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English Abstract

Development of production technology for high quality silicon ingot

Objectives

The objectives of this program are to establish the production technology for the 
high quality silicon ingot by the end of FY 2002. The performances required for the 

silicon cells are as follows:
Cell size : 15 x 15 cm 

Wafer thickness : 150 y m 
Kerf loss : 150 y m 
Cell efficiency : 20%
Module cost: ¥147/W (100MW/Y)

Work Program

The development of the process to produce the high quality silicon ingot is carried
out.

The programs are composed of the follows to produce the high quality silicon.
(1) Investigation of the relationship between the conditions to produce the silicon 

ingot and the defects in the silicon ingot
(2) Investigation of the influence of impurity materials, impurity contents, lattice 

defects in silicon ingot and heat treatment on solar cell efficiency

Summary
1 .For FY 1999 
® Experimental apparatus

The Experimental apparatus to produce the high quality silicon ingot was 

manufactured.
75kg of silicon is melted and the high quality silicon ingot is obtained by the 

unidirectional solidification process using this apparatus.
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© Preliminary experiment
Preliminary experiment to produce the high quality silicon ingot was carried out 

using the same experimental apparatus as above-mentioned one.
75kg of semiconductor-grade silicon was melted in the mold made of quartz and 

boron was added in melted silicon as resistivity of silicon ingot was 0.5 H *cm. After 
melted, silicon was directionally solidified from the bottom mold to the top by 

0.13mm/min of solidified speed. The size of silicon ingot was 44cm x 44cm x height 

17cm.
0.4 - 0.8 fl - cm of resistivity was distributed in silicon ingot. Diffusion length 

was maximum of 200 fi m between 60mm - 80mm height from the bottom.

Future tasks
The following research and development have to be carried out to complete the 

production technology for the high quality silicon ingot
(1) Investigation of the relationship between the conditions to produce the 

silicon ingot and the quality of silicon ingot
(2) Investigation of the influence of the quality of silicon ingot on solar 

cell efficiency
(3) Establishment of optimization to produce the high quality silicon ingot
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(3) *gBBB*i:g«fJ1^45< t/2»ICi±, *6bbb®$!4 lmmJU.±ki-^>-E'E*s*4 =
(4) ISBBBa(4;S@®!|rof£#'7 > f ijififfifi** t>

BBf±»S^«i)S^'AS;ffk5ti, 47kKEi'Ptt <-fZ>l6BBB&^fS7)^61"6. 
k ti6 J: i), ( 4 ) k#x.6K6^. ^-coti^©

(3)
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2

->') a > 4 > =f> p *ftMt%>tzit><D&BMXK$>tz <9. -E"<o 
m$L££K<7)H$!SISJ: t), i:£'S & £•itZ: -tSE

imfttZo $ 6t:. ^ttlcuT'J Seo#E5rpSL^-tL'e"iU:S.v>
@07^*6#^-. ») &A3 Z 9 l:f B.

i: 5 b t:HE<7)!!A. 3£*>±tf. WR£HMk LZ:0

## £5I$ILZ:„ itzXiiix NEDO SrffoTS Z: tttt! t: o v > x & &
tt<o/ '>^'>s-Ptv'*i5Xfg*Pii9«1fSS-tr') >y*u ^-tims-JteLT^SEro 
tt#k LZ:0

feStix, tZzAcfm^mEiigm^^-eKg&gi< ;t
Z^ggT. z)'c7;i/3'y#(07Fa##XT@#&##L&#6 y V n • il@Z?
wfg-e*t). iZz»sgi± 1570^i-ejD^^'njtg-e, 6#
Bt LZ:, $61:. «@t:ELTIi-^|6];i@^tiTfg-e. S.-oiSBtotogBcE^tiJ:

i:f 5Z:»i:. * i d £SEk LZ:„

2.2 liCA!:
6EM»¥±IS«y6ffi -> V n > y > =r"y h t). f<Z)

6. %EI±. 4 yn'y -E-K^ExE
t6Z:*(0#^#. $ Zz-^tiSrEyBl/^ j:"t:-5V>t ^f^ltSrSt&LZzo #gl:-ov'-C 
ii. ilff-t £ #tto -> V n > y y n*y h^SSE^WStcov'T S k<6-£-*i£J£itM-£ 

klWi:. SOGAl:t0A%#*&(f#m$mm# - ####!: t k 7 V > ztib
LZ:0

2.3
ilfft"4#tt<0 y V 3 y y y 3'7 hfFESErotliEU-ov'T. $2-3-1 i:i kAT^ll 

CtfLZzo £Zz. #@.k LTJiltiri: NEDO J: i)§ltL. $|b]1$< $ A^iSSI^ffy Z:S 
E <0-f±S t: v > T & $ 2-3-2 CtpLZ:0

A, B, Ctt^(7)-eZi-e'tLCi!tfEk LT. iPSWik-y'; 3yfJtfeZ3i£j3j;ZZf;HS7-C- 
*6„ fpj. \z7'> y'fimMLxsimzmmu'ztztb' ix^zw. #
IfUELTliFplE^v^

Atti:j3it5*S^i|fEl±. Zi-^'y k-7TiSBL. $ 6C'kopgrojtS? • ;i@^ 
<0SBM&7FjStt»"x-eBj%LTS.oSET'e$S-t4 kv>-7 k tX&Z>0ZX>tztbM 

t:< V'cok-gBl*jg|5i:?Si¥t4®*4-&< k k^'-el-B kV'-) k kT-*B>0 
Btti:ov>-cii. *6^BJ6i§fi?LZ:y'; 3y«r'0t|&1''BEi£*fflv»Tioi). ktii:

i o x§ 4 fztbmmiri'! >=r? P nm $&%*«### ckblx L#<f
Bkk#T&6. iZ:. ##k#@k t 9 IfB, k k i:Z 1. -E-ti-E^SU:
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7-/7 Att Cf±

44 X 44X16.7cm3
m# 75k g (#mm)
MM 3+8 50/60 H z 380-500 V 

150KVA 
AX Ar, He 
i$£P* 1131/min

mm
Ifi 25kg
0.0— 1 mm/m i n T)#[

4 > A y h If 240kg 
MM 7-9kHz 125kW 3+8 400kW 
l^tPzK 3.5 — 5 b a r 1801/min 
AX Ar 5001/min, 3bar

: +6+/LflaE k - 9 
: Axi££p^-jt

^iLzjLd:

HEM(Heat Exchanger Method) System

: Ax -?

SrSiJfMl
--------------- > A

mmm'
R*. St

V'J
mmi:#

L-n±m#&k-^
--emmL, ±T

TH^------------

iM)6 b —

—- ] 3BI v U

JE6

□ >

i

mtcf
4 >A
•y bn.

mj3ZU^4 > Ay
k - ^ - jo J: C//-V >/<-[*]

#LC < V'

4 > Ay h IlftS^+nHEi
+£j£lt

S i 0
Tv^ 0

t-nsH?JiZT®
MZ 1)#^
L±ffi/fa]
^oTt'
6o

t)? 7 7 y h
T(±&Wo

4 > Ay + (/)#

-/-1 0 M#1

(/<>7 1% y h 
(7)^:%^ j: [/k 
7 V > /) o



y'J 3 yi## • (#)

## £A)

e#
i§Bii$ : 0. 5mm/min~l. 4 m/min 

(*IW< 5 A)
^FgOE@j$$0.5~0.7fS$-eHil

\l-9 :±mjo±[FTm^6#a&tnm

EBIi±t:aat:Sv^
y 7'0 /tZ-fL, Ef#eSiLTv>

ScOT-liS < , SF=g**ltT^iP5r^to„ ^cotztb, teM 
<tipfc!fcoTv>60

$IJf®Djlg

SfflM BU9”TE

?SES i
mw

i9*6fS$DT|g
(SIs-ilBSEttEI)

^Dlfg

mm 8 X 5 m ^ 
i‘r=fj c 4 m

^.-■7-4 'JT1- 3 0 0 k w (vSfilSIS^tr)
itiP* ^610l/minfS$ (ySSFS^tr)

Ar ItEE (lkg/cm2)

JA± #jSF(B§l!i^To HB^tc-DV^riiESo tztzL,
15%f5S-e* t), %<Dtzsb*?
12 i), f
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*tz&, i$sr*?sfs • #m*#a#:em^E
Iti;otv>40 itz. ?S®i:ii,S@l?66Da*fflV'T js <0, EUSSeUfiPUiiffit/LibnB 
£ v > "T V ' 4 o

itzcnx^i^mmmi^mit(^b, ->'j 3• ;s@
&##LTV^6o

- Eb X *), #tt t i,, iSE-B f • #0^1?#6
*oT£iK E*^(0S$7)i-^v>k#x.i^iL-Bo X/iU *67)'!:*##(:#%LT^
6 v'-c&WZ..&.

'JlSiSfSli, Att^?0.2 ~ 0.3mm/min ~C&> ^ Bli<0Sljil§<7?ilr'Q'~C ii 1 mm/minli$"C
^Il-EEutM >3> h (7) iff® 4 k TV yy^l'omiLtztZh. flT©J:i 

12* oX, Att'Cli, li»l±7 7 7 h^±i;fic0ff^t*oTi3f), -E-roXAglK 
ilBteE^'ilS!to-e3--f- j:»oTv>6„ £/-, Bf±-e(i$l@WBtit$l?7

7 7 bfri> l<(iTizammtt(^Xist), -f-wfeWB-eii, HMEBJ: f)il@L
tz 16iro^i-l*J§1512 |ti] i)1 o T A o "V t1 -£>§|5:0"#?&6o Ctttrli, g##Bf&B7)^3 — X —§15 
■t f)^'Ll*HHJi:*o-CV'*0 ^ i@@ 12 HI L T If Af±*;WfUk#x.6it
■S o

-E-<T)l$^lcS2-3-2t:7FLT*-5*Ei$< £A»'ftfiil2ov>-c&##<h LXcABIf < 

sx-eix Ei5'l4»"A-e*SCE"e;ilES-^ilLrv>4k<7)zfc-e*o/2„ iXii® 
liTl2fiT%l9, fi$iiESti"eSS55-*%%z.Z>Zt#njfg&(7)c b:-e*6 
Hi LTmtE*5.<7EA*?ES1"6

4'E##l't3SBb: LTIf, Af±£^-X t LTtMt£3it&l7zo

Ip

2.4
-> V 3 > 4 > 3'7 b £ $gjS-f .5 HE £ EEX 6 * »cositt;KVXfmEfS12 -o v r# 

(1) 4 >3"7 hSM$to<0|£E£.ti::&T
t5s*40 #12;## - S^cotESmirb&vJ: 7 *f#Sb: L*ttii
if* 6*v>a fchi ifSB^ro -> 'J 3 7 4 > 3' 7 b <7)fl$Xttl Izmir i>^u-y^izi 
t)i&Witis&>Z>tzi6^tib?)§}W7tK±-tZ> tfflf%lz^<Ditb.<D^- 9*?zi y-fv -;t-

$ y:y 1J 3 >4 73'7 btoSiSUELT, 8^©t/gc7)??^^Piib1--S**l2, S
B£ 12E7-£-$»%6o Z<Dtz*b, SB£K#l<2>*>/'§|5Mt2|rti6, $ 6l:pm;g#^ 
t b *v>£ t ict-<§ X*£„ #l2##i2fnf5Ib§©-§|5*SSSEoti
pbricfl t) STTv^XA, 1n^:USEX-ElS)15rlxEX5'£-S7)i"*-E>o E^ ESS 12 tilt
Sl^W^Sl: LTIf 1 jumgJgT&lK L < l4Eftft»yx b T*

