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A Study on the Vacuum Casting of Poly-S1 Wafer

Geun-Hee Lee and Zin-Hyoung Lee

Abstract

A vacuum casting was proposed as a new fabrication method of Si wafer for solar cell substrate. It was tried to fabricate a Si
plate with good properties and to reduce the production cost by direct vacuum casting. By 5~10 cmHg of pressure difference
Si plate with 50 X 46 X 1.5 mm’ was fabricated. For the preventing of the reaction between graphite mold and Si melt, BN
powder coating or BN insert were used. The Si wafer was poly crystalline with 100 gm~1 mm order of grain size. And there

were some twins and dislocations in the grains.
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Table 1. Physical properties of Graphite mold and crucible.

Properties Value
Specific gravity (g/cm’) 1.85
Specific resistance (LQm) 11.0
Young's modulus (GPa) 10.8
Flexural strength (MPa) 49.0
Shore hardness 58
C.TE (X10%/°C) 5.5
Thermal conductivity (W/m°K) 116
Max. grain size (\m) 100
Ash content (ppm) 300
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- 4. Insulating paper
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Fig. 1. Graphite crucible and mold system for pressurizing
experiment. Si melt was poured from the bottom
crucible to the upper mold.

1. Quartz chamber
2. Graphite crucible
3. Graphite mold
1 4. Induction coit
. 0. insulating paper
I 6. Alumina susceptfor
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e 9. Ar atmosphere

Fig. 2. Modified mold and crucible. Si melt was poured from
the upper crucible to the bottom mold.

il

CEEFFERTY)

i
AR AR RS
F d I
/ (J

Fig. 2= Si 88l Baxoz 7|A%e] AY +
U=F A Aelvt. A =l 7kA FY |
ME ANAAM 7144 FF3 1 72 AR =7kt
243128 ASIetFY kA A = et
2p23te 2 F3oljA] WABH= leakage= 1121E 8.
7} o} Si 88 ARelA SsElal FH W V1A
o2 3HF- Tl TG FUTY BkE o 3
(46 X 1.5 mmA)E kg A FZH(cavitypl] T2
=017 4 IEF Al=3HH-

E dFoME AFFEHLR Si 7|HE AR}
A8k FA-L A e $HE FeEE o



Vol. 20, No. 3, 2000

Journal of the Korean Foundrymen’s Society

- 191 -

Hrol 8 2£5399.7%)] 7} FEA S o
a3leic}h. Axlal7k B Si |eojE] 1508 EH =
7iell Agdsie). Si ©ejele] Al Aol 5 =rh
o} F82 5o 7] & AASL EHE BN £
w2 IR Ar 291710 1450°C7HA] FHdska
20~30% A3t F Si £8E FHIH Y F =
W3l

F2¥ Si 7|19s Fsten)g 2 SEMOE wlM| 23
FAF T, NaOH(50%)-H,0 &Ho2 o3 F §j
FuAgE ¥AM3lot. SEM, XRD, WDSE2.2 F
3 & A8l o3 Si 7|HeFH Fo|t HE-F
ZARlc}. w31 8 A8 (resistivity)E AT E 27|
A A W e =5 A3

4. 40t % 0#

Faof &%

Fig. 3(aye THA o FAFR Si 8895 +
3t Afelc}, s M Gl Sk = e] A
grobe RAAAA ) 25 ok F3HS AT F3
o] B-2]X(parting line) ThpmA] IFof 2J3 ¥4
T qHe] v& Fv1sle Al&3] Sl AnET)
olgfsl AL 3] ¢8| BNEEE 5 73 o
o Al FHsAY F7 Smme] BN 3hE o83}
A F33HE whEeic}. BN I8 ¥ o3t 9« &
A Vel dA] oiet. 3k BN FH F S 18]
o S Trh]elA fa)8t Sig A FYo= F4
s w2 3 el B0 leakagedioll F4
& 4 ldet v F99 =rhe] HAE ulted
Al =7RE, el FYE AAAA FY8 4
Z7} Fig. 30)%F (c)°l=. ©] 7% Si 88E el ¥
B AR sPelA F8le 73R} S0 o4
215 4 ok 0¥ AT 59 FYHol BNEEE
FEEE Aol (o= BN insertd 719 ¥ Zlolot
o A3} AriEe] F Af BT ok Si 4E
o] F&oll MYAA] - Feol] WS B U A
oz vephdel AR o] A HAl F8He AR
7R} 2miEel9) Si SEke] b3 AR
Al M S} gR =) ol JR2gke R Si 4
B FUEP) AsiMe Si fEelt 8oz g
o] 7}eixoF gt} o] AL sl Fig 29} 2 =R
o} g Az, o) 83lgict. A =R splE s}

(41)

Fig. 3. Mold filling configuration of each experimental con-
dition. :(a) bottom to top (No coating), (b) top to
bottom (BN coating), (¢) top to bottom (BN insert),
(d) top to bottom (modified crucible, BN insert) and
(e) top to bottom (modified crucible, BN coating)
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Fig. 4. Sound casting of Si plate in the graphite mold with
temperature gradient (BN coating).
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Fig. 5. Optical microscopic image of cross section of as-cast
Si plate.
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Fig. 6. XRD pattern of as-cast Si plate.
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Fig. 7. SEM and WDS mapping image of as-cast Si plate :(a) SEM image, (b) C mapping, (c¢) N mapping and (d) B mapping.
0.1 mm

Fig. 8. SEM and WDS mapping image of ultra-sonic cleaned Si plate : (a) SEM image, (b) Si mapping,(c) C mapping and (d) B
mapping.
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Fig. 9. XRD pattern of ultra-sonic cleaned Si plate.

Fig. 10. SEM image of interface between BN insert and Si
plate. Si reacted with BN insert at the interface.

Fig. 11. Nitrogen diffusion to Si. The diffusion depth was
about 10 um.
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Fig. 12. Diffusivity curve of various element (O, C, N, B) in Si.
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Aoz Q—A‘l-a_f_l‘_iy]- W= Neo| #absle] Sigt w3l Fig. 13. Etchpit of Si wafer fabricated by vacuum casting. It
2 AR YA AlRHT 22 o)ajal showed some (100) and (111) etchpits.
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Fig. 14. Microstructure of poly Si wafer fabricated by vacuum
casting. The grain size 1s much larger than 100 mm
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