DESCRI PTI ON SEED CRYSTAL FOR PULLI NG SI LI CON SI NGLE
CRYSTAL AND METHOD FOR MANUFACTURI NG SI LI CON SI NGLE
CRYSTAL BY USING 5 THE SEED CRYSTAL TECHNI CAL FI ELD
[ 0001] The present invention relates to a seed crystal
for 10 pulling a silicon single crystal for use in
pulling a silicon single crystal based on a
Czochral ski nethod (a CZ method) and to a nethod for

manufacturing a silicon taI by using the
seed crystal. 15 BA&%K?KI@EQ%E;P%Fé 02] According to a
nmet hod for manufacturing a silicon single crystal based
on the CZ nethod, a single-crystal silicon is used as
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nonent, the silicon ne crystal is
solidified to gr adual | lTtHl‘Ejnt;%%e]:‘ta[ss)e&{e};Sﬁﬁ'ﬁ@t al 25 dianeter

to a desired dianeter, thereby growng a silicon
single crystal. [0003] -1 At this time, when the seed

C?Eéhg fﬁggn into contact with the silicon nelt,
|sfbcat|on i s

[0001]

The present invention relates to a seed crystal for
pulling a silicon single crystal for use in pulling a
silicon single crystal based on a Czochralski method (a
CZ method) and to a method for manufacturing a silicon

single crystal by using the seed crystal.

BACKGROUND ART
[0002]

According to a method for manufacturing a silicon
single crystal based on the CZ method, a single-crystal
silicon is used as a seed crystal and brought into
contact with a silicon melt, and then the seed crystal
is slowly pulled up while rotating each of a quartz
crucible storing the silicon melt and the seed crystal.
At this moment, the silicon melt led to this seed
crystal is solidified to gradually increase a crystal
diameter to a desired diameter, thereby growing a
silicon single crystal.

[0003]
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produced in the seed crystal at a high density due to
thermal shock. Wen the crystal dianeter is increased 5
as it isto growthe silicon seed crystal with this

slip dislocation being produced, the dislocation is
propagated to a body portion of the grown silicon

single crystal. Therefore, such dislocation nust be
conpletely elimnated so that it is not generated in

the silicon 10 single crystal to be pulled. [0004] As
a count¥r ifesurelm¢ o WRANhIEhEt ecefe ivttorht i onbrought into
propagated fromthe slip dislocation, there is adopted
aCosdASdl 1wt bakhesShddkoRetifdd f ofl ¥raflisingakios is

di sl ocation-free state by reducing a dianeter of the
cPYOCMCahatn i §hgr 8RR Comsitind e gk afenAredi s yro
after start of pulling to approximately 3 mmto form a

nECR TS iR Chnd YRER ThEr cdsistdk e ¥p§&e Al 18 dmsr@ased

to a predeterm ned djaneter to forma shoul der portiaon

' p ] .
265t Her ey o oW AY 518 Aglle Py stefd navypgaa Pilkéd this slip
digneter. It is,.to be noted that, i n the genera
DAL 1O GRICHON et hbE, PRRENCE i difist st vFCEaBlABCRS
portion to be formed exceeds 5 mm the dislocation is
h&FPPAP i ttout BPIYheOoLtySralofardd @l reHe silicon single
di sl ocations_generated at a high 25 density do not
SKS Gt - of TRRESEPYEr aP UG EYeHhPCHlekPR /PGt Re completely
di sl.ocation-free state is difficult. 0005] -2 However,

WELH T @S nERehsati i S nait i3 hgfletn the silicon

single crystal to be pulled.
[0004]

As a countermeasure, to annihilate the dislocation
propagated from the slip dislocation, there is adopted a
so-called Dash’s neck method for realizing a
dislocation-free state by reducing a diameter of the
crystal that is grown from the seed crystal immediately
after start of pulling to approximately 3 mm to form a
neck portion, and then increasing the crystal diameter
to a predetermined diameter to form a shoulder portion,
thereby growing a single crystal having a fixed diameter.
It is to be noted that, in the general Dash’s neck
method, when a diameter of the neck portion to be formed
exceeds 5 mm, the dislocation is hard to shift out of
the crystal and all the dislocations generated at a high
density do not shift out of the crystal, whereby
realizing the dislocation-free state is difficult.

[0005]
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crystal diameter, strength of a neck portion forned

based on the conventional Dash's neck nethod is
insufficient to support a silicon single crystal having

5 an increased weight, and there is a concern that this
narrow neck may be fractured during pulling of the

single crystal and a serious accident, e.g., fall of

the single crystal may occur. [0006] 10 As a neasure

for solving such a problem increasing a dianmeter of

t he neBRWBFE oV MHere ¥hecdfsipeaeiec® ddan a peilicon single
el i mnated by applying a magnetic field or schem ng a
sRapEterl & aeamgenthtepasht odn soMmear e rsheel dpaged
menber is suggested. 15 [0007] Further, there is.
dPaeresed £hechrarenyirsrl Paehéasinffistiehypf of a

seed crystal and reducing the slip dislocation ,
geRedtfd@ lant Heo t $ABPBE Csaedildd Ay P hy arbeEsa heving
the seed crystal at a high 20 concentration of 1x1019
cAB dRCaRAEE]d serigkltg. anfdatdsrre Béc merRndgrn| bbes) this
Furthernore, there is disclosed a seed crystal for

PURITRY &SN iTedn B3 n§racérysCaldUHaty iru bl segdoér Fo€al

25 for use in pulling a silicon single crystal based on

t ReNIE2 MU L wiedefnSgr1oNE Pt teon® ng- i nfgll of the
contact with a silicon nelt is coated with a carbon
fﬁpﬁﬁ@@eéryagﬁl may ocCcur.

[0006]

As a measure for solving such a problem, increasing
a diameter of the neck portion where the dislocation can
be eliminated by applying a magnetic field or scheming a
shape or an arrangement position of a heat shielding
member is suggested.