1 ^ mgJ$co8X£ ^$1) P^WjSS^E5BX-E.0

(2) ttmBS i: LT, mSb • ?t£|l* • 7;b3*y»'x •iTf©a-7'f 'Jr-(©tg 
ffilS <0 X »<D BSt) W f 6 ft 5 „ m%l:cv^-CI±#M:#(7)^m^*6^ A, B, Ctt 
b: 0 SS^Wm^XS < *V'X«X +5M:itE.*?EE"e*6„
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itz, Tivzty-ffx(i-ov'Tli, lrl*ltc99.995%#'x*?EKESSET 
V'-BZ:*, t L^o i£, ^ip*(:-DV^r (i, ^
*X S$n y h n-;v5it/--<%ip*EfS^S61"-B7t»x -eti6fijffl-t6 ^ 11 L/j=sl
Ii:ir ^fxSSTiiV'4 KM
L^TMtLfZo

2.5 t tub
luj$L/-:2. 2 £ it/2.3 «t 9 USE#* J-MT<7) i 7 i:f£ =
(1) :<m • ;l@8fo#H$U;ov^-c, SET (WfE&PlDSE : lO-’torrWT) i> L < 

iiEt5tt»*xem-e<0ii$ET (T;i/=ry*'x@#-e*E) &##
(2) 0.2 ~0.3 mm /min t\ 7 9 y P fri> L < i

##&##

(3) ||iy']3>^3'7 P EiSEE k -E-diaB i USSUKE
(4) mWim&ZMmt LT, 1 ;<m0s&E-£IKimv'/.:g|Sg£fflV'*
(5) E» • 7;i/3*y»"x • i f), gen• getmtkU£ffl L,

3L7lc-7v>r(iSr/2l2 3 >7> 6o
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B3.1
iSS^'i I w fSrtizfflxV nx4 X3> h 4#mt6/zA(0#gm#l:*A 1, %<» 

#ttt$SE1" 6 »t:, AtttoSE*v^T6SIS15 o
iWsSEti'fi-SrSfflL, X V 3 x 4 X 3* 7 1©

;t4§S<jW—ofct-So $, LTv^#*$t%
X <) 3 x*41:4f£ffi LT»Jg4!f 1 <DX~lt% < , v X*° V X V 3 >
(LSI fix- Km) 4#a 3. ^ tile 4 0 4: l$ffl L tz PH
<D WMr^- <Dg}W£MUt&Zt f £V h Z> o

itzs $##C4 0 g&L4:4 >3" 7 M4, t LXi&
tttc-MSU -e<0#t44SI$t6 =

3.2 ti C£>(2
->'J 3 >4 >3*7 h 4 fE$* 1" & SIB 4- Sf4"t £ ic * /,: d , %<r> 

A*c, ## - #a##4#mt'&. wfr^tziyzsv b<DW%%m.* 
mmi-i-^tztbiz, *6^cAmmLA@mg##4mv'-c%#4iT3o siicilt 

14, %$©)AiE47Cl:##4^#t6.

3.3
(1)
S^iMJ^HETtMX 'J 3 x 4 x 3"7 h 4{$#t6#B4mi$t 6 I:*/: 0 , f(0 

#144$SE1"-a*?i j: LT, #tt 4 b ®#f44#*>&», #im##4#*L, f4®LA 
4 >3*7 h lZ-3V^-Cp$4fT^ C k-eif{B4^iSLZc„

SEI403-3-1 Ic^LZ^^ET’^ifeLZco @, i#a?!lffiSiJ4 LTSto$sil4ffli\
4=4 joV>T i> b-ofZo IIH©)flH$(7)^f4tC'3V>TI4$3-3-l U^Lfco

##(0-44X14, 75kg 4X3*7 h-44X4fflv^TSESr^jfeL7(:„

t(o#, ##4?§s • Eni^sustxL, mmzmf&Ltzo -;§s? • <@@siE-ei4, a 
Ttny'u'f? A-e-X'J 3>4 X3> h<0fF$i4j3X&o/.:„

(a) tnm • ## : '4p|*)(7)iaS4±4i.$-ti:, X') 3 xm#4%Al:##g-43.
(b) ism :'JPl*li:4-7-<7)jSJ£4Ttf,
(c) Iit:I@U;4>3’7 (©S*Ki)ii8tJo
(d) <t£P: 'jpi4-ei#;4##t6o

x <o & tX-cb <, se &is § ^ o x (0#@7)%t g'31 a ^ b, <fct
b -imisswsst & b 4=1-v>„ z<na*si%mwms11& -1wm
i LV1„

■IFrt^ip4 fcz.fzmzl4il@8B(0i*jg|5^E4±%E.UM U #S4IRbffiU $ b 
I:4 x3*7 h 4#S4 !)$*) iti-to Xivt—@<0 4 X3*y H$#(0X-4 xx#%*2
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* ->'j n s b
iz V-^'y h
=n-J@

*?§fS • ;l@UFHLT, *E* 
mr-'gmo «E(iT)V3*y-ett 
ULtito

0 3-3-1
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tL-E) o

(2) m#
$3-3-2(:1$JiLn £ OTtjSiitllSffl

v 3 L-cw&m#z o k & o t v > & „ $ /•- x jt

23



3-3-1 Si

na^sss 1m&tt

### @#: si3N4

@14: sio2
## : 440 X 440 x 400mm3 (1*1##)

1000‘Cti.±24B#FB1Si6

3-3-2 a###

@# #e

/s-y y^y y 0 3 y
Kf""-#^^0.03ppba, B^O.lppba,

C S0.5ppma, 0 ^50ppba, 
#A#^0.1ppba, 'f* O jtti S 0.001 ppba

b v7°7> KT-;l/ itffltn. 0.05 Hem 14 _h 
■4 4 X'50mmti.±

^ n y K — ~7 ^

^7 ^ /f y
6 ^

150mm j> ±0.5mm,
640ju m±25 fi 

jtjS%0.003 -0.007 0 cm 
(C?

mammon > y-/i> H2-Dvvt4,

BXLT-E-nS- K-/<> h t LXim Ltzo *J i:-3V>t ItMItWki'Oli Z>m^.
■)i^-©4l7'f > J: I) LT£ t),E5i60!5W&v>J: ^ t:L/2.-

111 <7)SE"Ci$ffl"t 4 Efi-li75kg"C% l), 4 >3*7 h 69 -4 4 X!i440mm X440mm X 170mm
x-$>z0

->'7 :f\ h 7 ^7 > 1‘f-^flW!: L
& 4 4 i: L/io
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(3)

j./N-WJtigifLl±0.5ncm X'&Ztztb, -> 'J 3 > -i > 3* 7 h cOitfS 

SHIS £ ft •? * *, Itg * %m L tz „ * b fr £ *b *j ^ ' v- <r> ttt&iX £ II/e L X ft &, F- 
/<y hoifT-!lS**i6*„ 3>®##t:#iftTv^ F-r?> F^HT-ISS
**J6T, gS k 1~4.ttigyc 12 "tS/:»</) K-Mey ><7)*:5-*»/j„ F-/<> bd)##j

Hl4$ 3-3-3 iz^Lfco
F- y’vMJ-iMX t ikt&tfcizM-t" -S Itlt t: -o v v-c li, JAToitSS (astm stan­

dard F723-88) SrfflvV-io 
p : itffilJtn cm N : K-/<> h Sl$ N/cm’
N = 1.330 X 10'"/ p + 1.082 X 107 I p ( 1 + (54.56 p ) U05)| 
p = 1.305 X 10I6/N + 1.133 X 10'7 |N ( 1 + (2.58 X 10'I9N) '°”7) I

$ 3-3-4 ~ 3-3-5 IZTfrttZo *° 'J -> 'J 3 >ZWM t LX'>') Zl > 4 'y zTy h 
<yjL^-i 3 ~ 4 tox At"£ G k "C 0.5 n cm X <0 STiWV'jrbfSK*# 

ZZttfnJ&tbZe i/2, F -j-f-T'y FT-)HIWMt L/2ii£\

y'jnyjgfit L Ai§B t IWtoS* Z trfWfilzt % Z0 tz
tz U G ft714-ttififit<D A L/H# to ftT1 > &v>coft, (kA ><D5>
@mmz *> zn?'ti<ommiim-c(otkmn.i*ibtz0

;@mtWl:-^V'T(±JAT<D5k(Burton b BPSa#)&#m l, fJUcDfiilc (Zulehner,
W. and Huber, D : Silicon chemical etching, crystals growth, properties, and applications, edit. 
Grabmaier, J. Vol. 8:28, Springer-Verlag. 1981 HHa) iit A LXsfM-tt^M Ltz0 7ft, ill

StfWa-e* <0 , S$iS$E««Rft 14 & v > ft k £ Sne U Km<DAft##L,
!4/J\gV)k#Aft, jliCiltT 6 /FISffl L ft .6.6? & IS 5: £ # /2114mm Ltz0

Cs = keff • Ci(l ; fs )Mf-‘
Reft = k”1 / [ kcq + ( 1 - keq) • exp(-R S /D)

;®i§, ??K##k0=0.8, iglWA 5 =0.004 £ffll>ft, E@iS$l± 1.67 X 10" ~ 5 X 

10" (m/sec) "eitgir^ilLAio itjgf/L k HEIfilE*6tS l A: 16$ Sr 03-3-4 ~~ 3-3-7 t2/S
Ltzo SBBSEUovvfttt, S $1 <k> $£H 12 j£v >16:11 k L^o

£ ftft v> £MfiSCfili0.5 ncrn7%-BA*, -e<OlBtcAD.E.-o±o.l ncmi:A-E>
4 9 12## LA. 0 3-3-4 — 3-3-5 14/5 — ~J 'y ft'J y '] 3 > £fg:# t LX, WiWMtLX 
t7j./x-£fflv>ft, ttS LASSUS# Lftv>;E>0 i/2 0 3-3-4 14, =f% LA-^JtffifiS: 

0.5439 Hem k LX to 0 , $A0 3-3-5 110.4506 0 cm k LTltS Ir^iS L/2„ LCOfSf:, 
0.5439 fl cm ftt?i!itB+ h L k ft, g#lll2i *) fit fttiSSt k A -B k # A L ft A.

