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101 On the basis of the Bernoulli's principle, obtain starting mechanical energy of a
second gas at a crystallization interface except pressure potential energy

102 Within a time period from a temperature regulation start moment to an ending
moment, on the basis of the Bernoulli's principle, control the absolute value of
a difference between real-time mechanical energy of a first gas at the
crystallization interface except the pressure potential energy and the starting
mechanical energy except the pressure potential energy to be less or equal to
a second preset value
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(57) Abstract: The present invention relates to the technical field of crystal growth, and provides a crystal pulling method, a single-crys-
tal silicon rod, and a single crystal furnace. The crystal pulling method comprises; within a time period from a temperature regulation
start moment to an ending moment, controlling the absolute value of a difference between first pressure of a first gas introduced into the
single crystal furnace at each moment at a crystallization interface and second pressure of a second gas introduced into the single crystal
furnace at the temperature regulation start moment at the crystallization interface to be less than or equal to a first preset value. In the
present invention, within the time period from the temperature regulation start moment to the ending moment, the pressure correspond-
ing to different moments at the crystallization interface is approximately equal, so that crystallization temperatures corresponding to
the different moments are approximately equal, crystallization speeds corresponding to the different moments are approximately equal,
and the diameters of a crystal rod corresponding to different moments are approximately equal. Therefore, a diameter fluctuation of a
single-crystal rod finally obtained by pulling is small. In addition, concentration distribution of a same impurity at each position of the
crystal rod is approximately equal, and quality uniformity of the crystal rod is good.
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ZINPIRCIANIIMEE Q1 MEEMSENE , N THEFTHE_INLE , SR , 5
BIE—SAELERAELS  RTENBEZINIERVIMEE Q2 , SRRTEN
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B, BTSAREERFELNENEEE , PJURERE, NIRRT
ZEZWEERNZIMAER , 402, FB—SAEERFEEHESEIT

RIUARTA:p, +2p03 + paghy = €, LK p, AMBEFFIERZIZ FE IR

EBARNZIMNER , §MHZ , F—SAEERFRELNENEEE , FIME
£, HEMNGREFN C AEE., BLARAXNUMANAKIT , W,

P1+3p10E + pighy = po +5 0203 + paghye EE R 102 B, AR

Spv} + pighy | 55003 + pgh, RENEENMLITE , N FREFE MR

B , HmeERRiEp, Mp, WEER/N , NERARMSH LE , NEEFAKEY
AZWELERNZ |, ZTHBARRIFNSAELSREFELEHEERRIZE |, 7]
BEMER , FRERMEE N, EREEENEENIREMELF , B—M%
FEERRESHNKESTENY) , EEEERENSINEEY , #—F&K
T RREENRE,

HYIEHAGF , BRSPS IR 102 g2 , =260 2021 &£ 10 A 20 B 10:13:20 2
&, 22021 £10 B 21 H 12:13:20 BB EIERA , EMRZ , BAZERI A
FIFTBSAEE — SR TIENBEEZ NSRRI HIEE Q2 , SR TIE N EE
ZIMNURRIAVIEE Q1 , MEBENZEEMSENENTHEFTE _NiRE , KTk
N EEZ IMASERT AL BE Q1 BIESERT BN BES SFISCRT N3 AES 40 1% 5L
EESHWFAE 2021 F 108208 10:13:20 25 Z2021 F£10H21 H12:13:20
RUBTEJERA , B—BZ , BAZBEREIP AMNE—SENZE p,, 512F—H
ZBANIZEBIP A B —SAELSREBJERRE, N FER, SKHEND
RESHME | ZF B, BAZERIF ABNFE—SHKNERE p,. 55—
%, EEFRESTILKEEZEMEEE h, ENINEE =& IVFEA,

HE2RANE , kA E—NZ , RMNEEA BN Z G Z K ELRE
Z IR ER AT — B %,

AR SE —FliREr MR IEEEE I R BEENERNREMNEXR
HITIRE, WTFREREENERNEEHNEXRES |, £ 2igER/,
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g , F—SAMF_S[EEE , EiRAZR 101 FJLAVEE  REEZ
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BB ZEZNELERNZEER |, IEHIE—Z , F—51K , L&
HLERRIE , SE-SF , miAEABRRZ , FEF IO mENEENSE
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ME_SENZRE p BEMESE. BN  FhETER BE2ET TN,
FEERAENUEREAH , IR , NMEEABRZ ZRELREZ
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P1+2p10] + pighs = Dy +5p203 + prgh, , ARRBB S, ERWBFH