[0007]

Further, there is disclosed a technology for
increasing strength of a seed crystal and reducing the
slip dislocation generated at the time of seeding by
doping a boron to the seed crystal at a high

-3

concentration of 1x10' cm™ or above (see, e.g., Patent
g

Document 1).
[0008]

Furthermore, there is disclosed a seed crystal for
pulling a silicon single crystal that is a seed crystal
for use in pulling a silicon single crystal based on the
CZ method, wherein an end portion coming into contact

with a silicon melt is coated with a carbon film (see,
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e.g., Patent Docunent 2). Patent Docunent 1: Japanese

Pat ent Application Laid-open No. 139092-1992 (cl aim

[1], 11. 12-14 in a lower right colum in p. 3, and

11. 16-18 in an upper left colum in 5 p. 4) Patent
Docunent 2: Japanese Patent Application Laid-open No.

2005- 272240 (claimb5, and FIG 2) DI SCLOSURE OF

I NVENTI ON 10 PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0009] However, according to such a nethod using a seed

ce yst al pdeped Widdunbrtor @t a hi gh concentration as

di scl osed in Patent Docunent 1, since a material called

1Ba benonDbhamethangesapaess st Pt ey toRp@ ldroestiadn i Baid-open
used for the seed crystal, there is a problemthat a

rési stBoDBg-aP % pldlaedns[1jcohlsi hghé dcriysteal 1 slewr at €ght
froma desired nuneric value. That is because boron in
thelseediar pst &, entcerkl a 56+18ohnmeht utpemnct foncasuan in
20 dopant that changes the resistivity. Therefore,

tiher€) is a drawback that the nethod cannot be used for

pur poses except growh of a crystal having a | ow
restshtvDbyumbrte dverJapdreas anyatiannt Aptilarsd t acei dent-open
or the Iike occurs to generate dislocation in a single

280 crgs8bak2t/bai O s(die g pul ded, FSGnece)a seed crysta

is disconnected fromthe single crystal to again nelt

the single crystal in the silicon nelt and then the -4

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THQ INVENTION
[0009]

However, according to such a method using a seed
crystal doped with boron at a high concentration as
disclosed in Patent Document 1, since a material called
boron that changes a resistivity of a crystal is used
for the seed crystal, there is a problem that a
resistivity of a pulled silicon single crystal deviates
from a desired numeric value. That is because boron in
the seed crystal enters a silicon melt to function as a
dopant that changes the resistivity. Therefore, there
is a drawback that the method cannot be used for
purposes except growth of a crystal having a low
resistivity. Moreover, when any unintentional accident
or the like occurs to generate dislocation in a single
crystal that is being pulled, since a seed crystal is
disconnected from the single crystal to again melt the

single crystal in the silicon melt and then the
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di sconnected seed crystal is again brought into contact
wth the silicon nelt to performre-pulling or another
seed crystal is utilized to performre-pulling but the
seed crystal is nmolten and then pulled in the

re-pulling 5 process, a nelting anount is increased and
boron enters the silicon nelt beyond necessity, and
hence there occurs an inconvenience that a resistivity

of the silicon single crystal to be re-pul]ed deviates
fﬁ&rﬁ%ﬂkﬁrqu%aﬁwdppaﬂﬁé@lr dtSe. 293N ['ppappht into contact
Addi al | |t can be consi dered that such a seed
cHyStalt heoa BHL GPEATE L a@aft@orpemﬁorﬁnatr%np‘éhalﬁarp.ro@nother

con1 into contact with a silicon nelt as discl osed in
@ﬁ? Totimeht 19 PELLAREAIEP e TR er 8 PRApenst i ©

15 di fference betmeeT the siJicon nelt. and the. seed

cBPSCRICT Y Yot 8aBR1EREr AR SRk RIS edat Pokfhe® THeL L ing

carbon film absorbs radi ant heat fron1the silicon nelt

oPISt9ets r?en%%f%lpﬂ el r%gS agparet s tBHFinE’Pé&@e eqpters

tenperature e, end portion. However, |j

i S ried T FRR IB%RE SEERSE! él&%?st%fow i &Py aae&%re

facilitate generation of dislocation, when.such a ed

cPf&%s i usRedO Y681 CE tthast &h ohj bet1Bi tynetp

invention to ovide  a s d. crystal pyl lin

ROV - o PSR s L L AL A isorﬁr&fm an

sli dlslocatlﬂn dug to . thermal shock that occurs at

t & UG R oY OhEARE WA silicon nelt, suppress

p%%ﬁﬁgﬁt|on of this slip dislocation, and

Additionally, it can be considered that such a seed
crystal coated with a carbon film at an end portion
coming into contact with a silicon melt as disclosed in
Patent Document 2 1s intended to reduce a temperature
difference between the silicon melt and the seed crystal
to decrease thermal shock dislocation when the carbon
film absorbs radiant heat from the silicon melt or other
members in a pulling apparatus to increase a temperature
at the end portion. However, it is inferred that an
unmelted portion is produced to facilitate generation of
dislocation when such a seed crystal is used.

[0011]

It is an object of the present invention to provide
a seed crystal for pulling a silicon single crystal that
can reduce generation of slip dislocation due to thermal
shock that occurs at the time of contact with a silicon

melt, suppress propagation of this slip dislocation, and
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-5 elimnate the dislocation even though a dianeter of

a neck portionis larger than a dianmeter in the
conventional exanple, and al so provide a nethod for
manufacturing a silicon single crystal by using the

seed 5 crystal. MEANS FOR SOLVI NG PROBLEM [0012] A
first aspect of the present invention is an 10

i mpr ovenent in a seed crystal for use in pulling a
silicon single crystal based on the CZ nethod. Its
chhiménatiestihe éblrﬁlge@ér@@newees theudiata thiagekgr of a
crystal is cut out froma silicon single crystal pul | ed
fF@ﬁkap§ﬂﬁﬂéﬁhJH%Iiaﬁ%ﬁédthﬁﬂhacéﬂﬁéﬁgéﬁﬂ

concentration of the carbon with which the seed crystal

i SOR¥pEE LR & 1n AR hhgeabfl 8k $01P1OY Bkl (AL matbRg/ ERB.
[0013] In the first aspect of the present invention,
CERBBASHEUE W ¢h $hbl SeRdSERgearctivs tddpaely canipediibe seed
20 generatlon of the slip dislocation due to therma
shbE¥RtEkat occurs at the tine of contact with the
silicon nelt and can suppress propagation of this slip
di sl ocati on, thereby realizing a dislocation-free

state even t a dianeter of the neck portionis
I%? Hp ?Q&wﬁQ%ﬁEN% YReBbEMconvent i onal exanpl e.