@3-3-614, ®¥4k<7)K$i <0, ito<7)S|jiii)$ft*ftli’, lil?S^5ft/2lttS%lii:
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3-3-3 ^ x/'t —( K —h)

SiJ^il (1 )HJ&i
fmK# (fj. Qcm) 

I (2)EIJ$1B (3) Mi Wvm (// m)
mm
(g)

BiB/E
(li/cm)

BJBi-f-
(«)

1 4.47 4.78 4.79 4.78 4.71 647 26.19 2.164E+19 2.433E+20
2 4.78 4.80 4.77 4.77 4.78 649 26.22 2.124E+19 2.391 E+20
3 4.82 4.80 4.81 4.82 4.81 647 26.21 2.107E+19 2.371 E+20
4 4.76 4.78 4.76 4.81 4.78 647 26.22 2.125E+19 2.393E+20
5 4.77 4.78 4.80 4.79 4.79 645 26.23 2.121E+19 2.389E+20
6 4.00 4.01 4.04 4.06 4.03 647 26.23 2.593E+19 2.920E+20
7 4.30 4.32 4.29 4.31 4.31 649 26.34 2.400E+19 2.715E+20
8 4.28 4.33 4.28 4.36 4.31 647 26.32 2.396E+19 2.707E+20
9 4.30 4.30 4.31 4.28 4.30 647 26.29 2.405E+19 2.715E+20

10 4.28 4.33 4.29 4.29 4.30 647 26.28 2.405E+19 2.714E+20
11 4.27 4.32 4.29 4.30 4.30 648 26.28 2.407E+19 2.716E+20
12 4.29 4.27 4.28 4.24 4.27 648 26.28 2.423E+19 2.734E+20
13 4.31 4.32 4.31 4.29 4.31 647 26.31 2.399E+19 2.710E+20
14 4.28 4.27 4.28 4.28 4.28 647 26.28 2.418E+19 2.729E+20
15 4.70 4.71 4.70 4.73 4.71 648 26.29 2.161E+19 2.439E+20
16 4.71 4.69 4.69 4.72 4.70 647 26.30 2.165E+19 2.445E+20
17 4.28 4.28 4.27 4.25 4.27 647 26.32 2.423E+19 2.738E+20
18 4.68 4.71 4.71 4.69 4.70 647 26.16 2.168E+19 2.435E+20
19 4.69 4.71 4.69 4.68 4.69 646 26.27 2.171E+19 2.448E+20
20 4.69 4.72 4.70 4.69 4.70 646 26.26 2.166E+19 2.443E+20
21 4.68 4.66 4.69 4.72 4.69 645 26.22 2.173E+19 2.447E+20
22 4.68 4.69 4.72 4.72 4.70 646 26.23 2.165E+19 2.438E+20
23 4.68 4.67 4.67 4.67 4.67 646 26.27 2.181E+19 2.461 E+20
24 4.72 4.67 4.64 4.67 4.68 647 26.21 2.180E+19 2.453E+20
25 4.31 4.30 4.34 4.31 4.32 647 26.29 2.394E+19 2.702E+20
26 4.37 4.32 4.36 4.35 4.35 646 26.24 2.372E+19 2.672E+20
27 4.04 4.05 4.04 4.06 4.05 646 26.22 2.578E+19 2.902E+20
28 4.68 4.70 4.72 4.70 4.70 646 26.20 2.166E+19 2.437E+20
29 4.08 4.06 3.99 4.04 4.04 646 26.25 2.582E+19 2.910E+20
30 4.05 4.04 4.05 4.05 4.05 647 26.23 2.578E+19 2.903E+20

£ ffl V >-cur l c fxIE £ ifi L T v > £ 0
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3-3-4

sw K—y M

(g)
****
(N/cm3) (#)

JtEfil (0cm)
BI5? (@)

91
(g)

{«*
(cm3)

&ma ;
(Qcm) (N/cm3)

K-y#
BEH-f- (SI) ?M (Sl/cm2)

b'-ywmm
d-y FjrbEfil (Qc

y x/' —
«ta

75000 1.3301E+13 4.2832E+17 10001 0.5 3.21E+16 1E+21 26.19 11.245 0.00471 ! 2.16E+19 2.4331 SE+20 7.S6642E+15 1.875S42303 i

75000 i 1.3301E+13 4.2832E+17 1000; 0.5 3.21E + 16 1E + 21 52.41 22.503 0.00473 i 2.14E+19 4,82421 E* 20 1.49836E+16 0,996962474 2

75000 1.3301E*13 4.2832E+17 1000 0.5 3.21E + 16 1E + 21 78.62 33.757 0.00475 | 2.13E+19 7.19535E*20 2.23338E+16 0.697768025 3

75000 1.3301E+13 4.2832E*17 1000 0.5 3.21E+16 1E+21 104.84 45.015 0.00475! 2.13£*19 9.5878SE*20 2.97453E+16 0.543941947 4

75000 1.3301£+13 4.2832E+17 1000! 0.5 3.21E+16 1 E+21 131.07 56.277 0.00476| 2.13E+19 1.19769E+21 3.71407E+16 0.450613336 5

K>

3-3-5

k—y
>Sftl91

(g) (N/cm3) BWIJ- («) mxm
(Qcm)

BEf (SI)
91
(g) (cm3)

JtEtt
(Qcm)

mvm
(N/cm3)

F—y#
BBS* (SI) >«@ (ffi/cm2)

K-y«aiai»
d-y FitEfit (Qc

y i/n-

75000 1.4588E+16 4.69?6E*20 1; 0.5 3.21E+16 1 E+21 26.23 11.262 0.00471 2.16E+19 2.43687E*20 2.21472E+16 0.702944316 i
75000 1.4588E+16 4.6976E+20 11 0.5 3.21E+16 1 E+21 52.57 22.572 0.00426 2.42E+19 5,634 75E+20 3.20629E+16 0,510173418 2

75000 1.4588E+16 4.6976E*20 1; 0.5 3.21E+16 1 E+21 78.89 33.873 0.00419i 2.46E+19 8.34193E+20 4.0449SE+16 0.419669759 3



Solidification velocity vs Resistivity

Constant Variable
O.lmm/min 0.2mm/min 0.3mm/min

R (m/sec) 1.67E-06 3.33333E-06 0.000005

kO 0.8
o (m) 0.004

keff 8.41E-01 8.75E-01 9.02E-01

Resistivity=0.5439 ohrrrcm_____ R > lkillo ohm-cm —> R=0.5 ohm-cm_________
Concentration Cs Resistivity

R(m/min) Rho(ohm-cm)
Volume Fraction 1.67E-06 3.33333E-06 0.000005 1.67E-06 3.33E-06I 0.000005

0.00 2.50E+16 2.60E+16 2.68E+16 6.32E-01' 6.11E-01 5.95E-01
0.05 2.52E+16 2.62E+16 2.70E+16 6.27E-01 &07B-01 5.92E-01
0.10 2.54E+16 2.64E+16 2.71E+16 6.23E-01 6.04E-01 5.89E-01
0.15 2.57E+16 2.65E+16 2.73E+16 6.18E-01 6.00E4)! 5.86E-01
0.20 2.59E+16 2.68E+16 2.74E+16 6.13E-01 5.96E4)! 5.83E-01
0.25 2.62E+16 2.70E+16 2.76E+16 6.071 >01 &92E-01 5.80E-01
0.30 2.65E+16 2.72E+16 2.78E+16 6.01E-01 5.87E~m 5.77E-01
0.35 2.68E+16 2.75E+16 2.80E+16 5.95E-01 5.83E-01 5.73E-01
0.40 2.71E+16 2.77E+16 2.82E+16 5.89E-01. &78E-01 5.69E-01
0.45 2.75E+16 2.80E+16 2.84E+16 5.82E-01 5.72E-01 5.65E—01
0.50 2.79E+16 2.84E+16 2.87E+16 5.74E-01 5.61E-01
0.55 ! 2.84E+16 2.88E+16 2.90E+16 5.66E-01 &WE-01 5.56E-01
0.60 2.89E+16 2.92E+16 2.94E+16 5.57E-01 5.^E4)1 5.50E-01
0.65 2.96E+16 2.97E+16 2.97E+16 5.471 >01 5.44E-01
0.70 3.03E+16 3.03E+16 3.02E+16 5.351 -01 5.36E-01 5.37E-01
0.75 3.12E+16 3.10E+16 3.07E+16 5.221 -01 5.26E-01 5.29E-01
0.80 3.23E+16 3.18E+16 3.14E+16 5.071 -01 5J3E-01 5.19E-01
0.85 3.38E+16 3.30E+16 3.23E+16 4.871 -01 4,98E4)1 5.07E-01
0.90 3.61E+16 3.47E+16 3.36E4-16 4.621 -01 4.77E-01 4.90E-01
0.95 4.03E+16 3.79E+16 3.60E+16 4.211 -01 4.43E-01 4.63E-01
1.00 - - - 1 -

Resistivity (ohm-cm) vs Volume fraction

ia:

3.00E-01
0.00 0.50

Volume fraction

Solidification ratio (m/sec) 

1.67E-06 
3.33333E-06 
0.000005

1.00

m 3-3-4 1C Y i'MQ LX2 It t-i t £ (DBm
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Solidification velocity vs Resistivity

Constant Variable
0.1 mm/min 0.2mm/min 0.3mm/min

R (m/sec) 1.67E-06 3.33333E-06 0.000005

kO 0.8
d(m) 0.004

keff 8.41E-01 8.75E-01 9.02E-01

Resistivity=0.4506 ohm-cm R > lkillo ohm-cm —> R = 0.5 ohm-cm
Concentration Cs

R(m/min)
Resistivity
Rho(ohm-cm)

Volume Fraction 1.67E-06 3.33333E-06 0.000005 1.67E-06 3.33E-06 0.000005
0.00 3.12E+16 3.25E+16 3.35E+16 5.22E-01 5.05E-01 4.92E-01
0.05 3.15E+16 3.27E+16 3.37E+16 5.18E-01 5.02E-01 4.89E-01
0.10 3.18E+16 3.29E+16 3.38E+16 5.14E-01 4.99E-01 4.87E-01
0.15 3.20E+16 3.32E+16 3.40E+16 5.10E-01 4.96E-01 4.85E-01
0.20 3.24E+16 3.34E+16 3.42E+16 5.06E-01 4.93E-01 4.83E-01
0.25 3.27E+16 3.37E+16 3.45E+16 5.02E-01 4.89E-01 4.80E-01
0.30 3.31E+16 3.40E+16 3.47E+16 4.97E-01 4.86E-01 4.77E-01
0.35 3.34E+16 3.43E+16 3.49E+16 4.92E-01 4.82E-01 4.74E-01
0.40 3.39E+16 3.46E+16 3.52E+16 4.87E«01 4.78E-01 4.71E-01
0.45 3.43E+16 3.50E+16 3.55E+16 4.8 IE-01 4.74E-01 4.68E-01
0.50 3.49E+16 3.54E+16 3.59E+16 4.75E-01 4.69E-01 4.64E-01
0.55 3.55E+16 3.59E+16 3.62E+16 4.68E-01 4.64E-01 4.60E-01
0.60 3.61E+16 3.64E+16 3.66E+16 4.61E-01 4.58E-01 4.56E-01
0.65 3.69E+16 3.71E+16 3.71E+16 4.53E-01 4.52E-01 4.51E-01
0.70 3.78E+16 3.78E+16 3.77E+16 4.44E-01 4.44E-01 4.45E-01
0.75 3.89E+16 3.87E+16 3.84E+16 4.33E-01 4.36E-01 4.38E-01
0.80 4.03E+16 3.97E+16 3.92E+16 1.21E-01 4.26E-01 4.31E-01
0.85 4.22E+16 4.12E+16 4.03E+16 4.05F-01 4.13E-01 4.21E-01
0.90 4.51E+16 4.34E+16 4.20E+16 3.84E-01 3.96E-01 4.07E-01
0.95 5.03E+16 4.73E+16 4.49E+16 3.51E-01 3.69E-01 3.85E-01
1.00 - - - — - -

Resistivity (ohm-cm) vs Volume fraction

£o
£
o

>
5

5.50E-01

5.00E-01

4.50E-01

4.00E-01

3.50E-01

3.00E-01

Solidification ratio
(m/sec)

1.67E-06
3.33333E-06
0.000005

Volume fraction
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Solidification velocity vs Resistivity

Constant Variable
O.lmm/min 0.2mm/min 0.3mm/min

R (m/sec) 1.67E-06 3.33333E-06 0.000005

kO 0.8
o (m) 0.004
keff 8.41E-01 8.75E-01 9.02E-01

Resistivity=0.5101 ohm-cm ___R > 1 ohm-cm —> R = 0.5 ohm-cm
Concentration Cs Resistivity

Volume Fraction
! R(m/min) Rho(ohm-cm)

