Description EPITAXI AL WAFER AND METHOD FOR PRODUCTI ON OF EPI TAXI AL WAFER
[ TECHNI CAL FIELD] [0001] 5 This invention relates to an epitaxial wafer
and a nethod for the production of an epitaxial wafer. [ BACKGROUND ART]
[ 0002] A sem conductor substrate, particularly a silicon single crystal
10 wafer (hereinafter referred to occasionally as "substrate") , is used
as the substrate for the manufacture of a highly integrated MOS devi ce.
Most silicon single crystal wafers are substrates that are cut out of an
i ngot oPesdydiptdansi ngl e crystal produced by the Czokral ski (CZ) nethod.

15 [0003] Tiﬁ[ﬁ&&hﬁoﬁAﬂnggxﬁéi‘ﬁé@leﬂa ﬁbn@ém‘fcm %FKEPE"I'MPI&?%%FER

super sat urated presence o ygen that has been i1 ncorporated during the
product i(DECENICALSFRglE crystal. This oxygen is precipitated during the
subsequent dfvic process and eventually caused to form an oxygen 20
precipitate P°%He substrate. Wien this oxygen precipitate exists in a

geney ous anpiids iiRvEhei SUbstikete td B digawyidetwalfersuhsequedthby for the
i ncorporated during the device process is known to be absorbed in the

subst r aPEdUEFdoRhPS desddtegithevaffect that the surface of the substrate
(i.e. a; i&uRstAME | ayer) is kept clean. 25 [0004] What has this
effect technically harnessed is called intrinsic gettering (IG and is
used for thel@puwrdose of preventing deterioration of the device property

by heavy' msjtglssemg_%g%l rr(‘:i?(?rt Is% 'st;frgtee S| lalr J(_)gu a{rqg/l g sﬂi%%tga.lsig eStc%g%;gal
therefore, i'srequire 0 i nduce oxygen precipitation 0 noder ately

during wike1C QHE BE1 reif tee Vi €feriifedces ©cch 8081 1vFas “shespuapose of seaduss ng
the gettering ability, the silicon sin%Ie crystal, wafer requires

presencEP?ﬁs @@He %ﬁﬂﬁﬁetg?euiﬁﬁﬁﬂﬁf R/t a highly integrated MOS device.

Most silicon single crystal wafers are substrates that are cut out of
an ingot of silicon single crystal produced by the Czokralski (CZ)
method.

15 [0003]

The silicon single crystal wafer of this kind suffers
supersaturated presence of oxygen that has been incorporated during the
production of a single crystal. This oxygen is precipitated during the
subsequent device process and eventually caused to form an oxygen

20 precipitate in the substrate. When this oxygen precipitate exists in
a generous amount in the substrate, the heavy metals subsequently
incorporated during the device process is known to be absorbed in the
substrate, and this leads to the effect that the surface of the substrate
(i.e. a device active layer) is kept clean.

25 {0004]

What has this effect technically harnessed is called intrinsic
gettering (IG) and is used for the purpose of preventing deterioration
of the device property by heavy metals contamination. The silicon single
crystal substrate, therefore, is required to induce oxygen precipitation

30 moderately during the course of device process.

fooos]

For the purpose of securing the gettering ability, the silicon

single crystal wafer requires presence of oxygen precipitate beyond a

—_ 1 J—



- 1 fixed density at the center of the thickness thereof. As a result of
a test conducted to date, it has been ascertained that when the silicon
single crystal wafer secures presence of oxygen precipitate at a density
of not less than 1 x 109 pieces/cm at the center of the thickness
thereof, 5 it manifests a gettering ability against such heavy netals as
Fe, Ni, and Cu even in a heat treatnent perfornmed in the |owtenperature
device process that has the highest tenperature of not higher than
1100C. fipEoodpndanwiti Fee eantersabsthattdickneds |thepegher Aud reyult it
silicon, tégtzp%ﬂd‘&%ggcéoo&awpsittr ALE AN Dd- &3 %ﬁ%asd leaﬁ_l%{eygiﬂcérﬁyer
(epi -l ayer eposited (epl-deposite on the surface of a silicon single
cryst alsiwaflercystelsmfal $edies peedalcenaf exygtrapreoupitatoreptaadersity

Nuner ous_ epj t axi al f ers,have been, us f or . man cturing devices o
i gher STt (55 TR bRe RECSPAET AT tT8 B h it SEirarfse hpsest.
si lisconitsimagh ec €ty St gkt ved Big ladeki bg afainepi sEEPesialiyonet S1Lalsl ed, avi,
mrror wafer and discrimnated. The base | ate on which the i
epi - defd¥$ FF GiYersief¥ BetedHeatrgrt @Gréor‘%‘ifgﬁlr B .1'°W‘F9@®%’1at2€ eThevice

epi t axigloceakernl WS ce I CefbeSUILOWASE hidgfeCtnas 1{ddc..
(crystal originated particle) on the surface of the base plate and 1is

known to enh@¥®€lsuch device property as the property of oxide film

pressure regjstanee. (000925, Ibe &bl faxial WaLeTq, Jiguevet, Uses, on, the

2
producti on process thereoﬁqﬁﬁe eprtaxi al "deposi consi sts
i N ldepasinticbgdact st | istbBt8atk| ehapriyigt ab | dildrcoat aitlgh tawpesnat ureyef
not | ower than 1100C.  Thus, the epitaxjal fer bjected, to this
hi gh- t eYfBar AR%Fe dFP‘é%ﬁFé%?ers‘ FOSpaBE & Bf th BT Eh"gé BRyg®h BT Y&t i on

during dRetd? derd€e(diOGRSSaaNEd DSBS al NhigréHy hdb thRigeebhfthce .
property to the aforenentioned mrror wafer devoid of the

epi - depbwierPyn. erit@xdadseaipirs PAVS RRTndvadt e Meguérpr e el dsyisempdsi ng
t hat trﬁig%é¥ggghsity and higher integration.

15 [0007]

Incidentally, the silicon single crystal wafer 1lacking an
epi-deposition is called a mirror wafer and discriminated. The base
plate on which the epi-deposition is effected is called a “substrate.”

[0008]

20 The epitaxial wafer allows no presence of such grown-in defect as
COP (crystal originated particle) on the surface of the base plate and
is known to enhance such device property as the property of oxide film
pressure resistance.

[0009]

25 The epitaxial wafer, however, uses on the production process
thereof the epitaxial deposition method that consists in depositing a
silicon single crystal layer at a high temperature of not lower than
1100°C. Thus, the epitaxial wafer subjected to this high-temperature
treatment is incapable of inducing oxygen precipitation during the

30 device process and becomes inferior in the gettering property to the
aforementioned mirror wafer devoid of the epi-deposition. The cause of
this disadvantage is explained by supposing that the oxygen

precipitation nucleus destined to form the nucleus of oxygen



precipitation nucleus destined to formthe nucl eus of oxygen - 2
precipitation in the subsequent device process ceases to exist during
the high-tenperature heat treatnment of the epi-deposition process.

[ 0010] As one way of conpensating for the shortage of oxygen
precipitation 5 of the epitaxial wafer, a nethod that conprises

subj ecting the substrate prior to undergoing epi-deposition to a heat
treatment and subsequently carrying out the epi-deposition has been

pr opos €. SCEPAERE M s'LnnEPﬁo?}le@ﬁTﬁlSPF sdgddict PEACTS (FeSRtinbR eGP tsEep Df

processypd thl?ﬁ At ratusadyant %%akﬂeh@a&h RGet Bpi NELRASIAGNT PRo&Ost, Of
production of the 10 epitaxial wafer. [0011] %y contrast, as ways of

produci ng sud®1ah epitaxial wafer as induces oxygen precipitation during

the device %soggé%ngcﬁhg&?pénes% l é;érfgbratﬁ]ee@&%ré%fetaax' 2 gerp%%‘éggﬁh?a&on

epi - deposi tion proddci ng an usin
car bon-addesl ebasex:oéhbvefa;s, a safisia ahat (:bmfneisest sulPpd @mingDactiBehEtAgte

net hods f.or Ci n an epitaxial wafer SI n anitr added _base
gt SA R - S IS L LR Al R (oS LR SRS el g

and a ﬂaﬁ@n{;ocsuuortqadusﬂaﬂga@bs@mbﬁmﬁ péah 8frogtedsi NGi e sphadidd
havi ng bo carbon and nitrogen added as a substrate 20 (refer to Patent

Docunerfi?ta) Lhapddpeepn pEepdded "y HeI2]ot |5-90Fe Haserefesthe Epi taxpal @
waf er rcﬁ.%‘é'd%ﬂ@ag[; om Slté%ld?cﬁ%egg P RR08- dRped, SURSE TALAUELion of the

epi - deposi tion e oxygen position doés not occur at a tenperature
excdediapg t880&] watmugh it takes place in a 25 tenperature range falling
short of 800[&? Zch device process as rarely involves a heat treatnent
bel ow 800C, erefore, possibly reveals deficiency inthe IGability
because of tBiecédmiddste dOwayelueoroayugeng spEk Ginpigilaxqn ] sefflerclLitidiytes
[0013] 30 By contrast, in the case_of the epitaxial wafer resulting from
subj ect9g§<a H‘ﬁeccrlé’déﬁtl%ﬁé‘algﬁt’fé{er %‘f‘éloceopé‘b?estfeﬁb"s}il?‘ftoﬁeth%”Eﬂ(?d'éﬁ?

treatment in advance of epi-deposition, a method for producing an
15 epitaxial wafer by using a carbon-added base plate as a substrate (refer

to Patent Document 1), methods for producing an epitaxial wafer by using

a nitrogen-added base plate as a substrate (refer to Patent Document 2

and Patent Document 3), and a method for producing an epitaxial wafer

by using a base plate having both carbon and nitrogen added as a substrate
20 (refer to Patent Document 4) have been proposed. k

[0012]

In the case of the epitaxial wafer resulting from subjecting a
carbon-doped substrate to epi-deposition, the oxygen deposition does not
occur at a temperature exceeding 800°C, though it takes place in a

25 temperature range falling short of 800°C. Such device process as rarely
involves a heat treatment below 800°C, therefore, possibly reveals
deficiency in the IG ability because of the failure to induce oxygen
precipitation sufficiently.

[0013]

30 By contrast, in the case of the epitaxial wafer resulting from
subjecting a nitrogen- doped substrate to epi-deposition, the oxygen
precipitation occurs even in a temperature range exceeding 800°C and,

what is more, the density of the oxygen precipitate is always constant
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precipitation occurs even in a tenperature range exceedi ng 800C and,

what is nore, the density of the oxygen precipitate is always constant 3
irrespective of the conditions of heat treatnment. Thus, it is nade

possi ble to produce an epitaxial wafer that is capable of manifesting
the G ability in any device process. [0014] 5 This advantage is
ascribable to the fact the addition of nitrogen results in formng a
thermal |y stabl e nucl eus of oxygen precipitation during the growth of
cryst al iznegreRtsvard dle wendhbiorhrifhbsakoFrediiithes ingtt he prdtess

of epi Lﬁ%‘%%'l&'@é‘ 8522 d ‘?L%%{L{Hal !%”th%eltféhg' héfofeo WHo 1 PASEG PN

t hi s nucl eus of oxygen preci |tat|on uring evi ce heat treat ment
subsequgrt IGoabhEitgpiindeppsd¢viore pSrpeest he thermal hysteresis during
the grow h o{) )fstal serves as sone kind of pretreatnent for

epi - deposi ti i may be inferred that the base plate immediately
subsequent tnutsh&dgaimyagha 06 rSbablé xcatheadeti tha asidateon capabt foddn

i nduci ng oxpx'gen precipitation even after the_ epi-deposition. 15 By using

t hi s baseYpl &t éna@rt“ﬁé‘gs%b%l}erré‘ﬁélyl FL3 enRbel Pus SthPEY e %@Gﬂ@lti‘th’ém

OXygen<ﬂﬁﬁﬁbphhét eBwEKbseauepted 0 dhe @pis QRRQ%ME'9B1%hEPOHEer¥Hber
such an uncal |l ed-for process as the pre-heat treatnent prior to the

epi - dep@slltSheﬁ dugizg Fle rﬁﬂo@esslwépﬂhéem#tamaan@vafa@rarléﬁs?mlttllngxsfg‘@?n
using t hHEQQee%béﬁgg%a%%ﬁeorP'tﬂEg ﬁ%%l%ﬂ@ %é re'él '}fd 1'}139} ty

20 of x precipi ion al ways beil ng con espe tlve o)
condi t it(ma aévide heaat t tgagaieme ndybdeiquest rmﬂeheoe;ﬂj—blle@ob d)tmmducs«insactthean
epi t axi mani f ests th | G abi i n_any device proce

|
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el enentisretebtadnt £oE &aMRbesi€asbont Wy bO0MTerTBdSshdthendidaegsrytdoped
base plate is useful for the sake of securing stable oxygen
preci pllt“mefiéﬁt%H HOWE SHBETT rihFhanIexitta Che8¥YStaledEndhtcady iRad et

found, \é@i@rof &ﬁa&cmaxw&l B&&é?&%tqgﬂe&enbgﬁgepLcﬁteeegl d%BBb%IcﬁP to

epi - depo Ition, e resultant epi-layer 30 suffers occurrence of such
crw§t alBydesing shas WdsSFp daite Espulte substrate, it is made possible to secure

the oxygen precipitation subsequent to the epi-deposition without adding
such an uncalled-for process as the pre-heat treatment prior to the
epi-deposition. What is more, since the epitaxial wafer resulting from
using the nitrogen-added base plate as the substrate retains the density

20 of oxygen precipitation always being constant irrespective of the
condition of the heat treatment, it is made possible to produce such an
epitaxial wafer as manifests the IG ability in any device process. This
fact constitutes superiority of nitrogen that is not found in any other
elements such as, for example, carbon.

25 [0015]

Thus, the nitrogen-doped base plate is useful for the sake of
securing stable oxygen precipitation without requiring an extra heat
treatment. It has been found, however, that when the nitrogen-doped
base plate is subjected to epi-deposition, the resultant epi-layer

30 suffers occurrence of such crystal defects as N-SF and E-pit.
[0016]
FIG. 1 is an explanatory drawing for explaining the N-SF defect

among other crystal defects. An epitaxial wafer 100 illustrated in the
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[0016] FIG 1 is an explanatory drawi ng for explaining the N-SF defect
anong ot her crystal defects. An epitaxial wafer 100 illustrated in the -
4 drawing is a product of deposition of an epi-layer 102 on a substrate
101 adapted for epi-deposition. Incidentally, FIG 1 (a) is a schematic
perspective view of the inner structure of the epitaxial wafer 100, (b)
a plan view of the N-SF part as observed from above, and (c) a cross 5
section of the N-SF part. [0017] The N-SF is a an interstitial_ atomtype
st acki rgFFEapt 1pm tHedpet19f deresiekemmfi Ag PP APér9ace SEBStFEtSween

the SUbis(;l!‘ Q&gpg&ilfé‘@@p&hge @E‘)_i_it'iloﬂyerI&@i%errlQaﬁ_}ﬂ§, %libf.%gapfisté{]%cﬁgﬁééj%/er
102. Particularly when 10 It)he stacking fault 1h the substrate 101 appears

on t he pentspeftatee MI3w of [rdheNi8Fert ehdgctuwreoet urhenephtatigtl fvabieér 1005 &9 t he

startin oint. [0Q he _N-SFE, when the strate 101 is subjected to
b - depRl oo L des MRS ST ALPBobT st fea faret a1 i EoReSHEMA ng
a sisde dentgbh of 5t malgeupadt x 42 [nj, wherein T [n] denotes the

t hi ckness of epi-layer. Since the NNSF of this structure, when visually

exani ned wi t%7durface anal yzer, appears as the sane scattered inage as

a foreign neidesr- O ikheanbase Bt at £a1 hhsnWReE Ak RiLELS1 ObntdiR NSH can

be eval uated by subjecting the base plate subsequent to the

epi - deploiet pyhendinchéroRREASaY Exemtl 0% bt vaea She fadetanhe yrr anf 0gmo)
FIG 2 is._ 0 i r i t E-piti defiect ., amng
ot her c%%s?gygggog%?tg. E%%d%%qag% é tl\/\%?%@l%%%% Illrags't rgétl et OLl%n%lt %%

dr aWi ngcHeastaeking gaufltoim seleecbsetytetiohi agrear epint aike alntwaffereh4d .ng
25 generated E- I nci dent al |

Ven (B 5B bt ooP T T £ophr fou 0p08 Saq TS GHrB60E, SR (0)
a cross sectjomgof the E-pit part. [0020] The E-pit consists of one or
several dislocations 107 extendi ng

The N-SF, when the substrate 101 is subjected to epi-deposition,
assumes the structure of an equilateral triangle having a side length

15 of about T x V2 [um], wherein T [um] denotes the thickness of epi-layer.
Since the N-SF of this structure, when visually examined with a surface
analyzer, appears as the same scattered image as a foreign matter on the
base plate, the number of pieces of the N-SF can be evaluated by
subjecting the base plate subsequent to the epi-deposition to the

20 measurement with the surface analyzer.

[0019]

FIG. 2 is an explanatory drawing for explaining the E-pit defect
among other crystal defects. An epitaxial wafer 100a illustrated in the
drawing has resulted from selectively etching an epitaxial wafer having

25 generated E-pit. Incidentally, FIG. 2 (a) is a schematic perspective
view, (b) a plan view of the E-pit part as observed from above, and (c)
a cross section of the E-pit part.