Therefore the silicon single crystal having a |large
2lcan be pull ed up. [0014]

A first aspect of the present invention is an
improvement in a seed crystal for use in pulling a
silicon single crystal based on the CZ method. Its
characteristic configuration lies in that the seed
crystal is cut out from a silicon single crystal pulled
from a silicon melt doped with carbon and a
concentration of the carbon with which the seed crystal
is doped is in the range of 5x10™° to 5x10' atoms/cm’.
[0013]

In the first aspect of the present invention,
carbon with which the seed crystal is doped can reduce
generation of the slip dislocation due to thermal shock
that occurs at the time of contact with the silicon melt
and can suppress propagation of this slip dislocation,
thereby realizing a dislocation-free state even though a
diameter of the neck portion is larger than that in the
conventional example. Therefore, the silicon single
crystal having a large weight can be pulled up.

[0014)
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-6 According to a second aspect of the present
invention, there is provided the seed crystal, wherein
a concentration of oxygen in the seed crystal is in
the range of 1x1018 to 2x1018 atons/cnB. 5 [0015] In
the second aspect of the present invention, if the
concentration of oxygen in the seed crystal falls

wi thin the above-described range, an effect of form ng
fine precipitation nuclei is increased. 10 [0016]
Accor dhmgotrdiagt luor ¢ aspeotid dispdet poéseéhe pimasntt on,
there is provided the seed crystal, wherein the seed

cryseat ips, ctheowt iy quwevsiléidicohessrglde crorgfsial wherein a

pulled froma silicon nelt doped with nitrogen 15
besndestcathom, cendxygomcent thei opedf drys il rogeni she
in the range of 5x1013 to 5x1015 atons/cnB. [OCl7] In
thenybi od aspect tof 2he0Presents iom/ention, the seed
crystal further contains nitrogen in the above 20
degetbbed concentration range, thereby increasing the
effect of formng fine precipitation nuclei. [0018] A
f our t hImspket sefomnide gumseEntof nVeat poasestannvention, if
i nprovenment in a method for manufacturing a silicon 25
stingl eocorgstalathymiithoaygeni contivel selestl awy st skedalls
crystal is pulled based on the CZ nethod to grow a
within the above-described range, an effect of forming
fine precipitation nuclei is increased.

[0016]

According to a third aspect of the present
invention, there 1is provided the seed crystal, wherein
the seed crystal is cut out from a silicon single
crystal pulled from a silicon melt doped with nitrogen
besides carbon, and a concentration of the nitrogen is
in the range of 5x10" to 5x10" atoms/cm’.

[0017]

In the third aspect of the present invention, the
seed crystal further contains nitrogen in the above-
described concentration range, thereby increasing the
effect of forming fine precipitation nuclei.

[0018]

A fourth aspect of the present invention is an
improvement in a method for manufacturing a silicon
single crystal by which a silicon melt led to a seed

crystal is pulled based on the CZ method to grow a

silicon single crystal. 1Its characteristic
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silicon single crystal. Its characteristic -7
configuration lies in that the seed crystal is cut out
froma silicon single crystal pulled froma silicon
nmelt doped with carbon and a concentration of the
carbon with which the seed crystal is doped is a range
of 5x1015 to 5 5x1017 atons/cnB. [0019] 1In the fourth
aspect of the present invention, since carbon with

whi th ed ystal is,d .
PBpRdat o o of T3¢ il Beger Shenabach ChbTval 16 SHbcRut

t nat S .at the ti f { it h i L
RIS I ML U

t h a .di t f K ti is | th .
R i (U BRE BnsPRaR RIS Lofhay B bhe. CAREOR with
i, i ngl t al ' | ar. i ght

SHPEEG G3e GTRBOTEY At eor SPnaoRs G 18 14 o Sapece Lobrite. to
presemn inven}iop, there is provided the nethod for

n%ﬁi actrdey @i li con single crystal, wherein a 20

ciﬁ z@tration of oxygen in the seed crystal is in the
r g éf 1x1018 to 2x1018 atons/cnB. [0021] 1In the

concent TatTén "o ORy GICTRC RE. £B8d CARyarel TAIFac 38

Wt iR TN, a0over desehl Rad ange. 4 he pIfert; of 4hotl ey
suppress propagation of slip dislocation due to thermal
shock that occurs at the time of contact with the
silicon melt, a dislocation-free state can be realized
even though a diameter of a neck portion is larger than
a diameter in the conventional example. Therefore, the
silicon single crystal having a large weight can be
pulled up.

[0020]

According to a fifth aspect of the present

invention, there is provided the method for
manufacturing a silicon single crystal, wherein a

concentration of oxygen in the seed crystal is in the
range of 1x10'® to 2x10'® atoms/cm®.
[0021]

In the fifth aspect of the present invention, when
the concentration of oxygen in the seed crystal falls
within the above-described range, the effect of forming
fine precipitation nuclei can be increased.