1.67E-06 3.333E-06 0.000005 1.67E-06 3.333E-06 0.000005
0.00 2.70E+16 2.80E+16 2.89E+16 5.92E-01 5.72E-01 5.57E-01
0.05 2.72E4-16 2.82E+16 2.91E+16 5.88E-01 5.69E-01 5.55E-01
0.10 2.74E+16 2.84E+16 2.92E+16 5.84E-01 5.66E-01 5.52E-01
0.15 2.77E+16 2.86E+16 2.94E+16 5.79E-01 5.62E01 5.50E-01
0.20 2.79E+16 2.88E+16 2.96E+16 5.74E-01 5.59E-01 5.47E-01
0.25 2.82E+16 2.91E+16 2.97E+16 5.69E-01 5.55E-01 5.44E-01
0.30 2.85E+16 2.93E+16 2.99E+16 5.64E-01 _ 5.51E-01 5.41E-01
0.35 2.89E+16 2.96E+16 3.02E+16 5.58E-01 5.46E-01 5.37E-01
0.40 2.92E+16 2.99E+16 3.04E+16 5.52E-01 5.42E-01 5.34E-01
0.45 2.97E+16 3.02E+16 3.07E+16 5.45E-0I 5.37E-01 5.30E-01
0.50 3.01E+16 3.06E+16 3.10E+16 5.38E-01 5.31E-01 5.26E-01
0.55 3.06E+16 3.10E+16 3.13E+16 5.31E-0I, 5.2SE-01 5.21E-01
0.60 3.12E+16 3.15E+16 3.16E+16 5.22E-01 5.19E-01 5.16E-01
0.65 3.19E+16 3.20E+16 3.21E+16 5.13E-01 5.11E-01 5.10E-01
0.70 3.27E+16 3.26E+16 3.25E+16 5.02E-01 5.03E-01 5.04E-01
0.75 3.36E+16 3.34E+16 3.31E+16 4.90E-01 4.93E-01 4.96E-01
0.80 3.48E+16 3.43E+16 3.39E+16 4.76E-01 4.82E-01 4.87E-01
0.85 3.65E+16 3.56E+16 3.48E+16 4.58E-01, 4.67E-01 4.76E-01
0.90 3.89E+16 3.74E+16 3.62E+16 4.34E-01I 4.48E-01 4.60E-01
0.95 4.34E+16 4.08E+16 3.88E+16 3.96E-01 4.16E-01 4.35E-01
1.00 - - - t— | *** -

Resistivity (ohm-cm) vs Volume fraction

!
a:

6.50E-01

6.00E-01

5.50E-01

5.00E-01

4.50E-01

4.00E-01

3.50E-01

3.00E-01

Solidification ratio 
(m/sec)

—1.67E-06 
-*-3.33333E-06 
-e—0.000005

Volume fraction

IE3-3-6F V K-Z'O F B
30



Solidification velocity vs Resistivity

Constant Variable
O.lmm/min 0.2mm/min 0.3mm/min

R (m/sec) 1.67E-06 3.33333E-06 0.000005

kO 0.8
o (m) 0.004

keff 8.41E-01 8.75E-01 9.02E-01

Resistivity=0.4506 ohm-cm R > lkillo ohm-cm —> ^ = 0.5 ohm-cm
Concentration Cs

R(m/min)
Resistivity
Rho(ohm-cm)

Volume Fraction 1.67E-06 3.33E-06 0.000005 1.67E-06 3.33E-06 0.000005
0.00 3.40E+16 3.54E+16 3.65E+16 4.85E-01 4.69E-01 4.57E-01
0.05 3.43E+16 3.56E+16 3.67E+16 4.82E-01 4.67E-01 4.55E-01
0.10 3.46E+16 3.58E+16 3.69E+16 4.78E-01 4.64E-01 4.53E-01
0.15 3.49E+16 3.61E4-16 3.71E+16 4.75E-01 4.61E-01 4.51E-01
0.20 3.52E+16 3.64E+16 3.73E+16 4.71E-01 4.59E-01 4.49E-01
0.25 3.56E+16 3.67E+16 3.75E+16 4.67E-01 4.55E-01 4.47E-01
0.30 3.60E+16 3.70E+16 3.78E+16 4.63E-01 4.52E-01 4.44E-01
0.35 3.64E+16 3.73E+16 3.81E+16 4.58E-01 4.49E-01 4.42E-01
0.40 3.69E+16 3.77E4-16 3.84E+16 4.53E-01 4.45E-01 4.39E-01
0.45 3.74E+16 3.81E+16 3.87E+16 4.48E-01 4.41E-01 4.36E-01
0.50 3.80E+16 3.86E+16 3.90E+16 4.42E-01 4.36E-01 4.32E-01
0.55 3.86E+16 3.91E+16 3.95E+16 4.36E-01

4.29E-01
4.32E-01 4.28E-01

0.60 3.94E+16 3.97E+16 3.99E+16 4.26E-01 4.24E-01
0.65 4.02E+16 4.04E+16 4.04E+16 4.22E-01 4.20E-01 4.20E-01
0.70 4.12E+16 4.11E+16 4.11E+16 4.13E-01 4.14E-01 4.15E-01
0.75 4.24E+16 4.21E+16 4.18E+16 4.04E-Q1 4.06E-01 4.08E-01
0.80 4.39E+16 4.33E+16 4.27E+16 3.92E-01 3.97E-01 4.01E-01
0.85 4.60E+16 4.49E+16 4.39E+16 3.78E-01

3.58E-01
3.28E-01

3.85E-01 3.92E-01
0.90 4.91E+16 4.72E+16 4.57E+16 3.70E-01 3.79E-01
0.95 5.48E+16 5.15E+16 4.89E4-16 3.44E-01 3.59E-01
1.00 — — ” -

Resistivity (ohm-cm) vs Volume fraction

5.00E-01
4.80E-01
4.60E-01
4.40E-01
4.20E-01
4.00E-01
3.80E-01
3.60E-01
3.40E-01
3.20E-01
3.00E-01

Volume fraction

Solidification ratio 
(m/sec)
—1.67E-06 
~m~~ 3.33333E-06 
—•—0.000005
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iS$«iJ;E : ■JFRSS.maSSlcRI LTli, JTFWli t: LTiiJSSr^EfiS Lfc:=
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■m?5j$: ifeWatfcffiv'T^rtoSKSriite

(ft, te84a$ttt4iWS? -i 4 -ft 2 mM*> •), S'ffi-lifiiS#'
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iS@l4-#|6]$||S-e\ T#4 ;g@i$
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@3-5-7 #<DSfifrlcijtt6'i' >3'y h±Ht-etoJrbEmiSS*

T, n-?—SB-CIi, 1 Z4g|$J; b S ^ t:E@rt?£-K &o-cv>-E> <k#;L ibft
-Bo £ *0 3-5-1 ~ 3-5-3 UTFLfcJ: 7 y V 3 > -f > 3> h (O-hBIBtOiSmBESrE 
iltiCB, EBSIOT*gu biSv>[H]a&7SLTjotK t tza-i—<D&io±.tft)

3-t-aw#&a
v^#x.iBiL6„ Z 1)0 3-5-7 b)

b, @3-5-6»^*^<7)j:tfgj=/LitiHi t cmrm # && $ l
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( 2 ) 'J 3 > 4 > n”y h
(a)

>3"7 M*I©^atn;ov'-C, PS^SIteLZ-:,
gHlS@T*$jS L Z: y V 3 W > n* y h £@3-5-7 ? U-aiSrLZzo /F*#

oP$®il±, ?-*>, E* - -K#$61:*A@?*
Z>7>mmtikLtzo i ZzMfiStjs J; 7" P ■ mzmWi^z-ZM- #v>\zo\,'X i>m 
tl/zo E

f 2)*^&E3-5-l ~ 3-5-3 t:^LZr„ E3-5-1 lif ^ > - 7E 5 £ J: U*M • En >lco 
V'TSiJSLZzIS^^tSLZzo $/:, Hiafit: t-eE-fftWgmS: i fc tbtz Vv 7 *0 3-
5-9 - 3-5-12 ICtSLZIo tz tz L, 20ppbW, E 7 'sTkTfT )\> 5 fi lOppbW
"$%-£„ 4z<Dtztb. ItiHitiii'WliiTltV'S. $/:, f#tti LTv-BSISS-t:
-3v>r ii$Zi^jx5v^Z:i: f&ttl T § i: < ^tvbic-ovni
Ktti:iliJS{SE5- LTv>5„

iStl-DV'TU, E3-5-1 t 03-5-9 =t 1) , i®S^j|n)-CtilJji(—IC^oTV^

$ Z:En > U-QV'-CE3-5-l k @3-5-10 J; <9 P j: IBiStNlUliW 5 "C!$t?£j— Uflvfii LT 
V'-E, tmthtih-hK ±Mi:&4UEWSftZb'ia::o"Cv>6„ 4 >3*y M&g&t:
iSi'T&En >7)^<

-Ed y<n4 y 3" y HS8IH:i3tt-E>SS5:ii-f-7 > is J; tZTE 5 tc-ov^T <o |bHST%-£o 
E3-5-1 tiJ; <703-5-11 '3-5-12 J: 1) -f >3"y HaS<7> 1 0 mrnfliT* EtfZ >U# 
ttiSiiTv^ZiE %ti£ t)_h8imif£titi$i'iTi>&v>0

$61:, E3-5-2 k@3-5-12 ~ 3-5-131:R$ • E$diS$^f6]c7)il)t^5-7b LZ:„ St
SlC-ov-Cti, -< >3'y HggKJ; 1) 10mm <0(iS"C(± 20ppmW "C* I) , 4rtlJ7±-Cli)PII 
5eKE (lOppmW J7T) T&6. $ZzE*t:-3V'-Cli^f >3*y hCilSSli-C 18ppmW-e;l 
@S 5 EiS <( Zt E> i:fi£v>f& ( ^ioTbJ, 90mm J7_h "C li t ? 1 Oppm W"CilS;"63>v>'CV'‘,E>0 

Z t -f > 3'y hSSt-E|;jfcfi^ELTv>60

E i ^ - COm^9f 141:g i> WMVh h b # x. b tiZ> gfclJt i:o v> -CUE L * E
3-5-3 CE LZz0 Ttti: J: -E>8iJST%-B0 4 >3*y h±St:-3V'Tli
I90ppbw"Cab-So £Z:'f>3*y hSSB"C*-E>Z)$47ppbW-e* t), ^li t) 4 >3'y bggg
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-J] U tti Lfti

0 3-5-8 -><)=!>'{ >3*7

3-5-1 l*]g|5^#l6^glSln$

## P B Ti A1
(mm) (ppbW) (ppbW) (ppbW) (ppbW)

10 20 90 50 20
30 30 80 <10 <10
50 <20 80 <10 <10
70 20 80 <10 <10
90 20 80 <10 <10
110 <20 90 <10 <10
130 <20 90 <10 <10
150 30 no <10 <10
170 40 no <10 <10
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90 0.430

130 0.340

170 190.000
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(b)
4'y^y hZiit-CI±&<, -f >n'7 H:g##mLTw6#m#j3iy#ai=^-c

m$1?-7Z:@Bfr&im 3-5-16 t:^LZ:. ^#61;roll 
mi5-z-Z$ks t U 7'f > $ % * & 7

)V5 ^jSLfco SZ^JrfcStisJitKP • NC##&4^6# - #D>i;ov>tj,lil

fZo
-^0#S$ Sr$3-5-4~ 3-5-512 75 LZ:,, $3-5-4li$##<7)###<7)|}##-e* 6. $3- 

5-5ii%##<7)»##-e*&. ini, nat:-ov>rIiS@tluiz-fyf/ui$$i-f 
■01 stXh^tztz£>, S@:E<Z>til<0A4- LALTi'-E>„

