ®fto 0.9
over 1.0 % is not preferable because of its explosion risk. On the other
hand, with a volume ratio of below 0.3 it is difficult to incorporate
hydrogen in the silicon single 15 crystal. Hydrogen to be introduced into

a voli&aystalgrowing M@?B@é@u the preductionmethodaccerding tatheace of

present invention may be ‘a mixture of hydrogen with an inert gas or the

overlike. Fof the 20 TerP §8$ AR ek pErsieSAr Gas i preferabREbarvarious ©°

the other hand, with a volume ratic of below 0.3 %, 1t is

T .

difficult to incorporate hydrogen in the silicon single

crystal.

Hydrogen to be introduced into the crystal growing furnace in
the production method accerding te the present invention may be
a mixture of hydrogen with an inert gas or the like. For the
inert gas, the inexpensive Ar gas is preferable, but wvarious
kinds of rare gases such as He, Ne, Kr or Xe can be used singly

or alternatively as a mixed gas thereof.

The method for adding boron to the silicon melt according to
the present invention is not specifically limited, and any
known method can be used. For example, 1t is possible to
introduce boron during the melting of the silicon raw material,
to add a silicon substrate on which a boron-containing compound
or the like was deposited by a CVD method or the like during
the melting of the silicon raw materisl, or to charge boron as

an element into the silicon melt.

The pulling rate V [mm/mirute] according to the method of the

present invention is not specifically limited. However, in
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kinds of rare gases such as He, Ne, Kr or Xe can be used singly or
alternatively as a mixed gas thereof. The method for adding boron to the
silicon melt according to 25 the present invention is not specifically
limited, and any known method can be used. For example, it is possible
to introduce boron during the meltingpf the silicon raw material, to add a
silicon substrate on which a boron-containing compound or the like was

rerniepasiiecox.a CYD method of ihe like during 30.he melting,of thesiicon
raw material, or fo cthrgejboron as an element into the silicon melt. The
highpullitg zateOV fmmamnimdtePaécording to the method of the present
invention is not specifically limited. However, in 20 terms of productivity, it
is preferable to be equal to or higher than 0.8 [pm/minute]. In the step.of
In tRwinghe SiliBsh Rrystal dtcording & the”5Y Engntaiﬁ\(/:gn fj(‘l)ﬁ]'hn e%Opt%e
preseoglingrate of the, silicon singlei crystal at 1400 104260 C ispreferablyset
crys%%lial%% or higher than 3,5 L/iminu r%é%%?r% the coolingrate of ; ghex
7 "the silicon single crystal at 1100 to 1150 C is set equal to or higher than .
than3 5.G/nfifdiel 167 the'6o6ting TaieeatEI00 totT R0 e Hurfng the crystal te
511 19%omth is,below-3.5:CAninyie, the atiecofbubblerlike voideaggregatescc or
N W_!QUL(_i becom%oggr 0.4. As a result, the epitaxial layer defects induced by
19D Hydidgett additibh Wolild be 15 generated. Because the upper limit of
the cooling rate varies depending on the diameter of the silicon single

1f t%fgs@ég%Q?rngPm itis not specifically limited. kiowaygr -inparticiiar; 12
large crystal diameter equal to or larger than 300 mm is difficult to attain

growylth hdeling Fate- Equat (80F Righer i 2048 CiinleP e~ 1>ke void

aggregates would become over 0.4. As a result, the epitaxial
layer defects induced by the hydrogen addition woulid be
generated. Because the upper 1imit of the cooling rate varies
depending on the diameter of the silicon single crystal to be
grown, it is not specifically limited. However, in particular,
a large crystal diameter egual to or larger than 300 mm 1is
difficult te attain with a cooling rate egual to or higher than

4.5 °C/minute.

In addition, because the aggregation of crystal-lattice
vacancies resulting in the formation of voids does not occur
over 1200 °C while the crystal is being cooled, there are no
effects on the ratio of the bubble-like void aggregates even DY

adjusting the cooling rate in this temperature range.

