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Pg# 5 7

80G 10

#:3 0KWH/KgSmTO^mL^#^. L^L,



;s#s

L/:. L^ L, E D om#&#JS.L/:.

PS# 5 9%g

21.3 KWH/KgSi, TCS 18.9 Kg/KgSi, Si&$ 21.5% #MlGK^"f%g#^ 

^B^cL/:. $/:, zK^&#/)^L^Cu79%4)^ih$^/:o

PS# 6 0 ^Eg

mow)

l*]m^(DSiC-CVD^mK#(DM^C#^L/c. #m^-yl<0±#fbK*fbLf:

MiGgmm ^ v y,i-##m)

ns# 6 i ^

^;#{bC^#/c±Oi^MlG## (500m ^6) 0#E^C#^L/:o M)#C±#SiC-CVD# 

@^;E^L/:. $/:, CVOmmL/c^rMlG# (230mm^) (OWE^lOlv###^#!:#

L/c. Me, ±#fb#iG^ y yL-ce^ /:.

2. 5

(1) #rMlG#0^ (MlG##^Z^SiC-CVD^#OM^)

(D MiG##

(230mm(6) ^#Tf6<kl^?m^^6#0^AL/:. #

L--CI'/: L ^ mm L/:. IglE/c^^C^Mf % L 6 K

^mo±#fbC^#/c±0@MlG## (500m^) ^^3

L;hWiCVDm@#mc#mL/:;6\

# ^ MmmmfK L/C 6 ##-e #" /:.
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® sic-cvDmm##

mm k C230mm^M^##^^)CVD^L@^^j $

b. ##%

mi#

# M B WS^all ( 230mm <!> / 500mm 9)

it 'k ft HCl 1,150’C 12hr ^fb#L. / rnb#L.

^P#(DW# B%:bj:a'SEM^%

m##-ft X142.1 (TlO.3 / X120.7 (Z19.5

■v 4 2 13 tf" >>- io — ;*> X2920 (Z 168.7 / X3067 ?287.5

% # ft 9 T 9 /!/ f 9 y ^ @(/z m) X16.1 a0.32 / X15.5 f0.84

mi ^m^soogr

m 2 i o

$T^# (230mm^) (B

# 3,000#^) B2#cjg,&j:$K, 263#^0

^ u - -vy#^^^&^#3,040^^0#mc*x.^. ^omm^MCnT#
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mwm

^/B

mwfm
hr

EM:E

kg

S i 4X$

%
mum##
kwh/kg-Si

mi 9/10- 9/28 418+21 1,004 20.5 24.5

#772 10/ 1-10/21 468+77 1,107 20.5 24.5

#773 10/28 11 6 6.3 89.7

#774 11/ 2-11/27 603 1,458 20.9 23.8

#775 11/28-12/ 7 216+70 511 20.6 23.2

#776 12/11-12/28 400 958 20.9 25.2

#777 12/29- 1/13 352+95 802 20.3 25.2

#778 1/18- 1/31 313 683 19.7 24.8

^ :t 9/10- 1/31 3,040 6,529 20.5 24.4

& 2 s i z

#3 #7730SiM,

& %o

(2) c^yy^#)

3*077

7mmmm&#mL-cfT-?f: (#^m^$3^o#78i,791,80 #m). ^o^

±#fbK+^

*%^6CZ 

b.

e -L-C#^ Lft:.
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3^ ±TO%9^ K^g67tc#mKL^. MC, mS#####

^T^lLO^&^ l' y^^ —^#^^0

® &###

LTM^#T^om^^O'y < ^ i/-'y a v^fr^

2b % ^ 6 -o f^o

(3)
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i o h ym:W> 3 [03

^/B

Mfb# 3% ^8# f%5
Hr kg

8 i 4%$

% KWH/KgSi

#702 4/ 1 SP- 7C 0 0 (@ 24kg

#711 5/11 SP- 9C 0 0 (@ 24kg

#721 6/ 8 SP-11C 5 6 12.4 53.8

#73 6/24 SP-13 0 0 (@ 30kg

#74 7/17 SP-14 0 0 (# 27.5kg

#75 7/24-7/26 SP-15 41 0 cmm. m# 35kg)

#76 8/ 8-8/10 SP-16 30 0 cmm. m# 35kg)

#77 8/24-8/26 SP-17 39 0 (EK m# 35kg )

#771-77 9/10-1/31 SP-17C 2,777+263 6,529 20.5 24.4

#781 2/15-2/21 SPF-1C 144.5+76 330 21.2 23.8

#791 2/27-3/15 SPP-3C 388.5+74 907 23.7 22.4

#80 3/20-3/24 SPP-2C 88 0

^ :t 3,926 7,772 20.8 24:2

& 2 #771-778^m##^^\ + U -zi

& 3 #781,791,80^'^ ^fS#SPF^7 7 v^#OgS-#.

& 4 ^#SP-10,SP-12^CVDm@##^k 10 1 v##@-CO^R:

^C#m8NOTK#

(5xlO"atoms/cm')cmL^:.
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3 . 1 s

±#fkC4&g%:^ vSB

^ T A f- A OWE<0f:&(0^&fT^ %:.

%^'T, a3Em#b&

mc#m h Ty^^^o^C'oi'-cgB^L^.

3.2 io t/Ymm#m

3.2.1 mmmvmfti

-^o±^:2m^mL#^, c^^u--yyoE#

%:\ ^v-zivyo^##g^#3. 2. i-2^c^L^.

CSO^:A#f)##^3. 2. 1-3^C^L^I.

m 3. 2. i -1 # 6 2

# fW #%* % A SIJ £ HI 4% S i M iA & A m
TC 8 STC TCS & $ TCS % t) ^ &

Hr Kg Kg Kwh Kg Kg % Kg/Kg Kwh/Kg Kg/Hr
#702
#711
#721 5.0 219 5.6 301 0 54 12.37 29.46 53.75 1.12
#73
#74
#75
#76
#77
#771
C
#772
C
#773

418.0 23717 1003.5 24550 17175 5398 20.48 18.25 24.46 2.40

464.0 26112 1106.7 26639 18535 5670 20.51 18.47 24.07 2.39

11.0 491 6.4 574 285 92 6.31 62.33 89.69 0.61
#774 603.0 33758 1457.7 34694 23760 6958 20.90 18.39 23.80 2.42
#775
C
#776

216.0 12020 511.3 11865 7988 2350 20.59 18.91 23.21 2.37

400.0 22205 957.8 23507 15353 3900 20.87 19.11 24.54 2.39
#777 352.0 19145 802.1 20198 12855 3330 20.27 19.72 25.18 2.28

#778 313.0 16792 683.3 16968 11205 3104 19.69 20.03 24.83 2.18
#781 144.5 7543 330.1 7857 4950 1313 21.18 18.87 23.80 2.28
#791 388.5 18474 907.4 20273 12353 4184 23.77 15.75 22.34 2.34

1

It 3315 180476 7771.9 187426 124457 36354 20.84 18.54 24.12 2.34

* Kl&$&<D£.Mt.
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ms. 2. i-2# 6

% fm S T C HC 1 H2 u m

# # Hr kg kg mYH kwh "C

#771-0 9/28-9/30 21 83 17.7 1.1 678 1200

#772-0 10/21-10/27 77 113 103.2 0.6 2285 1200

#775-0 12/7-12/10 70 108 30.5 0.6 2056 1200

#777-0 1/14-1/18 95 151 45.2 0.6 2759 1200

#3. 2. 1-3# 62

E
OTC

m m
It

T
OTC

C 8 ^ A
It

S TC
ig &

4 0 0 0 0 0 6503 6503 0

5 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0

'J' It 0 0 0 0 0 6503 6503 0

7 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0

9 964 0 0 0 2470 18968 21438 0

/h It 964 0 0 0 2470 18968 21438 0

fufflit 964 0 0 0 2470 25471 27941 0

10 1040 0 0 0 0 21813 21813 0

11 1640.4 4480.3 0 4480.3 0 30620 30620 0

12 1441.2 0 23.9 23.9 0 23709 23709 0

'h It 4121.6 4480.3 23.9 4504.2 0 76142 76142 0

l 1354.7 0 25 25 0 23709 23709 0

2 400.8 0 30 30 0 5013 5013 0

3 813.9 10864.2 0 10864.2 0 7655 7655 0

It 2569.4 10864.2 55 10919.2 0 36377 36377 0

m%it 6691 15344.5 78.9 15423.4 0 112519 112519 0

^ it 7655 15344.5 78.9 15423.4 2470 137990 140460 0

*#la#qom
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3.2.2

(i)

o o 2^^#8 ot^, ^^3 s 1see^m

L/c= 2. i-i#omDT&5a\

2. 2-l^(DZ!»K7tc%.

#3. 2. 2-1# 6 2^m^uawt%

f]
Hr kg

M It! ## 
TCS(kg)

# ae
%^(kwh)

^ #

4 0 0 #702
5 0 0 #711
6 5 5.6 219 301 #721,#73
7 0 0 #74,#75
8 0 0 #76,#77
9 418 1003.5 23717 24550 #771

10 475 1113.1 26603 27213 #772,#773
11 667 1603.2 37285 38246 #774,#775
12 616 1468.5 34178 35607 #775,#776,#777

1 601 1340.5 32457 33379 #777,#778
2 184.5 413.4 9310 10037 #781,#791
3 348.5 824.1 16707 18093 #791

If 3315 7771.9 180476 187426

-om, 9 lf!2T (#7 7 1~# 7 7 8) (B# 3 0 0 0 #

^U-zLvy 2 6 3 ^^^^26 3 0 4 0#fm^^L, 2, 3f!0

#7 8 1, #7 9 1, #8 #@<0^86%

#7 0^6#7 7^'C^#T^^L^M^#omm^^#Ef%^6'%:'^D, #7 8, #7 9,

l*C^^T8iC-CVD^LmL-CM^#6L"C^L,

I W' L, ^ U - zz V 2 81 8 Wc. L

T2$^8iC-CVDmmL%:M#L/c^,

8iC-CVD^m^L

&c u-c,

#73, #7 AtmtuxcM-mmL,

mfbom8&2E9gf&f:&, #/j\

#7 5W.#^CQ^#mm^fT^^:#0^(D'-e^%, #7 5, #7 60^^^#^
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#7 Cft&S i C-CV

DmmL'-cmm^$o#E^fj^^. #7 71^6#7 7 s^-c, u--yy4[g]^

2 6 3 #fm&^^2 7 7 7#^(D^:t3 0 4 B#<0 3 0 0

MiLf:,

2 ^ ^ 7 ^ v ^ v y ^ ^

Tt, 'yvy;ix^#^^KZ6^^2^ 1 5

(2) imaomm

##OB3. 2. 2-4%M4)(DmD%:'&6.

3fc, ^KL^. C

(D)%%^#3. 2. 2-2^C$<h&^. l^TC,

S 3 ^ ^ - h ^kftj

m m ^ # 6% & #

e# °c A# jE # # ixA %K#s TCS BffB
m3/Hr •a" It m# m# mm

#702 1180 28 12 12 24 0.71 3 28
#711 1180 28 12 12 24 0.71 3 28
#721 1180 28 12 12 24 0.71 3 28-14 27-58 4
#73 1180 28 12 18 30 0.73 3 28
#74 1180 28 0 27.5 27.5 0.77 3 28

-v
v O
l 1180 28 12 23 35 0.74 3 28

#76 1180 28 13 22 35 0.73 3 28
#77 1180 28 12 23 35 0.74 3 28
#771 1180 28 12 12 24 0.71 3 28-14 27-58 4
#772 1180 28 12 12 24 0.71 3 28-14 27-58 4

-\\
-

-< -0 C
O 1180 28 12 12 24 0.71 3 28-14 27-58 4

#774 1180 28 12 12 24 0.71 3 28-14 27-58 4
#775 1180 28 12 12 24 0.71 3 28-14 27-58 4
#776 1180 28 12 12 24 0.71 3 28-14 27-58 4
#777 1180 28 12 12 24 0.71 3 28-14 27-58 4
#778 1180 28 12 9 21 0.69 3 28-14 27-58 5
#781 1180 21 12 11 23 0.70 2.5 21-16 27-49 7

W C
O 1150 27 12 9 21 0.69 1.5 27-18 27-49 7
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#b#ayK^f a-fv-f-

a.#702 4/1 Omm SP-7C

b p*g#

ms. 2. 2 - 1 @ # 7 0 2 

b. (4/3-4/26)

(Tcsm^ m@#3&#6&)

m 2#E;*#o zc/#3g##go##(D^26, ^t,

Tl'7zOT\ #@#<DzK3

#3Vy='v^--0)K%^^3. 2. 2-

2 — 5 m^-to
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c. #71 1 5/1 1 o SP- 9 C

2-6 #c^i% glic^L/cftK, E5RO

4l*ci'fc„ @4% L^:.

a
S3 . 2. 2 — 6 H

km**),

v-y-— b 4 0 cm

b
#71 imG#

d. #7 2 1 6/8/5#^ SP-1 1C

S i C-CVDm@^#(D 3*gO#E%:' 

&6o U ^

PDRO#

Z.H

urn

Ws V 3 y& 3 K gliiPg 

PDB^|$TL,

3. 2. 2-7g|K^i-.