[0020]

The E-pit consists of one or several dislocations 107 extending

30 from the defect 105 present in the interface 103 between the substrate
101 and the epi-layer 102 to the surface of the epi-layer 102. Though

the E-pit escapes detection with a surface analyzer, the number of E-pits

can be evaluated by counting the pits which are formed by subjecting the
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30 fromthe defect 105 present in the interface 103 between the substrate
101 and the epi-layer 102 to the surface of the epi-layer 102. Though

the E-pit escapes detection with a surface analyzer, the nunber of E-pits
can be evaluated by counting the pits which are fornmed by subjecting the
- 5 surface of the base plate subsequent to the epi-layer deposition to
such selective etching as light etching and secco etching. The epitaxial
waf er surface subsequent to selective etching is denoted as 100a.

| nci dergutflage ahéhethasiengl srpanps§qyensyte khe srlieday et depolil AgoR $ossuch

supposed -t : ) : ' thjc : ; e
R Tty e o DL R SRR R TR A (e
t hat arsuffaceedsubseddentepitol agetediidef r enmchimeg crisst alerdekdct as pr 2&Ent
fromthe heginnj 10 in the substrate 10 s the starting points.

[ 0022] TiEREER BB e, ek kA B¥cG8t A5 10508 0, ST

t he sE- pidppdstaPiEseNqidl 88 AMBHALlaxeRgdithg Oi 0P thi eRLés R, e of the
probabiILté that the defect induces a breakage in a device having an

el ect r otR2-"s@ifice 15 area of 20 mmR2, for exanple, will exceed 5% Since
an el ectrode;dgghuding such defects numerously suffers deterioration of

such electric properties as TDDB property, a base plate in which such
def ect s ar e Thers¥#handghefopslyarsapresturied isskee ths defeicksddratsard Eormtgct or

base pl at for. a_high-quality device. |t . t her ef or necessary that
Che ansintae 56 -SrTnf dedofiasl ¥nd ShuBRan cesefsn o Se b Bew e S PRy
The®e pacuheasulsstrsital 1def ectthasthrSnanoibepi.t that are generated in

the epi-|layer 102 in consequence of the addition of nitrogen have a cl ose

relaticﬁPQﬁ th the def ect region present in the nitrogen-added base plate
25 prioff tRe t@ref pdEROS thoth afi®lind BRCPLINRSE . 6F X eRhi BY tHer-pit

epi -l ayer defect, therefore, it is inportant to control the defect region
presentis prepenthageapl anams: pueeedinche - @pirigepdsinti 6he PoYRHility that
the defect induces a breakage in a device having an electrode surface
15 area of 20 mm*, for example, will exceed 5%. Since an electrode including
such defects numerously suffers deterioration of such electric
properties as TDDB property, a base plate in which such defects are
present numerously cannot be used as a silicon semiconductor base plate
for a high-quality device. It is, therefore, necessary that the amounts
20 of N-SF or E-pit be kept below 0.05 piece/cm?.
[0023]
These peculiar crystal defects as N-SF and E-pit that are generated in
the epi-layer 102 in consequence of the addition of nitrogen have a close
relation with the defect region present in the nitrogen-added base plate
25 prior to the epi-deposition. For the purpose of preventing the
epi-layer defect, therefore, it is important to control the defect region
present in the base plate prior to the epi-deposition.
[0024]
FIG. 3 is an explanatory drawing for explaining the relation of the defect
30 region and the nitrogen concentration in the silicon single crystal that
has been pulled by the Czochralski (CZ) method; (a) a graph showing the
relation between the defect region present in a base plate used for a

substrate prior to epi-deposition and the nitrogen concentration and (b)
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FIG 3 is an explanatory drawing for explaining the relation of the
defect 30 region and the nitrogen concentration in the silicon single
crystal that has been pulled by the Czochral ski (CZ) nmethod; (a) a graph
showing the relation between the defect region present in a base plate
used for a substrate prior to epi-deposition and the nitrogen
concentration and (b) - 6 a schematic drawi ng show ng the defect region
in a silicon single crystal  ingot 200 in the course of being pulled and
t he ni t3 6GRPMTOIFCERYIRT BrCWidIS S BafFenrepboRsh @ 51irercyingt 68y s &l

Wi del'y knowns 060k b Scdul RULEING 8 5411&PAnST O €1 CbYSE AloricRgeta 20

froma silicon nelt 201 upward and "neanwhi |l e causing it to grow. In a
base pld&isecréchtutoen. of this silicon single crystal ingot 200, three kinds
of defeﬁ} %E?ions (V region, OSF region, and | region) are present as
shown i % 3 (a). 10 [0026] First, the Vregion is a region into which
eXCESS THaRL ancmeshad e dsnivi adLg eichovir, orbh8EstSOliind pul Qihgl 4 ndiarikaaes fylieng
the gromh of crystal. It suffers the_ presence of vaids resulting from
aggr egati¥sivaof 28P i 3y athfiTeRel Y 2 OloBR T RSB FEYi 1 Gn SRS I

region intg gMdi,ch ﬁffge§§sé/ﬁ@§@@ic@§ Alteof i 9diaedonf 4 0MG1therwtlairdr dddtui d
interface during the growth of crystal. This region is where OSF occurs
when t RO0si theemkindglaf defsealregapes (Vsregidi} eOfBdrasioan axd di ZewiPHeat

treatngﬂk? IFgeﬁgwgg'ggggg :y§§d3h?5 in 20 refers to a disk-1ike

st acki ng ul't "measuring about” several min dianmeter and including
oxylgen proecipitates (OSF nuclei) at the center. It is forned in

. f th h that_the int titial at d
tho ol eng 1Eehe “PFGACTEN oA EHo P HEBEFACE: 105 BE SRRRC CRECBHI s

filmanddhens I90008-10die] phasEaake agdie e € dgehith e 25cpasdapher yr tof
the OSF nucl eus. The term "OSF nucl eus" refers to a special oxygen
preci pi THEETpIdSeBEFFRI TN e itideer oL igdtRet Ty 2PaF egatian af swcEnstomifong
ot her axygepipLecipitates. It is presuned to be already present
15 [0027]
The OSF region is a region into which excess vacancies are introduced
from the solid-liquid interface during the growth of crystal. This
region is where OSF occurs when the silicon single crystal wafer is
subijected to an oxidizing heat treatment. The term “0OSF” as used herein
20 refers to a disk-like stacking fault measuring about several pm in
diameter and including oxygen precipitates (OSF nuclei) at the center.
It is formed in consequence of the phenomenon that the interstitial atoms
generated by the oxidizing heat treatment from the interface 103 between
the oxide film and the silicon mother phase are aggregated on the
25 periphery of the OSF nucleus. The term “OSF nucleus” refers to a special
oxygen precipitate possessing the nature of gathering interstitial atoms
among other oxygen precipitates. It is presumed to be already present
in the base plate at the stage immediately after the growth of crystal.
Since the OSF nucleus has a small size (presumed to be not more than 10
30 nm), it cannot be detected by the existing method of evaluation using
a contamination meter or an infrared tomography. The presence of OSF,
therefore, is not ascertained unless the sample is subjected to the

oxidizing heat treatment.



in the base plate at the stage i medi ately after the growth of crystal.
Since the OSF nucleus has a small size (presuned to be not nore than 10
30 nm , it cannot be detected by the existing nethod of evaluation using
a contam nation neter or an infrared tonography. The presence of OSF,
therefore, is not ascertained unless the sanple is subjected to the

oxi di zing heat treatnent. - 7 [00281 The | regionis aregion into
whi ch excess interstitial atoms are introduced fromthe solid-liquid
interfat®28dring the growth of crystal. It includes a dislocation |oop

resul ti f - gre I 5. 4.nt.ersgitial. at ; 2 r
prior in orfm%%%%% ?Lt% ﬁagtaett%:}elg% E%S\?mw%lﬂgl'? %%%ééo%clur%regjr%étggpt %%Dm%e%egct
regi on intradbasé fpbattthedepkitld ignit haterrfaogdnritoncertgamtbrondystadle

condition of V/.G crystal. growth, -wherein V denotes the pulling speed 10
[ 1 1 2t e TR 8P adEoF orFBRPLE G T Bht | FEPHAE T P0m ¥he
mel 5l NgiPRIrBEit0a1l30Q@si.N the direction of the axis of crystal growth

(refer to non-Patent Docunent 1 and Non-Patent Docunent 2). [0030] In
the cas@%Pla base plate cut out of a silicon single crystal ingot 15

W th nNoe it HRISR HONKat@Bni NCY 6ase REn LG REXRAE 8nsPesddrirenka! ¥€ the
results in causl ng excess vacancl es to occur and forma V region or an

OSF r egladiecti redive basebpbatrd.atThédeperalsder tégsel bfod@nGpetawratdpraEnd ¢
val ue results...i.n_c i X s interstitial .at cur,-and form an
% oai ST R TR Y B EAARE Rl AT Slccth, (428 40 FECHD G SR
anolunt s[nef/m20] \eadah Gie@s t and herd e rsiiet t elpeat 6tiBe igratiiese ur cyma] tfirem the
solid-liquid interface, Thus, the defect region of a base Iage cut out
of a MerdgeRUNFedostiiton 8i Tyt ELEFGSIA OFngRt aaf B Fred sFPHY a
t wo- di ngRgieongd €af-ack cheoheRunER NaxhddidH-PREGER SeisRALr ajion and V/ G
as two axes as showmn in FIG 3 (a). 25 [00311 Then, one pull-out of

singl e &%8fal out of the nitrogen-doped silicon,

In the case of a base plate cut out of a silicon single crystal ingot
15 with nonitrogen doped, an increase of V/G beyond a specific value results
in causing excess vacancies to occur and form a V region or an OSF region
in the base plate. Then, a decrease of V/Gbelow a specific value results
in causing excess interstitial atoms to occur and form an I region in
the base plate. Nitrogen meanwhile has an effect on the amounts of
20 vacancies and interstitial atoms that occur wvia the solid-liquid
interface. Thus, the defect region of a base plate cut out of a
nitrogen-doped silicon single crystal ingot can be expressed by a
two-dimensional defect region map having nitrogen concentration and V/G
as two axes as shown in FIG. 3 (a).
25 [0031]
Then, one pull-out of single crystal out of the nitrogen-doped silicon,
as shown in FIG. 3 (a), has a certain spread of nitrogen concentration
and V/G values forming a tetragonal region (called growth condition
region) in the nitrogen concentration-vV/G diagram. This is because the
30 nitrogen-doped silicon single crystal ingot 200 gains in nitrogen
concentration toward the lower side and the outer peripheral part of
crystal has a low V/G as compared with the central part as shown in FIG.

3 (b).



as shown in FIG 3 (a) , has a certain spread of nitrogen concentration
and V/ G values formng a tetragonal region (called growh condition
region) in the nitrogen concentration-V/ G diagram This is because the 30
ni t rogen-doped silicon single crystal ingot 200 gains in nitrogen
concentration toward the |ower side and the outer peripheral part of
crystal has a low V/G as conpared with the central part as shown in FIG
3 (b). - [0032] The addition of nitrogen to the CZ-silicon single
cryst al ci0532| npl emented by using a nitrogen-doped nelt. It has been known
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25 of nitrogen coricentration is fixed and the value of V/Gis increased.
15 peripheral part of crystal.

[0033]
The defect region of the nitrogen-doped silicon single crystal of this
nature can be described by having the range of growth condition of one
silicon single crystal ingot overlap the two-dimensional defect region
20 map using nitrogen concentration and V/G as two axes. In the crystal
having the growth condition region as illustrated in FIG. 3, for example,
the V region is fated to occur in the central side of crystal and the
OSF region in the outer peripheral part of crystal. The void region is
expanded throughout the entire surface of the base plate when the range
25 of nitrogen concentration is fixed and the value of V/G is increased.
The void region is contracted to the center of the base plate and the
I region is expanded throughout the entire surface of the base plate when
the value of V/G is decreased. When the value of V/G is fixed and the
nitrogen concentration is heightened, the OSF region is generated from
30 the outer peripheral part and expanded throughout the entire surface of
the base plate.

[0034]



The void region is contracted to the center of the base plate and the |
region i s expanded throughout the entire surface of the base plate when
the value of V/Gis decreased. Wen the value of V/Gis fixed and the
nitrogen concentration is heightened, the OSF region is generated from 30
the outer peripheral part and expanded throughout the entire surface of
the base plate. [0034] - 9 As a result of a detailed study pursued
concerning the relation between the epi-layer defect generated in the
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15 V/G (relative value) of 1.1 ~ 2.0, and the growth condition region 4 has
nitrogen concentration of 1 x 10** ~ 5 x 10 atoms/cm’ and V/G (relative
value) of 1.3 ~ 2.0.
[0035]
The values of V/G shown herein have been obtained by the normalization
20 that uses as the unity, 1, the value of V/G at the position at which an
0S occurs in a bage plate when a crystal with no nitrogen doped is pulled.
[0036]
The N-SF and the E-pit, which are epi-layer defects, appear at a position
corresponding to the OSF region in a substrate prior to the
25 epi-deposition.
[0037]
In the growth condition region 1, no epi defect occurs. 1In the growth
condition region 2, N-SF occurs on the outer peripheral side only on the
bottom side of a crystal. 1In the growth condition region 3, N-SF or E-pit
30 occurs on the outer peripheral side from the top side through the bottom
gide of a crystal.

[0038]



[0037] In the growth condition region 1, no epi defect occurs. In the
gromh condition region 2, N-SF occurs on the outer peripheral side only
on the bottomside of a crystal. In the gromh condition region 3, N SF
or E-pit 30 occurs on the outer peripheral side fromthe top side through
the bottom side of a crystal. [00381 - 10 For the purpose of producing
such a nitrogen-doped base plate as allows no occurrence of crystal

fault like N-SF or E-pit liable to occur in an epi-layer 102, it is
necessafgr thatrwwelkecr§ prafugimavshchs axtlogks ddped @8R pégt@msoalbpv{ﬁase

plate fron1th out er -per.i pher ar. o Gy st . ured
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above, epivatled 0f2,| dwerd ngcédmany thmtgmmcmmraﬂr gfdmztrh ar exdietdhecticef

hei ght eni ng the m_ni num va Q (napel y V/ G on the crystal edge
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condition region 1, however, since the density of oxygen precipitation
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Docunent 2 and Patent Docunent 3, a nethod tfor elimnating an

from a ties¥/Ploat theandyatvol digg sadeepis blaywer idgflecgrdwth conditoldn nggion
crystal %{owgh condi.t if‘gﬂs is disclosed (corresponding to growth

condi ti o YegF o S 20 F0041] Since the ranges of the optinmum nitrogen
coneent [at3iggn and pul ling conditions necessary for the prevention of
epi -layer fault are extrenely narrow, and particularly the VIGis

or eat | yIRER FBE HCCORErnGORPIHET LEBES FUEFER B B DOF] IRy Y ARG Fhe

condi tiQns 0f1 t Rewsidd, COhd®L ke aérs1thPoRCRYLEh HraRi f t Sl £s auaglddan,
incurs nunerous difficulties.
the ability of gettering is deteriorated inevitably in spite of

prevention of the epi-layer defect.

15 [0040]
In Patent Document 2 and Patent Document 3, a method for eliminating an
OSF region from a base plate and avoiding an epi-layer defect by
controlling crystal growth conditions is disclosed (corresponding to
growth condition region 4).

20 [0041]
Since the ranges of the optimum nitrogen concentration and pulling
conditions necessary for the prevention of epi-layer fault are extremely
narrow, and particularly the V/G is greatly varied according to the
construction of a pulling oven and the conditions of the silicon melt,

25 the acquisition of stable quality incurs numerous difficulties.
Further, this method cannot be applied to a crystal of such a large
diameter as 300 mm, for example. This is because in a crystal having
a large diameter, the cooling capacity for the crystal deteriorates and
the V/G cannot be sufficiently increased consequently.

30 [0042]
While build-up of the density of the oxygen precipitate subsequent to
the epi-deposition necessitates an increase of the nitrogen

concentration, the prevention of the epi-layer defect becomes



Further, this nethod cannot be applied to a crystal of such a |arge
dianeter as 300 mm for exanple. This is because in a crystal having a
| arge di aneter, the cooling capacity for the crystal deteriorates and
the V/ G cannot be sufficiently increased consequently. 30 [0042] Wiile
buil d-up of the density of the oxygen precipitate subsequent to the
epi -deposition necessitates an increase of the nitrogen concentration,
the prevention of the epi-layer defect becones - 11 practically
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has given rise to new demands concernlng tthe property of oxygen
preci pitestiden. n{0®HEh ag Pesardesdrdboier (lunkfidind yracbntriol ki nartchefdertsity

of OXYOEIL PLESLP] t><atl ' atoms/cm’ to the growth condition region 2 or 3) is

15 capable of preventing the epi-layer defect without resorting to a measure
to increase the lower limit of the V/G value by controlling the crystal
growth condition and consequently enabling stable supply of such a
large-diameter crystal as avoids forming an epi-layer defect.

[0044]

20 In recent years, the trend of increasing the diameter of an epitaxial
wafer from 200 mm to 300 mm has given rise to new demands concerning the
property of oxygen precipitation.