Further, because the void formation reaction 1s already
completed, there are no effects on the ratio of bhubble-like
void aggregates below 1100 °C while the crystal 1s being cooled

even by adiusting cocling rate in this temperature range.

As described above, in the present invention a crystal heating
apparatus and a crystal cooling apparatus can be ugsed in the

crystal growth using the Czochralski method in order to set the
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In addition, because the aggregation of crystal-lattice vacancies resulting
in the formation of voids does not occur over 1200 C while the crystal is
being cooled, there are no 25 effects on the ratio of the bubble-like void
aggregates even by adjusting the cooling rate in this temperature range.
Further, because the void formation reaction is already completed, there
are no effects on the ratio of bubble-like 30 void aggregates below 1100 C

coo1ille e ety i being cooled even byiadiysting capfing faten this
er‘r?perature range. ‘As described a ove, In the present |nvent|on a crystal
predhésting apparatos and B erysiap esolintpapparatusccaibeluséd fithe 35 ne

s1116rystal growthiusing the Czachyalskimethod inardsr tasetithe 2 1nseeling
rate during silicon crystal growth within a predetermined range.g};{é;% it od
acCozpiatanisTor fife prodtiction of Hie™ silidbn thystal which can beused in-™=©

Howetherproducttanmethad iaccording:to-the pregsentihventioniisqotate at 1100
speeifically limited. 5 However, in order tq increase.the crystal cqoling rate

BO & 11IO!:((;{?1t(¥l 1200 ¢ Gﬁ%\g crys%fgl]%rqv\}fh, a sé)eeesgl Treatment such as 7 a?

incripgreEshg-tie coolihgcapapiifefa therfal shielthig platétdpeding plate

to postaled sojasitossurraund-the crystahmaybecemesnecessary ascome

described in JP2004-224642 for exampl 130 Step 2 The method of
neCeﬁr%ﬂﬁ%finﬁsaﬁi@ﬁi?é&gﬁﬁafé?agg(?r)é%%_é%ﬁ res&ht invention includes a
step of preparing a silicon 15 substrate machining said silicon crystal. A
o+ o Silicon substrate wafer is usually produced from the silicon crystal ingot
prepared by the above-mentioned production method, by such steps as
slicing the silicon crystal using a 20 wire saw or an internal-diameter saw,

The aRd-subjeetingthe slicedowafersga ehamdaring: planasizatien (ineluding-he
grindi

e.g. ng o . . e
presegt anegt{on includes a step of preparing a silicon

substrate machining said silicon crystal.

E silicon substrate wafer is usually produced from the silicon
crystal ingot prepared by the above-mentioned production
method, by such steps as slicing the silicen crystal using &
wire saw or an internal-diameter saw, and subjecting the sliced
wafers to chamfering, planarization {including e.g. grinding or
lapping), etching, and polishing (including stock-removal and
mirror polishing). However, 1t should not be specifically

limited thereto.
Step 3

The method of producing an epitaxial wafer according to the
present invention includes a step of forming an epitaxial layer

at the surface of this silicon substrate.

In step 3, the single crystal silicon i1s subjected to the
epitaxial growth onto the surface of the front surface part of
the silicon substrate wafer using a CVD apparatus (for example,

an epitaxial growth apparatus manufactured by Applied Materials
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lapping), etching, and polishing (including stock-removal and mirror
polishing). However, it should not be specifically limited thereto. 25 Step 3
The method of producing an epitaxial wafer according to the present
invention includes a step of forming an epitaxial layer 30 at the surface of
this silicon substrate. In step 3, the single crystal silicon is subjected to the
epitaxial growth onto the surface of the front surface part of the silicon

substrate Waf aCvVD par r example 5 an ep taxjial
grﬂt?tw h'appara ﬁgfrrga%nm u(rjzﬁ # d Matsridls 22° Co., *Lta}hal layer