— h 1 0 cmT^-o 0 %

—3%y V 3 7 v ^^C-CL^ b

S3. 2. 2-70 #721SJSW
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e. #7 3 6/2 4 0#^ SP-13

sp-9c (#71), sp-i ic (#72) oEimcmk cvd^

emu, Tcs^#^fc, iam

1 1 8 0 "C, zK^2 8mVH(D^#T-C\ 3 0Kg#A#»

Kfib#(D#^^S3. 2. 2-8#z:^f.

^ 6 ^ @^Osmg^fgTLTi^#1'^##6 %

-efCEieLy:,

S3. 2 . 2-8 #731 Mb# 2 . 2-9 #741 ^fb#

f. # 7 4 7/ 1 7 0 R5# SP-14

KgmA#,mmL^. 2. 2-9mc^f. mm

$7:, 8P-13

<kSP - 1 j#

L^:. @4x

g. # 7 5 7/2 4 - 7/2 6 (4 1 ^1) SP-15

#^^f(:^3 5KgmAL, 4i#^mi@

#cmmL^. mrn^^ss. 2. 2-iomc^t.
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^^3. 2. 2-1

'i' y-y-- 1 v^r-h d»®jfffcH L,

c

ms. 2. 2-iom #751 Mm;#

a 'f vi?-— b

m3. 2. 2-1 1 El
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h.#7 6 8/ 8-8/10 (3 0#fWD

L-c#fF

5KgmAL,

3 0#^

mm#%^#3. 2. 2

- 1 2 ®C^f. W-" h

SUS0&h&TJ^

1 . #7 7 8/24-8/29 (3 9#fWD

[a)i5)#o^#:^3 sKgmAL, mm&M&SL 

3 9#^-e^^^TLyc.

8 i C-CVD^m^fj^o^o < vf-- b

& o ^1. S^#####cT%80 o V V

j . # 7 7 1 9/1 0- 9/2 8 4 1 8

Lf:. 1 2 K g 6

/HrO^^AL^^t), TCS^#^

2 l^fel/fo^ fc0

k. # 7 7 2 1 0/ 1 - 1 0/2 1 4 6

i^^ihLfc,, * V - -y^"(W vU-- h

5BM-

SP- 1 6

ms. 2. 2-12® #761 EJ&*g 
SP- 1 7

§ frfeotz0 -{vt- Mi^Vi'

SSJS^35:ilfco ##A^ V 3 vf&iitft

mr$ sp-17c

S^ (/J\^@^) 1 2Kg0#24Eg^3Eg

L^:o ^ vf--

4 SP- 1 7 C

<h Mcfrv, Eiirse 

D--y^iij|of?l;f£ofc«)4 l sb^t?

#1£0'> V 3 B&K'MIM'Ltztz#),

7 7B#P4IfTfrofc. --fcf/v^is
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u - - vy 9 8B#fW5(0# 9 8 0#^6 7tc^f:.

l. #7 7 3 10/28 ll#[m 8P-17C

##clg

#mu, igWcikLf:.

< #%T& ^

3 . 2 . 2 — 13 [EI{'^.7jN'i~0 ^ V —

< #z^ t /5*#V Lfc
#3. 2. 2 - 1 3 g| #773

% O& 6. ^#±^37:^#^% ^ ^ O

#im%i i/ic^^^.

8 9 3 #;& ^V--y^98 #^0#f 9 9 1 B$fU] 6 ^c ^

m. #774 1 1 /2 - 1 1/2 7 6 0 3 SP-17C

mi§2 15#^^!b#mBf^^^^:<^-o^^%), WSt'Ufe/l/'yy 

mm&mwzKmm^mfbzK^o. 5

1 3 £ /H (D/pm.~C'(]b o tc0 Ir/nIsIIv/' —^1ES*'^#itii/ 1 0 m3/Hd^ 1 5 m3

/HCj#mLTlg^f6C«kKL7:o M:t^#^^MfGl 4 9 6^^, fl)--yf"98 

#^(D#fl 5 9 4^^6^^f:o

n. #775 11/28-12/7 216^^ 8P-17C

"Gg&&WcLf:ak ^u--yy^yo^
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M#+]@^^^^J^17 12#^ f%--vyi68#

mmf i88os#3tt^fc0

o.#776 12/11-12/28 4 0 0 #3 8P-17C

#[36 ^ - b L, Jlil^^H^^SEL

7c^\ mi§21m%&m#2K#mcm{b7Km

0. 5^/H^#AL^m^^#mL^6^5, 12/28KM

m5K&#lEL%:. ##a&#^^^2 1 1 2#3, f U--

y 9 1 6 8 B^ 3 ^ ot 2 2 8 0 Bi|f3 6 t£. *? tc.0 j L'C> t—

$ — K/n'lE L-, LtE0

7 7 V '^ah,LTl^z. t - f ^ y 4^ y^%

P.#777 12/29-1/13 3 5 2^3 8P-17C

#[36I3#K^^-1L, ##^C@^^#i0cL

m^2 3 #Kmm#zK$m^mfbzKm

o. 5^/H^@AL'tm&^mmL, 5^3-eiE^cM^^ M,

t£ O tz. (D^\ 9 V - - y if % fits; 5 fc£> 3 5 2 B^^'Jxj&^Flh Lfc0 9 y - - y jf\tZJx.fo*g

9 M#ta^^^M^2 4 6 4#3, j7U--yy2

6 3Be3(D#t 2 7 2 7^36%^.

q.#778 1/18-1/31 3 13#3

L%.

B#C 3 0 0

3;#,

O'M^H 3 . 2. 2-14, 1 5 ®Ki7FL;fc0 

##+l@^#^^^;2 7 7 7#3,

2 6 3B#3^#f 3 0 4 0#36%^%.

SP-1 7 C
*tl'

W
t

\

#3. 2. 2-14E] #778 Si
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a b

as 3. 2. 2-15(8 #7 7 8Kf5#

r.#781 2/15-2/21 144. 5#^ 8PP-1C

2 ^ &A&& ^ ^ v ^ 6 m

V 3 2 3 K g ^#6 L,

2. 5Kg/HC^ML^#^m(m|s|#(D^f|=^M

KJ#ma#a'6, MJ&#mnfE%dU:

#L"C, ImVH

P D R^A#T L^. ^06#,

#3. 2. 2-1 6E( #78 1

L-cm& p DR#

7/ V n < t£ *)

fk. < ?£ o tctcib t 3 ■ 2. 2 — 1 6 (EIK/j;/.

s.#791 2/28-3/15 388. 5#^ 8PF-3C
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ms. 2. 2-4#

*** #721 Day Data print out File: NI PRO ***
DATE Hi H2

rn:3/H Kg
■-F03-
Kg/h %

R0 3 
Kg

NET
Kg

BP04
Kg

--GRSi-- 
Kg Kg/h

LS03
Kg

--ELEC.POWER-- YSi
Kwh kw Kwh/Si %

6/8 5 14.0 219 43.8 34. 1 54 165 0 5.6 1.12 138 301 60.2 53.8 12.4

SUM 5 14.0
219

43.8 34. 1
54

122
0

5.6 1.12
138

301 60.2 53.8 12.4

*** #771 Day Data print out File: NIPPO ***
DATE Hr H2 — — ---F03-- —--- R03 NET BP04 —GRSi— LS03 --ELEC.POWER-- YSi

m:3/H Kg Kg/h % Kg Kg Kg Kg Kg/h Kg Kwh Kw Kwh/Si 7.

9/10 10 14.0 503 50.3 37.3 108 395 255 9.8 0.98 144 595 59.5 60.7 9.4
9/1 1 24 14.0 1351 56.3 39.9 314 1037 1005 57.0 2.38 -39 1378 57.4 24.2 20.4
9/12 24 14.0 1353 56.4 40.0 325 1028 960 56.3 2.35 -10 1368 57.0 24.3 20. 1
9/13 24 14.0 1367 57.0 40.2 305 1062 1110 57.6 2.40 -10 1 1412 58.8 24.5 20.4
9/14 24 14.0 1377 57.4 40.4 310 1067 975 57.2 2.38 13 1438 59.9 25. 1 20. 1
9/15 24 14.0 1371 57.1 40.3 306 1065 1035 55.5 2.31 -29 1455 60.6 26.2 19.6
9/16 24 14.0 1400 58.3 40.8 341 1059 1005 61.6 2.57 - 4 0 1470 61.3 23.9 21.3
9/17 24 14.0 1373 57.2 40.3 344 1030 975 57.6 2.40 -26 1480 61.7 25.7 20.3
9/18 24 14.0 1364 56.8 40.2 324 1040 945 59.7 2.49 -2 1465 61 .0 24.5 21.2
9/19 24 14.0 1376 57.3 40.4 271 1105 900 57.8 2.41 108 1440 60.0 24.9 20.3
9/20 24 14.0 1364 56.8 40.2 316 1048 1050 59.5 2.48 -77 1420 59.2 23.9 21.1
9/21 24 14.0 1371 57.1 40.3 346 1025 975 58.6 2.44 -35 1391 58.0 23.7 20.7
9/22 24 14.0 1370 57. 1 40.3 328 1042 1035 57.4 2.39 -60 1369 57.0 23.9 20.3
9/23 24 14.0 1365 56.9 40.2 276 1090 990 56.5 2.35 27 1403 58.5 24.8 20.0
9/24 24 14.0 1360 56.7 40.1 290 1070 945 58.5 2.44 34 1381 57.5 23.6 20.8
9/25 24 14.0 1362 56.8 40.1 301 1061 990 61.5 2.56 -26 1360 56.7 22.1 21.9
9/26 24 14.0 1363 56.8 40.1 328 1035 1050 56.7 2.36 -76 1367 57.0 24.1 20. 1
9/27 24 14.0 1327 55.3 39.5 267 1060 975 61.6 2.57 -15 1358 56.6 22.0 22.5

SUM 418 14.0 56.7 40.1 13519 1003.5 2.40 24550 58.7 24.5 20.5
23717 5399 17175 -89

*** #772 Day Data print out File: NIPPO ***
DATE Hr H2

m3/H Kg
--F03-
Kg/h %

R03
Kg

NET
Kg

BP04
Kg

--GRSi-- LS03 
Kg Kg/h Kg

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
%

10/1 8 14.0 424 53.0 38.5 117 300 165 5.5 0.69 149 460 57.5 83.6 6.3
10/2 24 14.0 1369 57.0 40.2 355 1014 998 55.9 2.33 -51 1 325 55.2 23.7 19.8
10/3 24 14.0 1353 56.4 40.0 299 1054 953 57. 4 2.39 1 7 1328 55.3 23. 1 20.5
10/4 24 14.0 1358 56.6 40.1 288 1071 990 58.7 2.45 -3 1367 57.0 23.3 20.9
10/5 24 14.0 1357 56.5 40.0 306 1051 1005 58.6 2.44 -34 1353 56.4 23. 1 20.9
10/6 24 14.0 1352 56.3 39.9 302 1050 960 55.8 2.33 15 1385 57.7 24.8 20.0
10/7 24 14.0 1351 56.3 39.9 296 1055 990 58.7 2.45 -18 1369 57.0 23.3 21.0
10/8 24 14.0 1355 56.5 40.0 275 1080 945 59. 1 2.46 40 1355 56.5 22.9 21 . 1
10/9 24 14.0 1350 56.3 39.9 329 1021 1035 58.3 2.43 -86 1354 56.4 23.2 20.9
10/10 24 14.0 1387 57.8 40.6 334 1053 730 55.5 2.31 203 1346 56.1 24.3 19.4
10/1 1 24 14.0 1356 56.5 40.0 289 106? 990 59.4 2.48 -9 1372 57.2 23.1 21.2
10/12 24 14.0 1352 56.3 39.9 280 1073 990 53.9 2.25 23 1422 59.3 26.4 19.3
10/13 24 14.0 1351 56.3 39.9 278 1073 915 58.8 2.45 59 1378 57.4 23.4 21.1
10/14 24 14.0 1347 56. 1 39.9 254 ! 093 960 57.3 2.39 50 1375 57.3 24.0 20.6
10/15 24 14.0 1348 56.2 39.9 2S8 1050 960 58.5 2.44 2 1375 57.3 23.5 21.0
10/16 24 14.0 1 35 1 56.3 39.9 302 1049 975 57.8 2.41 -7 1372 57.2 23.7 20.7
10/17 24 14.0 1344 56.0 39.8 290 1054 975 55.6 2.32 8 1393 58.0 25. I 20.0
10/18 24 14.0 1349 56.2 39.9 238 1 1 1 l 945 57.3 2.39 80 1 435 59.8 25.0 20.6
10/19 24 14.0 1 34 4 56.0 39.8 266 1078 1080 54.0 2.25 -44 1 435 59.8 26.6 19.4
10/20 24 14.0 1314 54.8 39.3 275 1039 975 59.6 2.48 -27 1440 60.0 24.2 21.9

