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FIG. 71

with high conversion efficiency and a method for casting the same. This
method for casting a polycrystalline silicon comprises: disposing a bottom-

less cooling crucible, which is divided in the circumferential direction into
multiple members in at least a part of the axiswise section and in which the
inside surface is coated with a nitrogen-containing mold-releasing agent, in
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the inside of an induction coil in a chamber; melting a raw material for a

polycrystalline silicon in the bottomless cooling crucible by electromagnetic
1 induction heating using the induction coil; and cooling and soliditying the
obtained molten silicon while pulling the resulting silicon down. In the
method, the pulling of the solidified silicon is conducted while controlling
the carbon concentration of the molten silicon, the oxygen concentration
thereof, and the nitrogen concentration thereof to 4.0x10% to 6.0x10"
atoms/cm>, 0.3x10Y to 5.0x10!7 atoms/cm®,
atoms/cm?, respectively.
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PNTVHEE200 1 9. FFREO. 03k g/ cm2Diz&EICIF. T
TYHZAIIHTEHENT. 2X 10 +E0—BIELREFHZAEMBTNIEL
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[0047]

[0048]

[0049]

[0050]

WZENBLMER S, BREEDOHBDOBESERAMKIC. BREEL 1.
OX10'7atoms / /cm3bEFIEZEHICIE., PITVHRIIHT 59
EN4. 6 X 10 EFOBRAREZHIETNITLIVWIENRES M ER T,

BB, BRIEEDOHZESEEKIC, NEMHTRIC—BIERRAXAE L VER
HRAZBALBWHED, 1 dy F3ILBIT2RFRESLSUVCBREER
AVIY NI TEIRERD, 2T, NEMHARIC—BRIERRARE LT
BRRAREBALRBWEADA YTy M3 ILHBITIRFEES L UBREERE
WKIGL T, NEEARICH T 2 —BIERRARAE L VCBRTAD D E%FE
T5IEICEY. ETRELARREES SUBRRREOHEISGREST S
ENTE D,

BIZIE, FEEFRIC—BIERFHRE I VCBEAREEALBZWEZED
ATy F3ILBITBRFEEN2. O0X10'7atoms cm3 BMKRE
EMNO0. 1TX10'7atoms ‘cm3Eokigh, REMEARICHRT 25—
ERFAADSEZ2. 5X 1T 0-+FLES. OX 10 *FLLF, BEHR
OHEET. 2X 105 E1T. 9X 10 “EUTICZERZREET S
EIEY, ATy h3ICHEITIHRREZO0. 3X10'7atoms ¢
m3lES. OX10'7atoms, cm3lTF., RREEA4. OX1017
atoms, cm3lEG, OX10'"7atoms " cm3L FICEFENEFN
By ENTES,

BE, ATy FIICBTIRREESLIVCBRRER. AIZIEE. 7—V
IEBRFENADNE (Fourier Transform Infrare
d Spectroscopy, FT—IR) ICLYBRET B ENTE,
BFREEIE. ASTM F121—-1979ICETVWTREINZEETHY
. REEEIE. ASTM F123—-1981ICETVWTHEINZEETH
5 (ASTM (American Society for Testing

and Materials)),

Fre, RRBEORHEIE, L Le—BIERRAZOEAICLIYITORD
YIS, SVAVERT 2ICREBMERMLTITOIZEETES, BIZE 1



WO 2013/145558 12 PCT/JP2013/001261

[0051]

[0052]

[0053]

[0054]

Ydy F3ITKFRBERMUABWEED, 41> dy M3IIHBITIRFBEEDN
2. OX10'7atoms /cm3DFE, kFMNESDHBVWEBOMESIC
WLT, 1. 7X1T0-3FUE3. 4X 10 MEUTORERERMTZZ
EICEY, ERRFREICEATLI2EGHZHMEIRLIENTES, I T,
REREME LT, B@ ) AVRICBETFPTWVIENL. IFT7 714 MK
EZRWS I ENFELL,