withASMICei1ad.) mMBt\}vayckthe%@utmal lelyer Geithia dasirafippnductor
qevitckness far the desired semicenductar: dgvice.can-he.formgd-and the-oraing

silicon substrate wafer according to the present invention can be attained.
Lo tHR BacoHtF aspeet Bl ihe preSant Mfertiorfists provide an epitaxial wafer

having an epitaxial layer formed at the surface of a silicon substrate wafer

which comprises a nitrogen concqntratl ing from 3x(01
B osesdfl S%o the ]Efb ntmber of bubb ﬁé%mf aSgrgég te%%g%?ngag

epi tplutality of fragllar voids @gg@é@&é@@@ele%&(ﬂ rélativeto fHe fofd surface

of ahumberaf.vaids existing in; saidsilicon subsyate: 1tJs considerad that the
production method of the present 15 inventign controls such conditi

COnCRkihEpERTietTaAYes a5 TR rﬁtr&& Bheedltration'in thecgillconl\glﬁﬁlé the
numberystaf andcihedytagernrpartiak pressyeeseuringperystal grovthy thel ty of

lrre%lq_'ng rate, and thﬁ%dﬁgl@?@t% J fw&&pg epitaxjal wafer, obtained by v 1

S productlon me ess epitaxial layer 20 defects, which are
numb@gnérgteﬁoﬁ@,ﬁ the Wd%nﬁeféé&%vélﬁ%} con substrate.

It is considered that the production method of the present
invention controls such conditions within specified ranges as
the nitrogen concentration in the silicon single crystal and
the hydrogen partial pressure during crystal growth, the
cooling rate, and the pulling rate. Thus, the epitaxial wafer
obtained by this production method has less epitaxial layer
defects, which are generated from the hydrogen defects (voids)

induced by the hydrcgen addition.

Further, according to the production method of the present
invention, since the conditions including the nitrogen
concentration in the silicon single crystal, the hydrogen
partial pressure during growth of the crystal, the cooling
rate, and the pulling rate are zll found to be controlled
within a specified range, the epitaxial wafer obtained by this
production method generates a limited number of bubble-like
void aggregates. Also, the number of bubble-like wvoid
aggregates as one kind of hydrogen defects induced by the
addition of hydrogen is kept below 0.4 relative to the total
void number. Thus, the epitaxial laver defect induced by the

bubble-like vold aggregate can be reduced.
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induced by the hydrogen addition. Further, according to the production
method of the present invention, since the conditions including the
nitrogen 25 concentration in the silicon single crystal, the hydrogen partial
pressure during growth of the crystal, the cooling rate, and the pulling rate
are all found to be controlled within g specified range, the epitaxial wafer
obtained by this production method generates a limited number of
. b bl;éle-like 30 void aggregates. Also, the number of bubble-like void

Xamggﬁregates as one kind of hydrogen defects induced by the addition of

hydrogen is kept below 0.4 relative to the total void number. Thus, the

The ERitAxiallayerdefeqtindyced by the, bubbleslike void agoregate £apdesnce o
reduced. 35 23 Examples The present invention will be explained below

p' ™ T 1 e -
EXaMiiR Feferén GOfoe BX@mpiss ard Bonmparative EXaMped & Stouidbe"e ™ the
oreshetedithattheibpresentdnventiontis Aot imited tathevabeweodiments and

embodiments and the following ex les, They are exemplary onjy., 2
the Fo%gia%wéﬁ}yg o?ﬁ%ns%%asving @%gstggl\%ﬁ%t é]éé%e? con |gu'ratjon asytfwgz 28 ey
of ttechaicakideadeselbéd iv-theldldinis of thalfteSentindentioh afd tfode s

tecnhdwng thesgimilar functioneffectthey are 10 copsidered to-ke withinitheention
technical range of the present invention. 1. Production of the silicon
anS. St WATSFLE TFedcTofhe préSa Exaples aht CAmparaiive
consExamptes: anbapparatusrfot the production 0f asiligonsingléerystaldsnt
the. usual Czochralski method is used. A first puller having a general

invention. . .S .
- coojllng rate and a second puller, wherein a thermal shielding plate is

cooled by a special method to increase the 20 cooling rate at 1100 to
1. pl200,C: were ysed.Jtshouldhenaiedstrate wafer