SUM 464 14.0 56.3 39.9 15086 1106.7 2.39 26639 57.4 24.1 20.5
2G112 5G70 18525 222
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#3. 2. 2-4# m&f-f(2)

**-* #77.1 Day Data print out File: NIPPO ***
DATE Hr H2

m ,VH Kg
--F03-

Kg/h 7.
R03

Kg
NET

Kg
BP04

Kg
--GRSi-- 
Kg Kg/h

LS03
Kg

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
%

10/28 1 1 14.0 491 46.8 35.6 92 399 285 8.1 0.77 133 574 54.7 70.9 8.0

SUM 1 1 14.0
491

46.8 35.6
92

294
285

6.4 0.61
364

574 54.7 89.7 6.3

*** #774 Day Data print out File; NIPPO ***
DATE Hr H2

m3/H Kg
■-F03-
Kg/h %

Rn?
ht

NET
Kg

BP0 4 
Kg

--GRSi-- LS03 
Kg Kg/h Kg

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
X

1 1/2 16 14.0 833 52.1 38.1 201 633 495 26.4 1.65 1 10 930 58.1 35.2 15.3
1 1/3 24 14.0 1346 56.1 39.8 271 1075 930 57. 1 2.38 58 1390 57.9 24.3 20.5
1 1/4 24 14.0 1351 56.3 39.9 283 1068 960 57.7 2.40 23 1435 59.8 24.9 20.7
1 1/5 24 14.0 1348 56.2 39.9 273 1075 960 57.0 2.38 34 1485 61.9 26. 1 20.5
1 1/6 24 14.0 1347 56.1 39.9 279 1068 915 60.5 2.52 46 1441 60.0 23.8 21.7
1 1/7 24 14.0 1349 56.2 39.9 264 1086 975 58.2 2.43 27 1425 59.4 24.5 20.9
1 1/8 24 14.0 1346 56.1 39.8 278 1068 915 59.6 2.48 50 1415 59.0 23.7 21 .4
1 1/9 24 14.0 1355 56.5 40.0 287 1069 915 58.3 2.43 57 1 406 58.6 24.1 20.8
11/10 24 14.0 1354 56.4 40.0 272 1082 1005 59.1 2.46 -5 1371 57.1 23.2 21 . 1
11/11 24 14.0 1353 56.4 40.0 295 1058 990 58.8 2.45 -16 1360 56.7 23.1 21 .0
11/12 24 13.8 1459 60.8 42.1 298 1161 1020 63.1 2.63 43 1404 58.5 22.3 20.9
11/13 24 13.8 1113 46.4 35.7 240 873 750 45.3 1 .89 56 1110 46.3 24.5 19.7
1 1/14 24 14.0 1350 56.3 39.9 279 1071 975 57.0 2.38 18 1428 59.5 25.1 20.4
11/15 24 14.0 1356 56.5 40.0 279 1077 960 59.5 2.48 24 1420 59.2 23.9 21.2
11/16 24 14.0 1357 56.5 40.0 288 1069 1050 58.8 2.45 -52 1 404 58.5 23.9 21 .0
11/17 24 14.0 1353 56.4 40.0 258 1095 930 58.5 2.44 70 1363 56.8 23.3 20.9
11/18 24 14.0 1351 56.3 39.9 289 1062 1020 58.2 2.43 -32 1360 56.7 23.4 20.8
11/19 24 14.0 1356 56.5 40.0 278 1078 825 60.2 2.51 129 1365 56.9 22.7 21.5
1 1/20 24 14.0 1357 56.5 40.0 306 1051 1035 57.4 2.39 -51 1407 58.6 24.5 20.5
11/21 24 14.0 1350 56.3 39.9 285 1066 945 60.6 2.53 19 1415 59.0 23.3 21.7
11/22 24 14.0 1352 56.3 39.9 244 1108 975 55.9 2.33 60 1392 58.0 24.9 20.0
1 1/23 24 14.0 1353 56.4 40.0 290 1063 945 60.2 2.51 19 1364 56.8 22.7 21.5
11/24 24 14.0 1353 56.4 40.0 271 1083 930 59.4 2.48 54 1333 55.5 22.4 21.2
11/25 24 14.0 1354 56.4 40.0 285 1069 915 58.0 2.42 59 1321 55.0 22.8 20.7
11/26 24 14.0 1351 56.3 39.9 265 1086 1005 58.2 2.43 4 1325 55.2 22.8 20.8
1 1/27 1 1 14.0 61 1 54.6 39.2 102 509 420 34.7 3.10 7 625 55.8 18.0 27.5

SUM i603 14.0 56.0 39.8 19779 1457.7 2.42 34694 57.5 23.8 20.9
33758 6958 23760 1172

*** #775 Day Data print out File: NIPPO ***
DATE Hr H2 — -F03-— R03 NET BP04 —GRSi— LS03 --ELEC.POWER-- YSi

m3/H Kg Kg/h % Kg Kg Kg Kg Kg/h Kg Kwh Kw Kwh/Si %

1 1/28 16 14.0 831 51.9 38.0 159 672 420 28.3 1 .77 200 908 56.8 32.1 16.5
11/29 24 14.0 1350 56.3 39.9 334 1016 945 59.0 2.46 -23 1339 55.8 22.7 21 . 1
11/30 24 14.0 1 346 56. 1 39.8 247 1099 915 58.0 2.42 89 1305 54.4 22.5 20.9
12/ 1 24 14.0 1338 55.8 39.7 267 1071 990 58.0 2.42 1 1298 54.1 22.4 21 .0
1 2/2 24 14.0 1341 55.9 39.8 242 1099 870 57.9 2.41 1 26 1296 54.0 22.4 20.9
12/3 24 14.0 1341 55.9 39.8 259 1082 893 53.5 2.23 1 12 1 30 1 54.2 24.3 1 9.3
12/4 24 14.0 1343 56.2 39.9 266 1082 930 57.8 2.41 61 1408 58.7 24.4 20 . 8
12/5 24 14.0 1 349 56.2 39.9 239 1110 855 56.4 2.35 1 56 1 300 54.2 23.0 20.2
12/6 24 14.0 1348 56.2 39.9 263 1085 885 58.8 2.45 95 1290 53.8 21.9 21.1
12/7 8 14.0 428 53.5 38.7 73 355 285 23.6 2.95 13 420 52.5 17.8 26.7

SUM 216 14.0
1 2020

55.6 39.7
2350

7137
7988

511.3 2.37
20 02

1 1865 54.9 23.2 20.6

-25-



#3. 2. 2-4# #&T-f(S)

•*■** #776 Day Data print out File: NiIPPO ***
DATE Hr H2 -----F03-— R03 NET BP04 —CRS1 — LS03

m3/H Kg Kg/h % Kg Kg Kg Kg Kg/h Kg

12/11 16 14.0 830 51.9 38.0 140 690 525 27.5 1 .72 138
12/12 24 14.0 1344 56.0 39.8 244 1 100 975 56.7 2.36 49
1 2/13 24 14.0 1 338 55.8 39.7 178 1161 885 60.2 2.51 164
12/14 24 14.0 1 336 55.7 39.7 240 1096 975 55.2 2.30 52
12/15 24 14.0 1336 55.7 39.7 256 1080 915 59.5 2.48 63
12/16 24 14.0 1338 55.8 39.7 262 1076 900 59.5 2.48 71
12/17 24 14.0 1334 55.6 39.6 230 1 104 915 54.8 2.28 109
12/18 24 14.0 1 332 55.5 39.6 241 1091 915 57.1 2.38 85
12/19 24 14.0 1339 55.8 39.7 218 1121 930 58.6 2.44 96
1 2/20 24 14.0 1346 56.1 39.8 244 1102 900 59.6 2.48 97
1 2/21 24 14.0 1344 56.0 39.8 216 1128 885 58.0 2.42 142
1 2/22 24 14.0 1334 55.6 39.6 232 1 102 945 58.4 2.43 66
12/23 24 12.0 1332 55.5 43.3 224 1109 930 58.3 2.43 85
1 2/24 24 14.0 1330 55.4 39.6 228 1102 930 59.1 2.46 75
12/25 24 14.0 1339 55.8 39.7 236 1103 960 57.8 2.41 58
1 2/26 24 14.0 1343 56.0 39.8 245 1098 915 55.3 2.30 101
12/27 24 14.0 1310 54.6 39.2 266 1044 953 59.9 2.50 -5

SUM 400 13.9 55.5 39.8 13509 957.8 2; 39
22205 3900 15353 3435

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
7.

914 57. 1 33.2 16.0
1361 56.7 24.0 20.4
1408 58.7 23.4 21.3
1429 59.5 25.9 20.0
1 424 59.3 23.9 21.6
1454 60.6 24.4 21.5
1430 59.6 26.1 19.9
1423 59.3 24.9 20.7
1442 60. 1 24.6 21.2
1405 58.5 23.6 21.4
1385 57.7 23.9 20.9
1375 57.3 23.5 21.2
1397 58.2 24.0 21.2
1400 58.3 23.7 21.5
1420 59.2 24.6 20.9
1434 59.8 25.9 19.9
1406 58.6 23.5 22.1

23507 58.8 24.5 20.9

*** #777
DATE Hr H2 

m3/H

Day Data print out File:
------ F03----- R03 NET BP04

Kg Kg/h % Kg Kg Kg

12/29 16 14.0 821 51 .3 37.7 159 662 420
12/30 24 14.0 1 331 55.5 39.6 222 1109 945
1 2/31 24 14.0 1328 55.3 39.5 229 1099 915
1/1 24 14.0 1327 55.3 39.5 246 1081 870
1/2 24 14.0 1339 55.8 39.7 260 1079 900
1 /3 24 14.0 1339 55.8 39.7 236 1103 915
1 /4 24 14.0 1339 55.8 39.7 257 1082 870
1 /5 24 14.0 1337 55.7 39.7 239 1099 900
1/6 24 14.0 1337 55.7 39.7 215 1122 915
1 /7 24 14.0 1 328 55.3 39.5 232 1096 900
1/8 24 14.0 1333 55.5 39.6 226 1 107 915
1/9 24 14.0 1 333 55.5 39.6 218 1115 915
1/10 24 14.0 1331 55.5 39.6 226 1105 975
1/11 24 14.0 1329 55.4 39.5 209 1120 915
1/12 24 16.0 993 41 .4 29.9 156 837 585

SUM 352 14.1 54.4 38.9 1 1671
19145 3330 12855

NIPPO ***
--GRS1-- LS03 --ELEC.POWER-- YSi
Kg Kg/h Kg Kwh Kw Kwh/Si 7.

30.1 1.88 182 971 60.7 32.3 17.7
56.3 2.35 83 1414 58.9 25.1 20.5
58.3 2.43 88 1402 58.4 24.0 21.2
57.8 2.41 108 1399 58.3 24.2 21 . 1
56. 1 2.34 90 1422 59.3 25.3 20.3
57.7 2.40 94 1426 59.4 24.7 20.9
57.7 2.40 109 1377 57.4 23.9 20.9
56.0 2.33 110 1404 58.5 25.1 20.3
57.8 2.41 113 1406 58.6 24.3 20.9
54.6 2.28 1 1 5 1370 57. 1 25.1 19.9
58.8 2.45 93 1380 57.5 23.5 21.3
59.8 2.49 96 1380 57.5 23.1 21.7
53.6 2.23 68 1344 56.0 25.1 19.5
56. 1 2.34 1 1 9 1318 54.9 23.5 20.4
38.8 1.62 183 1185 49.4 30.5 18.9

802. 1 2.28 20198 57.4 25.2 20.3
5122

-26



m3. 2. 2-4# #mf-^(4)