[0022]
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fine precipitation nuclei can be increased. [0022] -8
According to a sixth aspect of the present invention,
there is provided the nethod for nmanufacturing a

silicon single crystal, wherein the seed crystal is

cut out froma silicon single crystal pulled 5 froma
silicon nelt doped with nitrogen besides carbon and a
concentration of the nitrogen is in the range of

5x1 013 to 5x1015 atons/cnB. [0023 I.n ghe Si xt h aspect

of thePpreienfdi et DM LRMEIPEED Phet8Ee®I&GSAt I
further contains nitrogen in the above descri bed
COREERF Faf ot Yodifye: S tieC Bt f8dt THF f“@rtl]?ioﬁfq £4% ne

preci pitatign nuclei. can be,inireased. %FFE?I OF,THEh .
I RRERFRENUTEE T Go 1O helBEds Erystal « o tPnglg seec
silicon_single crystal and the.nethod far

"GRHFBELURPRG B G CORPTsRngl b LEPPSEAR B (BT ¥EE hepulled
seed crystal, according ,to .the present invention, sinc
BB et N He eeac 20Tt Ry Segr ads gt dn Catbon
reduce generation of slip . dislocation due to thernal
SHBEKSt RRP CEOTUrA 7 (PG ERenLof OGSt dct M LHIE hEange of
silicpn nelt and suppress, propagation of this slip

dp¥l Beatticom & di 8F8B&YBn-free state can be real i zed
e¥§ﬁ2gTough a dianeter of the neck 25 portion is |arger

t di aneter in the conventiona

In the sixth aspect of the present invention, when
the seed crystal further contains nitrogen in the above-
described concentration range, the effect of forming

fine precipitation nuclei can be increased.

EFFECT OF THE INVENTION
[0024]

In the seed crystal for pulling a silicon single
crystal and the method for manufacturing a silicon
single crystal by using the seed crystal according to
the present invention, since carbon with which the seed
crystal is doped can reduce generation of slip
dislocation due to thermal shock that occurs at the time
of contact with the silicon melt and suppress
propagation of this slip dislocation, a dislocation-free
state can be realized even though a diameter of the neck
portion is larger than a diameter in the conventional
example. Therefore, the silicon single crystal having a

large weight can be pulled up.
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exanpl e. Therefore, the silicon single crystal having a
| arge wei ght can be pulled up. -9 BRI EF DESCRI PTI ON OF
DRAWNGS [0025] FIG 1 is a view showing a

rel ati onship between a 5 concentration of each el enent
in a seed crystal and a dislocation shift distance L
when a silicon single <crystal is pulled by using the
seed crystal doped with each elenment. 10 BEST MODE(S)
FOR CARRYI NG OQUT THE | NVENTI ON [0026] The best node
for carrying out the present invention will now be

d f t d i . 15 [0027] A
ST b e o S AP con' aimgl'e crystal
af@@%g ng to the present invention is an inprovenment in
crystal used for pulling a silicon single
t based the CZ nethod. Th
ccoor &G eéé‘)ghéfl%wessar%emﬂ?%am¥§hgfgoeéﬁll&u?b%%%ﬁ% a

| Il ed f I
3%%%%3&;?%?38%& BLA, PHnii LRTeT SR ﬁegcoﬁ”w%%t apd a
t t b whi ch .t.h
FYStarar g'@ﬁgﬁiﬂﬁ% TRt SRR e A

L tal 2 ed with carp th
TRt alotr! B LESh cEh P R g P aREE e o Y mopda ISt

gggggaéiggegg'sl|p di sl ocation due to

BEST MODE (S) FOR CARRYING OUT THE INVENTION
[0026]

The best mode for carrying out the present
invention will now be described with reference to the
drawings.

[0027]

A seed crystal for pulling a silicon single crystal
according to the present invention is an improvement in
a seed crystal used for pulling a silicon single crystal
based on the CZ method. The seed crystal according to
the present invention is cut out from a silicon single
crystal pulled from a silicon melt doped with carbon,
and it is characterized in that a concentration of the
carbon with which the seed crystal is doped is in the
range of 5x10™ to 5x10' atoms/cm’. The seed crystal
doped with carbon in the above-described concentration
range can reduce generation of slip dislocation due to

thermal shock that occurs at the time of contact with

-10-
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thermal shock that occurs at the tinme of contact wth
-10 the silicon nelt and can suppress propagati on of
this slip dislocation. [0028] FIG 1 shows a

di sl ocation shift distance L in a 5 neck portion when a
silicon single crystal is pulled by wusing each of seed
crystals having respective elenents, 1i.e., oxygen,
carbon, nitride, and boron added therein. It is to be
noted that [0i] in FIG. 1 represents an oxygen

ncentration el in each _seed cr stal . 10 0
TGSt ocal o T G RGP B Rl 0081
ca ful g as folloms First, a wafer haV|ng a desired
éfeﬁ%n added thereln was prepared and it was sliced

E@ h a size of approximately 10 cmx 5 cmto be 15
det er m ned as a neasur enment sanple A Vi ckers hardness

testerpy@s ytiliged 1o srht Scs, o5 %E@ﬁeﬁg%tt'a‘”}ht%%n a

surface of this neasurene sanp |ng

zﬁ%ééc or%ro 0,5g50nds. w11, s?ﬁ%} Jeé%é%u%led by

sequent t'he nmeasurenen

20 hegl herabie At 9L Lol gmﬁgutf% pﬁgtl@g%f&%@am,

e nmeasure

| pdent atlone i nt fuab 4560 thereko atpar the "Mdea therein.

tT eaf hren oprﬁermnlm

gfhtll?f §stpoa o ofﬁ%{‘a\[l‘va;fie ifeaghre rk%opcil Séé’r?@é'gﬁ‘

dlstance r crosSs ‘séct

oxygen concentration contained in each seed crystal.
[0029]

The dislocation shift distance L in FIG. 1 was
calculated as follows. First, a wafer having a desired
element added therein was prepared, and it was sliced
out with a size of approximately 10 cm x 5 cm to be
determined as a measurement sample. A Vickers hardness
tester was utilized to introduce an indentation to a
surface of this measurement sample by holding this
surface for 10 seconds with a load of 100 g.
Subsequently, the measurement sample was subjected to a

heat treatment at 900°C for 30 minutes. A measurement

surface of the measurement sample having the indentation
introduced thereto after the heat treatment was
subjected to preferential etching for 3 um by using a
Write etchant to measure the dislocation shift distance
L on a wafer cross section.