In each of the present Examples and Comparative Examples, an
apparatus for the pr@duction of a silicon single crystal by the
psual Czochralski method is used. A first puller having a
general cooling rate and a second puller, wherein a thermal
shielding plate is cooled by a special method to increase the
cooling rate at 1100 to 1200 °c, were used. It should be noted
that, in performing the present invention, the puller is not
specifically limited as long as it is capable of performing the

growth condition of the present invention.

Nitrogen was added by putting a wafer having a nitride film
into the silicon melt so as to set the concentration of

-3

nitrogen in the silicon single crystal to 1.8x10°% cm™. In
addition, hydrogen was added by introducing a mixed gas
containing hydrogen into each of the pullers. It should Dbe
noted that the hydrogen partial pressure (mbar) in the puller

was set to the condition described in the following Table 1.

The cooling rate of the crystal at 1100 to 1200 °C during
growing the crystal in the first puller was set te 2.5

°C/minute, and the cooling rate in the second puller was set to
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that, in performing the present invention, the puller is not specifically
limited as long as it is capable of performing the growth condition of the
present invention. 25 Nitrogen was added by putting a wafer having a
nitride film into the silicon melt so as to set the concentration of nitrogen
in the silicon single crystal to 1.8x10-,¢m In addition, hydrogen was added
by introducing a mixed gas containing hydrogen into each of the pullers. It
should be 30 nated that the_hydrogen partial pre r) in the. pul
3.8 W%énéjértj% the (‘:%ctpn%litclzoonoé{(gfé.rl ib‘“e%%lﬁsthg #oﬁ%%v?n?‘%’%%fgegg%% e C"E')ercl)lir%gj!:{%rlr1
Exampdte oftive erystal G0160%¢ 1200 dURAG growirdethecystdl iffthédirste 1
el chuller was set to 2.5 35 C/minute, and the cooling rate in the second puller
was set to 24 3.8 C/minute. The cooling rates of the temperature in each
Example and each Comparative Example are described in Table 1 below.
The B Thecsiliconrerystal grpwenyby witilizing is apparatus had@eratus had a
.conduction-type of.p-type and ystal. si [ ter) o 12
Comi‘ﬁ%ﬁééﬁ??%%é%si%ﬁvf %fyt%% sﬁi%ngsi%§§%§§s$ﬁv%% fr%%)%%gt%gl% of =00
mm (@i Theasulling Fete Titahy ea¥e WasBel6We1 2imiffinté 86 Therystal
was Rilrggen gopgentration, the-geoling rateandsthe hydregen pastialvas below
pressure applied in the Examples and Comparative Examples are
1.2 ZPddfiddinerable 1 below. 15 2. Measurement of the nitrogen
concentration in the silicon substrate wafer The nitrogen concentration of

The tébb?tsx”cgc 0 subsirate wafer, ghtained by slicing the.crystal grown Dy theq-ogen

ove %t od was 20 measured by using secondary lon mass
partepdctionatASIVEIP Hoftver, Ddeauss aivafer halingimogant 7e
nxangoncenyationegudlried in Table 1 below.

2. Measurement of the nitrogen concentration in the silicon

substrate wafer

The nitrogen concentration of the silicon substrate wafer
obtained by slicing the crystal grown by the above method was
measured by using secondary ilon mass spectrometry (SIMS).
However, because a wafer having a nitrogen concentration egual

3 cannot be measured by using SIMS,

- . - 14
to or lower than 5x1077 cm
the nitrogen concentration determined by the following eguation

was used. This equation will be explained in detall below.