$ 3-5-4 k 3-5-5 -e# ic?i g ^ <7) li, gffi±g|$-?<7)S!lit&|l2fclt hika l Xfr ;v
5 iSJtZlXh# L Tl> £ -2 k "C* -E>, S£ii 63ppmW (^##) t I) 334ppmW (#.#&) $ 
"C_L#L, $Zl7)V5l2 22ppmW ($.##) ^6 54ppmW ($##) Z:
Zf, ±S t TSKTSkiMS l±±# L T v> 5 7)P5 Uoi'TI±tll?|B] Cfjti;&o 0'<S„
5 6!:###<7)#(:it#LT, $#&<7)7)P < !±20ppmW~ 30ppmWfISiiSn L T V > ,£ 0 

$3-5-5 J; ^SBjsJiyTS-eroiiaKtitt-BiSSSibti^^vv ZiZiL,
T)V 5 <7)iSS7)$iSV'0 gWOOppmWJILh* b , 7)V 5 i> 500~600ppmW?F£LTV>£o

(c) E#%#$<7)##
->V3>4>3'> h$i7fsa, #a#jm#^^#LT, mT(0Z9c$A6$6o ->

'J 3 yjgfi-k LT,|^W)$<7)'>'J 3 >£ftfflLT$l££^ffiLZ:Z)5,S!it£tiZ;'f yzf-y
h fiX^i>0 XSTlmB • ?§S¥£:$i6U $ ^t27Z/3'yg#^#m
Lil$ETT'E@^ ^i6 LTti b , WeiffltCiSSWMI-tV'J. 
&®so—oze #jm#-e*6o tz:, -?-<ms;i'iH!i2ov>-c<>fj#*4x.Ti'& t# 
k.biii>o nT^<7)a6i:-3v>-ca!^5„

1) ->v 3 y^cg^'ii-ftLTV'So iiJEMfcttEK-DV'r^tif LZzISS:, #ij^##l:
Sfi+ppmW, iililil 0 0 ppmWfSES6LTv>z-0 $%(:, 4 >3'y Hcj3v>rii, 
EffiZiltT** < JIESIM2 £ v > T & Et5s1SS S ET i ' £ „ oji), -> <J 3 >zi%m#at6

f<7)Z:*, g|lffl)ilci3V'-CiJilcil 
g^tiTI"6li-f"C*5ZX Sv>{t^^LTv^0 $Z:, - 7^< - R# -
m*t%mc#w#e^LZ:. wmt lt, mem###^u -c z:
^-e-> V 3 >=pi:XoTS-Cv>5 k#x.0)iv^„

2) -> 'J 3 ytpcoEti j: >3'7 h_hffl-e;tftL, $ 6}:#a±@Br#jm
bg$-cv^tiwc 

fIJMttIzbMltLtz^mfyfr'HMir^Z t^tbti&o 
ztibJ: *) (i■Ov'X i> mits.it$-B14-E-^Ai*-E,= #I:##<7)A@<oS

znztfrb, mS-b-y rOX ifroigffifE
II n is it * ftlk tig* PJihi- -6 & o
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@3-5-16 rnmna & irmm (*m)

3-5-4 m.mrnm\m\£iv!mm dm)

Chemical Composition(ppmw) before experiment

P B Fe A I Ti Mo

Silicon nitride 
before experiment < 1 6 63 22 1 2

3-5-5
__________________ Chemical Composition(ppmw) after experiment

P B Fe A 1 Ti | Mo

Silicon nitride(upper side Wi 
after experiment < 1 L 1 i 334 54 7 < 1

Silicon nitride(lower side w 
after experiment < 1 2 29 43 2 2

Crucible (upper side) 
after experiment 2 15 135 636 121 2

Crucible (lower side) 
after experiment 1 14: 139 577 103 2
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(3) V') 3 > 4 > =fy b coEin®#ti
(a) ->'J n >4 >3*7 hEEftSlS^ii
4-0SS L7t -> >J n w y rf y H:ov't> EEftSfllS L/t0 EEfti4@ 3-5-171: 
^^*o/i„ @3-5-1712;^ L TtGF 55mm(OiEOlgSULW5
coE± i:t£Eft SrilSLtza f ;tt£fi-12-7ii-ct4, $E<OibDlE* • 31A18: Pit $"t-5 

%#r*$%L7t#l:## - %#Tz.y fyX$-50^ mf Tlfcit. -E-<o#, EE 
ft ill 5e S' $ J& L 7t o

(b) -> V n y /f y =f y bEEftPSISM
iWS tIS^|6]<7)@-LtiljiEL7tSSIP:£$3-5-6~3-5-7l:#L?t. $3-5-614 tf^Scofi 

5-TKLTjb'i), -?-c0itl^|{r|#4,*^f>gB^(0*|B]-e*.5„ fit, i%gl4@@B^L(0# 
S^tfLTv^o $3-5-7 liSESSf'et0EE653'*5r^Lrv>-Elo 1143 J:C/S;514 
10mmti|i<Oj3-iA?675LTVi-E.o -?-;h-£: X*7 7 12 L it (0 t)?@ 3-5-18'3-5-19 "C 5 „ f $

®/J'jjl4-^LTV'40 @3-5-1814$3-5-6(0S 
$#, #/J'-E^7FLrv>60 fit, @3-5-19 14$ 3-5-7 12-ov>Ttf LTVt-E>0

$3-5-6 ®.<7@ 3-5-18 "C^EES^SE 4 0 30mm ' 140mm <DWIX~ ift < frot-feb,
#i:#g^[fi]-e60~80mm;gi:#$#(0k"-7##-c4ab, ft$-ei4250M mf "Cii L
toj, f 7t®/MiCOt°-?tCOl>-Cl4lOO~ 120mm cOf>7t •) 12&T43 1) , 50'120mm

<0Hfl-eEEft75?$'& < L t 100
$3-5-7 ft1403-5-19 tc^$ fix4i tcEEftl4SI®SEfflJT*14tf*gBJ; blS<

itoTV'-So f ztT#l#, #$#, fyMt‘012-4’ t f /:
TtL, iW5^|6]T50mm ~ 130mm CO fall: EEft^' 80 M m £iB;L -S LX ii 0 ,

EEft» y 701/(0% I) titi LEE
("0" > 7" 11/ 0" 7 X 170mm X 100mm X 5mm)

44 7 70b(om#mmEi4#m • mmrso
H mf ti';f P/L, -f (0##J^4-##

@3-5-17 EEftcOiJ^fflBff
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St 3-5-6 «fcSmiJ*S*(iv-3)

(yu m)
TO

(mm) (%) 10 20 30 40 50 60 70 80 90 100
170 100.0 19.0 19.0 18.4 23.8 27.8 27.8 26.1 29.8 23.9 16.3 23.2
160 94.1 27.7 26.1 27.5 23.8 23.2 29.5 38.7 39.5 24.8 25.2 28.6
150 88.2 27.4 27.4 37.7 28.2 31.1 31.1 38.4 44.2 33.8 21.6 32.1
140 82.4 46.1 76.6 76.6 58.9 57.7 74.1 74.3 77.2 93.5 90.4 72.6
130 76.5 108.4 138.6 109.0 112.3 95.8 134.8 122.0 148.7 147.5 170.4 128.8
120 70.6 138.6 157.0 132.5 140.2 128.7 177.0 147.7 132.5 156.6 191.6 150.2
110 64.7 162.2 164.1 130.2 135.1 152.2 177.5 167.4 165.8 172.6 185.4 161.2
100 58.8 174.9 176.6 180.5 150.6 177.7 122.1 154.1 180.5 165.2 200.7 168.3
90 52.9 191.4 178.6 177.3 171.9 183.8 205.2 124.7 177.3 160.4 189.0 176.0
80 47.1 182.4 205.9 195.2 194.1 226.2 186.8 123.7 173.7 217.0 222.7 192.8
70 41.2 209.0 213.1 192.7 212.8 254.4 198.4 148,7 152.6 203.6 189.9 197.5
60 35.3 220.0 233.0 206.2 211.2 238.1 187.1 124.0 189.6 180.9 189.9 198.0
50 29.4 155.1 187.7 153.0 141.9 158.1 101.8 115.5 144.6 124.7 108.9 139.1
40 23.5 122.1 116.0 101.4 90.0 98.1 62.5 66.1 82.6 69.3 71.3 87.9
30 17.6 68.5 68.3 61.4 56.2 59.1 36.6 41.2 35.0 41.7 33.2 50.1
20 11.8 28.7 27.0 23.9 24.1 21.3 23.7 18.6 15.8 22.7 17.8 22.4
10 5.9 22.9 14.0 16.5 15.0 11.9 16.6 15.1 13.8 15.8 12.5 15.4
0 0.0 18.9 15.8 14.9 15.0 9.9 8.2 16.3 11.7 12.2 12.5 13.5

MIN. 13.5
Max. 198.0

±#TO 103.2



$ 3-5-7 t£iifta8'llS6i|(iv-2)

< >3y hiE£ TO
(mm) (%) 10 20 30 40 50 60 70 80 90 100

170 100.0 22.6 18.2 22.0 28.2 20.1 21.6 24.2 22.5 25.2 25.2 23.0
160 94.1 22.6 16.3 25.3 26.7 25.5 37.0 29.7 29.3 33.1 34.1 28.0
150 88.2 29.7 26.4 25.4 26.7 24.3 29.2 22.3 24.6 26.4 36.5 27.2
140 82.4 44.0 72.2 84.8 80.7 71.2 67.4 68.3 73.4 68.6 60.4 69.1
130 76.5 36.2 81.6 88.5 110.2 110.4 115.0 102.1 116.8 96.8 103.2 96.0
120 70.6 29.6 75.1 110.8 94.2 115.7 126.3 128.2 110.8 129.8 108.6 102.9
110 64.7 24.7 68.0 109.8 78.1 119.7 129.6 152.9 119.1 126.1 121.3 104.9
100 58.8 22.0 58.7 128.5 75.3 149.4 137.7 140.8 128.5 121.1 122.5 108.4
90 52.9 16.9 44.8 123.7 88.5 180.1 162.9 138.2 123.7 135.6 114.8 112.9
80 47.1 21.0 26.0 71.1 88.5 160.1 168.5 139.5 134.7 130.6 113.7 105.4
70 41.2 26.0 23.3 57.5 76.6 130.9 144.4 146.7 121.0 131.1 131.6 98.9
60 35.3 30.6 22.2 45.5 79.9 103.4 139.9 134.0 112.4 98.7 80.7 84.7
50 29.4 33.6 25.4 34.9 70.2 95.3 146.0 118.7 101.9 91.5 74.5 79.2
40 23.5 37.7 25.8 28.6 54.4 77.4 105.2 74.5 64.7 63.1 56.8 58.8
30 17.6 36.6 25.3 22.9 37.4 51.8 63.3 49.6 44.5 41.8 35.9 40.9
20 11.8 16.6 24.9 29.4 24.8 25.8 31.1 28.3 25.8 27.5 71.1 30.5
10 5.9 20.4 16.3 13.7 13.9 17.1 13.8 15.1 24.4 24.2 15.2 17.4
0 0.0 15.2 17.1 12.3 11.3 12.2 13.8 12.6 9.5 9.4 9.9 12.3

MIN. 12.3
Max. ; 112.9

66.7
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|sl#tccc7)®5*|6]toSf$AsSv>te@:5S- L»LTv>60

(c) 'i'
4##f 6/2# 'Ozfy h 

4-0 3-5-20 tiBSKtOglS^S:^ LZ-ztSfifrlcovT, <} x.^-Ltz0 igfifii§

!|f tCEEB»iWv> t%40 3-5-19 ~ 3-5-22 iZTfiLtZo »^/\-(il00X 100X 0.35mm3 -f 
•YX-e^So ££, EtfcSS'JS L Zz-0- y 7> (0 7 v y li 6 X 6mm2 "C* S o