[0030]

It is to be noted that the following method may be

-11-
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[0030] It is to be noted that the foll ow ng nethod nmay
be -11 used for confirm ng an actual effect. First,
the seed crystal is brought into contact with the
silicon nelt to nelt a liquid accretion portion, then
the seed crystal is slowy pulled up while rotating
each of a quartz 5 crucible storing the silicon nelt
and the seed crystal to forma neck portion, and
pulling is stopped Then, the silicon single crystal

R SREng Cor T TH hdtho S ARG RTA Sk et’ Bie Tt EDFagge

% &Qg ?e?% 8>rryosd hf?ﬁ!} EI‘SHt?agto%t‘M té(]qea H‘i%BSSﬁelt to
PHM EMENL chcréb}£&&ogva¥%ﬁghcalthe% Five S§&éa°8ngfﬁ,%:al

nmeasur nent Sa etérm ned as a measur

i

|S
i%%I SRS i‘%%“%%l PERbar S eldhe MR E ¥ e
agi dosplidl. then, @trse&mcgaap&gw@n% ahseryali go a1

app ara us IS zed t 0 evaluate a presence

d .
ook, 4 SseCion bogedn L2300 M 3¢ sicprga. men
t t hft  dist :
PPHbS 2L L4 o PR Tk atano b of ey s

%g?é&ﬁ%u&he &}e:ﬂcir%‘ﬁgt@c?%28¥b%p%aybﬁé1‘%‘?‘?” néggsgng a

ein, aten shi st ance S

ffgﬁﬁﬁﬁ %%d¥¥¥¥gﬁrfﬁt89§agg BXYYRR seed crystal is sliced

out with a thickness of 1.0 to 2.0 mm, and this is
determined as a measurement sample. A (110) vertical
cross section of this measurement sample is determined
as a measurement surface, and etching is carried out
with a mixture containing a mixed acid (hydrofluoric
acid : nitric acid = 1:4). Then, an X-ray topographic
observation apparatus is utilized to evaluate a presence
state of internal dislocation based on (220) plane
transmission.

[0031]

As apparent from FIG. 1, paying attention to the
shift distance L of the dislocation generated in the
neck portion when pulled by using the seed crystal
having each element added therein, a tendency that the
shift distance L is reduced as concentrations of oxygen
and carbon rise can be seen. Further, the dislocation
shift distance L hardly changes even though nitrogen or

boron is added with an increased concentration. Among

-12-
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25 and carbon rise can be seen. Further, the

di slocation shift distance L hardly changes even

t hough nitrogen or boron is added with an increased
concentration. Anong -12 others, when nitrogen al one
is used as a dopant, the dislocation shift distance L
is approximately 50 mm and the shift distance cannot
be sufficiently suppressed. Further, the dislocation
shift distance L is 5 approximately 70 mm even t hough

' i.ned hi gh. [ d th
OEYIEPs! S BRRLILNSh Al S DO SOTSERL B O e
t hi . \When . . al | S. d d t,-th
BLEEREIR N DO 00, 110550:30,3 4008 b, ana

?ﬂk:)]%: s}qii%tca'&ci%tcaancee?f%e?&?ﬁgfégﬁgug%g cti%tntqoyr g%ntil%]f%S zgd .

I1ons as a na nges a resi

desgLhBed ahove, and hence Lhete L33, robl em t hat

opant can € us urposés ~other” t han

CLYSLAl gLouth, hayiglo 2 lovi feRiRt LY, Q1 dhecother ¢ o

en carbon i's a dopa I on

ChEPE"EEncpntaptenlia Do SuiR PERE B AE e RE0E be

S
€ Can ec at

CPar AP BEFaY TR T SRR LR Rs: Rante calbuhr ahaf alone

xampbes, <20 WA Further apcen egnsideni g a,pLooind 1 s

di'slocati on n € seed Crys

Wb, gagbony, CAPANLSt OB NgTRELYES NAYS S0 RLAPLOY.,
but boron functions as a material that changes a
resistivity as described above, and hence there is a
problem that this dopant cannot be used for purposes
other than crystal growth having a low resistivity. On
the other hand, when carbon is a dopant, the dislocation
shift distance L is reduced as a concentration rises,
and there can be observed an excellent effect that the
shift distance can be suppressed to the same level as
that of boron that is well known in the conventional
examples.

[0032]

Furthermore, considering a pinning effect of
dislocation when the seed crystal is doped with carbon,
carbon atoms themselves have the pinning effect and, on
the other hand, carbon atoms also have an effect of
forming fine precipitation nuclei. Therefore, they have

an effect of further blocking movement of dislocation by

the formed fine precipitation nuclei as compared with
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t he ot her hand, carbon atons al so have an effect of 25
formng fine precipitation nuclei. Therefore, they have

an effect of further bl ocking novenent of dislocation

by the forned fine precipitation nuclei as conpared

with -13 other elenments. Therefore, carbon is superior

to other elenents such as boron in terns of the

pi nning effect. [0033] Moreover, the seed crystal

doped with carbon has an 5 excellent effect that the
reshsti eileyeoft $.he e teflorsj | ceobosi ng esurysiar ts other
not changed different from boron even though carbon

eat emsnthe ssidh con etendue termpelbtfi ndreofp el sgedffect.
crystal. [0034] 10 The seed crystal according to the
ptegani invention is cut out fromthe silicon single
crystal pulled from the silicon nelt doped with

car bonMoEepvexanylhe; sseth aryshabodopbagew idih tdwrihdkehas an
is provided on a surface layer of a single silicon
ceyseal entate fife gtot tbopethei rhsi5tdariton afo prevpdelad
seed crystal, it can be considered that the carbon