*** #778 Day Data print out File: NI PPG •**-*
DATE Hr H2

m3/H Kg
•-F03-
Kg/h %

R03
Kg

NET
Kg

BP0 4 
Kg

--GRSi-- 
Kg Kg/h

LS03
Kg

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
%

1/18 9 18.5 327 36.3 24.5 39 288 135 7.2 0.30 1 45 528 58.7 7 3.3 10.7
1/19 24 18.5 1 140 47.5 29.8 267 873 705 42.7 1.78 105 1 380 57.5 32.3 18. 1
1/20 24 16.0 1 171 48.8 33.5 221 950 7 35 47.7 1 . 99 1 33 1371 57.1 28.7 19.7
1/21 24 15.5 1335 55.6 37.2 244 1091 900 53.2 2.2 2 1 16 1203 50.1 22.6 19.3
1/22 24 15.5 1337 55.7 37.3 258 1079 900 56.3 2.35 89 1345 56.0 23.9 20.4
1/23 24 15.3 1337 55.7 37.5 225 1112 945 53.4 2.23 100 1325 55.2 24.8 19.3
1/24 24 14.5 1329 55.4 38.7 257 1073 900 55.9 2.33 85 1315 54.8 2 3.5 20.4
1/25 24 14.5 1328 55.3 38.7 243 1085 915 54.0 2.25 94 1298 54.1 24.0 19.7
1/26 24 14.5 1325 55.2 38.6 216 1109 945 54.4 2.27 93 1290 53.8 23.7 19.9
1/27 24 14.5 1329 55.4 38.7 232 1097 870 54.1 2.25 142 1280 53.3 23.7 19.7
1 / 28 24 14.5 1 323 55. 1 38.6 232 1091 915 51 .8 2.16 1 1 1 1283 53.5 24.8 18.9
1/29 24 14.5 1323 55.1 38.6 245 1078 915 54.9 2.29 83 1259 52.5 22.9 20.1
1 /30 24 14.5 1330 55.4 38.7 243 1087 810 54.3 2.26 178 1256 52.3 23.1 19.8
1/31 16 14.5 858 53.6 37.9 182 676 615 43.4 2.71 -24 835 52.2 19.2 24.5

SL’.I 313 15.3
16792

53.6 36.8
3104

10102
1 1205

683.3 2.18
1450

16968 54.2 24.8 19.7

*** #781 Day Data print out File: N1PP0 ***
DATE Hr H2 - — -•-F03-• — — — R03 NET BP04 —GRSi— LS03 --ELEC.POWER-- YSi

m3/H Kg Kg/h % Kg Kg Kg Kg Kg/h Kg Kwh Kw Kwh/Si %

2/15 12 16.0 427 35.6 26.9 72 355 180 10.1 0.84 163 668 55.7 66.1 11.4
2/16 24 15.5 1 173 48.9 34.3 203 970 780 47.5 1 . 98 1 19 1337 55.7 28.1 19.6
2/17 24 15.3 1314 54.8 37. 1 230 1084 840 59.0 2.46 129 1 354 56.4 22.9 21.7
2/18 24 15.0 1313 54.7 37.6 223 1090 885 56.4 2.35 1 1 1 1313 54.7 23.3 20.8
2/19 24 15.0 1314 54.8 37.6 241 1073 945 59.3 2.47 33 1270 52.9 21.4 21.8
2/20 24 15.0 1319 55.0 37.7 224 1095 870 56.7 2.36 128 1256 52.3 22.2 20.8
2/21 13 15.0 683 54.6 37.6 121 562 450 41 . 1 3.29 5 659 52.7 16.0 29. 1

SUM 145 15.2 52.2 36.2 4590 330.1 2.28 7857 54.4 23.8 21.2
7543 1313 4950 2137

*** #791 Day Data print out F*ie: NIPPO ***
DATE Hr H2

ni:3/H Kg
- F0 3- 
Kg/h %

R03
Kg

NET
Kg

BP0 4 
Kg

--GRSi-- 
Kg Kg/h

LS03
Kg

--ELEC.POWER-- 
Kwh Kw Kwh/Si

YSi
%

2/28 16 18.0 637 39.8 26.8 95 542 30 8 28.1 1 . 76 161 879 54.9 31.3 21.3
2/29 24 18.0 1090 45.4 29.4 217 673 696 53.3 o . 22 59 1:30 1 54.2 24.4 23.7
3/1 24 10.0 1094 45.6 29.5 190 90 4 698 5i .3 o. 14 100 1283 53.5 25.0 22.7
3/2 24 18 0 1998 45.3 29.6 224 874 810 50 . 3 10 -15 1276 53.2 25.4 22.2
3/3 24 18.0 i 097 45.7 29.6 217 880 690 52.0 2 . 17 79 1 294 53.9 24.9 22.9
3/4 24 10.0 1 107 46 . 1 29.8 14" 960 585 55.3 2. 30 226 1242 51 .8 22.5 24.2
3/5 24 10.0 1 100 45.8 29.6 215 885 765 51.2 2 . 13 27 1271 53.0 24.8 22.5
3/6 24 18.0 1116 46 , J 29.9 209 907 690 5:3.4 2. 23 99 1270 52.9 2:3.8 23.2
3/'7 24 18.0 1 1 4 ^ 47.7 30.4 328 817 7 28 57.2 2 . 38 -40 1235 51.5 21.6 24.2
3/8 24 18.0 1 1 22 48.2 20.0 350 7 72 60 0 59.0 46 8 1218 50.8 20.6 25.4
3/9 24 18.0 t 130 47. 1 30.2 402 728 608 58.9 2 . 45 -41 1222 50.9 2U .7 25.2
3/10 24 18.0 1 134 47.3 36 . .3 i 93 941 765 53.7 2 . 24 72 1 2 30 51.3 22.9 22.9
3/1 1 24 17.7 1 1 55 48 . 1 31.0 248 90S 735 53 . 3 2 . 26 59 1220 50.8 22.5 22.8
3/ 1 2 24 17 U 1 2 24 51.0 3 3.2 224 11300 385 57.0 38 19 1235 51.5 21.7 22.5
3 /1 3 24 i 7 . [t 1 222 50.9 3 3. 1 197 1023 825 58.8 3 7 93 1 225 51.0 21.6 22.5
3/14 24 i 6.0 1 320 55.0 38.2 440 380 i 200 8 i . 8 57 - 375 1 234 51.4 20.0 22.6
3/15 1 3 16,0 684 54.7 38. 1 290 394 765 54.0 4 . 32 -477 638 51.0 11.3 38.2

SIM 389 ! 7.7 47.6 30.3 10546 3)7.4 2. 3 4 0273 52.2 2 2.2 23.8
18474 4 1 34 1 2 3 5 :j 2191
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C^Lfc. h V ^ v^'-y? voU^&tt 1 9.0 3 Kg/Kg-Si, EHWbSS^ito^ 1 5.44 

Kg/Kg-Si^l'fflt, mfb*#Ogim#^ 0.5 9 7KgHCl/Kg-Si 6

%Wcj#nL, zK^Oglj^#^ 1 . 2 3Nm3/Kg-SiCM^L/c0 £1 ^ 

^0 8 i 4%$^ 2 0.8 4%K^±UA:^&, h U ^ (^^A) #iW

^moL,

2. 3-1-3^

EtitA S i HC 1 3 + Hz -> S i + 3 HC 1

EfiSSB 4 S i HC 1 3 -+ S i + 3 8 i C 1 4

4. 8 fy£H^£|WI©]i:T'&ofc0 p^OS iHCl3, HC

S i HC 1 3 147,917Kg(1,091.6Kmo 1)

28 i HC 1 3 184,271Kg
(l,359.9Kmol) SiHCl, 36,354Kg(268.3Kmol)

119,969Kg(705.7Kmol)* 8 i C 1

Loss (8 i HC 1 3) 14,675Kg(108.3Kmol)

8OG-81 7,772Kg(277.6Kmol)



SiHC1, (3,274.8Katom)

S3 . 2 . 3 - 2H Cl

Hz 4,439.8Katom
49,726 Nm3 
2,219.9Kmol

S i HC 1 3 (l,091.6Katom)

S i HC 1 3 (268.3Katom)

* S i HC 1 4 ( 0 Katom)

Loss (S i HC 1 3) (108.3Katom)

Loss (Hz) (108.3Katom) 1 /1,588.3 
Loss (Hz) j 794.2

V 17,789
^4fflHz 16,575m3 (740Kmol)

S3. 2. 3-3EI

Katom
Kmol
Nm3
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3 . 2 . 4

(1) #&OICP##f

8 O G - 8 i #8# OI C P 3 . 2 . 4 -

1 Lt t OT& &. ck ^ ^

Fe, Cr, Ni^-^7y^08U8#<!:#%^#ML'C^^^%40(!:##^^ F 

eTlO 0ppm@gT&6, Cu,

F%o7^s ±3- h^^g|-e#%"e2b%^^oEm'r2b%.

#3. 2. 4-1# SOG-8i#&OICP#S%#%##f^

(i P b )

F e A 1 C u C r N i Mg

#771 122 ND ND ND ND 4

#772 150 ND ND ND ND 5

#774 87 ND ND ND ND 5

#775 67 ND ND ND ND 7

#776 150 ND ND ND ND 4

#777 30 ND 10 ND 10 13

#778 20 ND ND ND ND 8

#77 89 ND 1 ND 1 7

#781 135 ND ND ND ND 7

#791 250 ND ND 8 30 8

ND :

(2) CZg(±KZ%^###

^#K8P-l 7C&#-3%\

^^#3. 2. 4-2#K^L^ A"C^B#(Dp#10n

cmU±-C'&'o^. 7^7^4-A^, NEDO##& (LEO^W#

Wafer rKZ%#^) Cl%^^gE#L^}6\ l'f^LOK^<k%B^(D10//s

i-g p pm-r^^^.
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m3. 2. 4-2# ccz§ut)

# # BKb^ It jg £r[ C ~7 'i ~7 & A (yU s )

( Qcm) (ppm) JISS NEDO&

S771-M21 0.10 23.3 2.02 382 22

0.35 21.6 3.27

0.64 19.6 4.90

0.75 18.8 6.78 116 14

#772-M21 0.07 50.6 1.67 214 15

0.35 45.1 2.73

0.65 40.3 4.92 368 19

#774-M21* 13

#776-M21* 20

(3) PL^#

2. 4-3#C^RL^.

mc-c, i~2m<m^###

«sxio") «k#xL%.

m3. 2. 4-3# plmm

^ # B
atoms/cm3

P
atoms/cm3

A 1
atoms/cm3

A s
atoms/cm3

P (PL)
Qcm

P (4/?vi£) 
Qcm

S771-M21 8.5X10" 1.6X10" 1.7X10" <1.6X10" 19 18.8
#772-M21 3.8X10" 6.8X10" 6.9X10" <6.9X10" 41 40.3
#774-M21 6.1X10" 2.0X10" 4.3X10" <2.5X10" 29
#776-1121 9.3X10" 1.0X10" 1.7x10" <1.7X10" 16
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3.3.i

b^y^&KrikLf:.

%^-c, mm-c

$3. 3. 1

-lg|, #3. 3. #g^#^^#3. 3. l-2|g|^^

LTz,

@(b)6732

ixJS^ff

^SS=(a)-(b)=7772 &l±H:(a)14504 

>px*1 54.7 |—

14449.3 2309

W> 3 . 3 . 1 — 1

4423

524Hr

'Q-MV'f^^-

----->0^*2 62.3

8f-< X

7717.3 6732

@ #

kg

3Wfm

Hr

# ^

kg/Hr

JH til t? 14449.3 524 27.6

2309 248.5 9.3

3K BP

7655

M 3 . 3 . 1 —

* 1

*2 :/?'/>

(Kg)

3.3.2 as&momm#

(1)

(2) ^ p v

i#m##^m3. 3. 2-1, 2^(D^«k<l?^'?^:.
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(3) u ~ ^ ? 7 y —

n-yi/f y ? I' yy;i%^<j##K##L^. ^-yi,^6 0Em#EZ

^ -c 6 -cem u, u^.

^^r#3. 3. 2-3#C^L;t#f:l#%#iW 7 7 0 KgT&0,3&2 7 0 Kgi#m#

m3. 3. 3-1# 6 2 4^-9"ffc:/^

■9- < y p y {£ JIB# Pel ### A ^
Hr Kg Kg/Hr

A (S to) 524 6732 12.8

B (& m p°p) 117.5 14449 123.0

C (@ 125 6732 53.9

D 52 2309 44.4

E 3 . 3. 2 — 2# tOpy iffflEit

-9- <" y e y {emmm
Hr

III
Kg

A #
Kg/Hr

A (S to) >1152 >16538 14.4

B (tfe tid to) >255.5 >30119 117.9

C (@ ^ §#) >282 >14266 50.6

D >116 >4461 38.5

E 3 . 3 . 2 — # t= — y y -x y -t — Hi

p — yl/
Hr

am#
Kg

A #
Kg/Hr

A ( 6 1 E^) 45.8 423.9 9.3

( 6 2 Eg) 24.7 229.6 9.2

/J^ It 70.5 653.5 9.3

B 99.9 984.4 9.3

C 123.9 1095.3 9.3

6 2 Emit 248.5 2309.3 9.3

® $##yy © 5 OKgSSh^

(D ##^#7 % — 9"~ © 1 0 0Kgi®)£1¥

(3) No. 2 13 — y> 9 y -y y -v — (9) 3 4 mm ^ © Ayy A 9 -

@ m m m © © SS Z's 9

©

© S naHSEH1

m 3. 3. i - 2 ig
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4. g # # %

<, ^07K^7G%

( 2 3 0, 5 0 Omm^) i C

-C VDWSOM^ ^:6^K^#0±gfbC^^^

L-c, ^ ^ %8#2'%:

AL/c.

s^fb Lfco t fz, #@0±#fbK^#yz±a@MfS## ( 5 0 0 mm0) ~fr 3 Afrfz0

3 Omm 0 ixJfoilll^C VD^LS&'frS t t ~k>K 5 0 3Ils

#^o^%r^-<^z^K2 3 om^Kj^#o*m^$3 o o o^^bA±^mm^^, 

c v D 61

±#f bC#^%:Mfb#@#BO I

o o t/y#^

tz
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4. 2

4.2.1 

(i) m ^

0-6 l^C, 1 0 #s#@#

z^-c, m#

PMCS i C-CVD=z-1'mmL'C^#C^L^^O('C^^'-C,

#7 7 (8P-17C)-e^i#m^$ 3 0 4 0^^(B#3 0

o ooefm)

2. i-i^K, g#g;#:&B4. 2.

