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Abstract A numerical simulation study on field of temperature in crystal and melt by using FDM (Finite Differential
Method) during the growth of Nd: YAG crystal by Cz (Czochralski) method was reported. At first, the
mathematical model of the growth of Nd: YAG crystal was given, then the equations with no dimensions were given.
Finally, the boundary condition was given and the equations were solved by FDM. The simulation program was

given by above method, and then the change of field of temperature in crystal and melt was described by simulation

program. The effect of technological conditions on field of temperature in crystal and melt was analyzed.
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with Cz method

HHNPESRERMXBEFEAZER - EHEY
P37, 4 I N B9 TR B A BB R DR TR R R AR AL
XA BL AR UE7E 16 R R & A 34 5] U TE 3 3R
NGRS RAES S S, R AV Rk &
KR, fEMEAEKEE— A AN IEE R Nd:
YAG 8945 5, 8 T WHE RN 5 BB R, 2
JBULE A5 1A %) 9 1) 3R BE A BE R T 0, BV 1A P9 3R
BT AR T R 5 A BT B, 6 U I 1
B4 1) R BE B B KT 0, BRI IR BE AL A9 IR & T8
=
2.2 Nd:YAG BEFEEK RSB FEEER

ARG BUF BB R AR 0 5 R Y ] 2 Y
:T:QESJ

9
p X (a—;}—l—vXAv):—VP—f—;zX Vo4 pX g X

[1—B(T— Ty +

Be(C—Cp) e, )
Av =20 2)
%—I—vXVT=am><VZT 3)
%+v><VC=D><V2C (1)
£+V,><VT=as><V2T (5)
IT _ X v'T 6)

9t

FRO)ZEFIET R, 763X B XRG4
R, FXN LB AT, FXEHNES.
it 1 B, K FIREZMIREZETIRNFENZ
M, TREQ@RESEMEITE, H Nd: YAG IF K AR
AEZERE, HiZRN R, RGO REETFEY
i, SUBR Bt 7 R S 2 2 300 0 R BE X B ) 1 B 4k
REXMARZI, FXH0mEFER. FRW®W
RBETHEGTRE, NREERTE. RO MITE
(6) 43 51 Ay S AR R0 3H 38 o i BB T T R

ELEFRS, SFSHEIT v HEE
REY; P AETIY: T HIREY:C ARES 0 N
TR BE 5 p IR RS U R B 8 WK REGR. A
BRI REG T, WS RECo WS HEWRE a,
HIE RS BORD NIB R B8RV, b &R
PLEE sa, EERRY BUOR o, AR BE e,
RN RERTES T,

ERFEFFAIN YAG SRS S50
Fz1,



336 G 55}

b b 30 &

£ 1 YAG BiEHMES K
Table 1 The physical quality parameters of YAG crystal-®~]

Description Symbol Unit Value
Density of melt o kg/m? 3600
Thermal conductivity of melt ki W/m -« K 4
Specific heat of melt Ch J/kg « K 800
Dynamic viscosity of melt U kg/m - s 0.046
Melting point T, K 2243
Thermal expansion coefficient of melt B K™! 1.8e7?
Solute expansion coefficient of melt B K™! 1.8e7°
Latent heat of fusion J/kg 455400
Solute diffusion coefficient D m®/s 5.0e®
Density of crystal 0 kg/m?® 4300
Thermal conductivity of crystal K, W/m -« K 8
Specific heat of crystal Cps J/kg « K 800
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Table 2 The dimensionless parameters and their meanings

[5]

Description Symbol Formula Meaning
(rs X ws) X rew X p inertial force
Reynolds number Re P viscous force
Froude number F (rs X ws)? inertial force
rcw X g gravity
Grashof number Grt g X B X rew’ buoyancy force caused by temperature gradient
o X AT viscous force
Grashof number Gre g X B X rew? buoyancy force caused by concentration gradient
o X AT viscous force
Thermal Peclet number P, mfw
Solute Peclet number P, W
Thermal Peclet number of crystal P, w
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Table 3 The change of crystal pull speed according to change of imulation time
Time of simulation/day 1 3 4 5 6
Pulling speed of crystal 0.75 0.75 0.6 0.6 0. 45 0. 45
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Fig. 3 Field of temperature in crystal and melt while

time = 6 days and v, =0. 75 mm/h
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