[0045]
(1) A demand for uniformly controlling the density of oxygen precipitate

25 subsequent to a heat treatment in the radial direction part of a base
plate. The reason for this demand is that when the radial direction part
of a base plate has a portion with decreased density of oxygen
precipitate, the base plate reveals deficiency in the gettering ability
in that portion and induces a decline in process yield. It has been found

30 that in the case of an epitaxial wafer using a nitrogen- doped crystal,
the radial direction distribution of oxygen precipitate closely
corresponds to the defect region of the base plate. This fact means that

the control of the defect region in the radial direction part of crystal



25 subsequent to a heat treatnent in the radial direction part of a base
pl ate. The reason for this demand is that when the radial direction part
of a base plate has a portion with decreased density of oxygen
precipitate, the base plate reveals deficiency in the gettering ability
in that portion and induces a decline in process yield. It has been found
30 that in the case of an epitaxial wafer using a nitrogen- doped
crystal, the radial direction distribution of oxygen precipitate closely
corr esﬂmmletsodiﬁ'eicdléfce@md rté:gi vadifl theedaze [Jliatneibu'ltmosl pActherdansi ttyhat
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(2) sAd nd for nore heightening the density of oxygen precipitate. The
reason for this demand is that a highly integrated MOS device produced
by usi niR)ah damged darmstrer hesihtaxilag thafdansitasdr ope30r erhpisagpamether
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oxygen 15 premgltate inthe radial direction part of the base plate. For

the purpesEabed MEULEHECE Hrqgecedr PngisdBBl Ty eRitpréreifafiprsBBISHia™ to
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above, It I's necessary that ensity of the oxygen precipit
hei ght ehedrporetedam evercoAsseaof eshed tdem’lca mhetcmslsednsmmjﬁlffuChhtsy been
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t he base plate due to insufficient gettering beconmes conspicuous as the
purpose of securing the gettering ability sufficiently subsequent to
such a low-temperature and short-duration heat treatment as mentioned
above, it is necessary that the density of the oxygen precipitate be
heightened more than ever. As a result of a detailed study, it has been
20 ascertained empirically that when the density of oxygen precipitate in
an epitaxial wafer is measured in the direction of the radius of the
wafer, the decline in the process yield in the radial direction part of
the base plate due to insufficient gettering becomes conspicuous as the
radial distribution wvariation of the density of oxygen precipitate
25 expressed by the following formula exceeds 0.5. Specifically, the
radial distribution variation is found in accordance with the following
formula.
[0047]
Radial distribution variation of the density of oxygen precipitate =
30 (Maximum density of oxygen precipitate - minimum density of oxygen
precipitate) /Maximum density of oxygen precipitate
When an epitaxial wafer using a nitrogen- doped base plate or a nitrogen-

and carbon-doped base plate as a substrate was subjected to a detail study



radi al distribution variation of the density of oxygen precipitate 25
expressed by the followng fornula exceeds O S. Specifically, the radial
distribution variation is found in accordance with the foll ow ng

formula. [0047] Radial distribution variation of the density of oxygen
precipitate = 30 (Maxi num density of oxygen precipitate - mninmum
density of oxygen precipitate)/Mximmdensity of oxygen precipitate Wen
an epitaxial wafer usi ng a nitrogen- doped base plate or a nitrogen- and
car bon-eSFEdBAS e tPP aFadid!l ads irgt difasiRHb|Ectdd Xy IRNd@rEFEPE gy -
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subsequent to a heat treatment, it was found that a portion in which the
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presence of the portion in which the degree of oxygen precipitate fell

down asdEGHpYr 88 REIET ﬁéeéhi%’r"r%tr?rr@NFnF%]r]é’ofexicﬁe 84 ¢ irPacgupReot the
for mat i onQhcBGF ok FoPifon 18 J,rol%%ha hegrethofl dHaknepPlOY S tate fell

si nul t aneous dopi ng of nitrogen plus carbon as disclosed in Patent
DocumaninWll ias efdremetriede Wikhr ddver anvilmgnmert epherenferin fadditioRedar diiyg
the dis 't?ﬁnocgftl\h%li‘r di g.l rection distribution of oxygen

pr eci pi ate owever e Si Ul t aneous dopi ng of carbon has 15 no effect.
To e spmeaisii c, when car bon is doped in a radio of not less than 1 x

1016 at ns/cm to_a cr in the growh condition re 2 or .3 shown
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in which the density of oxygen precipitate fell down as conpared 20 with

t he eniddfmenRegardiass tha Sigpeesypr tdfe thactrdielagdhreven fispréeritamng
the ep'o'é %‘y’c?éeg%r%(‘ctlpl[:gg ,9]however, the simultaneocus doping of carbon has

15 no effect. To be specific, when carbon is doped in a radio of not less
than 1 x 10'® atoms/cm’ to a crystal in the growth condition region 2 or
3 shown in FIG. 4, the radial distribution variation of the density of
oxygen precipitate inevitably exceeds 0.5 because of the presence of a
portion in which the density of oxygen precipitate fell down as compared
20 with the environment thereof in spite of the success achieved in
preventing the epi-layer defect.
[0049]
Methods for producing an epitaxial wafer enabled to achieve radial
direction uniformity of the density of oxygen precipitate have been known
25 (refer, for example, to Patent Document 6). The technical points of
these methods consist in eliminating the OSF region to the outside of
crystal or contracting it toward the interior of crystal. An effort to
eliminate the OSF region to the outside of crystal corresponds to the
growth condition region 1 shown in FIG. 4 and is incapable of gaining
30 in the density of oxygen precipitate sufficiently as already described.
An effort to contract the OSF region toward the interior of crystal
corresponds to using the I region shown in FIG. 4. The I region suffers

the density of oxygen precipitate to decrease and the dislocation loop



Met hods for producing an epitaxial wafer enabled to achieve radi al
direction uniformty of the density of oxygen precipitate have been known
25 (refer, for exanple, to Patent Docunent 6). The technical points of

t hese nethods consist in elimnating the OSF region to the outside of
crystal or contracting it toward the interior of crystal. An effort to
elimnate the OSF region to the outside of crystal corresponds to the
grow h condition region 1 shown in FIG 4 and is incapable of gaining 30
in the pErsintyinfthexy gegipnezdtsi tuarsnrfredciean §piasiayierearly cyestnabed.

An effor contract, _th eqgi o ward the interior of crystal
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] [Patent Document 4] JP-A 2002-201091
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15 [Patent Document 6] JP-A 2003-218120
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(1982) 625
[Non-Patent Document 2] M. Iida, W. Kusai, M. Tamatsuka, E. Iino,
M. Kimura, and S. Muraoka, Defect in Silicon, ed. T. Abe, W. M. Bullisetal
20 (ECS., Pennington N. J., 1999) 499
[DISCLOSURE OF THE INVENTION]
[Problem to be Solved by the invention]
[0051]
It has been already described that the radial direction
25 distribution of oxygen precipitate is closely related to the defect
region in a base plate determined by the nitrogen concentration and the
crystal growth condition V/G. For the purpose of rendering uniform the
radial direction distribution of oxygen precipitate, therefore, it is
necessary that the crystal growth conditions such as V/G be optimally
30 controlled during the growth of the crystal that has doped nitrogen and
carbon.

[0052]



[0051] It has been al ready described that the radial direction 25
distribution of oxygen precipitate is closely related to the defect
region in a base plate determ ned by the nitrogen concentration and the
crystal growmh condition VVG For the purpose of rendering uniformthe
radial direction distribution of oxygen precipitate, therefore, it is
necessary that the crystal growh conditions such as V/G be optimally 30
controlled during the growth of the crystal that has doped nitrogen and
carbon. [0052}is ingentiirs isngditd o PECEINEY atmgted dphgthe mEPHBE For
the pro | n ita 1 0g i
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f ol Isovwlﬁgl:hoaooflﬂr@%mcegbham al wafer having a single crystal |ayer forned
by epitaxial growh on a silicon single crystal substrate, the epitaxial
waf er Bleangcter i RIyBy the FzrleMat the epitaxial wafer in consequence
of a heat tygatyent at 1000C for 16 hours generates radial direction
oxygen precipitate at the mninmumdensity of not less than 1 x 109

pi eces/ cnB IHheapd]ehe madiignedi shevatsi encompl imthiednbyf tlox yigdA opiegi pi t at e
density of not nore than 0.5 and forns as epi-layer defects on the whole
surface of the epitaxial wafer not nore than 0.05 piece of N-SF/cnR2 and
notlonor @) AhapiBalbapweter dfaviingid kéngle c@O54d1 120et HorAedrithedi taxidlhe
production of an epitaxial wafer set farth in the foregoi ng}é jtem (1)

char act®13"¢8d By acaﬁjélﬁ@nsﬁlli“%ﬁ SFWTE cTURSEEPEPn thRe SREBERRRL of3 145 ng
produced, hucthe; LLplhat 5K st hrgk tt@legéwatmq@rwém 160RghddARs.cRayE g

the VI G value [m®/Cm n] between the upper limt of
heat treatment at 1000°C for 16 hours generates radial direction oxygen
precipitate at the minimum density of not less than 1 x 10° pieces/cm®

15 and the radial distribution variation of oxygen precipitate density of
not more than 0.5 and forms as epi-layer defects on the whole surface
of the epitaxial wafer not more than 0.05 piece of N-SF/cm’ and not more
than 0.05 piece of E-pit/cm’.

[0054]

20 (2) A method for the production of an epitaxial wafer set forth in the
foregoing item (1), characterized by causing silicon single crystal in
the process of being produced by the Czokralski method to grow under the
conditions having the V/G value [mm’/°Cmin] between the upper limit of
1.4 exp(6.2 x 10™*® x nitrogen concentration [atoms/cm®]) x (V/G) crit

25 and the lower limit of exp(-7.1 x 10' x nitrogen concentration
[atoms/cm®]) x (V/G) crit (wherein V denotes pulling speed [mm/minl}l, G
average temperature gradient [°C/mm] from the melting point to 1350°C
in the direction of crystal growth axis), and (V/G) crit the V/G value
of the part of silicon single crystal having no nitrogen doped that is

30 contiguous to the boundary of one region, the one region denoting a region
into which excess interstitial atoms are introduced from the
solid-liquid interface during the growth of crystal) and having the

cooling speed of not lower than 4°C/minute between 1100 and 1000°C,



1.4 exp(6.2 x 10-16 x nitrogen concentration [atonms/cnB]) x (VG crit 25
and the lower Iimt of exp(-7.1 x 10-16 Xx nitrogen concentration
[atons/cnmB]) x (MG crit (wherein V denotes pulling speed [mimn], G
average tenperature gradient [Cnm fromthe nelting point to 1350C in
the direction of crystal growh axis), and (V/ G crit the V/IG value of
the part of silicon single crystal having no nitrogen doped that is 30
contiguous to the boundary of one region, the one region denoting a

regi on SYHEELHAE cHie gEeys $htisiost Pinale srgrtahrie isdrtbbarebs doRiPaet

sol i d- lIilJ%‘J:ioggl‘ln%I% fACBoAW 1 N0 ot e ;U Borierth Y8t 8 )o 2By NAME NGt HE 15
cooling speed of not [ower than 4C m nute between 1100 and 1000C, - 16

subj ectatmpst/e’ gndwa sirboporosdangirettoysifall t @037 rul ban@bustoupiary afd

ni trogen_.and car bon it itl I B r}g’ltormoggg gancent rat i-on C(]):f Séai 10]iﬁt_in5 X 1mOlS
at oms/ CHB Shd 22T arHST S SRE T af 1o o P IHE S5 1018 At oie/ €™ and
usi g acthaseidqitabe ast af cabsthers) |dbrieporgkengr yat ahe r esvtddangpff reiv 5
the addition as a substrate, and depositing on the surface_of the

subst r aASETEER| R oTHSING BRIV 1Y SFAY et PHetRDi TROGZ 2elRTPd - [ 0055]
(3) Therdogsggi on nentioned above is characterized by being a region
having a dislocation pit density of not |Iess than 10 pieces/cnR2. 10

[ 0056] HorEhe firegigngeensfionpd above dgerhagontent zed bybedand a/f€gion kaying

concentt st eaR RP St miF Ber o Pt ket MR IR AR "L o i )

of @xp(robsblx 1016 x nitrogen concentration [atons/cnB]) x (MG crit
(wherein (V/ 15 crit_denotes the V/G val ue of the of silicon

Singl o Byt SHe GRPRC Ho R P15 eHC AGHBHCT R 18 BB LY Bub &%t A HEBodar y
of V regiger angid [mk@gidin]f 6f 1 heeRplpose ab-'eanhetibiiéh rRgicaht gt et i on
uniformty on the density of %gen precipitate generated subsequent to
a heat tategenent!) antV/i@eprif arethadioverdt Sty BuRi/ormiad i af iR (o7 - 1 he
densi t V1 Pte QY AG0RH BELRAMILELEn DRl QDo )| L R VRLUE Rinc¥e®n (v/c)
ultimately exceeds the upper I|imt nentioned above, the interior of a
basé platie dehdtesufther V/@calueenfetind paritegf oni iivonhethglheryensi twi f
voi ds nz?oa%l{grg enS%o-peéStghat is contiguous to the boundary of V region and I
region) for the purpose of conferring radial direction uniformity on the
density of oxygen precipitate generated subsequent to a heat treatment
and keeping the radial distribution variation of the density of oxygen
20 precipitate below 0.5. If the value of V/G ultimately exceeds the upper
limit mentioz_led above, the interior of a base plate will suffer
occurrence of a region in which the density of voids measuring 50 ~ 150
nm in size falls in the range of 10* ~ 2 x 10°/cm’ and consequently the
density of radial direction dispersion of the density of oxygen
25 precipitate will inevitably exceed 0.5. If the value of V/G falls short
of the lower limit mentioned above, the interior of the base plate will
suffer occurrence of the I region and consequently the degree of radial
direction dispersion of the density of oxygen precipitate will
inevitably exceed 0.5.
30 [0057]
The concentration of carbon plus nitrogen is set at a level of not less

than 1 x 10%® atoms/cm’ and, as a crystal growth condition, the cooling

speed at between 1100 and 1000°C is set at a level of not lower than



nmin size falls in the range of 104 - 2 x 105/cnB and consequently the
density of radial direction dispersion of the density of oxygen 25
precipitate will inevitably exceed 0.5. If the value of V/Gfalls short

of the lower limt nentioned above, the interior of the base plate wll
suffer occurrence of the | region and consequently the degree of radial
direction dispersion of the density of oxygen precipitate wll

i nevitably exceed 0.5. 30 [0057] The concentration of carbon plus

ni t roged’ G/qnigeteaifon [theelpugbopet ofestabliem thg 1ause apbnshenBibnedems a
crystal i_ti0 o) e b 1 n ICis
se%/ at a evePaE? ng%ldl ghvx%r 8 9& w%tosg%%etﬁhstoe&%%\?%?he&g%r%ogggo%o
enabl i ngt tthe bangepdte he lhi beogm"l anc OAEen¢giain emeandh¢ hel trraxge - odo;\é!oG to

be set so that the entire surf of .t he bas ate will becone a

Poat on SNETAHE T T GGRRO™ dSpRAL 156 S Pt P I e b G TR on
t op st heg af , plédd tdu?g MSFEbS] ®WHe160w 0D .pisecs &) cahd E- pit thel ovafhdd
piece/cn2. If the carbon concentratiop falls short of 1 x 1016 atons/cni

or the RUWITHFEPERdaALs Hetiiesh 1106 0anatanoRe a3 &her geehing FBRER 2t
condi t'l?élJe%h' §1§6‘0£1{d Cifooo4€/£.l,- Ny x@%t&h %ré%t'ﬂ BXaeeHD- £43 18! SRELCTEE OF

the E-pit wll exceed 5 piecel/cnt. the carbon concentration
exceedss C/rinQ18hatioids/ mel e:.@addeosOﬁgh@c@/ysi ar ghewEtpiti Milbeevresd
diffi cudt ecaus of af; %gdlcarn fo th rartend t owar.d fOI‘T@ltgl

pol ycrysta P19t cmthe carbon  concentration cl‘)aéafifer be no%omsl/e t'han

1 x1olOlﬁleatemﬁgié:rﬁ}ystaﬂ)@aowﬂihelﬂ foeebmé Qilefrfsuwt absence of ah ragitivd n
whi ch the density of voids 15 neasuring not |l ess than 50 nm and nqot nore

than 15¢ nh% aﬁr|e§ld1 ForREdr dRyBaio f -2 PILYFEEFER i s ABEEsSERY FFPYhe

pur pose:Hfcetnalt 1 fo Hlaepdenst the ek AXYHahapr eclpidat & dugy /e, subsequent
to a heat treatnent to beconme wuniformin the radial direction part of a

sili conl®&@ilconduct or base plate and consequently limting the radi aI

L7 DAL S0AC 3 LR P8 GETEL AL RUBE BRECHELLAL P
fallss imeatshierinange Désd @han 5D ®m and not more than 150 nm falls in the range
of 10* - 2 x 10°/cm’® is necessary for the purpose of enabling the density
of oxygen precipitate formed subsequent to a heat treatment to become
uniform in the radial direction part of a silicon semiconductor base
plate and consequently limiting the radial distribution variation of the
20 density of oxygen precipitate below 0.5. If a region having the density
of voids measuring 50 ~ 150 nm in size falls in the range of 10* ~ 2 x
10°/cm’ is present in a silicon semiconductor base plate, the density of
oxygen precipitate will become lower in the relevant region than in the
environment thereof and consequently the radial distribution variation
25 of the density of oxygen precipitate will inevitably exceed 0.5.
[0059]
The effort to keep the concentration of nitrogen above 5 x 10'* atoms/cm’
is necessary for the purpose of securing the density of oxygen
precipitate above 1 x 10° pieces/cm’, a magnitude sufficient for
30 gettering.
[0060]
If the concentration of nitrogen falls short of 5 x 10™ atoms/cm®, the

density of oxygen precipitate of an epitaxial wafer will fall short of



105/cnB is present in a silicon sem conductor base plate, the density of

oxygen precipitate will becone lower in the relevant region than in the
envi ronnment thereof and consequently the radial distribution variation 25
of the density of oxygen precipitate will inevitably exceed 0.5. [0059]