SP-1-6, 8^^gl^#<D^l?^%.

% 4 1 - 1

### *moe^ #%A;
(Hr) (Kg)

SP- 1 120.4 61/4-61/5 #631,#632 265.2
SP- 2 >736.5 61/2-61/3 #611,#612,#613 1766.1
SP- 3 64.8 61/5 #641,#642 140.3
SP- 4 >580.5 61/3-61/4 #621,#622 1312.6
SP- 5 >572 61/6-61/7 #661,#662 1413.2
SP- 6 >408 61/10-61/11 #691 969.6
SP- 7C 400 62/3-62/4 #701,#702 937.8
SP- 8 >400 61/7-61/8 #671,#672,#673 915.7
SP- 9C 0 62/5 #71 0
SP-10 0 CVD 0
SP-11C 5 62/6 #72 5.6
SP-12 0 CVD ^Bti 0
SP-13 0 62/6 #73 0
SP—14 0 62/7 #74 0
SP—15 0 62/7 #75 0
SP—16 0 62/8 #76 bvmm^rn 0
SP-17C >3040 62/8-63/3 #771,#772,#773,#774

#775,#776,#777,#778 6528.8
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m 4. 2. 1-1®

jp # L------------

E
ri

...... 1_______________________1

/□
50 100 150 200 E s

SP-l mmm
2 lv//yy///A4%yw%4A4%W4W^ a E
3 Y////////A
4 a E
5 a E
6 a e, @ jr
7 C #
8 a E
9C HlsHb

10 CVDWS

11C # DaSStb
12 CVDWI

13 . i ii mitt
14 n i #^#fb
15 i y y-v— tfr#
16 i < V-t — h ti%
17 C /4WA//W//////////////////j a E

SPF-1C i
2C

3C I;//// / ////%////y/y///y////y ///A:l a E

(2) (h v/ U 3

#4. 2. l-limc^Lf:a(X 8P-9C, 11C, 13,

#A h -* <D%,Rtt'&'tt£te'h'( V-9-- > J: %>M

+ 4Vr3. a • E • At • V r • h
4 (1-u ' j?
« :
E : tv^'l
v :t’7v vjt
At/i :
r : Rif
h : *g(omJ9-

— 36 —



i: L 7tc L <k Wx. %. ^ LLit:^#^L, 3A@(f

2. l-2#C^Lit:. #K#JIS B 16 0 1C#mLT#l\ 

^#0±^T^-C'#6f|:KL, ##^(D7U-c/U3y^

2 0%U±Ktc%<kB#O4 0kg/nrn^±O@

S 4 . 2.1—2#

# ^g # SP- 5 SP- 9 SP-12 SP-13 SP-14 SP-15 SP-16 SP-17
Si "a" #m (wt%) 6.0 8.2 9.4 9.4 9.8 8.2 7.5 7.5

_B1AX-MIK 61 - 46 57-48 58 - 51 59 - 47
(Kg/mmL AVE(<?) 53.5(5.8) 53.5(3.4) 55.3(2.4) 53.5(4.9)

^MAX-MIK 61 - 45 59 - 50 59 - 41 59 - 46
AVECcr) 54.2(4.9) 55.5(2.7) 53.3(6.0) 56.2(4.2)

~F.MA.X-M IN 60 - 50 59 - 49 57 - 53 59 - 47
AVE(a) 57.2(1.8) 53.0(3.6) 54.2(1.5) 55.0(3.7)
AVE 55.0 54.0 54.3 54.9

if E f^F fsl (Hr) 620 0 0 0 0 0 0 3040

8P-5^^^^EL, 8P-9-14^m^fbLt:%

(D, 8P-15, 8P-12, 13, 14(DC/

gg(D{mT-C'^^l' ^ 6 Lit:.

(3) W^^iWcM^ ^ ^>Wi^

SP-13~1 6 ###%:'

&5. %OX:\

l^TC, ^4. 2. l-3#(C^Lit:. 8P-

1 3 L 8P- 1 4 ^{^3:@^K%Lit:M^P#^##M@"C3b^, 8P-15«k8P-l 

6^-f v-V-- h^##L'T^#Lt:L&^#Ma'%:'&ct:.
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l -dS [HE - 1 ' Z ■ tg

0 0 0 Z x 0 0 Z x (^)

0 S X f (a) 0 0 E x



-Of-

n-ds 'z 'pm

OOSX OOOTx c^)

I-as

g#%T^###^mo^i-as "q



SP-15tiSP-13<kSP-14 L

8P-15<DmKfr@^%€)±^m^L^m^#4. 2. 1-5

g#-f ^y ,j ^yLTm^L^7)\ 4^7^^ 7 y f

(^) #Klr@ x 2 0 0 (zz) x 5 0 0

% 4. 2. 1-511 SP-15 ®EEO SEMENS
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#4. 2. l-6g|C^L^m^, ##m^8P-15^|#)C<,

®@^/^Ero L/c0

«) x 5 0 0

O') ®®r® x 5 0 0

% 4 . 2. 1 — 6 E] SP —

T, -f Vf-- hCZ^M^SP- 1 6Q5&#

(-) mm x 5 0 0

16 SSiffi®SEMM?I
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SM . 2. 1-70 SP-16 y-y-- b y X/v
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4.2.2 -tmnm

a. 2 3 0

a#-%7 < ^

a»% oov<7^4r#^f %or#m#&5. ^

2. 2-

4^C^L^« ##^@^ 2 2 9. 9nrn(rl. lnmrC&&d##l.

2 2 7 — 2 3 3mm@gO^#A^%. 2 15. 4imf0. 4mm^2b3A\

#^^2 14 —2 17mm@&Z'&'p^ T^#M^^#@f^2 2 7. Onnn^O. 4mm-C%

2 3 o

jM . 2. 2 — 4# 2 3 0

# A # # m as _h %
fm mm 1% mm IW ~0Z $ i EW mm

No mm mm mm mm mm mm kg mm mm mm mm mm mm
1 229.4 1 4 215.5 1 1 7 0 2105 32.6 227.3 214.6 0 2 6.4 229.5 1.3
2 229.2 1 8 215.7 1 0 6 7 2114 32.9 227.6 214.8 0 8 6.4 226.6 0.2
3 229.6 1 •0 215.1 1 1 7 3 2104 33.3 227.2 214.5 1 0 6.3 229.3 0.7
4 230.8 0 6 214.9 1 4 7 9 2108 34.6 227.2 215.5 1 1 5.9 230.5 0.5
5 228.7 1 3 215.4 0 7 6 7 2104 29.2 227.2 214.9 0 4 6.2 228.2

oo

6 228.6 2 1 214.9 1 4 6 8 2116 32.8 226.7 215.3 0 8 5.7 230.8 0
7 229.6 1 1 215.4 0 7 7 1 2110 32.0 226.7 214.6 0 5 6.0 230.8 0.3
8 230.2 1 4 215.0 1 5 7 6 2113 33.6 227.5 214.4 1 3 6.6 230.3 0.8
9 230.5 1 4 215.2 0 5 7 6 2101 34.2 227.6 214.2 0 2 6.7 226.7 0.1

10 230.9 1 8 216.4 1 3 7 7 2107 31.4 226.4 214.0 0 6 6.2 229.5 0.5
11 231.9 2 9 2112 30.8 226.7 216.6 0 1 5.1 232.0 3.0
12 229.1 1 0 2118 38.4 226.7 211.2 0 2 7.8 230.0 0
13 231.8 3 8 214.9 1 3 8 9 2099 35.4 226.7 211.2 0 2 7.8 230.0 0
14 229.8 2 0 215.9 1 9 7 0 2106 34.9 227.3 214.8 0 2 6.1 229.8 0.4
15 228.1 3 0 215.4 1 9 6 4 2110 30.6 226.6 215.9 0 6 5.4 229.5 0.3
16 229.6 0 2 215.5 1 3 7 1 2111 33.9 226.9 215.4 0 0 5.8 229.2 0.6
17 231.2 0 9 214.8 0 8 8 2 2112 35.6 227.3 214.8 0 0 6.3 231.4 0.6

AYE 229.9 1 6 215.4 1 2 7 3 2109 33.3 227.0 214.5 0 5 6.3 229.7 0.6
a 1.1 0 9 0.4 0 4 0 6 5.1 2.1 0.4 1.4 0 4 0.7 1.4 0.7

b . 2 3 0 ^77

v v vHSSIfTA'ZS^II 4 . 2. 2 — 4 I^KItf Lfc0 y =7's 2 5 0 . 2 mm o 0 . 2 mm t

rll AH 9. 4mm<;0. 4mm#gmi^Z!?'r&^A:. ^Ig (#15^)

Ol 6^Z[/1 Smm-e&o^. #<%mm^T3Gt 2 3 0 ^m#6|W|@g-T:'&D,

tb o tz0
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#4. 2. 2-5# 2 3 0 0 7 7V'

# ± w TgWfMSS 7 y V v> S
4@ mm 1% ism fW 4@ mm mm PW rfi mm

No mm mm mm mm mm mm mm mm mm mm mm mm mm

1 226.7 0.9 215.3 0.8 7.1 2298 224.5 0.5 250.0 0 16.4 18.9 1.1

2 227.3 0.5 212.1 •0.5 7.5 2303 224.8 0.1 250.5 0.1 16.0 19.8 0.8

3 228.8 1.2 213.5 1.2 8.0 2293 227.0 0.8 250.0 0 18.0 19.6 0.6

AYE 227.6 0.9 213.6 0.8 7.5 2298 225.4 0.5 250.2 0 16.8 19.4 0.7
0 0.9 0.3 1.3 0.3 0.4 4.1 1.1 0.3 0.2 0 0.9 0.4 0.3

c . 5 0 0

2. 2-6#C^

-Cf±±W%(D-C##6

#4. 2. 2-6# 5OO0M^#^&

# mm m^
No mm mm mm mm mm mm

1 509.0 2.5 490.5 4 0 8.9 2506

2 505.0 1.5 492.5 2 5 6.3 2487

3 507.5 2.0 488.5 0 5 8.6 2490

4 508.0 1.3 486.5 0 5 7.7 2491

AYE 506.8 1.6 489.2 1 2 7.5 2489
a 1.3 0.3 2.5 0 9 0.9 0.8
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4. 3 S i C-CVD&SMWISf^

##%#soo-s ms o o^)

HCf f U i C-CVDmm^#0^^g^

6T6%(7)1:'&5. $4W3\ 6 1^K#mL^:±#CVDmm^#mL, CVD^f#^

4.3.1 cvDm(o##mt6^m#m(Dm#

a) s i c-cvDmo#g#6##m#t 

80G-8i^8iHC^3^m#^L#4. 3. 1 

-1 gi c# # a % %.

i C ^ 2(D^

%fbM^CZ%8i^##D,

($<75

0 0 #f%%) K## 8 i ^rH C ^ ^ V - - V yc Z

I) Kfmai- % c 6 6 %: %. 8i^#

4. 3. l-2|g|(D^<^mL'-C^6 8i$%:'^^^

m^fc&o ±EM^#AmjCCVD (Chemical

Vapor Deposition ) VS i C ^ ^ — b "t" & W ^ <t D >

7^c ^5o

±eg%&^ i c-cvo

u\ (^#,

6#4 .3.1- 

(2)

#K#%V#^L^:8 i C-CVDN^O#&^m± 

CVDfii^i (6 O^FSX CVDfuMHEB (6 

&rx, ±^CVD^@ (6 "C&%,

f 7 ^7

SOO-Si

S i HC I :,

^4 . 3 . 1 - 1 [g
SOG-S i !^

s i c-cvoag
/

HU

M 4 . 3 . 1 — 2 [5]

HC^ ^ v — — v y
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#4. 3. 1-1# 8iC-CVD|^}C^$fi%#ft

# ft If ;£ $ h 6 ft M
7V — — yyifft

t«DO#ft 2) *#ft c^#A, me#ft) MJSB#£>ifft
3) T/vy^sV)

2. 1)
t %#ft 7 v — — y 7" if ft (M%ft)

3)
4)

f V -zzyy*% (^%ft)

3. 1) 7'li^^uyy, KfG^ifft (m#ft)

V'^V'Z: <!:
3) ^#6 0%#ft^@ft-CL^^6 ^iWifft (%#ft)

4 . ^ 1) if#ft
#ft 2) #&&# (f#ft,

3) ^fG#ifft (#^10

a. CVD?###0

'f

i C-CVDQ##ft^M@L^c^6, MK

#4. 3. 1-2#, #4. 3. 1-3, 4#z:7jTf.

