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Fig.1 The two-dimensional physical model of the crucible
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Table1l Physical property parametersof Cd;.xMn,Te and crucible related materials

Parameter Symbol Numerical value Unit
Thermal conductivity of crystals ks 0.97 W/(m-K)
Thermal conductivity of melt Kim 1.09 W/(m-K)
Crystal density Ps 5680 kg/m’
Melt density Pm 5680 kg/m’
Crystal specific heat capacity G, s 159.0 J/(kg-K)
Melt specific heat capacity Cp m 187.0 J/(kg-K)
Latent heat AH 209 000 J/kg
Kinematic viscosity coefficient of melt v 4.16x10° em?/s
Melting temperature Tm 1323 K
Coefficient of thermal expansion of melt s 0.0005 1/K
Crucible thermal conductivity ke 17 W/(m-K)
Crucible density Pe 2200 kg/m’
Crucible specific heat capacity Co.c 770.0 J/(kg K)
Thermal conductivity of carbon film ke 120 W/(m-K)
Carbon film density pe 1900 kg/m’
Carbon film specific heat capacity Gy, c 712 J/(kg K)
Carbon film thickness d 100 nm
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Fig.2 Grid diagram of crucible melt calculation area (crucible is placed vertically in the real growth system)
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Fig.3 Fluid flow velocity distributions and shapes of growth interface in crucible at different temperature gradients for 200 h: (a) 5 K/cm,

(b) 10 K/em, and (c) 15 K/ecm
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Fig.4 Fluid flow velocity distributions and shapes of growth interface in crucible at different temperature gradients for 600 h:

(a) 5 K/em, (b) 10 K/cm, and (c¢) 15 K/cm
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Fig.5 Fluid flow velocity distributions and shapes of growth interface in crucible at different temperature gradients for 1000 h:

(a) 5 K/em, (b) 10 K/cm, and (c) 15 K/cm
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Fig.6 Variation curves of Cd;.,Mn,Te melt content (al-cl) and maximum melt flow velocity (a2-c2) at different temperature gradients:

(al, a2) 5 K/cm, (b1, b2)10 K/cm, and (c1, c2) 15 K/cm
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Fig.7 Distributions of temperature field at different growth stages for Cd,..Mn,Te crystal by VBM with different temperature gradients:

(a) 5 K/em, (b) 10 K/cm, and (c¢) 15 K/cm
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Fig.8 CdooMng Te crystal obtained by VBM at temperature
gradient of 10 K/cm (a) and 15 K/cm (b)
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microscopy: (a) tip, (b) middle part, (c) tail
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Numerical Simulation and Experimental Study on the Growth Process of Cd,,Mn,Te
Crystal by Vertical Bridgman M ethod

Zhang Di, Luan Lijun, Li Long, Yang Lufeng, Yu Pengfei, Duan Li
(School of Materials Science and Engineering, Chang’an University, Xi’an 710061, China)

Abstract: The growth process of Cd,..Mn,Te crystal by vertical Bridgman method (VBM) was simulated in detail by Fluent software. A
two-dimensional finite volume numerical model was established to discuss the heat transfer, flow and growth interface of the melt in the
crucible. The effects of temperature gradient conditions (5, 10 and 15 K/cm) on the solid-liquid interface were analyzed. The results show
that in the early stage of crystal growing, the radial flow velocity difference at solid-liquid interface is large, so that the interface is slightly
concave to the crystal. As the crystal growing proceeds, the solid-liquid interface gradually flattens and begins to favor the growing of
good crystals. In the middle and late stages, the solid-liquid interface becomes convex, and with the increase in temperature gradient,
convection can be better suppressed, which is the favorable condition for obtaining high-quality crystals. The experimental conditions were
optimized according to the simulation results, by adjusting the movement speed of the crucible at different growing stages, CdgoMny ;Te
crystals with good quality were finally grown.

Key words: vertical Bridgman method; Cd,..Mn,Te crystal; finite volume; temperature gradient; melt flow
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