IHIC, LR ULAEBRARSSLC—BIERFARADEAICLY, REE L
UBRREZHEHT2HLYIC, ZBRIERRAXRZEAL TRES L VKA
REZRBICHETSIENTES, JDBAEICH, MEEHRICHT S
BALIRBHRADDEN, 12Ty bILHITIBREESLVRFREEILT
NETNEBEE52 5, B, REEARICZHRIEKRRFAREZEA LRV
B0, ATy F3HFDKRFBEBEN2. OX10'7atoms cm3 R
BEMNO. 1X10'"atoms cm3fEokFh, REMEARICHETZZ
BILIRFROZEZ2. 5X10-4FLES. OX 1 O0-“EUTICHIET S
SiICkY, BBEREEAO0. 3X10'7atoms, “cm3 k5. OX 1017
atoms, cm3LllTF, IRREEA4. OX10'7atoms cm3llE
6. O0X10'7atoms  cm3ATFICHIEHTEIENTE D,

ERDELDICKRR, BESSIVCRRBEEMIBINLAMS )21 3
BRIV )V 1 3ERADEIR VY I NI BERAICTHRIESZLIC
LY, BRY) V1 3E28EIES, TabbE. LYRTHADEBERMY O

3iF. XY ¥ 7M1 5DOTHEICLYFEIAIL 8D TFImMNSERE L.
FEMANNILCRY, FEREBRESITCEYFAONBS L. BESFILY
RTICEYANINT, BRIV 1 34’AEAULSBRET 2,

IOLT, LEZRHIY vy I M1 5OTREEHIC, RREAET 128U

T2 AVERT 25 8ESHIVY R T ICEGNIGEMEAL, YVIVER
M1 208F@BBLCREZMBEL TITO> 2 &ICL Y, HHEEY ) AV DER
SN AREE D,

Bt )oY 1 3NRELTEOSh A Ty h3iE. 779—k—49
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BLUHBRH1 OZAVWTRIFEANMNI TERXTHIIING, 779 —k—
LYV Ty b3ZMBL, 5ITTHHAMICEYVEEARZS5 X
BT EICEY BADOBRICA Ty b 3ITHRREIFEES ZDE/IET S

[0055] F7, BEANLYRBRADELCA VTV RN3ICIZVvINRETDID%
Fhitd 271, HRFH100E—% (RRET) ICLY., 1Ty ~3IC
LU CArERE CARERBGRRE L TIHRLIBEEY, TOHERLEDRD A
»dy F3OFRFEEREIF. 1200C%EA5EE TIIERP OERARIEA
BT SEENAAEERREIFEELPTVWIENL, BEIF1100TC
RETIT> 2 &M FHRLL,

[0056] HEMIBDE, HMREAFH100k—% (Hrxtd) OHAZETIE, 1V
Ty h3ZERITHAANTS, THLT, BREEZO0. 3X10'7ato
ms,/ cm3llE5. OX10'7atoms,  cm3llTF., REEE%4. O
X10'7atoms, cm3llE6, OX10'7atoms, cm3F, B
REEA8. OX10'3atoms,cm3LlkE1l. OX10'8atoms/
cm3LTORBEOTFICEZERT)AVA Ty M3%8ETHIENTEDS

[0057] 7Zd. EEFEICEWVWT, 41Ty b3 ILBITHEZREEDHFEIFZ. EX
ZBUHEMOXFE 1 6OLEANDRTEHEBEEZRAETLH I EICLYITLOT
WaH, ZORDYIC, RFRES L VCBRREEDREDHZE ERAKIC, &
SEMHETRICBRARZEBATDHILICLYITIZEHTES, ZOBEICH
 NEMHTRICHT 2EBRAROOED. 41Ty b3 ILBITERFRREIC
HEBEEZD, BIZIE, NEMEARICBRAZRZEALRWGED, 413
v h3ILBIFBZEFRRENT. OX10'2atoms cm3fo7kizh. K
SEMEARICRTZ2BRAZONEEZT. 2X10-"fFUET. OX10-2fF
UTRICHETZZEICLYEREEE8. OX10'3atoms ‘cm3lltE
1. 0X10'%atoms cm3ATNICHIETZIENTES,

