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Study on Application of Heat Compensation Structure in Polycrystalline
Silicon Directional Solidification Equipment
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Abstract: Directional solidification ( DS) is an important technological link of manufacturing solar grade
(6N) polycrystalline silicon by metallurgy. In order to ensure the vertical direction of crystal growth
maintain a good solidiquid interface shape the directional solidification equipment of polycrystalline
silicon with heat compensation cavity structure was designed for replacing the lateral heating device of the
conventional equipment which meets the process requirements saves power and reduces cost at the same
time. The principle was illustrated and the structure was designed by the theoretical analysis and
numerical simulation. It provides theoretical basis and technical support in the optimization of
solidification process equipment structure and control method.
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Fig.9 The soliddiquid interface in the DS
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R 11 ~13

12 13 b ¢

-33.32 ~245.81 W/m?

600

(20 h 22 h 25 h)

Interface

. L
. S

Other colors  Mixed

Velocity

Vector 12.660e-007
4.691¢-008
3.518e-008
2.345¢-008

'1.173e-008 S

'0.000¢+000
[ms”-1]

T=15h



1632 43
2338.1 0000 p— 5] _ e —
- [2_|o00. 61772 i 2_|s00. X
4 2000 S| HaE——] o, w o
g 1750 /! sl z 160 s
Pl = / 8 |17110 1738
é 1500 // HETmE g 1200/ v
% 10 [35110 83012 = / rTEET
§ 1250 A _:;_;::ig ::;7: § 80 ‘ [12[s310 18151
= 1000 // e MalLl? s o
750 — 15 |s0110 21508 \4 16 |8s05s | 17.61
57445 bR 2 50000
Time/s 90000 Time/s
11 a 12 b
Fig. 11  The curve of heat flux in zone a Fig. 12 The curve of heat flux in zone b
1500 46.810
112.09 90000 | fzmeta st 1300 Ik o
q. 100 ;: :::%.: 23‘3!32 E 4 8
E s = | 12 1°F
E [6_|so172 -1814 g 1100 g | o
5 50 A rmE 8 = g
é [s [26110 1292 g o - = 4
= 2 5 [10 [35110 |2871 ﬁ i ——a— Temperature and power B
13 (11 {44110 4912 [7}
Q [12[s3110 | 67.41 900} Temperature and power 2 iy
s 0 13 62110 818 ——o—Temperature and power 3 2
[ mus e Cooling speed 1
2 e osss v Coongpecd 2
-33.3 [17]s0000 11208 — ——Cooling spe
o 700 - — 0
o000 0 2.7x10*  5.4x10*  8.1x10*
Time/s Time/s
13 c 14
Fig. 13 The curve of heat flux in zone ¢ Fig. 14  Three kinds of thermal boundary conditions
2338.1 900002121.8 90000 2400 90000
& L1750} &
1750 3 £
Ea %a $1600
(=} (=}
o < 1250} -
s 1250 i =
i g =
= 800
750 750} 436.15
574.45 4 prme Lk 4 90000 . 90000
Time/s Time/s Time/s
245.81 90000273 46 Zone a 90000 301.2 90000
200 i o
E E 200 ; 200
g 120 2 120 &
2 2 = 100
g g g
= 40 = 40 =
0
-3.24 -11. -26.
3 90000 56 90000 666 90000
Time/s Time/s Time/s
90000
112.09 20000, 3556 Zoneb 90000 137.99
100 125
& % 5100
% 50 % 75 %
g & e %
< ey <
5] s 25 2
e 2 e
0 £, 0
-33.32 -25.6 -30.1
90000
Time/s 90000 Time/s <0 Time/s
Zone ¢
15 abec
Fig. 15 The heat flux curves of zone a b ¢ in three kinds of thermal boundary conditions



7 : 1633

11 574.45 W/m*
2338.1 W/m’ 9 T=22h T=25h .

Hq.q‘,{q -
! !

l

The shape of interface

16 (T=15h)
Fig. 16  The soliddiquid interface distribution in three kinds of thermal boundary conditions ( 7'=15 h)

| |

|

H1

The shape of interface

17 (T=20h)
Fig. 17 The soliddiquid interface distribution in three kinds of thermal boundary conditions ( 7'=20 h)

14
4 “1 ” . 15 “ln . 4277 . ‘3 2

ae 436.1 2480 be -26.66 301.2 ce -33.32
138.56 o
o T=15h 16



1634 43

(H2>Hl>H3); T=20h( 17) (H2 > H3
>Hl1) . o
(6N ) Bridgman HEM
1 Dadzis K Niemietz K Pitzold O et al. Nondsothermal Model Experiments and Numerical Simulations for Directional Solidification of

Multicrystalline Silicon in a Traveling Magnetic Field ] . Journal of Crystal Growth 2013 372:145456.

2  ZhuD Ming L. Huang M et al. Seed-Assisted Growth of High-Quality Multi-Crystalline Silicon in Directional Solidification J . Journal of
Crystal Growth 2014 386:52-56.

3 Zheng L. Ma X Hu D et al. Mechanism and Modeling of Silicon Carbide Formation and Engulfment in Industrial Silicon Directional
Solidification Growth J . Journal of Crystal Growth 2011 318( 1) :313-317.

4 LiZ LiuL LiuX etal. Heat Transfer in an Industrial Directional Solidification Furnace with Multi-Heaters for Silicon Ingots J . Journal of
Crystal Growth 2014 385:945.

5 Tan'Y Ren S Shi S et al. Removal of Aluminum and Calcium in Multicrystalline Silicon by Vacuum Induction Melting and Directional
Solidification J . Vacuum 2014 99:272-276.

6 Wong YT Hsu C Lan C W. Development of Grain Structures of Multi-Crystalline Silicon from Randomly Orientated Seeds in Directional
Solidification J . Journal of Crystal Growth 2014 387:10-5.

7  Dughiero F Forzan M Ciscato D et al. Multi-Crystalline Silicon Ingots Growth with an Innovative Induction Heating Directional Solidification
Furnace C . Photovoltaic Specialists Conference ( PVSC) 2011 37th IEEE. IEEE 2011:21512156.

8 LiTF Huang HC Tsai HW et al. An Enhanced Cooling Design in Directional Solidification for High Quality Multi-Crystalline Solar Silicon

J . Journal of Crystal Growth 2012 340( 1) : 202-208.

9  Bianchi A M Fautrelle Y Etay J. Transferts Thermiques M . PPUR Presses Polytechniques 2004:286-287.

10 Bianchi A M Fautrelle Y Etay J. Transferts Thermiques M . PPUR Presses Polytechniques 2004:284.

11 . J. ( ) 2008 1:004.

Cai Y Xing Y Hu D. Sensitivity Analysis Reviews ] . Journal of Beijing Normal University ( Natural Science Edition) 2008( 1) :946.

12 . ] 2012 41( 1) :238-242.

Teng R Dai X L. Xu W T et al. Numerical Simulation on Effect of Heat-Shield Optimization on the Growth of Large-Diameter Silicon Single
Crystal J . Journal of Synthetic Crystals 2012 41( 1) :238-242.

13 . / J. 2013 42(4) :611-615.
Teng R Dai X L. Xiao Q H et al. Numerical Simulation of Melt/Crystal Interface and Melt Flow during Large Diameter Single Silicon Crystal
Growth J . Journal of Synthetic Crystals 2013 42(4) :611-615.

14 . - J. 2012 (8) :33-38.

Tan Y Sun SH Dong W et al. Research of Solid-Liquid Interface Property during Directional Solidification Process for Multicrystalline Silicon
J . Meterial Engineering 2012 (8) :33-38.