The nitrogen concentration incorporated into the crystal from a
silicon melt used in the production method of the present

invention can be calculated by the following Equation 1:

Nitrogen concentration in the wafer
= k x (1 - solidificaticn ratio)'™™ x (nitrogen concentration

in the melt)

It should be noted that the nitrogen concentration in the melt

may alsc be referred to as the initial melt nitrogen
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to or lower than 5x10'4 cm3 cannot be measured by using SIMS, the
nitrogen concentration determined by the following equation was used.
This equation will be explained in detail below. 25 The nitrogen
concentration incorporated into the crystal from a silicon melt used in the
production method of the present inyention can be calculated by the
following Equation 1: 30 Nitrogen concentration in the wafer k x (1 -
solidification raﬂo)rgsk-i) %(égitrog%gen C1:{)£1j(_:entra-1tion in the mglt) It shoy;ldebe

CONCHGietthat the nitrégén concéntration in the melt 35 may afso be referred

silitooas theyinital nmeitrnireger 25 rsoncehtiztion SHere, ahe Solidification

ratio (g) of the silicon crystal can be determined by Equation 2:

.Solidification ratio (g) of the silicon crystal 5 = (Weight of crystallized
soligihédmAweightatinttial melt in 486iticn it RAS bEEH khdwn that the
= (wWsegregatian ceefficient i ahich isitherratia of thenimpufities incorporated |

into the crystal after the solidification of silicon melt to the 10

- concentration in the melt, is 7x10_9 in the case of nitrogen (W. Zulehner

In agind Di tHubet tCh&stal Growth Riopekiiestanid: Applieansris; porgeoetficient
i, waRdRgersVerlag, New york, 1982): fhe measwement value0fdhe inco the

nitrogen concentration (in atoms per cubic centimetre) is shown in the

cryskéioiing Table 9558 ‘O SEVaRation Fsilfton stbstifewafe? THEOSF
concevaluationaf the substratel abtainediby. sli¢ingtheherystad gravin bythegen (1.

above met was perfor by the 20 followin . Firs ili
13RS : med by the 20 follawing,method Eurst, the silicon
zu “stibst a‘r:tlélévqa er v%élsk,g)eo:gddize at ilklﬂoo Cof?)r%l ho%ﬁ? an%&%gen

Appliteidshhiere dontdifingStEamd Thet Sthesskidi¥ed filre Was reffoved Wit

measurement value of the nitrogen concentration {in atoms per

cubic centimetre) is shown in the following Table.
3. 0O8SF evaluation of silicon substrate wafer

The OSF evaluation of the substrate obtained by slicing the
crystal grown by the above method was performed by the
following method. First, the silicon substrate wafer was
oxidized at 1100 °C feor 1 hour in an oxygen atmosphere
containing steam. Then, the oxidized film was removed with
hydroflucric acid, and then the epitaxial layer in & thickness
of 1.5 pym was etched with a Wright etching solution. Then the
ellipse-like, half-moon-like or bar-like OSF pits generated at
the surface were observed with an optical microscope. An OSE
surface density (in defects per sqguare centimetre) was
determined as OSF pit number per cobservation area by counting
the number of the OSF pits while scanning the wafer in the
wafer diameter direction with a view field of a diameter of 2.5
mm using an optical microscope. An area having an OSF surface
density of egual te or higher than 100 cm™? was defined as an
OSF region. The inner diameter and outer diameter [cm] of the
OSF region, determined in this way, are described in the