#4. 3. 1-2# CVD#g&gmo##

Max 1500 T:

70<^ X6O9 X550^,800^
0.05~10mm/M (ol^)

MT SM&'& 
(CH, SiCl,)

14. 3. 1-3® CVDligi7n-
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1300

m4. 3. 1-41 CVDOTI

#i^L, #m@cs i C^##g^^)o j:

i c-cvD^m#K'cv'i:, mm, mm, #5%, M,

l"i" 6o 

b . ##L3

i c-cvDm@T%^ b^m#^mu%:cvDmK%

(cvD#mm) ^e-e^^o

b, 230 ^ms# ci 0 t/ym &cvDf m^m

^fiOft-fUS.^'7 p — ~fcW> 4 . 3. 1 — 3 H 4 . 3. 1 — 5 [ElKizjvf"„

#4. 3. 1-3# CVD##Lm#mm@Oti:#

B g 3 • -m A b m « « » tt «R

'f.SC.SI

•in & B E
•S£ ngBgiVM^ • to# 75kwX3kHz
• 4004, • #MS 30*C/minti±
•^»»g v-9 ^/«lS2-8 *ymin

• S ft $p

•SsS ttSRB^
•Ftt 55E*'9A-y',/u(48O0oox45O(S,Dx4OOO4)
•^#A$ #$6gP3BE (290^X260^X12004X2$)
• 0m# ^-t:-/7r^'- 0¥£40w0
• XT' (16004/minx2.2kw)

13 . if * & &
B tt • *"^%g#mBg

• HC1 *'A^SIf 50 — 500 Nl/H

• Ar #*SEfia+ 0.1 ~ INt^/h

''. ffi if x
iaiBi

• * 9 7'' —
• S£ •fi'y^^M. 5004
•
•tMS ETONaOH$#§Er^^^tti

— 48 —



#4. 3. 1-5(g

c.±mcvDm#

^

mammasoG-s (5009)) ^^@^8 i c-cvD4&#f

0 (1 0 t/Y#) "C,

^&C 5 0 0 ±gCVD^eo{t#,

3. 1-4^, ^4. 3. 1-6, 7mc^i\

&4. 3. 1 — 4 # ±#C VD#@f±#

# @ 11 #

Hz 0 - 100 LA

MT S{%i#a# 0-5 L/W

A r 0 — 50 LA ,0 — 100 LA

M ^ m m |P g ^ zK^cz-ffy L?S

^

|p ^ f & 800x840x4400 ^

Ma x . 5009 X3000 ^

1)0 ^ 1300C, Max. 1500"C

^ ^ ^ SxiQ-'torr

% g # M m e 10—100 t orr (at N2 100L/M)

# ^ # i; 2500 m"/H r

-49-



m4. 3. i-6Ei

<*»*♦*♦

• • © «

m 4 . 3. 1-70 *SCVDiP|fi@E(jEffl)

= . Hittft

, T«<w&ig< tw^ss^Ei*

5SCE6) effiBLfcB * 1*15;0rSE*cff:t= 7k6fiirSifte©@#(H, , MTS, 

Ar) SWfiBCS i C*ff*3-tir5, SttiOiiOe^ti, A'ACDft

#6Mtei:BBeK0feSS43lB ChSffltl^e < , 15) fc&J#Lfr#ib, £35®g

fie>ftfcs i c-cvD«g'i:K.o

vx, 7e©#-it (#g, ettttt, ®g, %###) ^siewets.
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4.3.2

±@^# ( 5 0 0 (6) ommos i C-CVD^m^#(DM^r2b

±gCVD#SCZ f), 2 3 0 9)# (1 0 t/Y&) #g(D^

cvD##^%mb, MK, ?####

2.5 0 0

5 0 0 <^#OCVDf-f %r##L, 2 3 0 ^ CVDf-^ 

maAf4^##L, 2 3 0 0 0

L##T 6.

4.3.3

(i) fb

a.

< #%: o, ±E

m^^</i/^CVD^U:#Wn#^CVDO 2

6 LMm^c %

m 4. 3. 3 -1 m

m @ # m

Tm#z ^±mmuic^^<

I'C#—%g30|^&#T#$#&.

y< ;lx

mm,
;& 0 X 7i- -f <D if X‘& m m

<ks #^[R), @^[r](D

&%&&%& bt£%o
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b.

CZip,M4. 3. 3-lg|O&]<#±0.

2 3 o

1200

1000

2000 3000

#S4. 3. 3-1 El ±gCVD^m#m^^MC2 3 0 9)#)

B4. 3. 3-2

ii _ - O"

:) 12^

^$^,^r€)g@|g|^B4. 3. S-SglK

KMW%JL, S'S'

C^LIEmN) CitflJL, ^-e ^ 12

cnu £ frtStilRj^tlEciiu

1000

3. 3
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- 4

jtML,

(2)

'X

W> 4 . 3 . 3 — 3 [H W’SjJjrMJj^, (im^/^0##)
a . —-M'IWibI:

CVDL^^, #4. 3. 3-5gM0#

^ oms
200

100

CVDm (±#) i ^
CVD# (T#)

##

(8 i C/8 i)

0 100 200 m m
1  i i i i

#4. 3. 3-5EI CVD#z:m#a^*

CVD-SSBE^S^/IrJCE PM

A-Cv^v^L^, #4. 3. 3-6

mo&K-c&o, T@^^s

!p

Me,

T@mm^3 i : c

= 2 7 : 7 5"C&^^. #m#^cv

D“Cfr£, ^#^m^CVD-CO±m#(D#

100

200

100

200

E
<
gh 100

203M 363M 473M

NO. 54 1 2 «1
S x ---*

J - -" "T^__
H2 : 45/m
h2/mts: 12
P: 20torn, 0:16*

-©—e—©------

_______2)3M

NO 53 S

363 M 473M

;*!
3 X

- -°'-xL

------ 'r^

H2 : 9/m 
Hz yjliTs ' 12 
P : 20torr, 0: 161

l------ u -l----L 4 L
305M 54 5M 710 M

NO 37

«5
*$! i

Hz :6% 
HzzlIlTS -12 
P: 20torr, 0 :2^r

e-

 407 M

No 52 2

I I----- 1----- L

0
±at

h2 * 45/1

/MTS ' ^ „
P: 20torr, 0'32K

J__I___1___1__

1200

1000

800
O

1200

1000

800
y

1200

1000

800

y

1000

I ^ [6] ( mm)

2000
Tm

854. 3. 3-4EI #mo^CVD##^



SiC-CVD
L —37

M4. 3. 3-6|g CVD#mm^(EPMA)

^^Hz/MT8(D@f KZ

3. 3-7g|

0#n<-C&t\ Hz/MT

#?# 6 L/c. #mo#^ C VD1:'

L,

2b%o

#mn^cvDo#^ TmuiDm

6 0 , 1 6 8 i ^#!)

Hz/MT

8^#KZ%8

Hz/MTS^^$^6^#:-C#4. 3. 

3-8|ElO$q<, 0%^C

##T#'/c.

■£ 16- P: 20torr

-f 1000

P : 20torr

# tj [n] (\L Mt ( m m )

m4. 3. 3-7EI CVD#mmm^

VN 1/ .
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M 4 . 3 . 3 - 8 El

b. m^iR]±

SiC-CVD#0##%*3\ #KPe, Cr, Ni#0^

##, (Hz, MTS, Ar) 31^# (K^m#, ^x.6fb6.

'"C^#|R]_h^gt-o %:„

^

(MTS) a^O^K'Ol'-Ui, MTSOICP 

@) CZ&^###T%:##L, SEG-Si<7^^- (&#^P)

^ . 75^#% 6 ^ ^ - X A

Hz, ArC'Ol'-ttil 0 t/YBSOG-S i &|w|—SO 

G-S i (F e :<500ppb) M

TS4"^^M#a^#4. 3. 3-2^0&0<'r&^#,

—^, 3. 3-3

< #L < #% ^, &>v

^rO^Tcm^Fe, Ni, Cr^^"C^6C«!:^#c^:. 

Fe,Ni, Cr^SUS304 (1 8Ni SCrX-^f'XM'I'm) 0^g#^7C^T^)%

(sus 3 0 4m %(D

— 55 —
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fb# (#) 6%%, (cvD, -c^us i

^±mc#%T6#^^IJ^ f:. ^r L-C, - >> vf"#L@Lt±@JC V

D##CZ^^4. 3. 3-4m<O&n<Fe^#aaUppm&T(##10~6 0ppm:)

c & ^ & dmct.

m4. 3. 3-2# MTS^O^##

(icp^mcza) #fi7ppb

F e Z n N i C r M g C u T i A^ C a N a K
341 5.7 7.6 15.6 12.6 5.0 2.0 11.9 17.0 16.0 5.4

-v- y y ;i/ 2 204 2.2 1.6 3.7 2.1 2.2 0.7 4.4 3.2 12.0 1.8

X 273 4.0 4.6 9.7 7.4 3.6 1.4 8.2 10.1 14.0 3.6

m4. 3. 3-3#

s i 7 * ' - #& 43, g & # 5 i * X — 'N - E $g m fi (ppm)

E £! S B #fj^a * L/M age E/Otorr B$HHr F e N i C r M g C U C a

y ? y f <0.2 <0.3 <0.2 0.2 <0.3 0.1 <1.7

ft L A r % ^ 1200 ± M E 16 72.3 18.7 109.6 0.02 0.2 0.5 <1.7

H2 2 L/M 201 o r r 784.4 51.3 136.4 0.05 0.2 0.3 <1.7
A r 2 L/M 392.1 42.2 6.8 0.03 0.2 0.5 <1.7 .

" . ^%4&m H2 2 L/M " " 14.9 9.0 3.0 0.03 <0.2 0.2 <1.7
*@CVDBB H2 5 L/M 1300 " 6.8 <0.3 <0.1 0.03 <0.2 4.3 2.5

H2 % W 51 o r r 12 0.2 <0.3 <0.1 0.03 <0.2 2.7 1.9

#4. 3. 3-4# SiC-CVD##m

# m m s N o
(ICP#mcj:&) ##ppm

F e N i C r Mg C u C a A^

t£ L

82 52.5 34.8 <0.12 <0.23 0.05 2.4 <2.3

85 37.7 2.5 <0.15 <0.31 0.15 14.2 <3.1

98 11.0 0.5 3.1 0.4 0.09 0.6 0.6

ymcvDme
58 0.4 <0.16 0.04 0.05 <0.04 0.2 <0.2
60 0.3 <0.14 0.05 0.05 <0.03 0.3 <0.2
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c . ifttolM

8 i 1 0 2 7 7 7#

FaiU-hx 9 ij - - 'y 2 6 3

#6l#]-^f4:(m4. 3. 3-8m'7:'CVD^mL^MfE;#^^mL^HC^i##f^l'

CofcBx H 4 . 3. 3 — 5 #0$P <f t£ -c> 0

(3) CVDI#0#m

1 0 (#4. 3. 3-8#) -C'CVD^SL

a.

CVD^(DE^^\ (8 iM)

6. CVD^LmLf:MfS#Z f n li'y b-^OEg

3. 3-5^O#n<B 3 0 0 0 !?&(XSil0®<t#$(OMfb#^

b.

j:Ek°-^^emLx cvD#co0#%omm#&mfmAm#m (##4. 3. 60D

#4. s. 3-5#

lf#^B If # & #
* if m % m

%$#
i 2 3 4 5 6 7 8 9 10

if 14 ft HC^ 0.4cm/Sxii50TCxl2Hr m:%L - - - <- <- - - «- - <-
SE g y * *@6 fpjg300 g 2900 2700 2900 - 3200 3100 - 2900 2800 2700 3100

% # # m f m A m # & 16// m - 16.5 16 <- 16.5 16 15.5 16 16.5 27/i m

61 230 (l-10:Tm-±m)
62 950 (at 300gg)

& 3 gfg A5g#& : 7 "7 7 ^ f 7 y f g(D jt# ( ^ 7 y ^ # V '@%##^^)

c .

