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Abstract  This paper is the study for the directional solidification of the ingot through the thermal analysis
simulation and structural change of casting furnace. With the results of thermal analysis simulation, the silicon
as a whole has reached the melting temperature as the retention time 80 min. The best cooling conditions
showed at the upper cooling temperature 1,400C and cooling time 60min. The fabricated wafers showed the
superior etching result at the grain boundary than that of existing commercial wafers. The FTIR measurements
of oxygen and carbon impurities were not in the critical value for solar conversion efficiency. The NAA
analysis of metal impurities were also detected the total number of 18 different metals, but the concentration
distribution showed no significant positional deviations in the same position from the top to the bottom.

Key Words : Directional Solidification, Ingot, Casting Furnac, FTIR, NAA

M= 2 o w2 el Qo).
olefet 44Tt Bio] Bl AT T 13

TRVl B BAVY o] vk Az A o H dor] HE seAs aA Ay, sy
HAoR Hergel ol 2 Bi% b gtonl, 4 M AR AR e 5 ok By Ao

FE50] A5 Ao HFoz A Loz gopd HFHAE
A Alo] 21417] o tld 24 30% olAke] FAIA  FHAE

2 wRe ggtetue] 20094E A ol +REee.
"WAIAA} : 0]%F(chlee@wku.ac.kr)
M= 12 019 102 249 124 019 202 AEA 12 029 10

808



Aol Wpd §1g 9% Fx 2 4

YA Aoz e HEass 2 Aulg AESch 44 A =R, 5 W, 32 EeEolE
oz Agite] 7hgsick g el glofdAls vty R Ueslch 289 2 e 24 4 & 1] v
o 7hAo] B2 Aol YAk wstago] Y Wl = Welch
Aol 213t % A3t @dol WSk EAIRE Yeha AR BlE Y JEs W FEe quartz crucible?t
ATH2]. graphite wall2 AA5}1, }23|E]Q] QJoFe wh= HuE

AL HellA] o] o] Be thAA HefE glFdA 2 cooling plateE 4473H1.2 1 hot zone®] W 2=
7b @A 483 HaL Qe AR A 60% o) = TF 100 HERH AT
S o]FaL Qivk thEA deE g AR gHes

Silso®], HEM(Heat Exchanger Method), Bridgman$,
=7k "EH, PolxyH 1} EMC(Electromagnetic Casting)
B 5ol lth2-5]. #A 0] Sl of2] Alx WHES
8420 72 BAZ W2 o 2we] B A5
7F A2 o] FfR|A] gFof go] 4=
of Wapd 938 Al wape] Aol
FEEZ !

2]

fus

23t

[

)

[o
=)

iy,
2y

o>
o oX

3

4o ox

Qo2 g

Al

[¢)

% bu 30 |
oy MM 2

N

)
au
o
o
ok

>

4
T

[

my Moox
ox M o

e

%A

e

1 &8 shiM Al=ZolM
A1 AEgold =2
1212 A=l §53 P4 &

NN

(o]
=
Al

e

ol o
o
o 12
o, =
4>
>

I oxl
o,
o

Of
o
=

oY g

10 1o o mx
[}
=)
N
o
ol
=)
2
>

ox
il

o

I

q
o
u
o

ro

[e]

> [

utodeskAl2] ALGOR Z 2138 o] &3}
= transient heat transfer analysis E}
Q)& quadrilateral¥} triangular $HA|

skal gt §o) o5 smmE

N o ¥ e
el

A

>

o

jines

> o

hu

rl

= o
ofr
-
o
LT
oo

809

[(® 1] ARy =4 #&
[Table 1] Value of material properties

Density | Thermal conductivity | Specific heat
[ke/m] [W/mK] [J/kg-K]
Quartz 2,200 1.32 670
Si 2,329 131 700
Graphite
1 1 1
(G-70) ,830 30 710
Ar 1.67 0.0163 523
HES|EH
Crucible
Ar Inlet
Graphite Wall

Cooling Plate

SLCE

[Z22] 1] Hot Zoneo] WHIx
[Fig. 1] The interior structure of hot zone
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2.2 Pilot plant
2.2.1 Pilot plant
AlEdold 2uE B2 sko] A|ZkE Pilot plant®]
712 ARES 3 20], AIZHE Pilot plant®] ZHZFAQ] G2
= 2% 29 YeEhSich
) ARS-2=7F 1,600 Cold, T &8l 2=s 30
Cutez & o, ddxo F7= 60mm= HA5}3]
t}. 3lEY] G2 WA 22 An I Pitde
gfsto] HA53AT

= H

[H 2] Pilot plant2] 7] A}oF
[Table 2] Basic specification of Pilot plant

T ALk
AR5 Max. 1,600C
Silicon A= 150kg
Carbon Mould [] 580x400H mm
29171 Ar
Az A 2% Y 7=
A A Carbon Rod Heater(150kW)
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2.2.2 Pilot plant
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[Fig. 7] Photography of manufactured ingot
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