following Takle 1.
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hydrofluoric acid, and then the epitaxial layer in a thickness of 1.5 pm was
etched with a Wright etching solution. Then the 25 ellipse-like,
half-moon-like or bar-like OSF pits generated at the surface were
observed with an optical microscope. An OSF surface density (in defects
per square centimetre) was determi%d as OSF pit number per
observation area by counting the number of the OSF pits while scanning
the wafer in the 30 wafer diameter direction with a view field of a diameter
of 2.5 mm using an optical microscope. An area having an OSF surface
As fdengitycofreguiab toobr highenthape0®Em2ubas defiriettay apdoSForegates

re1zf€giQN.The inpe diameterand outer diameterjemlotthe, OSE region 1 ye

determined in this way, are described in the 35 following Table 1, 26 As |
detefgp e Fatiy of the it Stubbe-ike Y6idagorégatds refftive ot 79
Tabitetal void number in the substrate, a value determined by the above
method is described in the following 5 Table. 4. Production of the epitaxial
wafer and evaluation thereof An epitaxial wafer was produced by slicing
4. Phedsilidorrerystal Toegremiitby: thelabeveemetiol, Mok fabricating tiso T
substrate wafer and depositing a silicon single crystal layer (the epitaxial
layer) by the epitaxial method gn the substrate wafer. 15 S. B

] D
An epsadtirdtnenitof the BpRaXiavifer THeBMDs T e Eaﬁaﬁémgf%? wergs=at
g rowmeaguredby thevfellowinge thethad. deirst ftherepitaxiahwatériprepatesttns - e
the above method. was subjected fo a4 e nt.at 1000 .C for,
Wafehours, at% %%%ﬁgr‘e%gﬁe?th%écﬁ/l%g)éegsity&\}vgs %n%?suid W% 2 BI\(;IE’)Hse
epitamalydert tMOXd) Manbftired BiPRayteRTdip 26 MeaSirefiant of e

wa £ cepitaxial layer defects of the epitaxial wafer

5. BMD measurement of the epitaxial wafer

The BMDs of the epitaxial wafer were measured by the following
method. First, the epitaxial wafer prepared by the above method
was subjected to a heat treatment at 1000 °C for 16 hours, and
thereafter the BMD density was measured with & BMD analyzer

(MO-£4) manufactured by Ravtex Corp.

6. Measurement of the epitaxial layer defects of the epitaxial

walfer

The epitaxial layer defects of the epitaxial wafer were
measured by the following method. First, the epitaxial wafer
was measured with the particle counter 5P-1 manufactured by
KLA-Tencor Corp. to identify the positions of LPDs {light point
defects) egual to or larger than 0.09 pm. After that, the LPD
positions were measured with AFM to identify the LPD as an
epitaxial layer defect other than foreign substances adhered to
the surface. Among the epitaxial layer defects identified, the
epitaxial layer defects generated at the position corresponding

to the 0S8SF region of the substrate were defined as N-induced



25 The epitaxial layer defects of the epitaxial wafer were measured by the
following method. First, the epitaxial wafer was measured with the particle
counter SP-1 manufactured by KLA-Tencor Corp. to identify the positions
of LPDs (light point 30 defects) equal to or larger than 0.09 um. After that,
the LPD positions were measured with AFM to identify the LPD as an
epitaxial layer defect other than foreign substances adhered to the
surface. Among the epitaxial layer.defects identified, the_epitaxial layer.
C:}‘efeff@:ﬁ%f:ts‘qa‘(-":-{r?‘eera%ef%jeat éagp(%élat%ﬁl c%??é%ﬁoﬁ%iﬁa%%ftogtﬁgegg ?’ggi%}r/%%o e
f romthelsub3tate wete definert ad Nrindeced 2 71 défedts; whildahe ephaxial e
numplayerdefects generated.inside - from.the. QSEWegion weredefined as.« s
H-induced defects. The number of the H-induced defects and the
detexmpgGced Befeliss détsfniitéd FhiswaY re-Bed@ibed in Table 1. 28 U
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Sa-H(n(O(n(riOLUauofmNLUO >ros~E.I0O000O 00 -H
(6 GSaNO0GOO0O0OO 1oNMrarHra ,~+ ,-itiOxxxxx Lr)CD (N
O0zUQONrMa)a)a)55 -I(Nrir-l-jN-HMOOoroa)roa)raa)
V-Hr-Ir-IH--iHv-IHri OQaE,aE,CLQ-0xxXx0x0ox0ox ~C:;; W
WUWUWUW H 29 It should be fibted that in all of the epitaxial
wafers described in Table 1, the BMD density was equal to or higher
1o <} 2x108 ¢m:3, in the Examples, the-generation of prinduged defect
was improved compared to the Comparative Examples, while 5 the
descNijhgdced:defelswere RbEgehratensity was egual to or nigher