CVD#C^7y^x

M^x #^|q]K#^|#Kl 0#^aiL^-V-V7°;i/4r8EM^M 

^L^^x#4. 3. 3-9g|0&]<f7yfx
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10

au. 3. 3-9m

#4. 3. 3-10g|€)^<#C^7y

CVDMk

FgBf KZ 7 y

0 200 M m
I,I i I

4. 3. 3-1 om cvDBmm^cftzyf)
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xm
aa

(5)

#4. 3. 3-11

I^O#D<^<!:%'A^#/3-SiCWm3;K#4. 3. 3-12g|0^<%$#(km#

(ill) (ill)

#4.3. 3-ng] ^WCVDmxmE^ #4. 3. 3-12EI %$#CVDmX$^[3#T

(6)

3 0 4 0 ;e^m±0*m^#EX:'#^^#(!:|W|-A# (#4. 3. 3-8#)X:'8iC- 

CVDmmL^^#OCVDm##^ML^m, #4.3. 3-9#0&n<%(X

#4. 3. 3-8# 2 3 0 (6Mb#CVD#Lm&#=

m g & #= m g ^ (4=

4&m# (SP-18C) 230 <6X216 9)X2110^ 1300 "C

CVD^ #W#:%5S 0.15°C/mm

Hz 6L/M 0.4 D

MTS 0.5 L/M 2.6 mm/M

C' — si'A r 3L/M 24 Hr

20 torr
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(4)

CVD#LmMb#0 1 0 1

(8P-9C, 1 1C) CVDj&mcZO,

a.

2 3 o

JISR16 0 1O^&'rBAA(f^&mgL^. #^^#4. 3. 3-6#C^f. 

#@m^^o. gs^TCJisoGoi) K{b±(fyzm#(D^m^^A(f^k^^5 0kg/ 

#mtb±L^l^#^-^2 0-2 5kg/nm'%:^^^ 3f:CVD#L@#<0

(#@f±±^f) 2 0 - 2 5kg/mrn^'&^^. D,

2 0- 2 5kg/nnn

'T& D, ± /cC VDMSCZ 6#%"C#

#4. s. 3-6#

e # cvDmm
@y%^ (kg/ mm:)

X o # #
5: fG m # 0.88 - 12 51.6 6.1

it # - 12 22.3 3.0
cvD^mK^;# // 150// m 10 21.8 5.9

// // 70// m 12 22.6 3.2

b. ###*#

#(#$0 4. 3. 6(3))C±DM^fT7tc^yz. #4. 3. 3-7#0$0<CV

D^mc j; ^gm^fmT^Ttc < tr u A, ^g#5g:ffRj±T%m&d#m'r

M4. 3. 3-7#

f- V 7° yv # # # AT (C)

@ m C VD## 350 400 450 500 550

M ^ m #
3.01

3.15

mb^cL
u

^ib^L
a

0fb%L

^ 7 v ^

^Ib^L f 7 y f

cvomm#
3.01 120 // m 1/ a ^fb^L ^fb^L ^ 7 y ^

3.14 // II u // II ^ 7 y ^
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m 4. 3. 3-9# 2 3

I? ffi ^ s ^ m ^ & c^m # 1&
Pf ffi

* 1 230(6^# (SP-18C) *2 % $ ^ ^
m # M m X 142 10.3 110 M m
% A & XS&tmrK - )3-S i C f-S i C

it 14 14 HC^ xlloO'CxlZH r#B - m%L
-?■< 9 ” 'i y fs-T'WS. Cat 300g fi) - x 2920 , J 168.7 3100

% # 14 EfgAgg#& (7T7/^7v^@at 300gg) M m x 16.1 , J 0.32 21

A (J I SR1601K#f %) kg/mm x 22.3 , <r 4.3 -

Bmc/sEM^am - k’ygt-yv, L k” y * - A, 9 7 y

*1

* 2 i mo#;#

4.3.4 vDmmjmaMBBm

(i) 1 o tm (2 3 (W)

cvD#m@me^, ^o#g^4. s. i (2)

(2 3 0 ^)^CVDf6B#KO^#ML^, 3. 4-l#C^i\ ^

@o h 7 7"/Hi% <

B 4 . 3 . 4 — 1 # HU #L@#@3g^K%

f No #L ^
HU $& M & f¥

H C £ mini & W)M

SP- 7 6 2 3 (W/M 1 1 0 0 ‘C 8 . 5 mm/M 4 7 M

SP- 9 u a // // n

S p- 1 0 6 2^ // a a a

SP- 1 1 u a n a a

SP- 1 2 n a n n n

SP- 1 7 it a a a n

SP- 1 8 a >/ n n a

S P F — 1 it a n n n

SPF- 2 n n u n a

SPF- 3 6 2^ a a n n

&1. 8P: 230^X2110^#, SPF:230^x230 0 ^^"%7 7V^##

b. 10tm(2 3 0 ^)MJ^#CVD^m^&#E^m

2 3o^M^#^cvD^m

-61-



LI Ot/YmSOG-Si^cy MJ^#CVD^Lm

3. 4-2#K^i\

sp-7com#L/L#^#mA^L^, --y

;3-_x-f V --y^lcz6#fb^#Kfrm@6#^$ii6o u--vyoM

@^^#^@0^1% (y"U^f Uyf") ^CVDm(D%##^m#L, 

$#*mL^6#^$^6. sp-i owfoa^-'oi'!:^

L^#CVD^L@L^:. 8P-10, 12^CVD^L@%^##^^K#4. 3. 4-1,

2im(D&n#fyyf##m2;b^;2L CVD^^iLL^:.

M#i^99'T&&a\ Ll%€i#C'OV^''0^±gBfF#HMKfz^^#^, 

2^^^66^^C^^Ly=o 8P-9C,

%„

SP-1 7CH 3 0 4 0 ^^LL±O*M^mm^^, ^#<kLT(D#m%^ET#'^ 

8P-1 8C^8P-1 7 6^-CVD^#^mmLf:^#'r^f), CVD^#%^##f- 

6^c#mL/c, spp^'yyy;i/#m^m@#mm(D^7 7y^#o^#-e&%. 

8PP-lC^*m#E^, PDB%TKZ6^m#±0^„ ^^±L^. 8PF-

3

U±, 2 3 0 ^^#€»CVDmm^#tl, #mi/^^KmL7c&#^r$^%. 

#4. 3. 4-2# cvDmmm&#Mm^

C V D % m ^ ft E *

C V D (L/M ) in # ^ #
EA
torr

RM
Hr

SMB$Fb] (Hr)

5a @ g H2 MTS y-/> 
A r mm !mS5g$ asm a G 9J-

-Vl It

SP-7C 62. 3. 5 25 0.5 1200X0 0.150mm 20 29 62.3.13-4.1 400 12 412 X

SP-9C 3.26 B#in* a (i7) 0.5 3 1250 0.40/31 24 62.5.11 0 0 0 X

SP-10 5.12 " "

SP-11C 5.22 " &(23) 0.5 3 1250 0.150mm 0.40/11 " 62.6.8 0 5 X

SP-12 5.27 " " 62 63
SP-17C 9. 5 » 6 0.5 3 1300 0.150mm 0.40/% " " 9.10 - 1.31 2777 263 3040 0

SP-18C 62.12.15 " 6 0.5 3 " " " 24 (O)

SPF-1C 63. 1.25 " 6 0.5 3 " " " " 26 63.2.15-2.21 144.5 0 144.5 ?

SPF-2C 63. 3. 1 " 6 0.5 3 " " " " "
SPF-3C 63. 2.15 " 6 0.5 3 13000 0.150m 0.40/% 20 26 63.2.28-3.15 388.5< 0 388.5< 0

61 8P: 230^X2110^# , 8PF: 230^x2300 ^x^-%7 9yy##

62 8P-9C,

63 1 7 5B#3-C&a.
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S 4 . 3 . 4 - 1 E] SP-10 % 4 . 3. 4-2E] SP-12

(2) 5 0 0

a.

5 0 0 2 3 0 L, ^XL"C, 5 0 0

5 0 0 (6#^#^0##^0#^^-v^#4. 3. 4-3g|(D^0<-e^0\ 230^#6R—

/<f-v(#%4. 3. 3-lg|#m)

5 0 0 <t>
^ 2500S

- iooo p;

2000

#4. 3. 4-3EI 500

#4. 3. 4-4EI

^^2 3 0 9>#6i^-^L, (cvD^m#^)

#mp#mcvDcz%m#$m&'Dmm^4. 3. 3-1
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tff
tti

iS
EC

A
m

/H
r )

^4.3. 4-3#0^<^#'CCVDm@L^

- 1300

- 1200 ' 1200

" 1100- 110010

1000 8 -1000
• 20torr

1 20 torr

1000
la] tiz E ( mm )te ~?5 l&J {£ E ( mm )

#4. 3. 4-m #S4. 3. 4-5EI 230(6#CVD$ffm^m^

#4. 3. 4-3# 5 0 0 ^m5#CVD#L@&#

^ B ^ #= ^ B ^ f#
C8LP- 3 C) 

CVD^
Hz
MTS
'y ~ jv A r

^F4gEtl

500 (6 X2500^

6L/M
0.5L/M

3L/M
2010 r r

1300"C
0.15°C/mm 
0.3r/M
2.Omm/M

32Hr

b .

J2:E^f4:TCVD^@L^ 5 0 0 ^M^#(DCVD^^##L^^:, #4. 3. 4-4#

^#4 . 3.4- 5#K^i\

m 4. 3. 4-4# 5 0 0 ^fCVDlttt

W 0 IF m ^ & cam # &
IF f®

500 (»x 2500 230^ x2100^aG^

m # ft m x 121 , a 19.5 x 142 * a 10.3

% £ tt X*KE#T#^ - )9-8 i C ;8-S i C

E it t£ HC^xll50T:xi2Hr#n - m%u m^cb

V = * -*Eit (at 300g S) - x 3067 , J 287.5 x 2920 , d 168.7

EfEA##& (7771^7*^1 at 300g$) M m x 15.5 , a 0.84 x 16.1 x a 0.32

gmcxsEM^m - k'vo-/K ^7y^#^cL

& 1 #;5rnK#fy#K:i
500 ^^# : SLP-3 C, 230^^#: SP-18C
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£ 4 . 3. 4 - 5 # 5 0 0

# No CVDMB C V D M m S ft # #
8LP-2 C 63. 3. 7

S L P — 3 C 63. 3.14 CVD### WEicEffl
S L P — 4 C 63. 3.18 sLP-3 cofmmm

4.3.5

(i) Kj&mm

a. t — 7 — ^Wtub^W^i

cam)

(kO##g;^4. 3. 5-l|g|^^<^&c

(#^) C,

LVt:. #o:U&##f&3L#8 4. 3.5-

v h (bOfWKe U 

7 7" v#^#^ Lf^. %#

±ggl"7 7"^^#AE6^"py:. i^, #

##<%####&#4. 3.

b . Kfr##d#$

^^Sn 7 sc. Jl' 1'1'T;'^^, #im\ W<

£ 4 . 3 . 5 — 1 IS]
m@v>a< vh#^gi (g*r#m

T&3L

c. MbzK#^3W^

b,

CVD#^O^om@<b^6. #K\ ##

£ 4 . 3 . 5 — 2 [2]
%@v>a< v h#am (%##)

# 4 . 3 . 5 - 1 #

# # ^ # B m $
C u 16. 5 x 1 o- =

m M# m 2 . 4 — 3x10"'
U 7'fv 5 . 7X10"'
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5ft 4 . 3 . 5 — 3 \w

d . 'HEff

j 18B#^* c+p

t - 3 0%Bh, -P t - 6%Bh)

m4. s. 5-4E]

4.3. 5-5giO#jE(D^##^^L^. 2SL, (*#dz/vy)

4» A* CM* do MX >

JYTE t.TERMINAL HtAIHA.D C)

~Av Z.1U T~-t.-AK:IA «»10

m4. 3. 5-512] 'iMstfgjsm (Mm m4. 3. s-em cases)
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6 . #

Technology development of hydrogen reduction process of
chlorosilanes

New Energy Development Organization (NEDO)

Objectives
Development of the process technology for hydrogen reduction of 
chlorosilanes as a part of the development of a low-cost 
manufacturing process of silicon for solar cell use.

Work .Erogram
As element studies, strengthening of the material for reactor 
tubes (230, 500 mm(j)) , development of the SiC-CVD technology for the 
sake of improvement of anticorrosion characteristics of the 
reactor tubes, and development of a single-pipe structure 
necessary for scale-up of the reactor will be studied.
For the purpose of verifying the success of these studies, data 
will be compiled through a test run of a 10 tons/year test plant, 
and concurrently the technology of stable and continuous operation 
of fluidized-bed reactor and improvements in quality of products 
and in durability of the frame parts will be studied.