03-5-21 ~ 3-5-22 12tS L/2 7 I/'-i±, V&Zo
#m#EZ *) lSmmfflELTV^Z^ti.EEflUOV'rtiSEJ: 0 5Omm$T#%|:#$ 
«Tltv>4 2ti>')bii^„ ^Oi IW&tfegliSO// mHTfiJ,, lilSlOO^mS 

-C0fl1"6<5E!±60mmlilt"C*4o - Mi03-5-21 - 3-5-22 t i> b & VM!"?* £0 
i tz0 3-5-23 - 3-5-241± i> V *■>'- X'h Z> o C <n$MX\±V

ffcSl±ti(?i^--ei00 ft tztzL, 150^ ; t liil Lv>;

t fffc>frZ>o

-9->7MU
(■£*

7x/\-ffl7->77HS U tti uea

0 3-5-20 7 i M-1: Utiit^ESiftcoilSIBSf
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(d)
Sl± b NEDO(7)Sit$I?LSrSiS LXV'4CSOGA SrB jl Sr{##£ 

U LZzo -E"<0|g$S-S3-5-8tc ^ L /,:= JttZIlMlSrjlits't^ t):*
$^(0^7 C-ov^-c6Lrto ^
##$ ? tit 16.9%, filKSEVoc E: LT 617 mV, S^EElsc k LT35.6mA/cm2 Sr 
#4-btfX^tzo 6£*<0^MjlW 15% Sr@x. 6@J$t% I), £ 6ic4-liit$xk LT 

mM Lfzl4%@$-e*6 ±$g^^##$<7)±#Sr#3 Z btfX§ £„

3-5-8 ^ —^##$jrb#

Jsc
(mA/cm2)

Voc
(mV)

FF n
<%) se

KSC 35.6 617 0.769 16.9 •$S6/3s=80fi/D
asaiffi (6*183.4%)

rill 31.3 592 0.764 14.2 $8S/>5=500/D 
EP8J1S (6*187%)

(e) mS9!f|-|4#S
Y >3"y hj./x-(7)Et6:65rilSL, m

hrotf'L'SBUjyv'-CIi, ESIijrSSli-CiStt^' 
SA'„ Egg (±E <fc f) 50mm <'6v^f T) Tif'SMW.V'EHli, 
k.btih0 JSSKl-jb'v^TliE^roEati^EHro-oT**^ t%z.bti&i)h %#I:Z 
JiAfwpilIUS b^k.btih^ntztbfeM^&^h $6^63. 
SZ:,^ >3> hOUB-ii^SSEkglllLTv^SEj: ») 50mmt$ m§ISi "CEESt)* 
f&< ioti'5. CEI±#m#Ej3Zl73-f-@;^###Ee@-(r*6 C a Z i)itiP 
l:Z6B#i:l±#x.(:<v^ -eo/jA, gti&EHfc#x.S>*i.E>= EB»«S"t5i:, # 
SaBro$iJSSiJroE^(7)E^ito(7)iSSP$l6$J: ►), Sfc^ELTv V rt y d1 yn*-y f- 
l:Ai)&A^:C:^^EB-e$6E:#x.6ii6o iot^tli, £ t>C:MJf<7>Sv'iiJj*$iJ

19, t#x.f>E4o
i/E d1 >3*7 h UtiV'T4’*SISi:ili!iaBSB'efi£Efi<7)ft*iS*?*S < S&60 c 

tii±;i@-t4icf^v>, c t e$mtfuf,
# U t£Efii:ov'T H&TtZ b^lbtiio J: ^X%<DfMXhh i;#l
66. 4>*SBj:)SiaSC)8v>(i, ;l@8Str'*So C*6
ztz I) EC-e*5 j:#x.6ft6„ Z -oTl&E-egBI^WmwaamK^mv^B# 
L-CV'4fc#£f,tt4o of 19, g|fflcoE@li**SBJ; i)E@8S»$av>/d», +5MS
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£i»^12J: <) IS H *£»;*:£ $^lmmJ-M± 
tcozt-c&o tz Sbbb ?ms t -b i$ 12 e§iu2 M"J 12 e a • 

C < I) t L/-E@i±E
@EA - ^fecomtt LT, E

S* • IWtcItSS-ti, £ <b Kftig^EIS*

L n £ ^vi * &ff LX io < & o

3.6 ittb
^y'i >3*7 h esse * sm^-t 512 ,#> /.: b, f co##&- 

mi-t&fztbiiZ' mm ■ mmnBinifcL, m^Ltz-o^y
tz0

ix- 3>em#t lt-t>3*7 hstiisiMHisu ->
> iziy-i'sa’y I-SrfggL/io 'Ozfy t iiTE^ioO—
tC|6]7)>oT;aigl1"6-jr^SEL/jo E@i$$lift*T^3.l X lO^m/sec, ft/J'].7X 10 
6m/sec, f-Hj 2.2 X I0~6m/sec

(b) ->'J 3 y-Y >3> lil?#ffi7n*wftttSPl#fi< i-C\ if
if-g^'/tt)1 < &o TV'-B 20—40ppbw, ■f-f yRffni' 5 tiE®®S912soppbw is
2 0k: 20ppbW f$itB -r 2i- 7 V 1 -L a) x x vx lx i U|j|.i^ny’<y m—bWll I' hti:-j i V

>3'7 hSSBJ: b 10mm <7)fiBT-li 20ppmW7h <0 , ^-ttJ^±t:-l±iIEPl# (1 OppmWlik 
T) X'hho i72g$$t2'OV>Ti2 4 >zfy h <0JsES7 iSppmW-CEISiW £t)?;W < &-BI2 
{Mv>ig;< ^oTV^0 90mmti.±-ei$l?lOppmW-eSib-3V>rv^0 

4'yzzty HSS"e*§;&{ii£^LTi'"B„
3 x/n-(7)SMI'612*i>-S i:#x.«7)iT6toiglC3v>TpSL/2S$tS 

3-5-3 IC/SL^o -rcoS^li, Tttic J; -Bil6r-*6„ -T y zfy Y _tg|U2ov>-tl± 
l90ppbWT%-Bo tfz'f'yzf-y h iESB7% £ 47ppbW T'* ^ 'PIJ^73'7 Hf 
7t

(c) PJSiti-j3 Z O*#l(;ov>t & 7F*m%gl:3v^-cmg&1fc/:.#U63ppmW(#
##) 2 l) 334ppmW (###) S7±#U t/27;v = Ii22ppmw (#.##) t)» 6 54ppm 

W (mm&) t^oO>4o /2/-, _tSBi:Tg|S7&i*Jtl±±#L7v»£j^ 7;b< i:o 
V'Tiitil?® Cflt Loti'S, g %12%##(O#(2bb#L7^##(07;l/ 5 t±20ppm 
W~30ppmW@gtiinLTV'4o jyit-BiSSgEli^'^v^5, #1^12#^ 7 ib<
<DiSJ$7)?,Wvi0 #7>n00ppm *). 7 >1 5 & 500 - 600ppmW L7V»£ 0

(d) y V 3 y^f >3*7 htelfcg^SEi; b 30mm-140mm CO H9 7?$ < &o7£ b, # 
t2iW£^|a]7'60~ 80mm US(2#±#cO t'- ? 755'§ 7£5 t), #±7I± 250 yu m $ 7iS L7 
V>£0 SfcfiyJvfiicOfc:-? 120V'7li 100- 120mm <0*/,: b t2§7£j 0 , 50- 120mmto 
^7%WU,^&< t ilOO/im*©x.TV'40»a»M1IT*li4J*g|5J: *)1&< bTb

5^|6]7'50mm- 130mmCO 18112%###80 ju m i®£ 4g|5^*5S6 LTti I), ®#12 2
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LA LTv>-E>„
(e) ltl„ Etfcs^erl t v &gm?n®u-e & 4 „ #

SSffiJ; t) 50mm i-CEffcg^&T L T jo I), 50 // m&TXib * 0 tit? 100 fi mtfl 
fH"!"&f5Sti60mmf5$"Cifci>0 't’jftoKtC jott 6 x-''>“©ffiSSUtit?j£j—"C 100/z m 
Sit^oTV'So fc/iL, 150lum£6lx.-S>.l£: Lv>0

(d) fc LT 16.9%, MMEEVoct L
X 617 mV, &&W& Jsc t LX 35.6mA/cm2 C t tfX # tz0
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4

4.1 E3
-> ■; 3 >4 x3--7 h# ^w-eumlx®

ffllc$-3'S, AliS«gtJA-xi:lT, mWZMftlfZo ;S@SE£'Slj'4$fi|43 
Z<7'g#eR±f 6##<oaw#t:-owT&M4U EftSrjs^ifco7t„ #@#t:45t4 
6SS6^I4->V n>4 >n'-7 h(0##45 j: 1: X # ^ X 6 4: *, #(/)#
E###&^4%wj:3 C#IB#E(0Xf XX-<o#W#]i(:mELX.

LTt, -e<7)JSlffl(7)SE^r*S%^6 § &R9
X«X*X S£ t; E L T ti jg B »* M t:ffi;S1- 6 Bp & X § & EE h &

3. ioty'J COStili'T
$ 6 i:SnDnlco-> V 3 x 4 x 3> h ^SiS-t6Z:»U(4, Ztiiztt&-f 
£'WV&Zo MmLtiXMnM&tggJ: D, 
g^-BXAliti, &JR<7)^$£•®S|t:f6Si"-S-5„
E-i-BiMli, *), A#Xx h t Lrwy^illiMSplrCffltt^o
y9#m&mKf La&R4 >3-7 *SiiSE«SJB£iiti£g
<OiWv^BSi:t6J;3i:L^o SSli. ±mSMSil:Xi: LT, 
^^tlXft-BXS^ffoTV^o yf#-J$li, l /, rnm±(0m%%f C-ov^T 92 - 93%

7 4 JVX-5-@ffl LT451), $XitiX 1 PIliTy -v 7-£l£ffl 

t* J: 3 C LTV'£0 $f*U#t:C4i6(0#y#-#ei%A3#El:7'V'-C 
L> SE<7)!#A, #i$45Z^'X^±IX t k LX=

g 6(:$mm#mi:45v^-ci±, ECfl-roilX • 4 >3"7 h<7)jttfjUELi:i*i6IS£y51-.r 
k£ <l£ffl»Ti!£&J: -5 l/->4EEL, 7 L/-x#|:Z&*-
f x h#7)y9#XI%XX6 Z 3 t: LZ-roXX UffiAiXBf UttX-v

t), -erok ^/StliWSIStO? u->5rf$fil LX„ inXT, * 4 X h X 

I'-'sfrbcotisM^&WZZif&tz&b, X4 x h X X- x<7)l£BXyi^8lJU3d;i^X;h- 
}llll^)<7)5l:X k fSii S: $a g. gXv'i-ytcLXo

)SlBXf>«y?J$:*£< LTX zk^
=J|gX\ X-DJSjS • g@*tc45v>TI4ltH*^S|ji^Stt^ k k & <X SiSS-WsEk LX„
simi:umimmimmi. ->v 3x4 X3'>

^ItoX:PiC,> O
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4.2 liCAt:

o'l, ->V3y4>3'7 htoSS^erolttli:, -?-a* 15:1+ *£*
0#:s#\ 5/:±%^6(/)/9*^l%±t3@Bg^k'l:cv^-ct#5L, fbSL/io >V 

3 74 >3*y b ESSBjsX (b^S# • IBS • iTvf
SifiU 5‘bt:SilSS6ffv\ ->V 3 74 7 3> Cl £ S-itf2L*0