The effort to keep the concentration of nitrogen above 5 x 1014 atons/cni
is necessary for the purpose of securing the density of oxygen
precipitate above 1 x,109 pieces/cnB, a magnitude sufficient for 30
getterihg. 19 OBB?HeS/ICf“ taﬁ]é‘_ WPE?Y&?eﬁeﬁﬁ?crﬂﬁgeﬁ*?#lditﬂ’ss%%ﬁl_e% oy
1014 at,QeACHBraideyi den3kt Ye OpUYRAN PELCIHY (RheRE r&N GPIdrax aloyaf er
wll fall short of - 118 1 x 199 pi eces/cnB and consequently the _

get t er i sreFesdisl ist y< sk f i eft@wr/cor  theadsngmtal o vitigenotrriseinbtainedil] f
the congentrati on. OfRJhL0g8s - g@gﬁé thﬁeojd%ngQ /&M g Kﬂ?ﬁldﬁé‘é%&é/. of
oxygen preciprtate W Yincr ease excessi ve y and consequently the device
pr ocessliwdlle tregbve riskitabd @ltip djistecatsen t 0 Taus| igheddeslsdcgt doni tddyes

t he densi of nitrogen had better be.not nore,than 5 x 1015 at ons/cn8B.
[ Ef f ec[haé}f %leﬁéeif e o RPT e[ osL Thgolr?e"f‘ﬁ%‘bs 51'“3pr oducti on contenpl at ed
by t hi sjafreent bpncrenabhestid® a silicon sem conductor base plate of high
quality to be stably supplied wthout entailing an appreciable increase
of cost b_ecaU%Oéli]t allows the conventional device for the production of
silicon singhe GLYRLA!oASIGucE Non CONRRDPS P he tHiL! | AR iRyl Elables
unnodi fied formand does not need to go through a conplicat eg process of
producta enliddén feBEdndiverr bidespilave ofiloph guakhipabte kaf sprloly dipl 2w

epi taxial_wafer _that neither for an _epi -l ayer fect nor,_reveals
chun 1 Ry g 1dber g eRPreh il Muiiie & Sart cetusor tyLisRr e

epi t axi @nwsateonas dedticoptddrihe baseiupkabe Jokil beonmminbastaryatal asiMasS
device that is required 20 to passess a high degree of integration and
exhi bi ttH5 (jﬁ pethodite p9_utlllzed in its unmdédified form and does not need
to go through a complicated process of production.
15 [0062]

Then, this invention is capable of providing an epitaxial wafer
that neither forms an epi-layer defect nor reveals ununiform oxygen
precipitation but excels in device property. This epitaxial wafer is
an optimal base plate for the manufacture of a MOS device that is required

20 to possess a high degree of integration and exhibit high reliability.
[BEST MODE OF EMBODYING THE INVENTION]

[0063]

Now, the best mode of embodying this invention will be explained
below.

25 [0064]

First, a method for producing a crystal intended to reconcile
prevention of epi-layer defect and radial direction uniformity of oxygen
precipitate.

[0065]

30 The density of oxygen precipitate in an epitaxial wafer using a
nitrogen-doped substrate depends on the concentration of nitrogen in
such a way that the density of oxygen precipitate increases in accordance

as the concentration of nitrogen increases. Thig is because the doping



[ BEST MODE OF EMBODYI NG THE | NVENTI ON] [0063] Now, the best node of
enbodying this invention will be explained below 25 [0064] First, a

met hod for producing a crystal intended to reconcile prevention of
epi -l ayer defect and radial direction uniformty of oxygen precipitate.
[0065] 30 The density of oxygen precipitate in an epitaxial wafer using
a nitrogen-doped substrate depends on the concentration of nitrogen in
such a way that the density of oxygen precipitate increases in accordance
as t he @onébnegeat reaubts iint Fogeng adteddeRxyBensPyecipdcatseaudievdopiarny -

19 of n Lnq %ﬁ"cér@%%fcﬁré N LTS Séﬁ@kﬁlgéﬁgﬁeug %%Ebé@eﬁt?ff&éﬁ;‘ﬁs
even at a nperature in a substrate and this nucleus surviVves
extinctdunlngdmhengpnh@qumtgrqwah gr ahehepThexiedi twatieal haafey aavoxggean
oxygen reci.pitate nucl eus survjve Hg) substrate i cgused .mh%n

subj ect %1812""5‘3 heat SHP Strest ihaeh Sstﬁs'g%q‘feﬁ?uﬁ% i $BSBrotdsEe e or m
an GXygemeap! eetPtharite . inThBe NsERIqueht Ody @il Preekpt| ad® fHial gh Shypdure
even at a _high tenperature depends on the concentration of nitrogen.
Thus, tBReCigéhatey JfCoRYHRAT PreeTiitraPEetitit@dse8utiriastablarfiEraat the

oncentgla_{hl QQmQéra[Hfoeogéﬁ‘eMLC cndghe - coﬁc@ﬁ‘é‘ré@fm{j%'%shiﬁ’r&éeszyg'ﬁﬂs 10ne

precipitate is allowed to exceed 1 x 109 pieces/cm when

concentdqnﬂlom @¢ Mxygegenpi scimidregas ethatrnee sb xnloazbqﬂd@mwkcnas tthe
getterlr}g1 % at fog sugp heav¥¥ggga s as ke, heag cagfbe secured
even in A heat- trealmeft oo the enpera%ure evi ce™ pr cess e

hi glt@estpretoagmewé l:lléei]ﬂ&wﬁdttd”ldngcf’&ﬁ’d 1 ke’ hRREs / 30’ YRED Bhe ADnaehesad forof a
survey conducted concerning the radial glrectlon di stribution of oxygen

pr eci p|<i%f1ét¥?f5%{h 1@&%%%?%%‘1‘0@’@ st A§ a2t %eﬁh&oﬁ%ﬁt%‘%@@ fJ}PJa]tJé—'yaS a
subst r atd, shthhasaReaRchoyngd tfaat na, red el cih BihiseBulbe drnsihyaafeat

oxygen precipitate becones smal ler than in the
treatment of the low-temperature device process whose highest

temperature is not higher than 1100°C.
15 [0066]

As a result of a survey conducted concerning the radial direction
distribution of oxygen precipitate in an epitaxial wafer using a
nitrogen-doped base plate as a substrate, it has been found that a region
in which the density of oxygen precipitate becomes smaller than in the

20 environment thereof exists in an annular state in the radial direction
part of the wafer. In the profile of the density of oxygen precipitate,
this region falls in like a valley. The region having the density of
oxygen precipitate fall down in this manner will be referred to as a
“precipitate valley region” herein below.

25 [0067]

By a detailed survey of the relation between the precipitate valley
region of an epitaxial wafer and the fault region of a substrate, it has
been ascertained that this precipitate valley region has a close relation
with the defect region of a base plate as shown in FIG. 5. To be specific,

30 the precipitate valley region of the epitaxial wafer occurs at a portion
corresponding to the V region boundary of the substrate and is slightly
expanded toward the V region and the OSF region. FIG. 5 (a) is a graph

showing the relation between nitrogen concentration and V/G, providing



20 environment thereof exists in an annular state in the radial direction
part of the wafer. In the profile of the density of oxygen precipitate,
this region falls in like a valley. The region having the density of
oxygen precipitate fall down in this manner will be referred to as a
"precipitate valley region” herein below 25 [0067] By a detailed survey
of the relation between the precipitate valley region of an epitaxial
wafer and the fault region of a substrate, it has been ascertained that
thi s priegdtprragaoval OpdtEgpBreRasna ot Jstn tEraTasR 2 tthet prine] spetqns

region of ;3 PAgE 4Pl aFezas SROWY il ndfé&arr?shEQ%ll?& HREGLELG 3QckDBution

precipitate valley region of ;A%'e epi taxial wa occurs at a portion
cor r espondilrg nteglibhe d¥reegion rounddr o dfaschelatibst rcatEeeanaltetrscesqugretd y

expandEd t ayerac%e@ec\é e encr}: andays]gm%%fr gg%rc;\‘t iagllgieangefgﬁq)d B fedl

showi ng"t'he T 1iF et WeanT Hi% PEGERCT Sic &R OVI -
20 st hadf tdFegeovhd @mlatppoaesegbome 1Ifol14wiAgt Beawiegd) )ar ezhtehleezsm
regions. as in FIG 4. FIG 5 5: is ada };rqmshovvln t he def ect

di stri HRASSHY 9nCTHRET BEF P idR, EEN6RIPACt/ It o BAsd opfeRor ingredeiidtYence

of an gpiihgy&io.debecid9 denaki ng-abeense Qéngﬁfye‘ékcéé@lﬁ(g d@nai NEthe

presence 5 of defect(the sane applies to the fol 'owi ng draw ngs)),
whet hersange arpdisist >t00ft1ts=—xy§e1rloafr1@e| @rﬁa@@g%&oee@@ 109¢ e ot?henolsacp@l

denot i n&r%fggﬁﬁr%ys fr%%h”cgf shar PEQ; 4 the ¥%}F(§éﬁe@?89{é@9 i3 9?93%%%

exceedi ng sane applres dr aw ngs
whettohertHame or. adoalnotdl(roedEnoturﬂ; sapelnspensm‘n tflaélda@ssltqa:tofofoxygEmnd x

precipitate.is not nmore 10 than 5 or t (o _denot.i.n di.s

Pt hADErS ot 5B SBROrIhg S At GRLF PR Sde P oD EBL TS are
appl i esads@viblge) fol lowing drawi ngs)). [0068] FIG 6 is a graph for
explaining the radial direction distribution 15 of voids and the radial
direction di %6Bhution of oxygen precipitate; (a) is a graph showi ng the

relation of #idregen, %ﬁﬁ“ﬁé@&kﬁf‘aﬁﬂ%gvéﬁ r88¢a{ @n&ég@oﬁﬁ%@?r%@é@dﬁg

the results of the nmeasurenent of densities of void nmin size
i n he afi ved¢fs omdbfthe radfials défeat basadipkatlution of oxygen precipitate;

(a) is a graph showing the relation of nitrogen concentration and V/G
and (b) is a graph showing the results of the measurement of densities
of voids 50 ~ 150 nm in size in the direction of a radius of a base plate
found severally in the regions A, B, and C shown in (a).

20 [0069]

In the graph of (a), the A region has a nitrogen concentration of
5 x 10" atoms/cm’® and a V/G (relative value) of 1.1 ~ 2.0, the B region
has a nitrogen concentration of 5 x 10'* atoms/cm® and a V/G (relative
value) of 1.1 ~ 2.0, and the C region has a nitrogen concentration of

25 5 x 10' atoms/cm’ and a V/G (relative value) of 1.1 ~ 2.0.

[0070]

As diagrammed, the precipitation valley region has been found to
be the region in a substrate wherein voids measuring 50 ~ 150 nm in size
are present at densities in the range of 10* ~ 2 x 10°/cm’. Here, the

30 void sizes are expressed by diameters of spheres possessing equal volumes
as average volumes of the relevant voids. The inner side from the
precipitate valley region is a region in which the largest value of void

size exceeds 150 nm or the density of voids measuring 50 ~ 150 nm in size



found severally in the regions A, B, and C shown in (a). 20 [0069] In the
graph of (a) , the Aregion has a nitrogen concentration of 5 x 1013
atons/cnB and a V/G (relative value) of 1.1 - 2.0, the Bregion has a
nitrogen concentration of 5 x 1014 atons/cnB and a V/G (relative val ue)
of 1.1 - 2.0, and the Cregion has a nitrogen concentration of 25 5 x
1015 atons/cnB and a V/G (relative value) of 1.1 - 2.0. [0070] As

di agramred, the precipitation valley region has been found to be the
regi on §¥Fegdsubst LAt/EMherBien ovbeE £ifeakiam e sereciritatanydld eyi vegion e

present; At Aensil §£S,HiRp! e LARESs e Ig‘ho't frore 1EANCEHS ol BF r}c’het h&n S voi d

sizes are expressed by dianeters of spheres possessing equal volunes® as

aver ageofy glbudesfaifl st kbore|«v a0t/ adi. dsIn Heghi pnerimiegesidemndchehe outer

precipitate vall region.is_a region in which the |argest value of void
B e ol s TR EeR RIS Bttt okl g ee B hetasl T

- 25 exaregstdtX adbflamber Tharpuhethsigiedibarntbevdinesi pegabe. val | ey
region is aregion in which the void size is not nore than 50 nm or the
density of WH7dd falls short of 10'/cm. In both the inner side and the

outer side pfatt Beu U LELRIS1AIRMbabh BhatehOBent ey dBNSLT &S precP%:ly’&ﬁ:% 5
precipitate are larger than in the precipitate vaﬁ/l ey region. [0071]
Wat causébet¥roisienoridric vhads Measdehsd 3P of Lok ygeAnps ees pireapeesant t he
regi on o] 4 - r n
densi ty&h:lnr@'qf\,\%P rgﬁrtgn%gsco@?gﬂgé Q% 39105%5%16?&?2%%&??% Fmgisfc%%n%%[?% e?lo
wi t10 t hatthi thathin eheiengdrententheheosdothiass not teeern=aseernt aédddf teftialit.el v.
It is considered,that the voids are formed when the atom hol es
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aggr egated S FOR5t 8RRt at'titte %néfoﬁgﬁr 2190 8% gPoRE NPT e% St al
and t haigdrlga8é@AMhOk efp St ttirel #the R€a P00 €gakLPInd Bhe JMoWEE JroerydHaal ei
of oxygen preci RI tate in a low tenperature zone during the growh of 15

cryst aland Ehats EpAfaaNelP tafafUT Fie isg oh 2PHT 9B KPRt hetw JPdds measurifigt 50
- 150 ndp QLoqeh ipftafe IBNS Wby RehDELARQE 8he 181 r inf thelQPbGHH of S

e

caused by s ot her "nmechanismto assune a state having the résidual

15 crystal. It is inferred that the region in which the voidsg measuring
50 ~ 150 nm are present at a density in the range of 10* ~ 2 x 10°/cm’
is caused by some other mechanism to agsume a state having the residual
holes in the smallest density.

[0072]

20 The fact that the precipitate valley region in the radial direction
part of a base plate is varied, depending on the nitrogen concentration
and the V/G may be explained by a supposition that the density and the
size of the voideg are varied in accordance with the nitrogen
concentration and the V/G.

25 [0073]

The doping of carbon has only a small influence on the distribution
of V region and I region in the subgtrate and the two-dimensional fault
region map using nitrogen concentration and V/G as two axes is nearly
the same as in the case of the sole doping of nitrogen. In the epitaxial

30 wafer using a base plate simultaneously doping nitrogen plus carbon,
therefore, the same precipitate valley region as shown in FIG. 5 isg

present just the same notwithstanding that N-SF and E-pit cease to exist.

[0074]



holes in the smallest density. [0072] 20 The fact that the precipitate
valley region in the radial direction part of a base plate is varied,
depending on the nitrogen concentration and the V/G nmay be expl ai ned by
a supposition that the density and the size of the voids are varied in
accordance with the nitrogen concentration and the V/G 25 [0073] The
dopi ng of carbon has only a small influence on the distribution of V
region and | region in the substrate and the two-di nensional fault

regi on map UsiSRgInNiiaofeR COTEEREIERISEAIRATNY Br asth wendkeson Feqéar I8f
the sang @%chniifi8CASK AN 4% 50k 8wdAb ARk nbidd 0981l $he.LRLd Ay &
30 wafer using a base "plate sinultaneously doping nitrogen plus carbon,
t her ef o emal hgagldpt precitpphatiepeakieay ofegiygernapradigvirtate @rEity visile

presentpé ust .the sane .Qgtwthgét%ré%l_ng that N-SF and E-pit cease to exist.

[0074] BT Y5CAR iy Pias *Been PuiSued regarding the growth condition
regison of sfdo7eson single crystal with a view to producing an epitaxi al

waf er havi ngF a small radial direction dispersion of oxygen precipitate
density whil eIG'p_? é\?eﬁ?i‘ﬁﬁ{é’léﬁa%ﬁz ﬁﬁ?@%‘n‘—ﬂéf’écﬁx.plﬁl[le’@?fSE]heFﬁf@at?oFlsa%Fg_
expl analif e EE8WNRG 1 bATo©%PEA) SN0 wh BR di€h-85ERMABAGboE mem@qfcgﬁéoasgg; on

of a crystal with nitrogen and carbon sinul taneously doped produce
under tdmpedopiiduiced widdrohhe/ogndi heow pif -1y ¥f G déhectpi drarertdnt sch- pitghe
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than 0.5 or not. [0076] ,
precipitate is not less than 10°/cm’® or not, and whether the radial
direction dispersion of the density of oxygen precipitate is not more
15 than 0.5 or not.
{o076]
First, the range in which the nitrogen concentration is
comparatively high and the V/G is comparatively low has been studied.
In the illustrated growth condition region 5, which is such a growth
20 condition as answers the description, the nitrogen concentration is 1
x 10 ~ 5 x 10 atoms/cm’ and the V/G (relative value) is 0.7 ~1.2.
{0077]
The nitrogen- doped base plate grown in the growth condition region
5 is a substrate having the whole surface formed of an OSF region and
25 having the aforementioned precipitate valley region excluded. Since
the I region having a small density of oxygen precipitate is also
excluded, the oxygen precipitate is homogenized in the radial direction
part of a base plate. Further, as the nitrogen concentration is not less
than 5 x 10 atoms/cm’, it follows that the density of oxygen precipitate
30 is 1 x 10° pieces/cm’.
[0078]
By a study pursued regarding the behavior of oxygen precipitate

of an epitaxial wafer using the substrate of this quality, it has been



First, the range in which the nitrogen concentration is conparatively
high and the V/Gis conparatively |ow has been studied. 1In the
illustrated gromh condition region 5, which is such a growth 20
condition as answers the description, the nitrogen concentration is 1 x
1015 - 5 x 1015 atons/cnB and the V/G (relative value) is 0.7 -1.2.