Summary (1980 - 1987)
1. Up to FY 1986

The study was commenced in the fiscal 1980. The basic structure 
of the fluidized-bet reactor was studied with reference to the 
small-sized experimental plant capable of yielding 0.5 tons of 
SOG silicon per year, which was manufactured in 1980, Based on 
this study, it has become possible to predict that power 
consumption rate would be less than 30 Kwh/kgSi. The problem of 
the Si deposition on the inner walls of -the reactor tube as a 
result of the reaction which eventually causes breakage of the 
reactor tube was solved through establishment of the cleaning 
method for removal of the deposited Si; also the problem of 
blockage of the gas injection nozzle due to the deposition of 
Si was also solved through introduction of a water-cooled 
bottom plate whereby Si is prevented from depositing (1981) . In 
order to prevent explosion accidents attributable to breakage 
of the reactor tube, the reactor tube has been constructed in 
the form of a duplex tube (a quartz outer tube plus SiC inner 
tube) .
In the fiscal 1982, a test plant capable of yielding 10 tons of 
SOG per year was developed, and was run on trial . As a
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countermeasure for the problem of decrease in the reactor tube 
strength due to the cleaning, test was conducted in FY 1983 in 
which the inner walls of the reactor tube were applied with 
SiC-CVD treatment. However, the result was unsatisfactory, so 
that in FY 1984 the construction of the reactor heating furnace 
body as well as the water-cooled bottom plate was improved. The 
results achieved in FY 1984 include power consumption rate of
21.3 Kwh/kgSi, TCS rate of 18.9 kg/kgSi, Si yield of 21.5 %. 
Both the operation performance and the quality of product 
exceeded the targets.
In FY 1985, a high-strength reactor tube was developed, as a 
part of the element studies directed to industrialization of 
the process. At the same time, a developmental work was 
commenced for the technology of applying SiC-CVD treatment to 
the inner walls of the reactor tube. Also commenced was the 
study of large-sized reactor construction (in particular a 
single-pipe tube construction devoid of quartz outer tube) to 
cope with the trend of enlargement of the plant units and this 
was accompanied by the commencement of the development of 
large-diameter reactor tube (500 mm«J>) . In FY 1986, a large
sized SiC-CVD treatment equipment was developed, and 
verification of the reactor tube which had been treated with 
CVD was conducted with a 10 tons/year experimental plant.

2. For FY 1987
Element studies for industrialization have been continued, and 
the following results were obtained.
(1) Development of new reactor tubes (development of reactor 

tubes and development of SiC-CVD)
(T) Reactor tubes

In the first half of this fiscal year, an unexpected 
incident took place, that is, lowering of the strength of 
the tubes (230 mm<t>) . To find out the cause for the 
embrittlement, the material was inspected for flaws by 
means of an electron microscope,and it was discovered 
that infinitesimal cracks had already existed before the 
reaction sintering process. It was confirmed that the 
strength of the tubes is maintainable by optimizing the 
conditions for calcination (or preliminary roasting). 
Meanwhile, the trial manufacture of reactor tubes of a 
large diameter (500 mm<t>) has been continued, which are 
necessary to cope with the enlargement tendency of
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equipments. Three tubes are received in this fiscal year. 
These are used in CVD treatment tests,and improvements 
have been made in dimensional precision and freedom of 
infinitesimal flaws, so that it is judged that the 
manufacturing technology of large-diameter tubes has been 
established.

(2) SiC-CVD treatment technology
Study of SiC-CVD technology has been carried on with a 
view to giving the reactor tubes anticorrosion 
characteristic. The CVD treatment was applied to a large- 
diameter reactor tube as well as to a 230 mm(f) reactor 
tube under a CVD treatment condition which was obtained 
from the use of a 230 mm<j) graphite tube. The results 
pertaining to the film properties shown in Table 1 
suggest that the CVD treatment technology has arrived at 
the level of industrialization, 
a Decision on methods

As a result of studying the three methods, namely the 
full-surface heating pulsing gas flow method, the full- 
surface heating alternating gas flow method, and the 
movable heating one-direction gas flow method, it was 
found that the last method is the best from the 
viewpoint of the quality of the film and maintenance of 
the equipment. 

b Film properties
Table 1 shows the results of the estimation of the CVD 
film applied to the reactor tube.

TABLE 1 Estimation of CVD film

Estimated item Estimation method
(condition)

Estimation result
(2 3 Omm<()/5 0 0mm(j))

anticorrosion HC1 1,150 * C 12hr no change/no change
flaws visual inspection no flaws/no flaws

and SEM photography
uniformity microscopic x 142.1 a 10.3/
in thickness measurement (flm) x 120.7 a 19.5
hardness Micro Vickers x 2920 0168.7/

x 3067 0287.5
adherence lateral crack dia x 16.1 O 0.32/

(M-m) IT 15.5 00.84
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Remarks 1. Hardness and adherence were measured by Akashi 
Micro vickers Hardness Tester, and the load was 
300 gr.

2. Measurement was conducted at 10 points arranged 
in the direction of the tube axis at regular 
intervals.

(5) Continuous operation
In order to confirm the practical usefulness of the new 
reactor tube (230 mm(f>) , a 10 tons/year test plant was 
operated continuously (target 3,000 hours on end) from 
September 10. Including 263 hours of cleaning, the tube 
withstood 3, 040 hours of operation, as shown in Table 2. 
Incidentally, it was yet possible to continue the 
reaction, the reaction was terminated for the reason of 
attainment of the target hours. Also, Si yield, power 
consumption per unit amount of Si, etc. cleared the 
target values.

Table 2 Records of Continuous Operations

Experi
ment
No.

Term of
experiment

Reaction
time,

hr

Growth of
granule

kg

Si yield

%

Power consump
tion rate
kWH/kg-Si

#771 Sep.10- 
Sep .28

418+21 1,004 20.5 24.5

#772 Oct .1-
Oct .21

468+77 1, 107 20.5 24 .5

#773 Oct .28 11 6 6.3 89.7

#774 Nov.2-
Nov.27

603 1,458 20.9 23.8

#775 Nov.28-
Dec . 7

216+70 511 20.6 23.2

#776 Dec.11-
Dec . 28

400 958 20.9 25.2

#777 Dec.29-
Jan.13

352+95 802 20.3 25.2

#778 Jan.18-
Jan.31

313 683 19.7 24.8

Total Sep.10-
Jan.31

3,040 6,529 20.5
average

24.4
average
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Remarks 1. The figures following + in the column under 
Reaction time refers to the cleaning time.

2. Si yield and power consumption rate of #773 were 
bad because the operation was halted before it 
reached stable running.

(2) Development of large-sized reactor construction (single
pipe tube)

(T) Verification by means of the 10 tons/year experimental 
plant
A quartz outer tube is not heat-resistive enough to 
perform as the outer tube of the duplex tube of the 
conventional structure, and it was necessary to develop 
a new structure that can suit the application, if 
enlargement of the reactor is to be realized. Single
pipe tube structure using SiC-Si pipes, and therefore no 
quart z involved, were prepared, and flange-type 
connection was considered as the connection means 
between the reactor tube and the metal parts. In order 
to verify the industrialization of the new reactor 
structure,three of these new reactor tubes with flanges 
were tried in an airtightness test wherein the pipes 
were arranged in the 10 tons/year experimental plant and 
the temperature was controlled to rise and drop (refer 
to #781, 791, and 80 in Table 3 for the results). The 
result verified that the new single-pipe tube structure 
is good enough in terms of airtightness against thermal 
changes, absorption of thermal expansion, weight 
supportability at the enlarged portions, and durability, 
and therefore, it was proved that the new structure can 
cope with the enlargement of the reactor. Incidentally, 
the gists of the construction development are as 
follows:
a. Maintenance of airtightness of the reactor

A type of flange having a special construction was 
use at the most critical joints (i. e. , the most 
difficult joints to maintain airtightness) Which join 
the reactor and the metal parts; whereby the problem 
of leakage was solved.

b. Measures to cope with thermal expansion
Some of the metal parts are formed of bellows to 
solve this problem.
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c. Construction for support of the enlarged portions
It was designed such that the most of the dead 
weight is supported by special springs, to thereby 
save the reactor tube from being excessive load. 
Also, the new design is effective of preventing 
rocking and of giving freedom for vertical slides. 
Further, a stopper is provided which is effective of 
preventing the reactor tube from dropping to the 
ground when the reactor tube is exploded.

(2) Basic Studies
For the purpose of establishing the design standard for 
large-sized reactor tubes, a simulation of temperture 
distribution is taken of the bottom area of a reactor 
tube. The result suggested that it is possible to ease 
the temperature gradient by improving the thermal 
insulation.

(3) Basic design of 100 tons/year reactor tubes
The basic design completed in the last fiscal year was 
re-examined with reference to the results of the 
verification and simulation of the 10 tons/year 
experimental plant conducted this fiscal year. It was 
judged that there is no need of modifying the basic 
design.

(3) Development of Process Control Technology
In order to further the easiness and economy of the 
operation controlling of the processes, efforts were made 
to develop an an automatic control device whose performance 
was examined time after time in the 10 t ons / Year 
experimental plant. In particular, the developmental works 
concerned (i) method of selection of sensors appropriate 
for accurate and continuously stable quantitative analysis 
of gaseous, liquid, and slurry chlorosilane, (ii) 
development of a control valve for silicon granule, and 
(iii) development of quantitative analysis of fluid 
granule. Also, with the aid of these, a technology of 
automatically controlling the reactor system (more 
particularly, starting up, reaction operation,and shutting 
down of the system) was developed.
The level gage and the flowmeter installed in the recovery 
silane circulatory system in the last fiscal year as well 
as the slurry densitometer tested in this fiscal year and 
other various sensors have operated in good order, and it 
has been confirmed that all of them are useful in the
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field. Also, the performance of the granule control valve 
developed for rundown of granule was confirmed 
satisfactory. In addition, the flow rate detection system 
utilizing the signal indicative of differential pressure on 
the fluidized bed worked in good order, and its usefulness 
in the field is verified.

(4) Operation Record of the 10 tons/year Experimental Plant 
(T) operation results

Table 3 summarises the operation result.

TABLE 3 Operation Record of 10 ton/year Experimental Plant

Experi
ment
No.

Term of
experi
ment

Reac
tor
tube

Reac
tion
time
hr

Growth
of
granule
kg

Si yield

%

Power con
sumption
rate
kWH/kg•Si

#702 Apr. 1 SP-7C 0 0 (broken after change
of 24 kg of seed)

#711 May.11 SP-9C 0 0 (broken after charge
of 24 kg of seed)

#721 Jun. 8 SP-11C 5 6 12.4 53.8
#73 Jun.24 SP-13 0 0 (broken after charge

of 30 kg of seed)
#74 Jul.17 SP-14 0 0 (broken after charge

of 27.5 kg of seed)
#75 Jul.24 SP-15 41 0 (broken, fluid 35 kg)

-Jul.26
#76 Aug. 8 SP-16 30 0 (broken, fluid 35 kg)

-Aug.10
#77 Aug.2 4 SP-17 39 0 (recovery , fluid

-Aug.2 6 35 kg)
#771 Sep.10 SP-17 2,777 6,529 20.5 24.4
-778 -jan.31 +263

#781 Feb.15 SPF-1C 144.5 330 21.2 23.8
-Feb.21 + 76

#791 Feb.27 SPF-3C 388.5 907 23.7 22.4
-Mar.15 + 74

#80 Mar.20 SPF-2C 88 0
-Mar.24

Total (or average) 3,926 7,772 (20.8) (24.2)

Remarks: 1. #73-77 are high-temperature fluidization tests by
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means of hydrogen gas for confirmation of tube 
strength.

2. #771-778 are continuous operations, and so far as 
these tests are concerned the numbers following + 
are cleaning hours.

3. #781, 791, and 80 are tests for verification of 
the single-pipe tube structure. SPF designates 
that the reactor tube is with flanges. In these 
tests, the numbers following + are time in hours 
spent for raising and dropping the temperature as 
well as for airtightness test.

4. The reactor tubes SP-10 and SP-12 were cracked 
while undergoing the CVD treatment test. They were 
not used in the operation of the 10 tons/year 
plant.

(2) Product Quality
The product yielded from the continuous operation was 
examined and the purity was estimated to be as high as 8N 
level (5 x 1014 atoms/cm3) , as shown in Table 4 . The 
granule quality is largely determined by the purity of 
the trichloro silane used as an ingredient, and it is 
basically concluded that the purity of the product 
obtained is worthy for use in solar cells.

TABLE 4 Result of Quality Examination (after CZ pull-up)

Samples B P
( X1034

A1 As
atoms/cm3 )

solidification 
ratio (%)

#771-M21 8.5 1. 6 0.17 <0.016 75
#772-M21 3.8 0.68 0.069 <0.0069 65
#7 7 4-M21 6.1 2.0 0.43 <0.0025 84
#7 7 6-M21 9.3 1.0 0.017 <0.017 68

6. Future Tasks
The works compiled so far suggest that our technology has 
come to be mature enough for us to begin designing, 
manufacturing, and putting into practice a reactor unit 
capable of producing 100 tons per year as the first steps 
towards industrialization of the technology. With the present 
method of the system wherein the reactions involving 
chlorosilane as raw material are conducted under a severe
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condition called high-temperature fluidization method, it is 
difficult to attain the purity of 11N which is a requirement 
if the application is semiconductor; however, it was possible 
to attain the purity of 8N which is sufficient when the 
product is used in a solar cells. It is therefore reported 
that, considering the results obtained so far, all of the 
technical goals have been achieved. Thus, we hereby declare 
that the development researches involving the existing 10 
tons/year experimental plant has been concluded successfully.
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