than 2x10% cm™. In the Examples, the generation of H-induced
defect was improved compared to the Comparative Examples, while

the N-induced defects were not generated.
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30 Claims 1. A method for producing an epitaxial wafer comprising: a

step of growing a silicon crystal by the Czochralski method 5 comprising

adding hydrogen and nitrogen to a silicon melt and growing from the

silicon melt a silicon crystal having a Bitrogen concentration of from

3x10'3 cm-3 to 3x1019 cm3, a step of preparing a silicon substrate by

machining said silicon crystal, and 10 a step of forming an epitaxial layer
c1aiglthe surface of the silicon substrate. 2. The method according to claim

1, wherein the step of adding hydrogen into the silicon melt in the step of

growing said 15 silicon crystal comprises growing the silicon single crystal
1. Runderanatmosphese withna hydrogenpartial pressize of fropy 01 mpar

to 0.4 mbar. 3. The method according to claj r.2, wherein.t u (S
s Stgp 28%L%%?<¥ﬁ£§ vgidsetlg%lrgé)gtegd vijtnaéiaa%)%}gﬁﬁ O%e%%;lgrﬁg%;ﬂx 2hoo
compaggregatettidlativeltodhe 96tal AUMbBE 6F 6IaS ekistiAg ik safdsilies & and

growSuRstrateis below:Q.4; 4 Thepreduction methad fortheepitaxial wafer

. _according to 25 any one of claims 1 to § wherein in the %t?BIQf rawing
nitroLgTsifcoH &5t the'todfing At of said siliddn crydtal at 11000 1200
a st@ps sét equalde ondighes than:3:5 Eirhinttes t5. Ay epitaxiahwafer baving

<1130 Iglplc'g%x@tlgxer formed at the 30 surface of a silicon substrate wafer

which ¢ prls_e’s a nitrogen concentration in the range of 3xIC'3 CM -3 to
& st3RI010 RPN wheran fHelRambar of Bulibledike VORI &ygrégatesHaving’
511 1@ phurality of Hgregular voids aggregated relative to the total number of

voids existing in said silicon substrate is below 0.4.
2. The method according to claim 1, wherein the step of adding
hydrogen into the silicon melt in the step of growing said
silicon crystal comprises growing the silicon single crystal
under an atmosphere with a hydrogen partial pressure of from
0.1 mbar to 0.4 mbar.

3. The method according to claim 1 or 2, wherein the number of
bubble-like void aggregates having a plurality of lrregular
voids aggregated relative to the total number of voids existing

in said silicon substrate 1s below 0.4,

4. The production method for the epitaxial wafer according to
any one of claims 1 to 3, wherein in the step of growing said
silicon crystal, the cocoling rate of said silicen crystal at

1100 to 1200 °C is set equal to or higher than 3.5 °C/minute.

5. An epitaxial wafer heving an epitaxial layer formed at the
surface of a silicon substrate wafer which comprises a nitrogen
concentration in the range of 3%x10% em™ to 3x10™ em™, wherein
the number of bubble-like void aggregates having a plurality of
irregular voids aggregated relative tTo the total number of

voids existing in said silicon substrate is below 0.4,