Bz SRR EEREY,  MMERA B2 Z R Z N ELSRITZIAIETES |,
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m,
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IR E MR ERFEITIR
iz {E# /N,
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Fan , NMAEABNAZEERELERMNAMIBEAR , I=6HZAZ ,

BABRIFNE —SH , EERFELHREY, , SIEEHBNZ , BAR
BIFNEZSK , EERFELNRE, , AENZEMNEXNER 0.
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BRIFHSAE , EERFEANRRE , JUEFETFZNZANNAREL , BfI-‘L‘J\
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- 12 -



10

15

20

25

30

WO 2024/060650 PCT/CN2023/095179

&, NRETE  2ZBRFHSAHILH 2IRREREF , SELH&N
RURBEER , FEZR AN MR/ RIBEER |, FEESE —WAUER
SRR, WAURKEIIED , BE 15 W EEENTERAME 2 WEE. EF
UEENELT , HNE—TREEPSRGT , ARSENRETGRLERS
ESHENRRIPFPHIE ZaThREREF , SRALHR/NMYUTBEEREHE
S, MAu , — MMRANN —MR/NREE TR, B, EaTiREURAL
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SCHE 1
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HI® 14 LA DA SR, tHIR 15 BSEZETRIM A 15mm , 88&E 0 28mm
MANEE S 72mm , R 11 B99MEE 112 B R 3 1121 BYF42 5 100mm,
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Miﬁ’aﬁﬁ‘*ﬁﬁ?ugu&? LRI ZIRIBTER A
BEE SEHERYARS.

SHiRE

SAEHE_S
Lojj 70slpm ( stard liter per minute , ﬁﬁﬂ'ﬁ 7). WERHIREZ

3 N RYR AL 79-80mm |, LA IRRZ |, BTAER

E YARY

136391.97mm?
136391.97=513 23mm/min, iF;8
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ZREZEREERNZIMERERR , M2 SE MU N R SEE—

Mg, EEMNZEEMAN , [F8EPREAN LB ZSZR A NMESE —

.

, VEIR

EHlEMZNE

FUNRERUEF , OHRERA
stz , =

PCT/CN2023/095179

ZHI7 53KHEG 1 3N

BARRPHSEIRES ,

SRTR1, HEARNZ , &

—RER. BRENR, F=FK

B_RER , F_RERRN
SELRFREENREY,=70x 10°+
B2 2R ZENEERNZIMEERR |, &

SE£EFELIREY,EA 513.23mm/min , [E]
B B SN 23 W Y e/ NFIFRETFAS, S* v, = Ly , LERCHY Ly iAEFFIaEt %