[0077] The nitrogen- doped base plate grown in the growth condition
region 5 is a substrate having the whole surface forned of an OSF region
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than 5 x 1014 toms/crrB it follows that the density of oxygen

preci pl?ﬁes 2F% 1 x 109 pieces/cn8. [0078] By a study pursued
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grown i the growth con i on region inevita ornms an

epi i ayerx defeetoavéemwhen carbon is doped in an anount of not |ess than
10 1 x 1016 atong/cnB. [0080] What causes the addition of carbon to |ose
an effect inﬁbor enting an epi-layer defect may be answered by a

supposi ti on Wit chhees capcRditabhofF 0hripdd t60Rskd Snheifghtenegranentiiey VI G
is lowered as well. 15 In the case of the condition of the growth
condi ti®n Feg'r%fﬁf%f, fAetester may be answered by a supposition that the

concentration of nitrogen is heightened and the V/G is lowered as well.
15 In the case of the condition of the growth condition region 5, however,

the upper limit of nitrogen concentration-V/G required for the exclusion

of the precipitate valley region and the I region is extremely narrow

and the room for suppressing the occurrence of an epi-layer defect by

slightly lowering the nitrogen concentration or slightly heightening the
20 V/G is small.

[0081]

For the purpose of finding such conditions of production as
prohibit the occurrence of an epi-layer defect despite doping of carbon
in an amount of not less than 1 x 10!® atoms/cm® under the conditions of

25 nitrogen concentration and V/G shown in the growth condition region 5
of FIG. 7, a study has been pursued as aimed at the crystal growth
parameters other than nitrogen concentration, carbon concentration, and
V/G.

[0082]

30 As a result, it has been found that the crystal cooling speed
between 1100 and 1000°C during the growth of crystal is exerting an
enormous influence on the occurrence of an epi-layer defect.

[0083]



the upper Iimt of nitrogen concentration-V/ G required for the exclusion
of the precipitate valley region and the | region is extrenely narrow
and the room for suppressing the occurrence of an epi-|ayer defect by
slightly I owering the nitrogen concentration or slightly heightening the
20 V/IGis small. [0081] For the purpose of finding such conditions of
production as prohibit the occurrence of an epi-|layer defect despite
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4C/ m nute and does not all ow presence of OSF or void. [0084] The growth

condi tions al%#ling this description are such

The growth conditions answering this description are such

15 conditions that nitrogen concentration and V/G fall in the ranges
belonging in the growth condition region 5 (the same as the growth
condition region 5 of FIG. 7) and the crystal cooling speed between 1100
and 1000°C during the growth of crystal exceeds 4°C/minute. Under these
growth conditions, the epitaxial wafer using as a substrate a nitrogen

20 plus carbon-doped base plate having a carbon concentration of not less
than 1 x 10'® atoms/cm’® has the radial distribution variation of the
density of oxygen precipitate zrestrained below 0.5 and the
concentrations of such epi-layer defects as N-SF and E-pit suppressed
below 0.05 piece/cm®. Incidentally, the crystal cooling speed is

25 calculated as V x G from the average temperature gradient [°C/mm] in the
direction of the axis of crystal growth and the crystal pulling speed
V [mm/min] .

[0085]
It has been found that if the crystal cooling speed falls short

30 of 4°C/minute, N-SF or E-pit will occur at a concentration exceeding 0.05
piece/cm’ even when the carbon concentration exceeds 1 x 10 atoms/cm’.

[0086]



15 conditions that nitrogen concentration and V/G fall in the ranges

bel onging in the growmh condition region 5 (the sane as the growh
condition region 5 of FIG 7) and the crystal cooling speed between 1100
and 1000C during the gromh of crystal exceeds 4C/ m nute. Under these
grow h conditions, the epitaxial wafer using as a substrate a nitrogen 20
pl us carbon-doped base plate having a carbon concentration of not |ess

than 1 x 1016 atons/cm has the radial distribution variation of the
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effect of cardomvienabl es preventl on of the 10 occurrence of N—SF or E-pit
because the formation of the original defect of N.SF or, E-p IS
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15 exerts an influence on the radial direction distribution of oxygen

precipitate. To be specific, when the crystal cooling speed between
1100 and 1000°C is fixed at 4°C, the boundary position of the OSF region
is not changed and the boundary of the V region is shifted toward low
nitrogen and high V/G sides as noted by comparing FIG. 7 and FIG. 8.
20 Consequently, the precipitate valley region is also shifted toward low
nitrogen and high V/G sides. As a result, it has been made clear that
the ranges of nitrogen concentration and V/G required for rendering the
radial direction distribution of oxygen precipitate are expanded toward
low concentration and high V/G sides. That is, even by using not merely
25 a substrate grown in the growth condition region 5 and having an OSF
region throughout the whole surface but also a substrate grown in the
growth condition region 6 and 7, containing an NF region besides an OSF
region, it is made possible to produce such an epitaxial wafer that the
radial direction dispersion of the density of oxygen precipitate falls
30 below 0.5 and the concentrations of such epi-layer defects as N-SF and
E-pit both fall below 0.05 piece/cm?.
[0088]



15 exerts an influence on the radial direction distribution of oxygen
precipitate. To be specific, when the crystal cooling speed between 1100
and 1000C is fixed at 4C, the boundary position of the OSF region is not
changed and the boundary of the V region is shifted toward | ow nitrogen
and high V/G sides as noted by conparing FIG 7 and FIG 8. 20
Consequently, the precipitate valley region is also shifted toward | ow
nitrogen and high V/G sides. As a result, it has been made clear that
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function of the nitrogen concentration. That 1s, the upper [lmt of 't he
val e ofs V. & 4xpritB/. & ﬁp'ls x nitrogen concentration [atoms/cm’]) x (V/G) crit
and the lower limit of the value of V/G [mm®/°Cmin] is exp(-7.1 x 107'¢
x nitrogen concentration [atoms/cm’]) x (V/G) crit (providing that the
term (V/G) crit denotes the V/G value of the part corresponding to the
boundary between the V region and the I region in silicon single crystal
20  with no nitrogen doped ).
{00901
In the growth condition regions 6 and 7 of FIG. 8, the radial
direction distribution of oxygen precipitate is uniform because they do
not include the precipitate valley region notwithstanding part of
25 crystal deviating from the OSF region. It may be safely concluded that
the radial direction distribution of oxygen precipitate has no bearing
on the distribution of the OSF region. Incidentally, the growth
condition region 6 has nitrogen concentration of 5 x 10 ~ 2 x 10'®
atoms/cm’ and V/G (relative value) of 1.1 ~ 1.8 and the growth condition
30 region 7 has nitrogen concentration of 1 x 10 ~ 5 x 10*® atoms/cm® and
V/G (relative value) of 1.1 ~ 1.8
[0091]



15 is 1.4 exp(6.2 x 10-16 x nitrogen concentration [atons/cm] ) x (VG
crit and the lower Iimt of the value of VI G[mZ/ Cmn] is exp(-7.1 X
10-16 x nitrogen concentration [atoms/cm] ) x (MG crit (providing
that the term (V/ G crit denotes the V/G value of the part correspondi ng
to the boundary between the V region and the | region in silicon single
crystal 20 with no nitrogen doped [0090] 1In the growth condition
regions 6 and 7 of FIG 8, the radial direction distribution of oxygen
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15 precipitate valley region as shown in FIG. 8. The cause for this shift

may be surmised as follows. The supersaturated atom holes drawn in

through the solid-liquid interface during the crystal growth are

coagulated and converted into voids in the neighborhood of 1100°C.
[0093]

20 When the crystal cooling speed between 1100 and 1000°C is high,
the voids assume a small size because the time allowing coagulation of
atom holes is not sufficient. As a result, the region in which the voids
50 ~ 150 nm in size are present at a density in the range of 10* ~ 2 x
10°/cm® as shown in the nitrogen concentration V/G map is shifted.

25 [0094]

It is surmised that voids not more than 50 nm in size are present
between the V region and the OSF region shown in FIG. 8.

[0095]

Now, a concrete example of the production of silicon single crystal

30 and the production of an epitaxial wafer will be described below.

[0096]
As one way of producing a silicon single crystal, the CZ method

that consists in pulling a crystal from a melt in a crucible while growing



15 precipitate valley region as shown in FIG 8. The cause for this shift
may be surm sed as follows. The supersaturated atom holes drawn in
through the solid-liquid interface during the crystal growth are

coagul ated and converted into voids in the nei ghborhood of 1100C. [0093]
20 When the crystal cooling speed between 1100 and 1000C is high, the
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15 possible extent and stabilizing the crystal growth. Generally, for the
purpose of fixing the position of the surface of the silicon melt relative
to the heater during the course of pulling the crystal, for example, the
position of the crucible is elevated proportionately to the weight of
the crystal that has been pulled. The change of the condition of thermal

20 conduction on the crystal side during the growth of crystal is extremely
small as compared with that on the melt side. This change virtually
depends on the structure of the oven and the hot zone structure in the
oven, and is slowly dwindled by the length of crystal.

[0097]

25 The temperature gradient G of the phase boundary of the crystal
growth is generally not uniform in the radial direction part of crystal.
The crystal side temperature gradient in the phase boundary of the growth
of crystal is larger in the outer peripheral part of crystal than in the
central part of crystal. This is because the lateral face of crystal

300 1is cooled more by the radiation cooling at the lateral face of crystal.
For this reason, the V/G is lower in the outer peripheral part of crystal
even at the same pulling speed V and the OSF region forming the origin

of the occurrence of an epi-layer defect is liable to occur in the outer



t he purpose of fixing such environnmental conditions to the fullest 15
possi bl e extent and stabilizing the crystal growth. Cenerally, for the
pur pose of fixing the position of the surface of the silicon nelt
relative to the heater during the course of pulling the crystal, for
exanple, the position of the crucible is elevated proportionately to the
wei ght of the crystal that has been pulled. The change of the condition
of thermal 20 conduction on the crystal side during the growth of crystal
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structure I'n the oven, and is s crystal.
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1100 and 1000C during the crystal growth can be controlled by varying
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controlling t e two va ues I ndependently, structure of t
pul 15 ngv@y emhiraste reachamfede pulling speed inevitably results in lowering

the crystal cooling speed between 1100 and 1000°C during the crystal
growth. For the purpose of decreasing the value of V/G of the phase
boundary of the crystal growth and as well increasing the crystal cooling
speed between 1100 and 1000°C during the crystal growth, such a special
20 measure as enhancing the cooling ability of a thermal shield plate so
disposed as to encircle the crystal, for example, is required.
[0100]
For the purpose of producing a nitrogen-doped CZ-silicon single
crystal, a method of introducing nitrogen gas into the raw material in
25 process of dissolution and a method of causing a silicon base plate having
a nitride deposited thereon by the CVD technique to be included in the
raw material in process of dissolution, for example, are available.
Then, for the purpose of producing a carbon-doped CZ-Si crystal, a method
of causing carbon powder to be included in the raw material in process
30 of dissolution, for example, is available. The segregation coefficient
k,
i.e. the ratio of the impurity drawn into the crystal subsequent to

solidification to the concentration in the melt, is 7 x 10 * in the case



[0099] The pulling speed nust be lowered in order to | ower the val ue of
15 VG This decrease of the pulling speed inevitably results in |owering
the crystal cooling speed between 1100 and 1000C during the crystal
growt h. For the purpose of decreasing the value of V/G of the phase
boundary of the crystal growh and as well increasing the crystal cooling
speed between 1100 and 1000C during the crystal growh, such a special 20
nmeasure as enhancing the cooling ability of a thermal shield %Iate SO

di spose?f &8 tEEIBRATL e OF hi diiPs CaPS ‘?%rcaékaﬂp%', 4ud ePBEhi 3 [B‘i}ﬁfb‘i'

For t hecRIHHRISE- R nprdiekRge 8 RbtARASRadoRed £728, IdzaRgsknale aLrvest al
a nethod of introducing nitrogen gas into the raw material in 25 process
of di ss¥1it/i 348ahd a nethod of causing a silicon base plate having a
nitride depoahkﬁq t hereon by the CVD technique to be included in the raw
material in process of dissolution, for exanple, are available. Then,

for 5t he purpise awhcphodatciorg cf caeboine typed dCZwSi £oony sttad med tmetbodcheof

causi ng_carbon, powder to.he inpcl d in the raw material in.pracess, 30 of
Sl P b SBSRAPEd s Ho et dEvens R eod By bAe AP eRT Lot
i.e. theadiat,ig of (Wght NPErddystdl avwed MiQikBR) CriSkak ]l SMOSROUISAT méIx) ,

solidification to the concentration in the nelt, is 7 x 104 in the case
- 30 off fiher 65BRCRN@T0 DBt W% re case of carbon (W Zul ehner and D.

Huber, <é§fﬂe%hekaa%@,nﬁ%g%t1@%1»?99611%%'}k&af(b&ﬁ@ent&at%én_of nitrogen
Springer-Verlag, New York, 71982). [0101] 5 The concentration of ﬁ%e

ni t Wogein dmawnal rosdthe el t gMto the crystal is expressed by the

foll owing for.mul a ysin he.soli.dificatio rat.i.o, = (weight of
Crystall L zed Bhe G GREi SR Wl RPN RSt ROyt CHBLERL Blenoue
tinme. (fxmGentéaid enchfcsiditagan as theystaldcuzrekaxd (tGenpent 1 ispaedfof

nitrogen 10_in initial pelt) x (1 -, gk - ' Since this relation is
et ai N pPEE RIS oo REE ACRPLRRHICH of nitrogen in the Srybral car be
controlled nearly uniquely by the concentration of nitrogen in the

15 initial melt. The segregation coefficients k of nitrogen and carbon do
not mutually influence even when nitrogen and carbon are simultaneously
doped. Thus, the concentration of nitrogen and the concentration of
carbon can be controlled by utilizing the coefficients mentioned above.

[0102]

20 Incidentally, in the production of silicon single crystal by the
CZ method, the crucible uses quartz as its raw material. Since this
quartz crucible melts little by little into the silicon melt, oxygen is
present in the silicon melt. The oxygen dissolving out of the quartz
crucible is migrated by the flow and the diffusion of the silicon melt

25 and is mostly vaporized as SiO gas from the surface of the melt. Part
of the oxygen is drawn into the crystal. The oxygen drawn in at a high
temperature is supersaturated while the crystal is cooled, subjected to
aggregation, and caused to form minute oxygen clusters while the crystal
is cooling. These oxygen clusters serve as precipitate nuclei, which

30 are precipitated as SiOx while the device manufactured from a silicon
single crystal wafer is undergoing a heat treatment and are eventually
made to form an oxygen precipitate.

[0103]



reference to such conditions as the structure and the pulling speed of
the pulling oven, the concentration of nitrogen in the crystal can be
controlled nearly uniquely by the concentration of nitrogen in the 15
initial nmelt. The segregation coefficients k of nitrogen and carbon do
not mutually influence even when nitrogen and carbon are simultaneously
doped. Thus, the concentration of nitrogen and the concentration of
carbon can be controlled by utilizing the coefficients nmentioned above.
[0102] 20 | reiedénnashsd sigdiche pmedectrwatadf (sngoton ssinaghiaatrystalntyy
the CZ nethod,, t cruci.bl e _use uartz its_ raw eri hnce this
quart z %rsﬁl%isgf%t%e FsTTtit g‘“b%"ft. g‘tlfag TH e?f 't hgegﬁ?lg%l}ri rare%sfe %ﬁggnl%]s
pr esentpidtivckd sy ki gistam thatlkempxygen stli siod vhags idltcoaf sidl equaydtzal
crucible is mgrated by the flow and the diffusjon of éhe silicon nelt 25
and is %stﬁlﬁyu\%eaﬁ& PZEF RS &F g IPPomtRESstit Yade 8P HPIRSTCPIFAT of

t he oxygernkSrefiavant 16 deer §rest s epsTBE hav@eri A AWt ching! ahdihghror
tenperature i s supersaturated while the crystal is cooled, subjected to
aggr egeR®orrhiagd clgRen EFeRmSEERURe RBafgémcerustterasingd 3¢ PHeMeFs al

is cool] T . QXY clus : . ci. pi n L igh 30
are pré%| Fﬁapgggggﬁggggnm%?l%ﬁ%ﬁgggéégcgéﬁgﬁgfégtéggﬁiT#%%?gaép?iggﬁg

si ngl e strersbhlhesaf eredtmenndes gerfgrmedeabséqeattmentti@ndraces event ialddy
made to forn1a9 0 en gre ipitate.t%OAOQ% - 3% The fhnis ed giliﬁon
Singl e WSt al B HHOEToF < manT AR AT 7ACEOBRE ARfeCr B 88PPR 2
epi toaxi @dnteabehted@ietnl & Vinvanbase, ploateet S ther sdbeachtRymay PFeopessuddtnt
conprises slicing the silicon single crystal by the use of_a wire saw or
an i nnetY bRagams [rosrss vdl S UBFe foridieedth BTyt s HIHEORRana BRIt t s M et o

the steps,Qf;gham &l iR@raekeh ng, and mrror polishing. Wen an extra
step of heat treatnent ained at pronoting oxygen precipitation or

el i minating tEfoddts i s added, generally this step of heat treatment is
oL O TeD SUPAMNERK: 10 LR PGSR A e AREKEC: i B SEEF
i nvient i it hewevesn fild shabsss alesarapebealprveduc@te process of epitaxial
growth (epi-deposition) is implemented with a device for vapor phase
growth. Generally the substrate is heated in an atmosphere of hydrogen
gas to a prescribed temperature range (commonly in the range of 900 ~
1200°C) prior to the vapor phase growth, subsequently etched as with a

20 gas containing hydrogen chloride for several minutes, subjected to
removal of surface contamination and activation of base plate surface,
and thereafter enabled to grow on the surface thereof an epitaxial thin
film using a silane-based gas.