| ayér cpnowviided corcthet aur f aceotaybengsmd &uppeesst from
generation of slip dislocation due to thermal shock at
abgireenerate thoutgh tcasbonf ented st ate pridpagrt i oalbdf due to
the generated slip dislocation cannot be 20 suppressed
afheer inge ofeddiecryst@dl crgsbarodught into contact with

the silicon nmelt to be nelted since carbon is present

i hOPR&Isurface | ayer of the seed crystal

The seed crystal according to the present invention
is cut out from the silicon single crystal pulled from
the silicon melt doped with carbon. For example, when a
carbon layer or the like is provided on a surface layer
of a single silicon crystal that is not doped with
carbon to provide a seed crystal, it can be considered
that the carbon layer provided on the surface layer can
suppress generation of slip dislocation due to thermal
shock at a given rate, but it is inferred that
propagation of the generated slip dislocation cannot be
suppressed after the seed crystal is brought into
contact with the silicon melt to be melted since carbon
is present in the surface layer of the seed crystal
alone. Additionally, as described above, since the seed
crystal has a configuration that the carbon layer 1is
provided on the surface layer of the silicon crystal, it
can be considered that uniform melting cannot be

realized or an unmelted portion is produced to readily
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al one. Additionally, as described above, since the seed

crystal has a configuration that the carbon |ayer is 25

provi ded on the surface |ayer of the silicon crystal,

it can be considered that uniformnelting cannot be

realized or an unnelted portion is produced to readily

-14 generate dislocation. Further, there can be

consi dered an inconveni ence that the carbon | ayer is

del am nated, fromthe surface |ayer of the s%§g chstaI
e

e b2he HEFLACETE®T n thef HaPT ex pRREE0F Bt sidered
silicon and the 5 carbon |layer, this layer falls into
tHe LPFPRIRTHENCE tHie taFhett aaﬁgtaﬁ)Qﬁ%%m%@%ted
dislocation in the  single_crystal during grow h.

[5038] EhenSpd S6tner Hach T | THe PRECpFEYaSE § Mt Fon?

if. _10 the seed crystal that is pulled fromthe

i BORE DB EEA 181 (Al e oR BRE Ao a3 R 2Bl the
single crystal in a state th carbon is present in

CHRTROR| CBNCEryStHIS AVt I b F oL 080 B A dbdte Lt
por%ion,is not produced when the seed.crystal, cones

i F7O EBRPalH RS FQ KBS &7 | PRBATARFt JigHPQGiPn 10 the
di sl ocation gu to thernmal s@ock can be suppressed.
[DD361< FhYP Ggr@QQ}Qﬁu¥Eﬁ, Pi ke other dopants, an

ig?¢$% y concentration of a liquid phase is different
2 that of a solid phase due to a phenonenon

Calleqonsgggeg%hg%nhéﬁg{tf%%éiggédpggg%%th%%é%gg§g§¥ if
the seed crystal that is pulled from the carbon-doped
silicon melt and cut out from the silicon single crystal
in a state that carbon is present in the silicon crystal
structure is used, an unmelted portion is not produced
when the seed crystal comes into contact with the
silicon melt, and slip dislocation due to thermal shock
can be suppressed.
[0036]

In regard to carbon, like other dopants, an
impurity concentration of a liquid phase is different
from that of a solid phase due to a phenomenon called
segregation, and the liguid phase has a higher
concentration. The silicon single crystal pulled from
the carbon-doped silicon melt has a concentration that
is not fixed in a growth axis direction. That is
because a carbon concentration in the silicon melt
increases as a solidification rate rises due to the

segregation phenomenon, and hence a concentration of

-15-



10

15

20

25

concentration. The silicon single crystal pulled from

t he carbon-doped silicon nelt has a concentration that

is not fixed in a gromh axis direction. That is 25
because a carbon concentration in the silicon nelt
increases as a solidification rate rises due to the
segregati on phenonenon, and hence a concentration of

-15 carbon contained in the silicon single crystal to

be ulled al so increases. Therefore, a top portion and
aCapePRomPYra IR o N t hRepalLedodi ISidvh i wgYetatyspakle
has_ _different. concentrati ons of carbon used for

dBPLAGY And B HHer S0P Por t LBRTRASTE /| GwerOR orieehi PaL POA 2
mgile t he thtonwgortion has a hi.gher concentrati on.
[BOSFP™ Bttt ho? e, L ERePEeddocFystialon & Hedtait Chif trd has
CHt out in such a manner that a growth direction of

t He FE6 TeRTh SR ORI 3T EPRENOS| RGIFE Y ysted beEoresiad, and
| opgi tudi nal direction based on a rel ationship of
cFEgt§Pp0ﬁ9§ﬁ%ﬂWd%?STﬁe BI'§Fe COPT ST &k cVy st &l the
according to the present  ipvention, the top portion and

t Re CB6It &NTPorT oite have dPPFEr EAN CRTGF1on -
cgﬁﬁsgﬁrations, 15 and a concentration in the top

p iIs lowwhile a concentration in the bottom

portiop is. high. [0038 The concentration of carbon,

used ngr&Bﬁir%&’%% tfﬁ%\g $8%d EFysStal ATyt t@uthes cut
present invention is set. 20 to fala\%xrnn t he

a

BBVeldeSctihetl TamgRr bERaGse Jrowth direction of the

carbon-doped silicon single crystal becomes a
longitudinal direction based on a relationship of
crystal orientation. Therefore, in the seed crystal
according to the present invention, the top portion and
the bottom portion have different carbon concentrations,
and a concentration in the top portion is low while a
concentration in the bottom portion is high.