STHY

SCELREMERS , W, WIEFIAN LN @ py + = ,01v1 + pyghy = p, + %pzvzz +
p2ghy, BT o1 =p, vy = v, HHBITER ERFEREAE Mh, =
HMRIET , NEEAREZZWEERBNZIFBNEERN , & —L?_éﬁe?'aﬁﬁk
HYEE p RIFAE,
=1 SSHEAPEDRR T ZE8HER
- P —~— P = E_/J\Egiﬁ A = ie=thEe
R FE—FME ETFERME FE=Fm| FINFRE SEE T RIER W, VL E
(mm) |# (mm?) | # (mm®) | ] (mm?) | ] (mm*) ’;mmz 3| Cmmfmin) | Cslpm)
_80 153388.26 | 136391.97 | 26990433 / 13639197 513.23 70
70 12611924 | 12594086 | 246245 .42 / 125940.86 513.23 64.64
~60 105667.47 | 113946.76 | 222734.95 / 10566747 513.23 5423
50 8862433 | 106530.65 | 19942540 / 88624 33 513.23 45.48
~40 8$1807.07 | 97820.78 | 17639646 / 81807.07 513.23 41.99
30 7839744 | 8994988 | 15377424 / 78397 44 513.23 4024
20 7498082 | 83051.18 | 131768.40 / 74989 82 513.23 38.49
_10 71581.19 | 7723314 | 110746.96 / 71581.19 513.23 36.74
0 68172.56 | 72673.10 | 91391.77 / 68172.36 513.23 34.99
10 67490.83 | 69410.40 | 75004.04 / 67490.83 513.23 34.64
20 66809.11 | 67539.65 | 63908.88 / 6390888 513.23 32.80
30 6612738 | 67105.15 | 61062.83 | 6086836 | 6086836 513.23 3124
40 65445.66 | 6707614 / 6086836 | 60868.36 513.23 3124
50 64763.93 | 6707614 / 6086836 | 60868.36 513.23 3124
60 64763.93 | 6707614 / 6086836 | 60868.36 513.23 3124
70 64763.93 | 6707614 / 6086836 | 60868.36 513.23 31.24
80 64763.93 | 6707614 / 6086836 | 60868.36 513.23 3124
90 64763.93 | 6707614 / 6086836 | 60868.36 513.23 31.24
100 64763.93 | 6707614 / 6086836 | 60868.36 513.23 3124
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E1% 300mm BRER/N, BUERIERAIFIA ) mm, SEHEG 1 F03SELBIRIHIIS
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HE1ZHVRE) , BRENTFISEE ARG S 20 B R R RN B1ZRRE. SKHER] 1
BXTFISEEFIMS RREEE 3 NEZIKEEIEE Imm KEEE/NE+ 0.5mm,
FERRET  NMEEABRZZREERNZINRER , R SEERRE
RHEE p EMEMNER , ABIAESREE  dMEMEREE | &
ARG SENRERREE 3 NEZIREM. SEE6 1 5, MEEA R
AZWEERNZIMERR , RSEERRAELNEE p REAE , WER
BEESRE  FREEENIE  NHFANEREE 3 NEZIRIIK
N, HIGIRENEREE 3 WERNRERRYT. BN, NMEEARNZZE
IWELRAZIMERAR , RSEERAELNEE p RIFAZE , W, F—/
FREREREE 3 SLNKESHTABNES , RREE 3 RENIMEREY
EMFRF 7 R EEE 3 NRE, B, KRG 1 FSLHEG] 2 , AT el
= RV TERSWERE | FTUARRMAE, FZIHBME , KRG 2 05
EEFIRIBI SRR BEENEIZRURENER , 58 3 £, h TRREEE ,
BEftER , RTEE 3 HRi,

FRURNE , WTHEFESEES , AT ERER , SBEESREA N —F
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HIzNIEIRFBIRRE] , B Mk IEARRIESLRES , LS EeTCARAE (iR
BE#HIT, HX , ROUSRAAN BN ZE | iR AT IR R SKHE 5]
BT UESSHES |, AT REIEFH A —EEE 2SR ESLHE IR,

FRURNE AN, KiE 8F" [ * 88" EEEAEME
REERSIFHHEMENE S , ATIESEE-RINERNITE. HiE Ym
BHEREMNEEBREEZR K MELTEELSERMIIENEMRER , HER
EBIEAXMTIE. 7375 YeaBEREFMEENER, TRXEESMREIL
BT, BEAY BE—1. " RENER  FAAHIREEEZERNT
2. 70iA YEBEREFIFESRIMIBRER,

B A ERYSEREFT TURYHEID |, ARGUHAIFARA IR BLE R 7 ##R _Eid
KGRI ER AR A I B ER R EE R TURSEM |, AR S
WS, BERSBATHEREENFEMEAIN, ETXHFIIER , X&EH
RATFTR A L E I B KA M TTRREYER 53 7T CACAZR 4 7= m B AZ VIR
R , T ENREG = mEEE—NMZENT R (30 ROM/RAM, HifE.
B)W, BEETESCHUES —a%n (FJLAZEFI , HEN , k588,
TiH2E , WEMBIRESF ) MITERPSPHEOIFTRN T,

DA LFrieid i ESLREAUR B R , ERETRE 57 BB iR
FERTA AR E R UAARZIE LD TR , fFRRITERMSRFRTAENK
BRI UANEYIERTT , QA CAMI T — M7, SE R A M E S ML
Biit, AIAMREKFREIFEZEZEE PSR 2 E SR RRR S AL
ARMBERN, RTUREBEBRANARENMIEEEEMNZHERT , BRI
Y2 REF ST,

A HFTRREY —ANSERER ¢ SKRERIY BiE —NEE B ANSERES
BIRE S XEARAMNFBERLE. EHNEREEEESRHBENEL —
ANSERERIR, LESh , EEE  XB B ANXEAF” fiaEfFA—ER
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EUCEFT R EEIHBR B A | W T KEEBRAT, A , BERBIEME , K
FRSHISERE APl AR B X EERATHIIE A T #HSREk, £ EsL0lH , 7

RIFMRE LT E. SRR, UERNREI A AR BRIIERE,
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