IIT. BREEOHEBEZZRARDEAICLYTOIRAICIE, BRME
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LT, BRZEFLVVEDEZAVS,
[0058] /. ZfE&ET ) IVOEENIE., F—RY MERMLAES Y aVERT
EHEATEZIEILEST, FIHITZ2IENTES, TADLE, pHESHES
D) AVEEHEET BEICIE. K=Y elLTHRAY, HAYVDAL FILIZ
LR EERVWNRIELV, —H. nBZFERI Y IVEGHFET BREICIE. R
—NRURhELTY Y, R 7VFEVREZRVNRIEEL L,
[0059] CD&EIIC. BESIVEREEZHBIEHFEICAELALTT, HRHPISE

EDRRESEIVTCRFREEABIESGBICHAR T EICLY., HRMEN
BMETE7-60, aVWEBRYWREETIABERICITHFELSER) IV 5iE
ETBEIENTES,

[0060] LAEDAKBOZER> Y AVOEEREICLIYEBONSHERS YO
Ady MU LTERBR 7OV ZICDEIL, ZE/RITOVIEILHIC
AZARATHIELILEY. BVEBRNEREZET 2 AGEMICITFELS KR
VAV I —NERETEHIENTED,

X sl

[0061] (EBRHGI)

LAF, AFEBAOERGICDWTERRT 2,

AEBOFEICLY, SHERKRIVIVA4vTy MEFEELE, a5,
FY. BMEMAMKRE L TORIEER%E100g, N5 —E LTOHE
IFILETOO0OmI, AEELTOMAKEL400m |, HMF & LTOIERE
0. 5m | ZRBAEIETLI2HEMZARL, XFS 16D LEICEML
feo A2y M3ICBITHEREEDHEI., B 1 6D LAICEGIN
R OEBTHEL, BREEN. 8X10'%atoms cm3 1X
10'%atoms,“cm3 1X10'8atoms, cm3&iR3LIIC, X
FE160LEICERNT 2RHEMOEEZFAEL., ThEn1cm2, 50c
m2, 1300cm2& L7k, ZO%, BNM V5 —0EE LT, XHFH16
EMEALBL, 1 20CT1HRERKL. TORERITHANLTXEA
6 LEICEERMBEZTEK L 7.

\
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[0062]

RANT, BTICRTEDIC, Yv v 4 22FVTEHBEAET 1456,
DAVERT2&ELTEERY)IV%E20k gBESAIWYRTRICEA
L7,

HmWT, FEIMLBBLVTIXYM—F141C&Y, LYRTHDY
DAVEE12%Z1420EETNRL TEMIE, Ao )11 3%%
Foo IHIETYOVEMT 2ZBMLTEYVIVEMT 2ZB8/MIEDD
XFAR16%8|T T2 &ICLY, 2R7000mmDZESRT )Y
A4>dy N3 %&EEEL L,

ZOEE, AZRBAOLSASL, FyU/NTRICIE, PILIVHAREESIC,
BRAREBIERREARZHIBL. 1Ty F3ICBTERFRER. 4

OX10'"7atoms, cm3 5, OX10'7atoms, cm3 6,
OX10'"7atoms cm3&BRdLDIC. 2. 5XTO4F 3. 7X1
O-4F. 5. OX10-*fg& L7k, L. " BILRFRAREZR—TFLTW
BWERELLEBEDZERTDORKFBEEILX, 2. OX10'7atoms/
cm3THd, £z, BFREEIEX. 3. OX10'%atoms,cm3, 2,
OX10'7atoms, cm3, 5, OX10'"7atoms, cm3&idL
IS, PIIVHRICRT 2BRARDSEEZTNRETNR 1. 2X 1 05,
6. 2XT0-5& 1. 9XTO0-“fF&lrk, £EL, BRHAREZER-TL
TWRWERELEBEDZERDPOBBREEIF. 1. OX10'%atom
s/ cm3ThHd,