[0038]

The concentration of carbon used for doping in the
seed crystal according to the present invention is set
to fall within the above-described range because
propagation of slip dislocation due to thermal shock 1is
not sufficiently suppressed when the carbon
concentration 1s less than a lower limit value, a
dislocation-free crystal cannot be grown with a diameter
larger than a diameter of a neck portion in the
conventional example, and fabricating a carbon-doped

seed crystal having a concentration exceeding an upper
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propagati on of slip dislocation due to thermal shock is
not sufficiently suppressed when the carbon

concentration is less than a lower Iimt value, a

di sl ocation-free crystal cannot be growmn with a

di ameter 25 larger than a dianeter of a neck portion in
the conventional exanple, and fabricating a

carbon-doped seed crystal having a concentration
exceedi ng an upper -16 limt value is technically

di i cuveluamisg tetdierisca blyrdngéiofn15x 10 Penaroy 5xulgays, a
atons/cnB is particularly preferable. [0039] 5

Foatger ofi AxA6arth t oxt € fitoespreedi pist atsimn qwkaely
fornmed by the carbon doping, when an oxygen

conetarehteon in the seed crystal is set to a
predeterm ned concentration, carbon is coupled wth
okygehlto formfurther fine precipitation nuclei, 10
thereby increasing the nunber of precipitation nuclei. ,
[ 0040] Fsthegonéantiedtdsh 0F ox§ gehnEnPERE iPddption nuclel
crystal, the range of 1 to 2xI O 8 atonms/cnB is
pfereedbby. the gaTRIQetderengecvhen BRe cgatdfoh dopi ng
cannot be 15 obtai ned when the concentration is |ess
tpapcantsadion il tthal 3Red afByFaBAI éat iSet ito @ ffi cul t
and an inconveni ence of precipitati on excess occurs
vibepde hermé secematat s wht @k teedscanbaeppas |GaHrl ¢l weth

Among others, the range of 1.1 to 1.6x1018 atons/cnB
igxygen to form further fine precipitation nuclei,

thereby increasing the number of precipitation nuclei.
[0040]

As a concentration of oxygen 1in the seed crystal,
the range of 1 to 2x10"® atoms/cm’ is preferable. A
synergetic effect of the carbon doping cannot be
obtained when the concentration is less than a lower
limit value, and fabrication is difficult and an
inconvenience of precipitation excess occurs when the
concentration exceeds an upper limit value. Among
others, the range of 1.1 to 1.6x10 atoms/cm’® is
particularly preferable.

[0041]

Furthermore, the fine precipitation nuclei formed
by the carbon doping can be increased by doping the seed
crystal with nitrogen besides carbon. Although the
precipitation nuclei can be formed by doping the single
crystal with carbon alone, each precipitation nucleus

formed in this case becomes a large nucleus, and hence a
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20 particularly preferable. [0041] Furthernore, the

fine precipitation nuclei fornmed by the carbon doping

can be increased by doping the seed crystal with

ni trogen besides carbon. Although the 25 precipitation
nucl ei can be formed by doping the single crystal wth
carbon al one, each precipitation nucleus forned in

this case beconmes a | arge nucl eus, and hence a -17

di sl ocation propagation suppressing effect is poor. On

t RS dbpPREl 1pand L aitrde Bbpi ngURPER SBétty crftrort ahg poor. On
nitrogen is carried out, each formed precipitation
nbiereashbec dred a wherrdapéneuyithapotthatcd e pdanyg 5
dopi ng the single crystal with nitrogen alone, and nore
fRhETpEERI Pitt &td o TicPet : canche fPemesy Rize Guwphr kgon

with a case that the single crystal is doped wth
cRRBbRUSabEFEMEThea sbhe ir PYFaRUGo G Witthe thi e bged Py
obtained by cutting fromthe silicon single crystal
pHPP&BIf t&d EOnthke sFTVebal neithdegéd afiath sl erdgeand| pore
this case, since doping with both carbon and nitrogen

i 518ar Preglrgdiat ke hneeheentrat Pen fiofmatk &3 | FeBRaKEFt with
must be adjusted in advance in_such a manner that each
cBnEafer &hiddn Ghe thienple| e8YSERilcas SIARA® Wiyt apripsn
becones a desired concentration while considering each
segPBfat i R eciFId cFenetal 002ppd A th ducerdeat fdnobtained

when furt her addinghnitrogen to,
by cutting from the silicon single crystal pulled from

the silicon melt doped with nitrogen. In this case,
since doping with both carbon and nitrogen is carried
out, each concentration in the silicon melt must be
adjusted in advance in such a manner that each
concentration in the pulled silicon single crystal
becomes a desired concentration while considering each
segregation coefficient.

[0042]

As a concentration when further adding nitrogen to
the seed crystal, the range of 5x10%° to 5x10'° atoms/cm®
is preferable. A synergetic effect of the carbon doping
cannot be obtained when the concentration is less than a
lower limit value, and the concentration approximates a
solid solubility limit and fabrication is difficult when
the concentration exceeds an upper limit. Among others,
the range of 5x10'° to 5x10'* atoms/cm’ is particularly
preferable.

[(0043]
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the seed crystal, the range of 5x1013 to 5x1015

atons/cnB 20 is preferable. A synergetic effect of the
carbon doping cannot be obtai ned when the

concentration is less than a lower limt value, and

the concentration approximates a solid solubility

limt and fabrication is difficult when the

concentration exceeds an upper limt. Anmong others, 25

the range of 5x1013 to 5x1014 atons/cnB is particularly
pref erBBFed poo43lesel g-iBasedtonishess  chiredcttdrs steed,

when the seed crystal according to the present .

