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Method of producing an epitaxially coated semiconductor wafer from monocrystalline silicon,
comprising: the providing of a melt of silicon in a crucible; the pulling of a single crystal of silicon from a

surface of the melt with a pulling speed v by the CZ method, wherein oxygen and boron are incorporated
into the single crystal and the concentration of oxygen in the single crystal is not less than 6.4 x 10 !7atoms/

cm 3and not more than 8.0 x 10 7atoms/cm 3, and the resistivity of the single crystal is not less than 10
m&cm and not more than 25 mQcm, and wherein there is no doping of the melt with nitrogen and carbon;
the applying of a CUSP magnetic field to the melt during the pulling of the single crystal of silicon,
surrounded by a heat shield; the controlling of the pulling speed v and of an axial temperature gradient G at

the phase boundary between the single crystal and the melt in such a way that the quotient v/G is not less

than 0.13 mm 2/°C min and not more than 0.20 mm 2/°C min; the heating of the single crystal by means of
a ring-shaped heater which is disposed above the melt and surrounds the single crystal; the producing of a
substrate wafer from monocrystalline silicon having a polished lateral face by processing the single crystal

of silicon; and the depositing of an epitaxial layer of silicon on the polished lateral face of the substrate
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wafer, wherein the depositing of the epitaxial layer is the first heat treatment in the course of which the

substrate wafer is heated to a temperature of not less than 700°C.
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[ 57 28HF 4470 ) METHOD OF PRODUCING AN EPITAXIALLY

COATED SEMICONDUCTOR WAFER FROM MONOCRYSTALLINE

SILICON
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HCZARUWES  SMMESFELT  BERPEBER6IxI0TE
8.0x10V R ¥ “cm’ » B EEHARH10£E25 mQem - JAIE RIEFE S © £
HE FIL 4% 2N i B B R B BEL O B R e IS RS E INC U S PR + LAfsERE Y, "G Ry
0.13%0.20 mm® 7 °C minBYJ5 = P22 $2 Fi7 28 5 v A0 56 A B fa e ) 2 A S e
BN R R FEMBEG - DIE RS B 7 L [ 42 B R BV R TP I B s IR & N
B BAL 5 DL B S e (I T Y BE A B A A AR S B 0 A A AR A Bl B e AT DL RR
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Method of producing an epitaxially coated semiconductor wafer from
monocrystalline silicon, comprising: the providing of a melt of silicon in

a crucible; the pulling of a single crystal of silicon from a surface of the
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melt with a pulling speed v by the CZ method, wherein oxygen and boron
are incorporated into the single crystal and the concentration of oxygen
in the single crystal is not less than 6.4 x 10!” atoms/cm® and not more
than 8.0 x 10!'” atoms/cm?®, and the resistivity of the single crystal is not
less than 10 mQcm and not more than 25 mQcm, and wherein there is no
doping of the melt with nitrogen and carbon; the applying of a CUSP
magnetic field to the melt during the pulling of the single crystal of
silicon, surrounded by a heat shield; the controlling of the pulling speed
v and of an axial temperature gradient G at the phase boundary between
the single crystal and the melt in such a way that the quotient v/G is not
less than 0.13 mm?/°C min and not more than 0.20 mm?/°C min; the
heating of the single crystal by means of a ring-shaped heater which is
disposed above the melt and surrounds the single crystal; the producing
of a substrate wafer from monocrystalline silicon having a polished lateral
face by processing the single crystal of silicon; and the depositing of an
epitaxial layer of silicon on the polished lateral face of the substrate
wafer, wherein the depositing of the epitaxial layer is the first heat
treatment in the course of which the substrate wafer is heated to a

temperature of not less than 700°C.
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[S&HAR AT E ]
[ =58 HA 4474 ] FE B AL B A A A T B R R B R
ERELCEA Y METHOD OF PRODUCING AN EPITAXIALLY

COATED SEMICONDUCTOR WAFER FROM MONOCRYSTALLINE

SILICON

EFIREEED |

[0001] ASEHATEML 7 —7%E i 85 8 ( monocrystalline silicon ) 4 &
RN PERREN LA ZESEMTFTEREEFHNECRE—FM
TLSEIEF Ll > sEWCMOSE G EUHIES (CIS) -

[ Ferifir]