ZH5LTHELNEZ345mMmX510mmY A XDA Ty hE6LEIL
ATy NRFAEAOHL(A Ty MEIEHASL2000mm)IEN S —
ORI : 156mmODIELFEHIR, BA: 180umdy—/7%, A
Bl1~40%ER)AVAV Ty bOZEAaNMHT000HTDEYPYHLE
o TDOIHBDTOMICH LT, BEDOET VA Fv—0E (HF : HNO; :
H,=1:4:5, R 5%9) ZElLEHE. [EXKRE (CVDE) IC&
Yoz —NEICBLREZFERS B,

(LeE )
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[0063]

FEAGI & ERRIC, BFERY AV EHELE, HEL. ATy F3ICH
ITAREERBEMN3IX10'7atoms,cm3, 7X10'7atoms,/cm
3ERDBEDIT, PILIVARIINT 2—BIERROZEEZENRTNT. 9X
1T0-445. 8. 7X10-*F& Lk, LEL. —BIERFRARER—-TLT
WREWERELEBEDEHEREPORFREEIF2. OX10'7atoms/
cm3TH?d, T/, BRREHNG6. O0X10'7atoms ‘cm3&id&
DI PIVTVARIH T 2BRODEZ2. 5X10-4F& LAk, LU

BRAZAR=TLTVWRVWERELEGEDZERPOBREEIE1. O
X10'¢atoms, / / cm3Thd, ILILEREEMNT7. OX10'3ato
ms,/cm3 2, OX10'%atoms ‘cm3&MdLIHIC, ZHHT16
OLEICEART HHMEMOEELZOcm2, 1700cm2& Lk, TOMMOD
SGIE. FBB1ELTERLCTH S,
<EHTHFHE>

FEELEZ1000KDYT—/\D>BDY T —/1 0MEBWTEMAD
AFEB L EFRL, BEBEXZRAEL, 1Ty b3 ILEITEIRIRER
ELEBRMEREOBEREH2HLV3ICRT, IIT M2k, BEREES
1X10'atoms cmilEEL. BRRESIVRRREZELIE
-84, M3, BEREEMN2X10'7atoms cm3lEEL., RRE
ESLUVBRRELZZRELIBLEGEICOVWTOHERTH S, £k, MHE#HDE
ML, 1 OMDOIEHETH D, Fo BEMEEF, KEERETILOBEA
EEYAYICBN LARIRILF—ETICNT D, BILOBAEEYLY D
LY BINIEHMEOERIRILF—E20fE (E2/7E1) X100 (
%) ELTH5AON, H2BLU3IHLBHONMMEDIC. KRREEDS.
OX10'"atoms, cm3LlE6. OX10'7atoms “cm3LLF,
MREEMNO. 3X10'7atoms, cm3UES5. OX10'7atoms
S em3LLTFADOEBREEMNE8., OX10'%atoms, cm3llE1. OX
1T0'8atoms  cm3UTICABINTWVWIBEEICIE, 16%4%52BAdE
WEHBSHEAE LN TWE I 9D 5,
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[0064]

[0065]

EX Lo A

AREBRICEINE, BRSIVCBRRRELZHEGEICGAELALZTT, HRF
KBEDRKREZSAEIETURRBEELBESBEICHAE T LICL Y, KaH
ALY BH, BVWERMELZE T 2 AGEBICHFEASHEEY ) IV
ELTERTH S,

RIS DEHER

1T Fy N

2 Yvvw¥

3 4vdvhk

4 glEHLO

5 HAREAO

6 HxO

7 EBESIILYR
8 FEI[IL

9 7745 —k—%

10 BaE

11 ENEAE
o) aVERE
b= R
TZ5XX b—F
TEVY 7 b
B Zca—)

RECE

N o a0 AWM

fiTlla
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[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