4.3 7 V 3 7 ^ 7 3" y b

(1) '><) n >4 >47 bSitSl
#)& L/2##l:#Ov'Z:*Ks#E<Z)#M#&El4-3-l L/2. *%EI4, 7'J 3 y

&%###, ^7 >A'-A<7)*^6P$-t^SSS@^l-J:oTS)$5nT
V"1 •& 0

ffVA-ii, (Etg^EuzsflnSdjiy, »a*i%
ip-t&Ex-, $6i:-5-bi6<7))iIffllc I4EB WB£B 5 E, f f 7/<-

E-b 7/<-ti, Z OTlSMWt7' -b 7 y bSii<k & o T js t) x
J-v>s<-ZMigLfrbQkmtZ> i3t:iotv^0 E -b > a-ro^l-fflKl±«S»?3
tax ti D-e-^liEEEJ: <9 J: 7 tc&oTv&o 5 ZcrtS?mgl4M4
SEItl- Z o TSJSSft, #aSSI4IISSSIi(7)8S!i!ZmSItU X o Til® Sii&Z 7 i:
Zf o T V' h o

SieSEli, , 3>v-;u-K^*^<7)#
asroSBCEiE^fftlB LTt'-Bo ttiSSECmtZPyJcroSEillt^lxB£ ET £ b> ,
bB-£P*iH:ltll & jo ^ & o T v > & „ E «B#« if 1: t - ? (Z 3 > v - ;wc Z o Tit 1; S£11 • 
E$i5iLTv^0

KSSEtZ, Hx b >l!co^y 7't n- 9 ') -*">■/ (7 t-tnv7’-x ? - ,-b° 7 7”) 
icZoT#)$ 5tlT jot), K$$IJSS(il.5Pa (0.015mbar) jJbT 12 * 6 Z. t Zfltll $ ilX 
V'4„ $ tU'v’J ^Af-f T? 7 ? L, 'J -^S^efcSL
T/4'ibli, 0.2Pa (0.002mbar) -o TVS 0 5/2, US*" 7 7°&#blk $-tbT, SE
<0f5® S’fiBsB L/2 <h § , 0.2Pa/6min (0.002mbar/6min) JibTWfSEt iotV‘40
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1. DMENSIONS " A. B, C, & D' AND CABLE ROUTING PATHS MUST BE SUPPLIED 

FORGTITO DETERMINE CABLE LENGTHS

WS WATER SUPPLY 1 1/4" NPTCONNECTION 30GPM #20-30PSI 

WS WATER RETURN 1 1/2" NPT CONNECTION

AS COMPRESSED AIR SUPPLY2.0SCFM AT 60-80 PSIG 1/4" NPT CONhECTION 

GS ARGON GAS SUPPLY VCO-8 VACUUM CONNECTION 

ES ELECTRC SERVCE 3SO-480 VOLTS, 285 AMPSMAX, 3PH, 50HZ

/C 77 ':=/? =



(2) X If? ') - V)\s-U
J: Z77 V - y A-A(2ML-Cl±04-3-2~4-3-3l2A<7>A£ 4tx LZ:„

$#(±A-v y/<--ti.tV'n y v-Ai: 7 u- y<7)fil2, X V - y;w- a 4'gtt& J: -) (:
El4-3-2t2/j> LT£> -E> <£ 9 (2., X y — y 4 3 y y — A j3 Z (Z X V — y A — A 

^5rlt5$#kf-'Yy^^-*'x:tt6$Sii'toi:LTS#5-koTjsi), £ Z:Jig|n2joV> 
X$tt7l?ef$l2f5iiL»v>J: 7 (c^oTV'4„ ZzZfU AiiAtuo^#
l: j3V>TI±Hi*(ZiEU*g 5 figs -CBx. btl&ln t2l£ItEfE4^70 TV'S (250gal 
(me : cm/sec2) i-etiifttt. ®gaii±«fflcoig|ii»iniS)SS-m-ro)o

Axy/<-4MmL, -> V n yEfi-AfitAis J: CM y n> b co«5 
ttitfioFUtc, mmL^tv^zi-)@ 
4-3-3 (2 x y — y N ft y^''“, n y v — iv^<Z){ifiL47T' L T v15 0 8EixS£8u#xi^ i~ 6 
FSiiJiT-yy7-corfipMoTMtiS4ff-)ZA ir->77-SR wPOTfrb(iif12i*i 
§R£ -5 A$f44 AcXv^a. £Zy X 'J - y;i/-A«
S(ii""<Tv'‘T"eiil:»^i6L-Cj3 t) ,549$Ae> X"x hZASAXS &v> J; 9 (: LT*3o 
£ A^jgLA £ 7 i)‘sr(2lEE4*oT<A*Z,:*X LUJ: t)

yx i-oiiA^iaiit&oTi'-So
Z:Z:U X ') - y A-Ati±gRc7)—gM?!SIMS4&o-<:jo I), X-E-y h

4 ft 7 FI? 12 - ^ £ *) if A ^Ht o Zi0 £ tz A -v y /■?- -A t - X - H 6j#ec#
AffinTfg&£ -j (cLTi>S0

X ') - y ;v- a 4ffiif A-E. Z: A A$iiu#ilHMtZ|*)8RS$l9®ffla
173 yi;ov'Tll4-3-4i;mLZ:„ ^%#i##l£l*l@KA^%A##L-7T\ EEAffio 
AAX1-%4X't-%0;@7.3. y h J: 1) IRt t) iiAA\ 'a'A X V — y A — A |*lnR AE4J iiXiaE 
A J; 0,sh22O-'-5OPai6W±#4 &oTv>.$,0 4Z:, k - X-t2£ stnSliJIX-CisoKVA 
1251L, AZU2£ oemmco^gli 1570X12 £x(#A3AA, A-v y/<-roW!Jl2&-E1 
■/>|7 h Xit£P L X & S 1*1 AS$t14Zis £ v > Z: A, ZW12 £ v' TliSZi1'C & 
n y V- A|*|<7) 7"n -t: x n y X .3. - X d= £ (/7 - X x A - A a y*$Smi" £ 4 4 ZAfx. 
6A.6 AA, S [*l 4-£ Ai^E (2 -KftA-E.0 , iT3>4®B LTV>4„ N, # 

LX$iKW@J$X£>4 4SFfBLXv>;£0
xT'/t9“ Aft|il20V'-C^4-3-1 [:il, X1-B0 4 04-3-7 I2AA##(2CV^TI£ 

04-3-8 t2#LAo 0.3 fi mti.± AtiE AfilS W99.97% J4±* I), $ 6 t2%^A#i#g 
#?7X 10X%-6o 74 AX(20V'Ti!) 3mPe5®fflpJii4£o-ct'<S0 

AtiA7xA®?t2ov'-cJlpl2ftli LTV'* 21 a 4fSELZ:„
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(3) ^ u-yaxv'j--7-'t v-T-'fiei
tt^ES t Lt, *4* h? V — >jo J: t/J- —T'f 'J T^EfftCOV'T, 04-3-9^4- 

3-lOi-7SL7to >M x h y U~ y<7)ft*WS(i250kg"C% I), +£HcE!4" -f >3*7 hd=
tztz L-

W-isX >3"-y P
6P#1:(±, f-j.->7'n 7 X-C#pf 4-^Jfe-f-So 

T)vn*> krtip^liXSAdBeiJ: t)^i)ffiL/-:o itip*IX k
<7)&t'J: ^ tx 32XXSKi:iILT*^itiP*t L£o i/taliSX 1501/min "C* t), E 
*0.4MPaLTVo ftiP*l±SStCXoT/)>i3i)ila"el:$15Erv^0 7 )Vzf'y 
l± 99.995% CO <) <0 LT-ti I) , z,1t*(±JIX'e201/min (0.1 MPa) ©®fflii4-otV>
■i) o

X T* X p X 1/ — y0 4-3-9
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@4-3-10 Vti-SI1 (Tivn'y • i%£p*)
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(4) z
->V iffrUlnov'-t, $5-3-1 tc$ k^T^tc^LZ-Zo

milESfc LTIi, 440 V, 220 V, 110 V#f'BT*6. 2Z:, 440 V, 220 V l±f£W 
318T, #(i—60Hz-e*-5„ &SE12 J: -BSItii, $5-3-11: 
SLZ:ai)"e*-E>o cm:#v\ SE&$fFLZ:„ i%, 440V, 31=1, 60Hzi:ov>tli, 
*l!cO*illx1i"eEl2 1) or j3 I) LZZc, $Zr, 220 V, 31=8, 60Hz(2-3V>T<>

-etL^rufiiLZzo ^.1=9 novum uni, 220VW-I8* hxxx-enov 
t253-ltr1$fflLZ:„

L^L&^'-b, $5-3-1 12txLZ:->V 3X4= >=i"y hSiSSEffl<z>Si®t: -x v > r ii,
480V t*o-CV'^,0 CfUi, EE L Z: 3 ® 12-SilZi' lb <7)S1§"e^ L T * * O Z: 7)?, %i® 

Z U=iES L Z: L tz t § 478 V i 75 L Z: 0 •?- O Z: <6, S150 -> 'J 3 X 4 x =r 7 b SIS
SEd h 7 xx£440VT*E5eLZr>&*, 480 VT*E6L6LT-fJffl LZr0 WMilkCZfiffl 
U-DV'TtiME^Z'oZro -iroZ:», $5-3-1 1) 440 Vt='$S£LT 13v>Zz0 

^OffiO®gnov'r(i, EE, @##13 Z MV1=B#:|%!@W'? Z:. gfiLty'J 

3x1= X3'7 hS1tSEffl®iKt:ov'-CliFp1SZis*oZ;Z)S, ftS^Et&Z k"CPS: 
-e§, itoSiiicov^r 1)t^-cPnlffi* < t ^SE.LZz0

«i®EE®ft«EE8l±, #SE<7)SE1Si-eoSrj&A$T-e*i), f«Z:*f
"CffiJUE -B $m%#C)@#l:c v'-tkfFUSBfflk&Bo BEfMEU M L T 05-3- iUtjZLZ:,, 
SZ:05-3-2nai)gSEZ)'ib'>'J 3>^ >3-7 hKiiEIStTfOEf® =z-wv^aoaps 
fc^LZio 8i®-Z-7"ivli>-7 X'-n J; i)m§x,S J; t)#?315tiTii i), S 
gO#4r (7)Sii?$EE X XX Ufftlt g ZLTV'zE, o
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4-3-2

«E (V) ®ym (Hz) *1 SB (kVA)

y U =3 > -f > zj" V h 480 60 3 150

spjb-jrwmsxijxn
(*2 U — >^U—A^JtKlT7 v -\7r7 —) 220 60 3 20

H?u-> 220 60 3 10

BBE 110 60 1 4

## 110 60 1 4

0 V — V JU—

480 V '> V =]

IMS
mi

220 V

:mz
110V

WMIXU Atl - %T3»

• JuEl

• $111x1
• x77u»

• ■? U— >

• $mESMi

4-3-11 KIME
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(5)

(a) iSKS* ®PafI$) /6^>Fffi14»"XSHS.* (iZ-rliZTCttSHS;^) T

(b) >J-X£5§
(c) 1600’CdiSfi-?- i> iiJJle Bite-cab3 2 fc

±ie (a) - (c) rosftt5, &jis61: myd z 3 c ^ .

iWX$£<£UfV -^tc-^viTti, <h"<o$i
m#T t #E#nT# i: #x. f> ft & o

a%$Sia^6##i-3h, 6#M<7)B, S, R5''ff©itltOAfii4„ Z:Z:U£
(±B-e leoorflST'* I), R, S -eii 1600X311® Xs * S 

siE^iasEfflii, B^i'T'-e^ i5oo,cr*i)> ®(4 Moo’cgJt-c&^o zdZ-», p=i 
mi4^wzmftft6^\ ^tib 15001a±<%mSTt-e*3.