[0002) A& 73 & AT A i A - < 8 R 0/ 1 BE B 28 B AN AL 45 %
J& T HRYE 451 -

[0003] US 2014/0374861 A1 7 H FELKIRE T & & ryE

& B o 7 AL 4 F R BMD (bulk microdefect - EfftAlE ) BYEIIEY) > 1

"/

Al O] BRI 1 < i S Ay B AR AR B 0 R EBMDEYEE A& /D
1.0x10° “cm? o

[0004] 5 7 refaf2 (ST A SHYBMD)5 2, » &85 EaR 12 A

A B HY B RIS R BB - K BEARGR EE D (TR 5 g L AT dE 2 (E 1% 18
TERVEAREH - BMD || DUAERH R B I Er (e Z A% O BK

FIH - 47 HEWSRHAS)
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[0005] 2400 - HIRIEREA BEhR - (15 & Tt g HIR L mbkfa
A H AR, BB 2 B Bl T 8 AR AR BRI T A B -

[0006] DE 10 2014 221 421 B3f#t | AN FEEZHEBH W B EIE
i AR FEEEM AR EAY Tk o A > 8% T AR B E N REIE R T
FHIE/D1.0x10° /cm’HYBMD % » i HaZ & E o i~ 545 EiE R
HEmEY - ERRENES T -

[0007] Ay HAYZIRM—ME A Z AR EAE R EH-F
ERSSE - o DlEAZEF £/ 1.0x10° /cm’HYBMD % & » ELFEAE H I
I -

it

[EHNE]
[0008] AFHHEY HHY (588 — B M B &0 42 2 & & B A P E S &

BIRY A - 8% ST AEE

FEH RS 2 R fEHE (melt of silicon )

F SR AL FOR( CZIE AR AL R & viE JA B8 R I F2 FL Y HY B i (single
crystal of silicon ) -~ Hf S AMH&E & FIBHE S - W HEFF |/EVRE R /N
126.4x10VFHF “cm’ B A KF8.0x10V[HF “cm’ » Ui [ B FHYEEZRA
/INFAT0 mQem HA K25 mQem - 3 H H A9 H FHEFMRZHEE

FEFR AL H ENVIE I B (shield ) B1IE B RS BY B854 HITFE] 20 & RS N4 75 T b
% (CUSPHLY )

PAEREY, GA/NR0.13 mm? /°C min A Kj40.20 mm? /°C min
HY 5 ECFE IR AL B R v A B G B A G 2 Bl YA 5 (phase boundary ) HY
Bl [ VR R EG

F2H - 7 HEWSRHAS)
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o R E AL RS 5 B S B R RV IR P TN 2L Es I AR

B TR E S R B WA EARY B S £ EEREE DK

TEEAM S BIRVHDOCAIE BB &SR E - Hh &SRB IIEZBRE
o B B D EAE R A A T00°CHY R FE Y 25 — BB B

[0009] FhRlIZHPR I LIFEH A& E T EYREEEANKE G S
FIBMD 3 ffi » B p,/p+i2 5kl H T & FE L 7 A4 ERY £ & B0 B &
Wiy EES & B hUE & A ECIS o - B BRI 1 & A 3 /NS Y
R[] B2 TN 8 7 o B A P AR S BN BV E T80°CHYRE - ARTRAE 16/ NIFHY
EEE N INEVE 1000°CHYRE - B0 » o] DUE I — 20 B 0 & & 2 -1 A8
f BHY B FE 1 DUATEE R AR (thermal budget) #{TH# G H > LIS 2E T

B

=l
=

[0010]) rlH oy B AR B (AL AR R P& & A0 ) §Y
HmEBAEMESSERALSZE (MCZ)E) B4 E - Hi A SEEEERE
LR B2 AR AL M o 7 A WG &S 2 RS o DA ARG S - CUSPHASS (EH
HYBL% - CUSPRLGZE S /N 10525 8L (mT) HAKFY116 mT
(Vi K3%5% (field strength) » % CUSPRAIS B A0 mTH; 5809 HE (E
LA RE R E LA T A /N30 mm H R K80 mm > FHAE£S50 mm -

[0011]) #REFHAHEE - £1000°C £800°C HY IR E B A HY < Al
BRI /NR0.7°C min H A KL 1°Cmin e

[0012] BRI AS HY T 2 & H IS AS 2= | HY BE B BB A /N Y35 mm [
AKF45 mm e
[0013] &b 38 6 3AE 2 BRI 1R L BE S B R i A B &
2 - B EE2H I HEECUSPHLL TSR ~ M H8 by Jie 8 28 A Wi 5

e

=4
HYBETT - BZPK i R e S A IS AE DATE B IR S P PR A e I e T iR LAY —
EIE 0 T R
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B o HEHBET R R B RN T35 rpm FLR A526.0 rpm o W A (40
S5 DA EABITESY) BB JJE R N 2500 Pa FLR A 78500