FR R DEEH
REEEN4, OX10'7atoms, cm3dkE6. OX 1017
atoms,/ cm3lUTHADOBBREENO. 3X10'7atoms,/
cm3llES5, OX10'7atoms, cm3lTADRKREEMNS
OX10'%atoms, cm3 k1. OX10'2atoms ¢
M3LLTFTHBIEHRB ')AV T T -/,
NEEAZADBAINF v /A \OFEI/IILRHIC, BARDODA
K EH—MPAAATERICDEI N, ARAICERREZSOHEMD
BEINEEASNILVYREZREL., RIRFEIAMIICL ZEWMFEE
MERICE Y, RIEEESIILYRRICEALLZHEEY ) AV OER
EBREL. AR Y AV EIRRSEA L TREI DD TFAABEIRL
. BRERVYAVOHEERETH> T, RIECERMS Y IVICEIT S,
RBREEZ4, OX10'7atoms cm3llkEB, O0X1017a
toms,/cm3llTF, BFREEA0. 3X10'7atoms,/cm
3SPUES. OX10'"7atoms, / / cm3ll TELUVRKREESS.
OX10'3atoms,cm3lkEl. OX10'%atoms cm
SLATFICERB T2 2 & 2B E 55 #ERY ) IV DOHERE,
RISCIRFRREDREIL, —BIERFA R %, Z—BRILKFATZADH]
ERAEEH RIS T 20EZFEL CRIEETFT v Y/ \RICHEIKT D2 &
IKEYITD, BRIFE2ICEBD SR ) IV DHFEAE.
AIEERRIREDREIZ. iR Y ) IV ORBHIRERM Z R
THIEICLYITH, BRE2ICHEHDEHERY ) AV DOFHERE,
AIECBRREEDRE, BRI %, ZBRTADRIEAEELTR
KT 2 DELZREL TRIEF v /ARICHIRT 2 2 &ICL YT,
FEREZ2~4DWINHA—IRICEHRDOZHERY ) v OHEAE,
AIERREES JUOBREBEEORAEL, “BILRFEHREZ, Z_8
EIRFRAZDRIEENEEARICH T 22 EERE L TRIEF v VW
PR 22 &ICL YT, BFRE2ICEREFDOZRKRY ) IV DHE
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[E53KIRT7]

[E53KIR8]

[E5KIR9]

ik,

RIS EREEDHREL. AIRERLSUBEMICB I 2ZELERD
IR REOLE~NORTEBEFEET I LICL YT, BKRIE2
~BDWINM—IBICEEHDO SR ) AV D0FgERE.

AIREREEDOHEER,. BRAR%E, ZBFRAAOFIRAEEL X
IR g 2 0EEEEL CHIEF v A\ WICHIRT 22 &ICE YT,
EKRIE2~6DWIFhM—IRICEHDZERY ) IV OHEERE,

AIEERZIVHEMEIBLER. HRRIFIL. #MKS JCEED
575, BRIE2~B8DVWININ—IRICEHDEHERY ) AV DEHFE
ik,
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HESh-FERDEH
[201347H12H(12.07.2013) ER B85 = 1H]

)

[FERE1]  (HIBR)

FERE2] REETABBASNET ¥ o OFEa A VRIZ, BiFmOL7R
L b—MAFFETHEEICHEI SN, NREICERL S R
WNBMENTEBERIANY REZEEBE L, fRHFEa A I L2 ER
FEMBICL Y, REEARNLY RANICEA LS Y 2
DEBEZE#L, BEY ) a2 2IERGH L TER ST OO T H~
lEHLS ., ZRESEY Y a L OFEFETH- T, AEERT Y a2
ZBITS, REBEZ4. 0X10'7atoms, cm?®LlE6. 0
X10'"atoms,//cm®lUT, BERELZO0. 3X10'7at
oms/cm%%h& 0Xx10'atoms,/cm®AFBLOE
RRELZ8. 0X10'%atoms, /cm?Llbl. 0X10'%a
toms,/ cm®UTICHETIZ L2HMLTEE/RHVY v
DEFEFH 1,