[0105]

25 Though the epi-film thickness is not particularly specified, it
is generally preferred to exceed 0.5 um in view of the controllability
of the film thickness. If the epi-film thickness falls short of 0.5 um,
the accomplishment of uniform radial direction film thickness will be
rendered difficult. The epi-film thickness preferred to be not more

30 than 20 pum in view of the throughput. If the epi-film thickness exceeds
20 um, the excess will cause the process of epi-deposition to necessitate
not less than 30 minutes at a sacrifice of productivity and will prove

impractical. In the existing commercially available device that



by the sane process as is used for the ordinary silicon base plate
without requiring this extra step. [0104] An epitaxial |ayer is
deposited on the surface of the substrate 15 that has been finished as
descri bed above. The process of epitaxial growth (epi-deposition) is

i npl enented with a device for vapor phase growh. Generally the
substrate is heated in an atnosphere of hydrogen gas to a prescribed

t enperature range (connnnlg in the range of 900 -- 1200C) prior to the

vapor pPERSBICSFoED CISRbESHEaMISE BY CNERFoas ERPLIEAF 199 d8sTaIn iy AhRgise

hydr ogegr chlirdecf 95 88V A e BUE eSro il @Gh8dak Omudie Y §los8ipsairfice
contam nation and activation of base plate surface, and thereafter
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particularly speci i's generally preferre exce
vi e ofaddeel comticobgabi kitye tbk dhwyehi pradipickhessiclet fdreedpiurfingmhe

t hickness falls short _.of 0.5 t he acconpl i shnent . of unj form radi al
i ot e h P rrace i Tt e Pe AR MBI, S wHe b SeTpF e e
t hi cknesscdengterdedthDs beroessd0ee it hapotidn, N ewepftdhienl wafer

t hroughput. If the ea@-fi!nlthiqkness exceeds 20 pm the excess wll
cause tHPEABERE SEDEREPPPHEPFRSSELoAR tREGPBEEsET TR L enef el ipHapr P

m nut S5, 33 8361 bl 1eGRnO0huPIRAVAL | ke 208 (el hedl QYRarhlRE aCkHERLa dd

the exi'sting commercially available device that - 32 produces the
t r eldt nethe giegéeeby piece, the heating is nade by the use of a lanp so as
to shorten t %gocess time as nuch as possible and restrain the tine

i

required for e ing and lowering the tenperature to about several

m nut es. | n THee ogggen obrddipiarde nargl dlaserpedtien haei APt bogddadpad base
nitrogen, since the oxggen precipitate nuclei formed during the growth

of crysRi@teardateddcéd td ROt RF ngSTUrifg? t FEPTE5E 8iSePaftr EPe T dase

of thissyyiRgessy oy @Rl = 880aShbE iR robhe a8R1 trdki-ako¥af gevesdRagguantxiL the
epi - deposi tion becones incapabl e of inducing oxygen precipitation even
durlSng duydngoths sapid tiearREAtUES eREHRFRS F—équ‘ler pHogass of epi-deposition.

The extra process of heat treatment aimed at promoting oxygen
precipitation or eliminating a fault may be optionally performed in this
process of epi-deposition. In this case, the heat treatment is carried
out at a prescribed temperature for a prescribed time before or after
20 the etching by the use of a gas containing hydrogen chloride and,
subsequently, the step of growing an epitaxial thin film on the surface
of a substrate by the use of a silane-based gas 1is initiated. The
addition of such an extra step as this, however, results in elongating
the time for the whole step of epi-deposition and lowering the
25 productivity and eventually leads to adding to the cost of production.
As regards this point, the base plate having added nitrogen and carbon
as contemplated by this invention has no use for this step and is only
required to use the same epi-deposition condition as the ordinary base
plate.
30 [Examples]
[0107]
Now, examples of this invention will be explained below.

[0108]



10 the device. [0106] The oxygen precipitate nuclei fornmed in the

ni trogen-doped base plate that is fated to be used as a substrate have
been thermally stabilized by the effect of nitrogen and, therefore,
never cease to exist 15 during the rapid tenperature increase in the
process of epi-deposition. The extra process of heat treatnent ainmed at
pronoting oxygen precipitation or elimnating a fault nay be optionally
performed in this process of epi-deposition. In this case, the heat
treat nent i sIrcahei expmmigs, athea qmve'serf%@rpénpémataiﬂecborsialqdreescwttﬁéld
time before or frer_20.the etchi by t.he.us as n

hydrogen ca}'ﬂ gl’lg 2 n%rOdSl?bsglquen cor}/tsl'umglflg gr taal % ntg%an epl‘?%u a%

t hi n firtenhod,tdel sonkases oaf tlee fubstrpiﬂelbg dxhel ﬂsmnsfheai sitlareptakiaty gas
is initiated. The addition_of such an extra step as.this, however,

resul tssl?eﬁ?dellﬁnﬁoa‘i“i“ﬁb usenangi e 1GCOrePWhole S EB Jfardsd &8p8§?]re Bh 2and
| owsr i Ngpddie12me dHoR0M GhieWnh Y s@ﬁéla\@gratteaéclﬁ/th@@ﬁ& b9e affdhaghtering RSt
of production. As regards this point, the base pFate havi ng adde

ni t r ogefPAAagcEmarshat RELHEAT erdIlated 16901?%1 s ToneErrdiimohelihényset Fast.

this st [ r t i on
s the oy s T e P T R e e b s
i nvent i loareinl buﬂ)aeeamnaym&thmdvto pekG®rbie3F fuhfile ngxemplcesditimms
devi ce f rgﬁprggum Sk cgngl | e, cry stal is adapted to produce the
si |i con”'siFgl c?% 6‘;9 mé?v fret hod, and consists of the
first pullingieeen furnished with a puI ling speed in commobn use and the

second pulling oven adapted to cool by a 5 s ecial nethod _a thernal
shi el d pl at eFopitHePhELpase B shat @ﬁ’f’é’ﬁl EPREISS 861 HHE dpeker drdpdttween

1100 and t%@o@boiéh%%@f" B8 LA A¥ENE AP heasiPeges PLLdHST (9¥6NEmda ot
need to bée particularly [imted to the exanples herein but were only

requi r etianetbe. capable of fulfilling the conditions
[0110]
15 The addition of nitrogen was implemented by causing a base plate

having a nitride £ilm adhering thereto to be thrown into a silicon melt.
The addition of carbon was accomplished by throwing carbon powder into
the silicon melt.

[0111]

20 Incidentally, the relative V/G value was defined as follows. 1In
a pulling oven having the same construction as the pulling oven that had
pulled the relevant nitrogen-added silicon single c¢rystal ingot
(hereinafter referred to as “nitrogen-doped crystal”), a silicon single
crystal ingot having neither nitrogen nor carbon doped was pulled at a

25 varying pulling speed V and tested for in-plane distribution of
dislocation pits by the method which will be specifically described
herein below to determine the position of boundary of the I region. When
the pulling speed was lowered, for example, the wafer edge side became
the I region and produced dislocation pits. In that case, the relevant

30 wafer was tested for the in-plane distribution of dislocation pits and
the position at which the density of dislocation pits was lower than 10
pieces/cm’ was designated the boundary of the I region. The relative

V/G value of a nitrogen-doped crystal pulled in the pulling oven of the



of growth contenplated by this invention. 10 [01091 The silicon single
crystal grown by the use of this device had the p type (boron-doped) of
conduction and neasured 8 inches (200 mm in dianeter. [0110] 15 The
addition of nitrogen was inplenented by causing a base plate having a
nitride filmadhering thereto to be thrown into a silicon nelt. The

addi tion of carbon was acconplished by throw ng carbon powder into the
silicon nelt. [0111] 20 Incidentally, the relative V/G val ue was defined
as fol | BAkE CPRSLBUGHHON WS SRERTRAVF RSt N/ Dan® /EdnS¥tuc tHENV 4% vehee at

pul I'i ng.,oMen. & :hatnhadse Pl A gthe (TR euant | DLhaT eges @9&%1%','\9/%09?@%1@' e

crystal 1ngot (hereinafter referred to as "nitrogen-doped crysta a
si | i con(&idigkeis cwlyst dhei mgbee hedfviredaneve WG At togen nor car bon doped
was pul | ed aE 2%5 varying pulling speed V and tested for in-plane

di stribution 3T di sl ocation pits by the nmethod which wll be

spedi fical | ysaigsesi b digseah heliay Lo rdetregsh o ddie wposiguldredoin the
bounda;g,of the. | region. \Wen the pulljng speed was_| owered, for

exanpl ef e Pt 879 g SPdetBRechrondt Hel 1% gleh Badt rbdiigedalues of

di sl ocatd QR iRkt $/c ldhd Pabpsase Hikeo5eh evHend0a Wb erv Masabest ed for the
i n-plane distribution of dislocation pits and the position at which the

density of di%ligdation pits was | ower than 10 pieces/cn2 was desi gnated

the boundar yAsofr_ehgﬁﬂé Eﬁﬁgia%-lilgesrf!eeéfdabh}{ﬁeeﬁfgg’o\bawﬁ Pho P Nl 9EE Nxfloped
crystal pulled in the pulling oven of the - sane construction was
det ér m qreditasof Wr@pt &Y/ Ghecvatye toieV W G2y atheeredt G2 li@hopesitticoamaklest

designated.as (MG crjt, . and, to be specifig, V/ G equals VIG . cris
Chen b et HRoeb e Ll F o o BS o dient SIS Rngb (pE 1 £ S
havi ng 1mporict 19gee dopad i\war 6f pulel £8id Bt &g sthillr stoyll | WAy Beptaddhdde

second pulling over to find the values of relative V/G and prepare a
ni t r ogeRF < CEREERt FatTEn FFPESFRp-ative value.

[0114]

15 Epitaxial wafers were prepared by excising a plurality of base
plates (silicon wafers) from one same portion of the single crystal,
mirror polishing the base plates to obtain substrates, and having a
gilicon single crystal layer (epi-layer) deposited severally on the
substrates by the epitaxial method.

20 [0115]

The epi-layer manifested a specific resistance of 8 ~ 12 Qcm and
measured 5 um in f£ilm thickness. The specific resistance was measured
by the four point probe method.

[0116]

25 The nitrogen concentration was determined by extracting a sample
from the epitaxial wafer subsequent to the epi-layer deposition,
subjecting the sample to a 20 pum polish with the object of stripping the
epi-layer of the surface, and examining the sample with a secondary ion
mass analyzer (SIMS).

30 [0117]

The carbon concentration was determined by examining the epitaxial
wafer resulting from the epi-layer deposition by the infrared absorption

method (FTIR) and calculated by using the concentration conversion



[0113] As regards the cooling speed between 1100 and 1000C during the
10 growt h of crystal, the value of V x &, wherein & denotes the
smal |l est of the values [C/m] of tenperature gradient in the range of
1100 - 1000C in the direction of the axis of crystal growh, was conputed
and presented as the representative value. [0114] 15 Epitaxial wafers
were prepared by excising a plurality of base plates (silicon wafers)
fromone sanme portion of the single crystal, mrror polishing the base

pl at es G35 TOBEAPRE 5 TSP EReDY aHBPAAGI g FACCET T iSon TRARGHEY c PRERPPTRfer

(epi-| ay&ioh1depos t atheSEVRIR LynQthlhie i o8 Wish rb%fs%s%i)é{:é H@nf}ﬁétq)ﬁbaéuch
met hod. 20 [0115] The epi-layer manifested a specific resistance of 8 -

12 @cmandv apecifiiad rsshptandd lam daf denass. offHdiss FEER vas rdediesnaned hias
neasur e, . l%y chhbeg ]fl\%ur poi nt probe nethod. [0116] 25 The nitrogen
concentratron was determ ned by extracting a sanple fromthe epitaxial
waf ér subseqioaniito the epi-| ayer deposi tion, subj ecting the sanple to a

20 mpolish with the object of strl ayer of the surface,
and exant ni s RESTAARIE W RURSEERBRILRA Shi Shise SranRre 08 R S50
[0117] thsniearQincaBsendialy ommu@eaerme&@dobyfx@&antm ngot he- eppdiaxi al
wafer resulting fromthe epi-layer deposition by the infrared absorption

met hod {EFFRRCanduEHIL diter eFoyhust ngryHe lconddier athenVcsagErsith the 35
coeffi Célﬁﬁttrég@@o%‘idbé(e %EB@PP&%l@ye&éfﬂi@dcb% 'E‘ﬂ'éséefﬁ/s 1P8VEF ORMRAL voids.

Associ ati on. The carbon concentration of ase plate manifesting such a
| owOspeci fi c[0r1é§ﬂstance as defies use of the FTIR was determ ned by

usi ng the Si 011 The V. I e ion of the subst |eI ds.void
consequence 0 ex]C esubstr were examlne % ciee}: nlngsche élal

direction dlstrlbutlon of voids in a base plate by the use of an LSTD
scanner (made by Mitsui Mining And Smelting Company, Limited and sold
under the product code of MO-6), which is a commercially available device
15 for the evaluation of fault. This MO-6 emitted a visible light laser at
a Brewster’s angle and detected a scattered image of p polarization as
a defect image with a camera disposed in the vertical direction. Since
the laser permeated the base plate only to a depth of 5 um from the
surface, the device can only evaluate the defects existing in the base
20 plate within a depth of 5 um from the surface. Prior to the
determination, the detection sensitivity was so adjusted that voids
measuring not less than 50 nm in size as reduced to sphere could be covered
by the measurement. The volume density of the voids was calculated from
the area density of the voids covered by the measurement and the depth
25 of measurement of 5 um. The region in which the volume density of voids
was not less than 1 x 10°/cm® was designated V region.
[0120]
Meantime, the I region of the substrate assumed dislocation pits in
consequence of the introduction of excess interstitial atoms through the
30 solid-liquid interface during the growth of crystal. Thus, the I region
could be defined as the density of these dislocation pits.

[0121]



atom c vacanci es being introduced thereto fromthe solid-liquid

interface during the gromh of crystal. Thus, the V region of the
substrate could be specifically defined by the density of these voids.

10 [0119] The voids in the substrate were exam ned by determ ning the
radial direction distribution of voids in a base plate by the use of an
LSTD scanner (nade by Mtsui Mning And Snelting Conpany, Limted and
sold under the product code of MO>6), which is a comrercially avail able
devi ce IIB fawbsthatevahsasiovensd ftauldeteThire MO Bl asittivad patei srbleringght

| aser . Br r. I tect a.sca '

pol ari ;ga}%elr%ﬁga@ﬁgl%dg %@%Hﬁagg&vﬁ h gagg%’e rtzl%d%’é%%%ga elnﬁgghecegc\?% Fi t?%a

di rect idepthSiafces gmewitdses pigheadtethinge Idasedpl atfkeonliglboaai@epiitsof 5
mfromthe surface, the_ device can,on%%ﬁevaluate the defects existing in

the bad®2SH PPACE W tH APER defPHTLF18S @RS QTHTHEISH 46t P 0P Ut F ¢ he

det gr m faki SbndikesigiL ol Hrcs@Nshe idHabl Wase SBuAthdBesbddatatiehdsith
measuring not less than 50 nmin size as reduced to _sphere could be
cover e Pptifel mEkarpcerBAt . T ar6RUARBNYENSIOfy tBE Ehel /asitdenwasts was

cal cul aéael_@uflh%& 6 Alea -dans RIX?Q%I %ﬁ%_}_éﬁ%ﬂ% £V 1ied 1 ¥ a WP mARASU RTENt

1|
and the depth 25 of neasurenent o e region in ﬁhlch t he vol une
densi t ythef diplosativasphnbs dtepstelmesm of X0 M6 AonBhaval réesignatfeda¥ivegifon.