Pa -

EHJT

[0014] E& FEyEs6k[E (point defect) 73 ¥ BMDAH &AL £ & &
B S E TRV I B AR E o RATER - BhidkFE 6 BUA
PAER AL S IR Y, GHYME - L - MR 2R S 522 EE v AN ol 5] 0
B EGHYELE - USRS EHYAE R B & 2 B HVAE 5L - IR A S DAY V7 AR
A/NFR0.13 mm? °C min H A Kj20.20 mm? C minfy@EEv /G - $EALHRE
BEA/NFR0.4 mm /min H A Kj20.48 mm “min e

[0015] JEAM > A= B G HY 32 &5 [ 35k op B il (2 O 55 6 FE Gz B RS 3R
o mnEas B BT I & - 2B G s B E e LT LB S8

o W EE F300 mmAYE & - B NEES IR E EA /N T T R EA
KI13F R -

[0016] #RFIAVEFEAEEZE/V200 mm ~ FEE/P300 mmAyE
& WA TS VB S Bt B - B 7R B oy BURS BL 250 $1E
& B B — BRI T B - 5B 0 & BRI HY S0 e B B L R &
BliZ4HY{Z[E (rounding off) - Bt & BB FEFR(EEERZ] - THEHAE
EMMHOE - NI > AR S B R ARG 2 /D0 —(E e fIE - B
WG r B E RGO (DSP) Btk & B #Y IEE A PR s (CMP)
B iR S EIRY IR H -

[0017]) BYHYZ S R EEDE B & B RO IR - 3220 B
B Bl S eSS TR #ET - BIA0fE 1 Applied Materials A F/{E i Ay Centura®
RIS s AT - DR BREE e VR PI=8W (TCS) - &

{fERATCSHES » IR /NR1000°C HA KA 1250°C 8908 FE &6 E
HAH 7 HE@TR®)
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N - ZEBIERRERE/VIGUK - ZSEENIIBEE —BEHE - £IhB
T2 HP B AR5 B IR R (R 7Y 700 C HYRFE « (R > )B4 & 2 A/
HARBMD S FERAZ A B R B o Bl i B~ A B R FE R R Bk -

[0018] 1AM & BIRY & - i1 2 A 69 & & 2R M Y B S W Y - 8
A% o [B] B T P 808 A B AR G (BT AT B Y B R AV BB TR - LR AR S
ANR6.4x 10 F 5 em’® B A KFL8.0x10VHF “cm® (FRIEHT ASTMAZ
#) o EMEHFRA/NAF10 mQem HA KFY25 mQem e

[0019]) MR ¥ E &AMV E S 2050 EETEERER &
FEAE3/NIF B RS I EZ N TD B2 T80°C WY » ZRTEAE 16/ N HYHRF ] B A i A
Z1000°CHLRE » SCEETEA TN AFEENRER - AIEZSETH

AR E DM RE R 2D 1x10° /cm’ By % EHBMD - 5 A =

( (BMDmax-BMDmin) BMDmean ) x100%&+&EFYBMD % L 1R |

By RN 1709 » ELEBMDmax » BMDminFIBMDmean 3 1 0 & 0 & A

B/NFITFSBMDZFE o
[0020] FSCHE 2R EE— T ARS80H -

QEEMGETEED

[0021]

B 17T HH T AR A 5 TR 3 R <

1257 L AL A A6 9 A B 5 P B AR BB B CraP) B9
e i 5 4 0 T A B PR TR 14 AR 9 08 A A 7 A 2
8 G T BMDAE -

BSH - 7 HEWSRHS)

111129547 FEESE A0101 1112042495-0



1829274

B3 it 7R RN EBMD# R RLE (Pos) HYMR A SEIA 4 EHY
TR G 2 A - RS B HY T 39 BMD L -

[&EHE 5]