FARE 3] ATRRKBREOTEIL. —BIURES R L E—BILREL X DR
FEATEMEST 2 D0 E2RE L TRIEET ¥ A SHILEKR T2 2
LIk 0TY, HRE 2 ICRBOSER VY oL ORI,

FERE4] AECRRBEOREIL, AIRSHERE T ) = v OFRHTRER 2 B0
THILICRVITH, BRE2ICEROEZHL T Y = - DOEFEFIE,

[FERES5] AICERBEOREEIL, BRIV AL, HEEE N X ORIREAREES A
WX T 5/ EE B L CRIEE TS v > SHNICHE T2 LIk 01T,
FEREZ ~4 0OWNTh—HEIZERROSHEE VY = - OFEFRIE,

FEkE6] ALRBBRESLOMBREOTHEIL, “BLKESRE, %8

{LIRSE A A DRIRERNEEN A 20 ELRE L CHIRT v v N

MIESN-RAK (FHNE195)
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WICHEHET D Z LT L VAT, BRE2ICEROZHET Y 2D
BREH o

FERIE 7] AIRERBREOHEIL, AIRLERZSOHEM TR 2E(ERD
R EO LE~OBFEBELHE TSI LICLVITH, HRE

2~6DWTNMH—TBIZREHDOLHESST ) arOEFE,

3

BERIE 8] RIMERBEEDOTHEIL. ERVRA %, UERVADHIRANEET X
R A YEEAABRLCHIRT v v SRNIEERT 5 Z 212X 01T o,
FBRE2~6 DN Thh—HIZERHROEHER T Y 2 OEFEFIE

B8R 0] ATRER LS UHAMIIEEER, BT, Mk X UERED

5725, BFBREZ2~8DODNTHN—EIZEEROEHEET Y 2 DfF

B,

MIESN-RAK (FHNE195)



1/3

WO 2013/145558 PCT/JP2013/001261

[E41]

1.3

F1G. 1

14

|_7€>:| 1
12

11
Ji
77" Jz
W AN
oA o4
@ |
0 3
17
16
/ |
NI
6 —




2/3

WO 2013/145558 PCT/JP2013/001261
[E42]

273

F1G. 2

—+— ORE:1x 10" (atoms/cm3)
—— 02 3% 10" (atoms/cm3)
—— 0ERE:2x10" (atoms/cm3)
—A— 0EE:5x10" (atoms/cm3)

—¢— 0 :6x 10 (atoms/cm3)

i

16. 8

16.6 -
16. 4 |-

16. 2 |-

15.8 - /
15.6
15.4 L

1.0 3.0 5.0 1.0 9.0

mEEE (10" atoms,/cm3)

EfzhE )

i
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[E43]

373

F1G. 3

—@— NERE:7x10" (atoms/cm?)
—— NEREE:8x10'3 (atoms/cm3)
—A— NEFEE:1%x10'° (atoms/cm3)
—>— NiEpRs:1x10'8 (atoms/cm3)

—K— NZEEE:2x10'8 (atoms/cm?)

16. 8

16.4

_.

&

N
I

Mk
-
I

)
I I

15.4 | %
15.2 | */* \*\

15.0 F X
14.8 L L [ -
1.0 3 5.0 7.0 9.0

0
REEE (10" atoms/cm?)
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the invention is disclosed in JP 2009-523694 A (BP Corporation North America
Inc.) (see paragraphs [0052], [0058] and [0090]).

Therefore, any same or corresponding special technical feature cannot be
found between the invention of claim 1 and the inventions of claims 2-9.

Meanwhile, the invention of claim 1 is relevant to a main invention.
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claims.
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3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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