[0120] _.Meanti t he region of the. sybstrate assuped dislocation pits
[ coreRaDRre BTaFe t heienf rtte £ L ar iR aed 8P R S PRt R Bl
t het030 53] ndski therd lionbeetacrdurafnddigngt @mdheofT eeyséml . Thus, the |
region could be defined as the density of these dislocation pits. [01211
- 36 The sulfdfrate was surveyed to deternine dislocation pits occurring

therein by the fQbhout NG, et had bkelatd NG VYHIshLat eavasegtsedy arR
depth of 5 pmwith a light etching liquid. The dislocation pits

measur i fird lewing ersfhiodan Hipgt.n thezeukatdagecwrs iswpieatede eraheyidaiface 5
L
15 oxygen. Subsequently, it was stripped of an oxide £film with

hydrofluoric acid and then etched to a depth equivalent to the thickness
of an epi-layer with a light etching liquid. The OSF pits formed on the
etched surface in an elliptic shape, a crescent shape, or a bar shape
were observed with an optical microscope. The area density of OSF
20 [pieces/cm’] was determined by scanning the substrate in the direction
of diameter of the base plate in a visual field 2.5 mm in diameter with
an optical microscope thereby counting OSF pits and dividing the number
of OSF pits by the area of observation. The region in which the area
density of OSF is not less than 100 pieces/cm’ was designated the OSF
25 region.

[0123]

Concerning the evaluation in respect of defect region of a
substrate having nitrogen and carbon simultaneously doped, the substrate
of crystal with nitrogen alone and pulled in the same range of nitrogen

30 concentration under the same crystal growth conditions was evaluated and
the defect region consequently obtained was directly adopted as the fault
region of the substrate having nitrogen and carbon simultaneously doped.

[0124]



calculated fromthe area of visual field that was obtai ned by neasuring
the dislocation pits at pitches of 10 nmin the direction of radius of
the base plate. The region in which the density of dislocation pits was
10 not |ess than 10 pieces/cnz was designated the | region. [0122] The
eval uation of the substrate in OSF was carried out by the follow ng

nmet hod. First, the substrate was subjected to an oxidation treatnent at

1100C for one hour in an atnosphere of steam containing 15 oxygen.
Subsequent | y'he N-FBLISCRRppRY BT 2AnVd5GHEUPPEMSHE O RyRrBrI-d6PPeL E@ad

and thep,Lteheghids dydept eRauly ode@Qui-be i, chknesse &fitdRkiQPiwdayer
with a light etching |iquid. The F pits formed on the "etched surface
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with an i.cal microscope, The.area density of F 20 [ pi s/ was
et or mod 60 a2 ahis A IHRC vy 08 14 58 HUBHRCLY oL S P WSS I D
baseé plaireoritapyiaitatold ehde? tbe rvdncticatelogr *3r1t"hin 8he @ptiecda rating
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concentration under the same crystal 'growth conditions was eva and
t hé Odefdectigneged rtheokistaedt thesghfarerenh past dilresctihytledopt pthraspahe dfaul t
region of the substrate having nitrogen and .carbon_sjnul t aneously. doped.
[o5oay esAtef i Gl OO e R G S R A SR 1 198

epi - depasl hu@Ber Vs Newal datadhdentiherdld oW BHe pE0Ce difr Reafif&lentt.he
epitaxial wafer _in the unnodified formwas tested for the nunber and the
di stribution®gflforei gn particles by using a surface contam nation mneter

made b%/ 5 Tefeof- S Bn @d 3ot Sk NdGE FENGUBERGYEL : €RIEnOTepi SRApod it ildae
ﬁDq% C)w;;agbgguated by the following procedure. The evaluation was carried
out by etching the epitaxial wafer to a depth equivalent to the thickness
of epi-layer with a light etching liquid and counting the pits not less
than 1 pgm in size produced on the etched surface in a rhombic shape or
a streamline shape by the observation with an optical microscope. For
20 the purpose of calculating the density, the observation regions in a
shape of the square of 1 cm were spread all over without a gap in the
direction of a diameter of the base plate, the elliptic pits existing
therein were counted, the area density in each of the square regions was
calculated, and the largest of the values of area densities of elliptic
25 pits in the radial direction part was obtained.
[0126]
Gate oxide integrity on the epitaxial wafer subsequent to the
epi-deposition was evaluated by the following procedure.
f0127]
30 Numerous poly silicon-MOS capacitors having an electrode surface
area of 20 mm* were formed on the epitaxial wafer. The gate oxide film
had a thickness of 25 nm. An electric field was applied to the MOS

capacitors. The number of MOS capacitors in which the average electric



foreign particles not less than 0.11 min size. Thereafter, the

epi taxi al wafer was subjected to the SC1 cleaning for renoval of foreign
particles and again tested for foreign particles with the surface

contam nation nmeter. The foreign particles surviving the cleaning were 10
designated the N-SF and these foreign particles in the in-plane part of
the base plate were counted. The area density was cal cul ated by dividing
t he nunber of N SF consequently found by the area of nmeasurenent. [0125]
The E- pfieldhaphblieditrakhal Iaksd exidabSelguehent Bhe ensppldeposint vas 15 was
eval Patfdiﬁwchheeﬁcgkpgw JfﬁQMQ?QrGEQHEef uHd€a 8y AdaLL O W3S & rr{g%er g DY
etching the epitaxial water to a dept% equi val ent to the thickness of

epi - | ay@grsiginehed ds ght stchssgriiguifdthadresante ngrddfeppopsrmnobi] esigle
than 1 ggg in size produced on the etched surface in a rhonbic shape or a
strean lé“'shape by the observation with an optical mcroscope. For 20

t he spur pose pfio®al cul ating the density, the observation regions in a
shape of the square of 1 cmwere spread all over without a gap_in the

direction of TBE diPXnBtRr REEREBEAEE pPAPRE the Afl | £PEI cERitESiaki ST HRF

ther ei Ny WelGuE AU LHne (8 -EE8s 8RR F¥s kD283 Lhy IR SAVRLR: dLRE Oy Was
cal cul ated, 'and the | argest of the values of area densities of elliptic

25 pi t sFinstt, hehe Rdpalplditeesthsnuusatt tavabe gitiaidgpdsif DIPFps CHIecoRE de
integri . h [ i al b t piidepositign
oval oarbd BB hET HrelBlhe U RO ol U0 ARunEP SHERNARAED 48
si | ibconcddbBdcapEciat BMB araliyagranmadd egtMiodeisMifiage Andr sae 0f inZ0Compamyer e

i An TUCER I T NS SRPPFRETS CPHE SRORO ¢4 b T ST T R Tof
MOS capsCbkpdcn pRedlithithen aueriagergleet r i the rad8al biekd appbbede tdngt he
gate oxide filmwhen the control current was 1 x 10-6 A/cnR exceeded 11
M/ cn Sfashe SeAguaHES PRENEAMEESH: tked #urBarm hae™ thesritaredt adethnse
success, Ak 1HA tREESSU SR @P5m HRPERLY . OfriXisd811L4d Be the values
15 of the density of oxygen precipitate consequently obtained and the degree
of radial direction dispersion of the density of oxygen precipitate
represented by the following formula were found.
[0129]
Radial distribution variation of the density of oxygen precipitate
20 = (Maximum value of density of oxygen precipitate - Minimum value of
density of oxygen precipitate)/Maximum value of density of oxygen
precipitate
The results of the evaluation inclusive of those obtained in
comparative examples are shown in Table 1 and Table 2.

25 [0130]



5 [0126] The oxygen precipitation property of the epitaxial wafer
subsequent to the epi-deposition was eval uated by the foll ow ng nethod.
First, the base plate subsequent to the epi-deposition was subjected to
a single-stage heat treatnent at 1000C for 16 hours, then cleaved, and 10
tested wth a BVD anal yzer made by Mtsui Mning And Snelting Conpany,
Limted and sold under the product code of "MD> 4" to determ ne the
density of oxygen precipitate in the inner part. The radial direction
positions of the neasuring points were pitched at 10 mmfromthe center
of the base plateand limted to 10 nm fromthe edge. The snall est of
the values 15 of the density of oxygen precipitate consequently obtained
and the degree of radial direction dispersion of the density of oxygen

preci pj t AtECTo¥Br eslefitRn, by t hELHSY | SREIEL { OPYHEI™, WETTES POLIAUC) [ 0¥SD][ Cootine
Radi al | di|sish Jhaﬂzﬁakﬁégi@a of " th<,5eﬁg%t) @fm@x_géntpracipitate 8o i)
( Maxi num |VatwecoP denrsiveArndf pxygen| pyeepysi fate - Makerum val ue of

densitly af oxygen precipitate I Maxi Wi val ie of deﬁ%ﬁiy bf oxygen

precipitdate The results of the eval bation inclusiverstrthpse obtaingd in
atilve evnn‘nl c q show n—T h el -and Tabl lignit 25 1 01301 30
c$npar 5 pErfa T cQEvie " 2 .UJI?”"%J 1.2 [ b0 .89 13,0
[ Tabl g 21-1 1'\l§El+isU9b'“ le”C oiz Pul iz my DJ'HJ' eyl ngTRaNgS; ph e Ve (V52
Cool i nge_|Goseeent r at |l 0reee@Ncent z at 1 onioDVEN r 815t ance.7Speedo Va1 ekabz Ve .o
speed 412k 9% ¥ase ptate OF0 (nmd mi A V/GLEC/TH-N) 070 af P8/ dift9
,5 | 1.0E+15 = 1. 0E+16 2 . 11 L - 174 Y. T -1,.810.49 2,55+ 6,0,
(at omsfetiossiostrate oeasue (Pem Spper— it toyelr il T Phttd
1. CEHIE 2. &+10. 90 O0.[A.-ck+Z 0. /P21.89[4 0 2 T[0BH S [o.70B+IH0o20 11199 U o/
-1.2 0.%d 190E8Ts 4 O | 1. 0E+17 2 9 0.9 0.7 -1.2 | 0.49 2.55 4.0
9 | 5.0E+15 1. 0E+17 2 8 0.9 0.7 -1.2 | 0.03 28.12 | 4.0
10 | 5.0E+14 1. 0E+16 2 0.015 1.2 0.7 -1.2 ] 0.70 1.89 4.0
11 [ 1.0E+15 1. 0E+16 2 0.016 1.3 0.7 -1.2 | 0.49 2.55 4.0
12 | 5.0E+15 1. 0E+16 2 0.014 1.2 0.7 -1.2 | 0.03 28.12 | 4.0
1 | 1.0E+13 0. 0E+00 1 10 1 1.1 -2.0 2.0
2 | 1.0E+14 0. 0E+00 1 9 1 1.1 -2.0 2.0
3 | 4.0E+14 0. 0E+00 1 11 1 1.1 -2.0 2.0
4 | 1.0E+15 0. OE+00 1 8 1 1.1 -2.0 2.0
5 | 5.0E+15 0. OE+00 1 8 1 1.1 -2.0 2.0
6 | 1.0E+15 0. 0E+00 1 11 0.6 0.7 -1.2 1.2
7 | 5.0E+15 0. OE+00 1 12 0.6 0.7 -1.2 1.2
8 | 5.0E+14 1. OE+16 1 9 0.6 0.7 -1.2 1.2
9 | 1.0E+15 1. 0E+16 1 8 0.6 0.7 -1.2 1.2
10 | 5.0E+15 1. OE+16 1 9 0.6 0.7 -1.2 1.2
11 | 5.0E+14 1. 0E+17 1 10 0.6 0.7 -1.2 1.2
12 [ 1.0E+15 1. OE+17 1 11 0.6 0.7 -1.2 1.2
13 | 5.0E+15 1. OE+17 1 9 0.6 0.7 -1.2 1.2
14 | 5.0E+14 1. 0E+16 2 8 0.8 0.7 -1.2 [ 0.70 1.89 4.0
15 | 5.0E+14 1. OE+16 2 8 1.9 1.5 -2.5 [ 0.70 1.89 8.0
(V/G)1: lexp (-7.1x10 *® x nitrogen concentration [atoms/cm?])
5 (V/G),: 1.4 exp (6.2 x10 "% x nitrogen concentration [atoms/cm?])



3 5.0E+15 1. OE+16 2 12 0-9 0.7 -1.2 0.03 28.12 4.0 4 5.0E+14 1. CE+16 2
10 1-4 1.1 -1.8 0.70 1.89 6.0 5 1.0E+15 1. OE+16 2 11 1.4 1.1 -1.8 0.49
2.55 6.0 6 5.0E+15 1. OE+16 2 12 1.4 1.1 -1.8 0.03 28.12 6.0 7 5.0E+14
1. OE+17 2 11 0.9 0.7 -1.2 0.70 1.89 4.0 8 1.0E+15 1. OE+17 2 9 0.9 0.7
-1.2 0.49 2.55 4.0 9 5.0E+15 1. CE+17 2 8 0.9 0.7 -1.2 0.03 28.12 4.0

10 5.0E+14 1. OE+16 2 0.015 1.2 0.7 -1.2 0.70 1.89 4.0 11 1.0E+15 1.
OE+16 2 0.016 1.3 0.7 -1.2 0.49 2.55 4.0 12 5.0E+15 1. OE+16 2 0.014 1.2
0.7 -1.2 0.03 28.12 4.0 1 1.0E+13 0. OE+00 1 10 1 1.1 -2.0 2.0 2
1.0E+14 0. CE+00 1 91 1.1 -2.0 2.0 3 4.0E+14 0. OE+00 1 11 1 1.1 -2.0
2.0 4 1.0E+415 0. OE+00 1 81 1.1 -2.0 2.0 5 5.0E+15 0. OE+00 1 8 1 1.1

-2.0 2.0 6 0032415 0. OE+00 1 11 0.6 0.7 -1.2 1.2 7 5.0E+15 0. OE+00 1
12 0.6 0.7 -1.2 l,@ 1% 5 0E+14 1. OE+16 1 9 0.6 0.7 -1.2 1.2 9 1.0E+lS
1. OE+16 1 8 0.6 DP™1%> 1.2 10 5. 0E+15 1. OE+16 1 9 0.6 0.7 -1.2 1.2
11 5 0E+14 1. OE+17 1 10 0.6 0.7 -1.2 1.2 12 1.0E+15 1. OE+17 1 11 0.6
0.7 -1. 2 Pe®ltY13:f‘ D@EQ{]YS Jof |(Bedckis rhted£() 562107 - 1 IQPH?HQ 14 5. 0E+14 1.
OE+16 2 8'0%8Y0"7 | P12 ‘670 | EIgg A R0 190s th$§4 FPeER16 28 1.9 1.5
-2.5 0,70 1.89 8.0 (V/GQ1: |lexp dizn/(sh ¥loCcipiSacx |BEL T Ogen|concentration
[atomsfcd ) S (VIG2: 1. 4 exp (6.2 x1Q (Jepg) x nnmﬁﬁHéHLEanentration
[ at oms’f |1§) —A40 g[ 013t thabte—2] [‘é’ﬁ%’ﬁgi of OLiCIIDI ty1of Success rate
of Smalidgst Tn-plane N SF ([/en¥) E-pi f| i(/oea®) pressur e- proof val ue of
di sperisigf__properntdy of den 1y of of dendEtoy 0.1

5 0o ! ~ 0’ 7 3. 0E+09 0.2

6 |0 0 99 5. OE+09 0.1

7 | o 0 98 2. 6E+09 0.1

8 |0 0 97 5. 4E+09 0.1

s | o 0 97 1. 5E+10 0.1

10 | 0 0 99 1. 3E+10 0.1

11 | 0 0 98 1. 2E+10 0.1

12 | 0 0 99 1. SE+10 0.0

1 |0 0 98 5. OE+07 0.2

2 |o 0 97 4. OE+08 0.3

3 | 0 0 100 5. OE+08 0.7

4 | 0.06 15 86 2. 0E+09 0.8

5 [0.6 30 74 5. 0E+09 0.2

6 | 0.7 43 56 1. 0E+10 0.3

7 | 0.8 51 34 2. OE+10 0.2

8 | 0.07 0.1 92 1. OE+09 0.3

9 |0.12 1 87 3. 0E+09 0.2

10 | 0.3 20 78 6. OE+09 0.3

11 | 0.08 0.2 89 1. OE+09 0.2

12 | 0.09 2 56 3. 0E+09 0.2

13 | 0.15 16 34 6. OE+09 0.3

14 | 0 4 68 2. 3E+07 1.0

15 | 0 0 98 5. OE+09 0.7

[0132]
The base plates satisfying the conditions, i1.e. oxygen

10 concentration of not less than 5 x 10** atoms/cm®, carbon concentration
of not less than 1 x 10'® atoms/cm®, and range of relative V/G value of
not less than exp (-7.1 x 107*® x nitrogen concentration [atoms/cm’]) and
not more than 1.4 exp (6.2 x 107*® x nitrogen concentration [atoms/cm’])
and manifesting a cooling speed of not less than 4°C/minute between 1100

15 and 1000°C, produced subsequent to the epi-deposition such epitaxial
wafers that exhibited N-SF of not more than 0.05 piece/cm® and E-pit of

not more than 0.05 piece/cm’ and showed ratio of acceptance of the



oxide filmR) precipitate of (/cnR) precipitate 1 0 0 96 3. CE+09 0.2 2 -
0097 5. CE+09 0.1 3 0099 1. CE+10 0.1 4 0 0 99 2. CE+09 0.1 0 O 98
3. CE+09 0.2 6 0099 5. CE+09 0.1 7 00 98 2. 6E+09 0.1 8 0 0 97 5.
4E+09 0.1 90 0 97 1. 5E+10 0.1 10 0 0 99 1. 3E+10 0.1 11 0 0 98 1.
2E+10 0.1 12 0 0 99 1. 5E+10 0.0 1 0 0 98 5. OE+07 0.2 2 0 0 97 4.
"OE+08 0.3 3 0 0 100 5. OE+08 0.7 4 0.06 15 86 2. OE+09 0.8 5 0.6 30 74
5. OE+09 0.2 6 0.7 43 56 1. OE+10 0.3 7 0.8 51 34 2. OE+10 0.2 8 0.07
0.1 92 YltWW%Pr@SWrPZOf gride Pemefonet 1F9.583209%% 6.THE+0819. 3