[0022] [E 1R T 76 68 A B 7 B AR R A 3 R )T R8I s Y 1B
™o A4 SRR R I R (AR ) fURERE o £ R PRy B
HER RS2 EE - BUERRS2RY T UGBS RS 3 — AV - S50 > (LR
WA 20 T Ui Y B R EAE IR RS 4 - HORF 2 E (L e I BE S 1 BUA RS 3
EHYME SRRV B 4% - BRTP N 2L 25 4 Bh R i 4 & B Y B8 L A 88 3 2 fE A AH
FLERAYR FERERE - 0 B 2 A B R A BB R Y — By - T2
R RS 209 B A IR AT i B DU B IR N EA s 4 — E BE R 0 BE
VEH AN LAl EEIVERS  BER KL A LA E - B3 FEairha
BRI 6 H - HTHE 6 S i i a BB AT SN IR T R FE - HHE6 - SR HIHE
TAIERE3E Y A el ~ ul S A H] Ry Bl 8 AV U Bl | o SRS 3 EEFE A
BEEINE7TEEREE MR GEEE - AN ELRIMENERE3 L1y
CUSPHLIZHYZE B 1088 if B B2 B H AT ELEE9

[0023]) 1B AE1FTREEEVEEE B DIARSEIERY )7 AR AL 2% [ 5 7Y
B W50 T DS B E £ 5300 mmAy 775 2 L g E -

[0024] [E 27~ Hi 7 A 48 A e A i o B A B8 o A A S i e iz B
(raP) HYIEIEREBRHE 2 (2 Ay 888 FERY T 9BMD%E (BMD—D) -

[0025) [E37R"H T iR A EBMDE ER R AL E (Pos) HIREA
SR EN A EZ R EA AR A BN FYBMDEE (BMD—D) -

FOH - 47 HEWSRHS)

111129547 FEESE A0101 1112042495-0



1829274

[ FFokaiiA ]
[0026])
1 B
2 EVERRS
31588
4 T RPN ENES
51 RN A AIE &SR
6 HE
7 A
8 ©
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[ S HA B ER B E ]
[35°KIE1] —RE b E &8 (monocrystalline silicon ) A2 & & & ZE 41 -
RS S BN A - HAERE
FEIH B TP IR BEAY IE 88 (melt of silicon )

SRR L& E (CZIE) DARALZR L v € s I8 i iy 2 [ F2 AL b9 Y B8 &
(single crystal of silicon ) » Hi S S FZE & T - I HZ B
SHVRE AR /NR6.4x10V R+ “cm’ HA KFY8.0x10V [+ “cm’ » i H#%
I EEFRA /N 10 mQem J A KFR25 mQem - 3 H H 517274 F S A

EREZIEE

FEIRAL M ENVE RS (shield ) ELIEIHY RS Y BE &, B [0 32 S Re F hnse A P
B4 (CUSPHEE )

PETITR AL B vAIAE % B85 Bz SIS fe < BV 5L ( phase boundary ) Y
B EDREREEG - K7 E/EY,GA/Nr0.13 mm? /°C min A A KR
0.20 mm? " °C min ;

Fe b e B A Ja e by I B Seax B S AV ER TP N Bhas T B4 e% B

FE N ez by iy & i B Aot RIEm ey B &6 A E AR EE - IR

TE % Bt & BRI Rl E EIIRE W ey & &g Hd & Rgay)iEzE
T2 T 8% AR S B ELE AR Y 700°CHY R E BY 55 — B B -

[5F5KTE2) W0E5 KIF1ATHLHY J50% - Hoif1 > 4£1000°C £ 800°CHY I [ &5
BN > LIA/NFR0.7°C min HA KL 1°C min#y /2 Gl R & Al Z JEfe §
HEHIHYEZ B -

[5FoKIE3) W05 KIF 1 B2 tHy 5% - Hoop - sz BVE GRS Y [ iZ 4% 0B
8% JE RE HY R EHY BEBE A /NFY 35 mm H A KFY45 mm -

ﬁ*l
uT[l
T:”EI

B

FI1H - 42 HEHFEHEERE)

111129547 FEESE A0101 1112042495-0



1829274

[FEoKIH4] W55 RIATEQRFTHAY )70k » Hf » 52 CUSPREAS ZE 2R /)N
PR10SZRHTAL (mT) AR K116 mTHYIR K58 (field strength) - Il
H#CUSPHi5 B A0 mTHYSS R EAL % & B8 YR E LT A /N30 mm
HAKF80 mm -

[FEoKIAS] A0E5KIE VSR Ay /5 0% » Hodr » 52 338 DU/ 3.5 rpm HL
A RF26.0 rpm By 2 JEHE o

[FFoKIH6] #E5 KIF NSR2AT Ay J70% - Hor » fEm RS HY R A T 12
LB iR RAR YR JT-R /N2 2500 Pa H A K28500 Pa -

[FEKIET) W KIEEQPTMAY J70% » He o 2B EA300 mmHy
H W AR P M YR/ NATT AR R I3TH ¢

F2H - 42 HEHHFEHAERE)
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