i AVEAtiRdn dcsandingede tbeppresend diNvaddni e ngfeutilized
crystal, since generation of slip dislocation due to

t her Rl lshéck 2hbtcorcetBIae E€RHESSatlinmes giceoneretaflen of
the silicon nmelt can be reduced and_ propagation of

t BlsPsFilp leicsitocan i dne chf bBeshigpr 8Ssk that occurs at the
di sl ocation-free state can be realized even t hough a

dr amet ef sontcheektpoEhpofilild Cloar §&rl & Haa that TPAUCRE and
conventional exanple. Therefore, the silicon single 10
cPysPapakavimg a Tk geShePgRE Séaratd Pulday p. sSUppogsped,
It is to be noted that, even if the seed crystal doped
wit Biearsert indvieea ebakentrat ben r6R e Y oRsLBRBIN 2
order close to an upper Iimt value in the 15 present

i AveREIteR iof USERl, NRFRCBOFRILSTcdifc iRl o33 thefuéedthe
by the silicon nmelt and carbon has a segregation
pReRFrBrdRL alhe xUMR Rt r af NEHSEP TCar BEIF coht hFprdSiRILe

ggystal having a large weight can be pulled up.
[0044)]

It is to be noted that, even if the seed crystal
doped with carbon having a concentration of 10"’
atoms/cm’ order close to an upper limit value in the
present invention is used, since this concentration is
reduced by the silicon melt and carbon has a segregation
phenomenon, the concentration of carbon contained in the
actually pulled silicon single crystal hardly varies as
compared with a situation where a conventional seed
crystal that is not doped with carbon is utilized to
perform pulling, and hence it can be said that carbon
does not affect a device.

[0045]

Moreover, although not specified in this embodiment,
the seed crystal according to the present invention
having the same shape as that of a conventionally known

seed crystal can be used.
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actually pulled silicon single crystal hardly varies as
conpared with a situation where a conventional seed 20
crystal that is not doped with carbon is utilized to
performpulling, and hence it can be said that carbon
does not affect a device. [0045] Moreover, although
not specified in this enbodinent, 25 the seed crystal
according to the present invention having the sane
shape as that of a conventionally known seed crystal
can be used. -19 | NDUSTRI AL APPLI CABI LI TY [0046]

According to_t seed crystal for puling a silicon 5
s¥%@@%ng§§t§PRQIQA§;%§ Sent invention, a dislocation-
free state can be realized even though a di aneter of
t he04Reck portion is larger than that in the
conventi onal . exanple, and hence this seed crystal can
be apphFearEénIpdid ithe £54 i eb%S & hgfercAYEtd9 av hglcon
a |arge weight. 10 -20 CLAIM5 1. A seed crystal belng
ustd9It er Cﬁ@(lsltlaﬁg o s‘%ki“? RRESENhglBVENYOA IFasetS bACation-
Czochral ski nethod, wherein the seed crystal js cut out
f¥BRF aSERLECHRN ?%u?ﬁgﬁijel%‘?%?ﬁﬁnpﬁploé@ Porfi 2 B¢ FFEORL the

nmel t doped with carbon,
neck portion 1s larger t an that in the conventional

example, and hence this seed crystal can be applied to

pulling a silicon single crystal having a large weight.
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a concentration of the carbon with which the seed
crystal is doped is in the range of 5x1015 to 5x1017
atons/cnB. 10 2. The seed crystal according to claiml,
wherein a concentration of oxygen in the seed crystal
is in the range of 1x1018 to 2x1018 atons/cnB. 15 3.
The seed crystal according to claim1, wherein the

seed crystal is cut out froma silicon single crystal
pulled froma silicon nelt doped with nitrogen besides
carbon, and a concentration“f 4 nitrogen is in the
range of 20 5x1013 to 5x1015 atons/cnB. 4. A nethod
fbr meEhuf@BEUFTHG TR 1siNgieh $F gl ECEr PEtai N & et Hol
for manufacturing a silicon single crxftal t hat grows
t hengifi 66&(%@@&@%@@/3@% ab(}ZBGPF?‘ﬁé a4 ™94 con nelt
led to a seed crystal based on a, Czochral ski nethod,
mherei%h?ﬁ@l§e§@ec§ﬁﬁ4ﬂcq%§%®% b8t CREoRME U9k ch Sibycon
single crystal pulled froma silicon nmelt doped w th,
c%%%aﬁ? SR S& domieht3 At Ao PR 1EQMDEIE I tFPRAF NIt

the seed crystal is doped is in the range of 5xlI015 to
5%3529% afBfs/ cnB. 5 5. The nethod for manufacturing a

silicon single crystal ccording to claim4, wherein a
concen®rafp ﬁnggaéﬁon ogithe cagbon wit% which the seed

crystal is doped is in the range of 5x10" to 5x10%

atoms/cm’.

2. The seed crystal according to claim 1, wherein a
concentration of oxygen in the seed crystal is in the

range of 1x10" to 2x10™ atoms/cm’.

3. The seed crystal according to claim 1, wherein the
seed crystal is cut out from a silicon single crystal
pulled from a silicon melt doped with nitrogen besides
carbon, and

a concentration of the nitrogen is in the range of

5%x10* to 5x10% atoms/cm’.

4. A method for manufacturing a silicon single crystal
as a method for manufacturing a silicon single crystal
that grows the silicon single crystal by pulling a
silicon melt led to a seed crystal based on a
Czochralski method,

wherein the seed crystal is cut out from a silicon
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oxygen in the seed crystal is in the range of 1x1013 to
2x1018 atons/cnB. 10 6. The nethod for manufacturing a
silicon single crystal according to claim4, wherein
the seed crystal is cut out froma silicon single
crystal pulled froma silicon nelt doped with nitrogen
besi des carbon, and a 15 concentration of the nitrogen
is in the range of 5x1013 to 5x1015 atons/cnB. -22

single crystal pulled from a silicon melt doped with
carbon, and a concentration of the carbon with which the

seed crystal is doped is in the range of 5x10*° to 5x10Y

atoms/cm’.

5. The method for manufacturing a silicon single
crystal according to claim 4, wherein a concentration of
oxygen in the seed crystal is in the range of 1x10"® to

2x10' atoms/cm’.

6. The method for manufacturing a silicon single

crystal according to claim 4, wherein the seed crystal
is cut out from a silicon single crystal pulled from a
silicon melt doped with nitrogen besides carbon, and a
concentration of the nitrogen is in the range of 5x10"°

to 5x10%° atoms/cm’.
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