$/-, C ft6 l4#aTd^ai4#X t L < l4Eifcti»"X#ffliK,<7)A-r-(7)Ii]$t:S LT 
v^„ ->>; nW >:fy H/pESE®l*lgl5!4^i5ttSHS,4,'ei4*6^\ B-^-ftJ;

» - ,if y £ 1£ffi L T d A Z%14 »' x # BM ft 15 v MX j® ft * 3 Z # £ -b
ft£„ 4z<niztb, iSSE.-3^6-14*Btg14*'x *T*j$JirT6g& BE44 £^

JISft##t3Z, -E-ftBWd;%14»##L4:. IMPS ft 14,
y ft ;V^V i,Jy’)AlV5'>yxf ^dBEZHISffl Lftft i), ft ft "bd BE

*fftonft1fcftL*:„ Lfttiy ^ 'J ft ft A^.jo 4 XI9 ft XX
ft ft$^*&o ftdiftftft ftftXftft ■ 1/ - ■> a 4i'2000'Ctil±d®S"e7Fj5tt»"x ft b 
Btc 14 ftx * ftffiffl dJIE Z FFIB ft f# T v > 5 0 4z<ntztb, ft ftft'ftftft - ft^ftAftftffi 
4-6Ctt LZ-’o

■>')3>R>4 L *11

'1 -ftft& < .iSXSk L < tiTEE-e^MStiftx-e/t- ftftjii&nTilg ft 1" & Z:»Ift ft - 
ft#Bft LZZo $^t:ftftft/<-dty h (cov'TI4, M^Xftftft (NW16) ft-f£ffl L, 
-t ft ft —') ft ft'ftffldT* 7 ~f') y ft'TKA&*ft1fv\ -t 7 ft -f ft ft"ft1?3 ft 4 ft ft

LZZo
tZftSrEfrfK-ftV'-m, -f ftftaft-ft-ftfflV'TKMSftfTV', fiogioiZ't‘If 

-9 n LZio SftFTr'Cffitf.B ft ft Xiiz4 yy^-U-9-i,z(tWl0&
A-iAtifZo
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x70>-f a-^iL
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500037.8
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4.4 n--y h

(i)

-> 'J n y 4 >n*7 h-BIuKn ExttroiifNiSsF-^iSifiL/co 
#t:fiiSLTSE-*Si6L^(7)li, - ?-C&Z,o XS-^y ')^>4>

n'y SS$IBS)$£ S < U t

-E-S*$*6o
$roEB<7)#ttUoiiTfc&S6&v\
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(3) '>’)=>>'f> 3*7 b
( a ) y V 3 y 4 y 3*7 b EiaO?#*#

(-f) B69
->v >n*7 hSiisE*st#i--E,tutc, %mt

4/c»tc, E#4 LT b 7 7° 7 y F t - ;v 4 ffl o r EiiitSK k t£S o S2 4 *;tt L
tza

(n) *###

SiiAiids J: 3.3$^%3.5$t:$L^m#h|B]#t: L
*0 SEI±@3-3-1 12^LZ:^]lj:|B]»"e*iA SISSt/Efi-t-^vTIiS3-3-1 ~3-3- 
2(2^LZ:l*l#r*#LZ: b 7 7*77 Fr-;v)„ JtiSt/iSlSU-o vT
li, 3.3*0 (3) ICtSLZ:J: 9 12LT, UMLZco -f-OlffioSi^f^^vvTli, 3.4# 

£ J: <7*3-3-6 i:^LZ4l*lS"e^SLZ4o
B, «9. Sto>*7

■b 7 b (#il kStFrolSSSSCirtv** LTftA L, ^*4® VG@EI
IMStW 4A'L$$LTSE4^iSLZ:„
'J 7A»"x-e<%£Pf , T;i/3*y»*x-ef%£P4^i6LZ:o

y V 3 y 4* y 3' 7 b EiiUH LxmiMb L T officii&t5'oZ:„ #a»F12M&#^7
§ Si&Jt 12 $fc$7(v£ L T o 5OZ:O-C7-.3.7A4LZ:ZF, -E-tmE

y 0 3 y 4* y 3* 7 b EiSd^iS^StUisit-BiliaSE k HBSlt 4 04-4-2 ~~ 4-4-312 
ZF L tz0 04-4-20## (2 jo It & B#SJ (ill El 7' n -t x 4 PJte L tz 8$#J 4^ LTi'-E-o £ Zx 
ESti 12 £itliStSUSBZ' 6roil@#B5-e4il$LZ:iS54^Lrv>40 0 
4-4-3O##|2j31)6#E|#$li04-4-2O#g 7 0$g$Z *) ilSilKli,
9.2 ~~ 2.2 X 106m/sec (0.55 ~ 0.16mm/min) fcZfo'CV'40 VMjSIIHiSS 4 LTiiv 4.4 X 
1 OAn/sec (0.26mm/min) X'fa&o 3£ 1) iSV'-fjl t Zc o X^'i0 X fUtW.%fr¥f 

b 4A'L^EM LZ:Z;ft 4#x b fiZ>0
$f>l2EitLZ;y'J 374* 73*7 b 02FX4@4-4-4l2* [_Z:„4-@ES LZ: y V 3 y 

4*73*7 ht2-3V>T, ±BOilE i: OL T -E> 3 T* y V 3 y c> ii 1 >±Z? i) ZFIE e> itZ: 
too, -eoiniosMiAiiRgs^^ozz0 $612, ±B%^mBi±0;i#'i2#m^m£4 
7F LTv>40
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lcov'Tti||Jit^F$lcS66"i&o

(n)

js J: (a) t||i:3Ji)i'f,3.5$i:f
ft-C%m&nMLfzo ^Eti03-3-l
ti$3-3-l ~~ 3-3-2 Ic^LZcftST'iy&LZco ZcZ: L, g#li/3-y>#,Jy'j3>

K) &{$/§ LZc„ JtigStPSl^vmi. 3.3$to (3) ic^ LZciii:LT, 
Sli&Lfco •eofffioSlMrfttCT-vvcli, 3.4SjsJ:^3-3-6tc^LZcftS'CSgife LZio 

ttz, S$0*7-by h5r (a) J: L^3E LTHES-Sil LZc0 (a) t0#(Ct
4-0 & ^ v 7 a ay,-eitipt6 r ^ , r;v3'>*"x-e^£pt

^i&LZ-io

(/') ^Ela$
-yij 3>4 >n"7 h$Zjit:

(@±0^5®^ tt&ib&ZPoZ:
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75 L 7^0 04-4-50®® 1C jo It-E>BfWJiiig@7‘n-t:x Sr Ute L/•-: BliJSr 7F L T v>ao $/-, 
E® tc jjIt 6S 5 liilSSM*'<b o;l@%@ $ -e ^?1^ L Z:^ 5 S-7F L T v> 5 „ Z 
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7-t;ov'T t *$IELZzo

(3) * y - y & J: js j: (7r 3* > ^ co j- - -r i- 'J f 4 i:ov>tE
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1501/min -effiliU T^nAlCOV'tli 201/min ?#$& ? tl Z> Z. t PME ?£fZo
(4) y'J3^>3*7 yaf 9At:

i WrtSBT 71/ 3" y »"x^(7)E*BiJ@^tecT6^%
-6 c: t tfttB? §

( 5) v 'J 3 y ^ y rfy h mmmmiunimir2 !ES@;U v')a>4'y=ry h ^
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(2) y V 3 y-f y 3*7 8^67 j:/\-l2T6^ T\ SI) •
S$i: LTti l05(l/cm2)jy.TT**5„

(3) ttztbizn. sseaiiimmm±t-tz-b»
(4 ) ISalifittEiaaSSolt^y y f A t <o <Z>SS

Bifieoi^SjWfk-tL, i /2|5S*^» < T6 !£beM£%1£TFSltl" 5 0
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■>'j3>o^7 b3121-3.
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(4) SESrWfc-SgBSt LX, 1 /zmtotiEfilOBvTcSSSrfflV^
(5) ** • 7 7i/3-y#%

j. r i; o v ^ r 14 Sf/; t; 3 y 7‘y 7-t - 4-it T 4 „
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fl-eSTjot), $ z-jlt 3 y & < S1ST6 6 t t^ISST § Z:0 i/yt
7-12-oviT iIDSi;f/bS)/nTHg*C i: *$|SLZ:o

(8) 7 y -yj34[f%#*43 4Cf'7;i/3'y#(T)3.-f < V tz (2ov'Ti8, g%cof$
SMBKAo-CisiK < BUT6 7 i: *s$lfg-e § Zy f%iP*12ov>r li
1501/min VWM L, 7 JV 3*y 120VT14 201/minT#$&5tl6 Cl t t)?$|ET # tz„

o) ->u 3>iy3-7 Em##a*Et243V'-cTmom%#^#mL. 7379^12 
fioTTt yy<-i*jinS:j34ui_i*iS7yn'y^x^roETiSiJW^^ilnJ i£t:% 
6ctm#E-e#Z:o

f tzmM^maimm^^LtzBMii t£>h tarox 112^3.
(1 0) y >J 3 y'f y3*7 hE®SE7>l;i®li440 V t5> 6480 V12EE12 & -otzi)K Itk 

(7)Sill2ov>TmE<OESli^vv f iy $ig&U
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XS7 9 y-yirffiffl 's7Zi1zM LT-tr 7f-( y 7'4-fH <t 7 i: L

tZo
(1 2 ) -> V n > 4 > =fy b Bill, y'j3^> rfy b
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(2) y')3^^7 h^t)PSS-|6ilL,
-7^ y $. cb 7 it/ 5 liiillM15 soppbw E J: V20ppbwEtti $ tit v> 
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190ppbW7*6. tfz4 y h J&S7*6*?47ppbW7* 1) , 1^7 bSS 
7t$^#g^S& <E£ti£ii7V'60

(3) #### Z cb#@l(5-3 W7 t it $8^, S£(i
63ppmW (SEij) J: *) 334ppmW (SEE) $7±#L, £ tz 7 lb 5 12 22ppmW 
(SEml) b 54ppm W (SEE) tiotV'io it/E ±g|5 fc TSB7$citS li 
±#L7V'6i6L 711/5 Ic-DV'TlititllBlCflj: ^orv>50 $L(5SEm(A@ 
(5jrt$jf L7, SEE7)711/ 5 li20ppm W~ 30ppmWfSSi^ttl L7V'6. f|fi!Jt5do 
l-f L 711/ 5 <0)1$ 7)?@V'. #^100pprnwm±
* 0 , 711/5 i> 500~600ppmWi¥6Lrv>5o

(4) 's')n's-i yzf-y bEtStg^J&BJ: ►) 30mm ~ 140mm <9 Pal7i6j < & o 7 do (K #

15 iS $ 5|6] 7 60 ~ 80mm H9 (CftS®Ci k° - 7 £ 7 do <9 , #S7l±250/,m$7
jSL7l'6. f lUt/J'fitA t”-7 (coV'Tli 100 ~ 120mm <0*7t: 0 (5 # til *9 , 
50 ~ 120mm A PF) "CE|6:g/)5>' & < fc & 100 pm^lx.tV'S„ ISSMBflT'li
chSIISJ: t)iS< ^o-CV'io f ftSfl.
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HEM l t) 50mm t -eEtfcg^'IST LX a<0, 50 fim&rx-hi o t$l?100^m 
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