11 0.08, A w2009, 012 ok2e9. ﬂ?q%a&@t OE+09 0.2 13 0.15 16 34 6.
OE+09 0 1 0 4 68 2. 3E+07 1.0 15 8 5. OE+09 0.7 [0132] The
base pl ates $8t33fying the conditions, '. . oxygen 10 concentration of

ot | ess thag, B el 01 ALTRLCfc SAE 000, GBRGER! 1Al 10D:nS] YA%hel G5 chDN

1 x 1016 atois
5 density of oxygen precipitate of not less than 1 x 10° pieces/cm® and the

radial distribution variation of the density of oxygen precipitate of
not more than 0.5, indicating that these oxygen precipitates were
excellent also in quality. An examination of the in-plane distribution
of voids in the base plates of the epitaxial wafers so satisfactory in
10 the in-plane distribution of oxygen precipitate as described above
showed that a region in which the density of voids 50 ~ 150 nm in size
was in the range of 10* ~ 2 x10°/cm’ was not present in the base plates.
[0134]
The base platesg that manifested nitrogen concentrations falling
15 short of 5 x 10** atoms/cm® had the smallest values of the density of oxygen
precipitate falling short of 1 x 10° pieces/cm’, indicating that they were
inferior in quality to the samples of the examples.
[0135]
The base plates satisfying the conditions, i.e .nitrogen
20 concentration of not less than 5 x 10 atoms/cm®, carbon concentration
of not less than 1 x 10*® atoms/cm®, and range of relative V/G of not less
than exp (-7.1 x 107*° x nitrogen concentration [atoms/cm®]) and not more
than 1.4 exp (6.2 x 107*® x nitrogen concentration [atoms/cm’]), but
revealing a cooling speed falling short of 4°C/minute between 1100 and
25 1000°C inevitably produced N-SF exceeding 0.05 piece/cm’® and E-pit
exceeding 0.05 piece/cm® and revealed the success rate of the
pressure-proof property of oxide film falling short of 95%, indicating
that the epi-layers were inferior in quality to the samples of the
examples.
30 [0136]
Such base plates as manifested the largest relative V/G value
falling short of exp (-7.1 x 107*® x nitrogen concentration [atoms/cm®])

or the smallest relative V/G value exceeding 1.4 exp (6.2 x10*® nitrogen



not less than exp (-7.1 x 10-16 x nitrogen concentration [atons/cm] )
and not nore than 1.4 exp (6.2 x 10-16 x nitrogen concentration
[atons/cnB]) and manifesting a cooling speed of not | ess than 4C/ mi nute
bet ween 1100 15 and 1000C, produced subsequent to the epi-deposition such
epitaxial wafers that exhibited N-SF of not nore than 0.05 piece/cn?2 and
E-pit of not nore than 0.05 piece/cn?2 and showed rati o of acceptance of
the - 41 wthstanding pressure of oxide filmof not |less than 95%
Thus, tRenceHirAtaper [ateemst/onnd EBcBkerly Aevrmlad yhe [igrpdpne mirgpegFior he
oxygen t.ales Qpezya t 09 Si f gen
preci pi tﬁéfgig %%)et IZSS t 5 Al%ggh?OQ g})ggéé%e%ngé%% hes(rjiglla %kyer%fogéy

di stri butreninfariieti on g@faltity tdenshe ywaoplesygerrlpr esappiet e of not nore
than 0.5, Inihfﬂl ng that these oxygen precipitates were excellent also
in quality Yanination of the in-plane distribution of voids in the

bases pl at es ohe tdi®oa@phédixiaald ¥Rd MogksAg Bxhnlastcdr yhis ikehbeon Hhpkase
di stribution of oxygen preci p| tate as descri bed above showed that a
regi on PRAVGHPRST tiseeaehsTe o8t ajards 5ohis PSRt PR $P%% "RfadseH £Rebe

range ot-cd04icred Q@-Qﬁé§@%o‘£@§n?@kaﬁﬁf§§8{f thl ddidiaese @Ju%trﬁ‘é?y be:9134Lq The

base plates that mani fested nitrogen concentrations falling 15 short of
5 x 101namerm/sdiyBbharhy hv@rgﬁal kgl edafueicoprthe Yersiolyestd puyapeiment

pr eci pi ta?& Gk B J]%%%Sglh?%%/ %%ﬁnjcqu By otfs cﬁﬂ%ah”%ﬁ%asf @?Aé%ﬁ%eh??n

wer e erior e sa e exanple
baseo pI asegldat i $]f1eyimag:hhlﬂea1:mmhpta| ofighiis. emmﬁtrlca;genthé_)rfkf@ﬁrecem rdetii 6ad of

not | ess n 101 atons/ c car bon, concentration of not |]ess than 1
x 1016 ﬁ?%%sy@ Che ARGt FEhY e gﬁ Fje‘FeattB\? e RBLGP %"% t?‘&s%Ialt“}?aﬁL%‘}(ﬁaP-]??l X
10- 16 XvaiifQEEANCONERHL atheORof &4IHR/ efBlanaidmnot nore than 1.4 exp
(6.2 x 10-16 x nitrogen concentration Hatom;/crrB]) but revealing a

cool i ng [BpEEd DEECRIRG Qh&t THE BRAHiNGF e bet ween 1100 and 25 1000C
i nevitably prggucged N-SF exceeding 0.05 piece/cn2 and E-pit exceeding

0. 05 pi ece/cmz and reveal ed the success rate of the
15 [FIG. 1] This 1is an explanatory drawing for explaining N-SF among

crystal faults; (a) is a schematic perspective view showing the inner
structure, (b) is a plan view showing the N-SF part as observed from
above, and (c¢) is a cross section of the N-SF part.
[FIG. 2] This is an explanatory drawing for explaining E-pit among
20 crystal faults; (a) is a schematic perspective view, (b) is a plan view
of the E-pit part as observed from above, and (¢) is a cross section of
the E-pit part.
[FIG. 3] This is an explanatory drawing for explaining the relation
between the fault region and the nitrogen concentration in silicon single
25 crystal pulled by the CZ method; (a) is a graph showing the relation
between the fault region existing in the base plate prior to the
epi-deposition and the nitrogen concentration and (b) is a schematic
drawing showing the fault region and the distribution of nitrogen
concentration in the silicon single crystal in the process of being
30 pulled.
[FIG. 4] (a) is a graph showing the relation between the nitrogen
concentration and the V/G and (b) is a type section showing the conditions

of occurrence of N-SF and E-pit as divided into growth condition regions.



pressure-proof property of oxide filmfalling short of 95% indicating
that the epi-layers were inferior in quality to the sanples of the

exanpl es. 30 [0136] Such base plates as nanifested the | argest relative
V/G value falling short of exp (-7.1 x 10-16 x nitrogen concentration
[atonms/cnB]) or the smallest relative V/.G value exceeding 1.4 exp (6.2
x10-16 nitrogen - 42 concentration [atons/cm] ) inevitably reveal ed

t he in-plane dlsper5|on | evel of the density of oxygen precipitate
exceedi N§IB: 55hnda) t her ef graph feevwelnonftéc gelphiguabPetyear thfe BdFpPPEs of

the exapphesne L0137] and e RIAG (18N s NG LhRh K] 00, HAMBLES kB

i nvention thereof have retofore exp i nvention does
not needftfadles Lesthd ¢aédal(ﬁﬂ:h@Seomwndntngfeumﬁﬂbbes Rwauehetbﬂdnﬂ$8ﬁene

but may he altered n r ous| rson skil in_the .ar

oLt o R B Ty T S e Msanty BERRREG R e riBr t e Rk i Pt

i deas of 1&B& sthdiv ant y et Z;Q aSty\eAﬂd whehkechid cial-pienpedofpédtion @¥eBhé on,
therefore, is decided solely by the matters tqo define the invention of

t he cl afiﬁﬁs’c%tOfcgﬁyﬁ%n R/‘??r‘ileLéat? n S " BPre H‘é"af”oroeéoi’ﬁgn%txpl anati on.

[ BRI EF DERERI BT! ONpFs THE DRAWENGS] fol'rojééiaiéuﬁﬁ @hellraﬁllai | §i r@Rtion

expl anatory drawi ng for explaining NNSF anong crystal faults; (a) is a
scherrat desplexlsﬁe@m P& Wwicéds s hodi hgeth@dxerineilregttmat dnetr{kmtuosl Xphen

i ew show n N' %g) _-,?sr t [ é%a?}?zg ¥§Iggf{19emre§29\/ b%@q\re(e%) tllxg A &L §<§§

sectlon of - SF par 'S an explanatory draw ng
eXpﬂ@Inbﬁgcéhﬂrdtlaﬁ&ngitB@'@ﬂy&hd|ﬂfambUSgré§h.éhbWingChEﬂ&bBQlﬁ&KﬁpehéIVe
view, (b) is a plan_v ew of, the E- art as observed from above, and

(o5 o' BheroriieBatt SRootertiidop-of PopaF 0 [ Aae BB AR go g i Fegiof

expl anabery, df,awnfgcf of @epldai-Bbngod kg Eebatddiis bet weemddie plavkt region
and the nitrogen concentration in silicon single 25 crystal pulled by

the CZ *BIRod)] (BRiFsis agr SPRLARARTHgIFHELnGS APF opkplaining the relation

between the fault regions of crystal with nitrogen and carbon
15 simultaneously added produced under the condition of low V/G, the
epi-layer defect, and the radial direction distribution of oxygen
precipitate; (a) i1s a graph showing the relation between the nitrogen
concentration and the V/G and (b) is a diagram showing the distribution
of faults in the radial direction part of the base plate, the presence
20 of an epi-layer fault, whether the density of oxygen precipitate is not
less than 10°/cm’ or not, and whether the radial direction dispersion of
the density of oxygen precipitate is not more than 0.5 or not.
[FIG. 8] This is an explanatory drawing for explaining the conditions
for producing an epitaxial wafer having oxygen precipitate uniformly;
25 {(a) is a graph showing the relation between the nitrogen concentration
and the V/G and (b) is a diagram showing the distribution of faults in
the radial direction part of the base plate, the presence of an epi-layer
fault, whether the density of oxygen precipitate is not less than 10°/cm?®
or not, and the radial direction dispersion of the density of oxygen
300 precipitate is not more than 0.5 or not.
[EXPLANATION OF REFERENCE NUMERALS]
[0139]

100 Epitaxial wafer

— 44 -



between the fault region existing in the base plate prior to the

epi -deposition and the nitrogen concentration and (b) is a schematic
drawi ng showi ng the fault region and the distribution of nitrogen
concentration in the silicon single crystal in the process of being 30
pulled. [FIG 4] (a) is a graph showing the relation between the nitrogen
concentration and the VVG and (b) is a type section show ng the
conditions of occurrence of NNSF and E-pit as divided into growth

condi tion regions1002 #¥taceI G 5] (a) is a graph showing the relation
between the nitroggn e@pseMdation and the V/G and (b) is a diagram
showi ng the distribution of faults in the radial direction part of the
base plate, the piesenEei-bivyesh epi-|ayer defect, whether the density of
oxygen precipitatgyis BR%sé}l?&%aEga” 109/ cnB or not, and whether the

i n-pl ane di spersion of the densi iy of oxygen precipitate is not nore
than50.5 or not. pPbG F8hlThis is a graph for explaining the radial
direction distri?utiog.oi voi ds and the radial direction distribution
oxygen precipitat®? (8}°1%°%§Paph showing the rel ation between the
nitrogen 10 concepbs at 5oni &y dihg1y/ &xatdh1( Bhgbs a graph showi ng the
results of the neasurenment of the densities of voids 50 - 150 nmin size
in the regions of%A BllaeRr @Slf the direction of the radius of the base
plate. [FIG 7] This is an explanatory draw ngs for explaining the
relation between the fault regions of crystal with nitrogen and carbon
15 $0 nul t aneously added produced under the condition of low V/G the
epi -l ayer defect, and the radial direction distribution of oxygen
precipitate; (a) is a graph showing the relation between the nitrogen
concentration and the V/G and (b) is a diagram showi ng the distribution
of faults in the radial direction part of the base plate, the presence 20
of an epi-layer fault, whether the density of oxygen precipitate is not

| ess than 109/cnB or not, and whether the radial direction dispersion of
the density of oxygen precipitate is not nore than 0.5 or not. [FIG 8]
This is an explanatory drawing for explaining the conditions for
produci ng an epitaxial wafer having oxygen precipitate uniformy;



25 (a) is a graph showing the relation between the nitrogen concentration
and the V/G and (b) is a diagramshowi ng the distribution of faults in
the radial direction part of the base plate, the presence of an epi-I|ayer
fault, whether the density of oxygen precipitate is not |ess than 109/ cnB
or not, and the radial direction dispersion of the density of oxygen 30
precipitate is not nore than 0.5 or not. [EXPLANATI ON OF REFERENCE
NUMERALS] [0139] 100 Epitaxial wafer - 44 100a Surface 101 Substrate
102 Epi ~+ay®8¥ 103 Phase boundary 5 105 Fault 107 Dislocation 200 Silicon
single crystal ingot 201 Silicon nelt 10 - 45 dains 1. An epitaxial
waf er having a single crystal layer forned by epitaxial growh on a

si liconlsi nghe @piseaiabubsfent bavime episiagilal cByabder lelar adoenedelyby

the fact _that. t-he_epifaxi al fer in ns nce f. a.hea r eat.nent - at
000 1 eptigki AT S BRLE AN &) M3 &y | 1rE00SEANGTCon Bl AR Nl SHIRAG, ©
of not keassrtdhamadtxrilfH piyedesfest tand theepathalal dasér iibutdmdequence

vari ation of oxygen precipitate density of not nore than 0.5 and forns
as epi - Ioéy%rheééf‘gﬁ%m&ﬁtt e 1{ABI € fé’ﬁr%é&]é’uBF IHETEHPE XA BT Ve 25t

nore thar GhdriRiAe dehs N Pi/rCA®: aBds NHan@Ne 10 Nlefe Pl f4L thOfradial
E-pit/cn2. 2. A nethod for the production of an epitaxial wafer set forth

in cl ai MistrikidoacveriaeiPrhplcarsdanyPErFiR UMt Agheler ywdt aptimrrehéhan
process ,of . IprBelNgPradyced by, dne ok alsith MBI o O FHaVEINDES o he

condi tions
10 wafer not more than 0.05 piece of N-SF/cm’ and not more than 0.05 piece

of E-pit/cm?®.

2. A method for the production of an epitaxial wafer set forth in claim
1, characterized by causing silicon single crystal in the process of
15 being produced by the Czokralski method to grow under the conditions
having the V/G value [mm?/°Cmin] between the upper limit of 1.4 exp(6.2
x 107*® x nitrogen concentration [atoms/cm®’]) x (V/G) crit and the lower
limit of exp(-7.1 x 10'® x nitrogen concentration [atoms/cm’]) x (V/G)
crit (wherein V denotes pulling speed [mm/min], G average temperature
20 gradient [°C/mm] from the melting point to 1350°C in the direction of
crystal growth axis), and (V/G) crit the V/G value of the part of silicon
single crystal having no nitrogen doped that is contiguous to the
boundary of I region, the I region denoting a region into which excess
interstitial atoms are introduced from the solid-liquid interface during
25 the growth of crystal) and having the cooling speed of not lower than
4°C/minute between 1100 and 1000°C, subjecting the grown silicon single
crystal to simultaneous addition of nitrogen and carbon till a nitrogen
concentration of 5 x 10* ~ 5 x 10'° atoms/cm’® and a carbon concentration
of 1 x10*® ~ 1 x 10*® atoms/cm® and using a base plate cut from the silicon
30 single crystal resulting from the addition as a substrate, and depositing
on the surface of the substrate a silicon single crystal layer by the

epitaxial method.



having the V/ G value [ M2/ Cm n] between the upper limt of 1.4 exp(6.2 x
10-16 x nitrogen concentration [atons/cm] ) x (VG crit and the | ower
limt of exp(-7.1 x 10-16 x nitrogen concentration [atons/cnB]) x (V/Q
crit (wherein V denotes pulling speed [minmn], G average tenperature 20
gradient [Cnmm fromthe nelting point to 1350C in the direction of
crystal growh axis), and (MG crit the V/G value of the part of silicon
single crystal having no nitrogen doped that is contiguous to the ,
boundar y ‘of P r?eéﬁ’iognt?"rt Hee Prredf o deh st ishy taxt @Y i"BAST AEGORAT Ch tBXdads

i nterstiptigheAdigNBadger iigieduced: fregibh heasiold d- &l%&t‘i@hef)f_@-c@erﬂlﬂ:gng
25 the growh of crystal) and having the cooling speed of not |ower than
AC/ mi nuPE het Weass t2e0 BhdiEEeeCemsubj ecting the grown silicon single
crystal to sinultaneous addition of nitrogen and carbon till a nitrogen
concentration of 5 x 1014 - 5 x 1015 atons/cnB and a carbon concentration
of 1 x 1016 - 1 x 1018 atons/cnB and using a base plate cut fromthe
silicon 30 single crystal resulting fromthe addition as a substrate, and
depositing on the surface of the substrate a silicon single crystal

| ayer by the epitaxial nethod. - 46 3. A nmethod for the production of
an epitaxial wafer according to claim 1, wherein said | regionis a
region having a dislocation pit density of not |ess than 10 pieces/cne.
- 47



