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A7k 2x g€ JtAE a2
e Be Z2A A 714 (process tech-
nology) & x#&d, wEAd Fx Az
o) gdolA EEM A JtAFE (process
gas purity) e Fage] wj¢ Atk Fo
3 99EZ (contaminant)e] &£
ofd A B X eb-& vk, ICA 25 ¢t dlol5
(Wafer) o a7 =& “dahd
(chemosphere) " of oA 7153t
% 99Edel glolok @rhe Ao muy
Ak ZR2A & 7hae] QoA A7 FF
(level) 9] ¢1# (particle), {la_/,\_(ox—
ygen), #¥ (moisture), F£EdH
842 &&3t= &4 (carbonaceous
material) o] ¢FuF T E (aluminum
film) o] HA, A7 gAM (epitaxial)y
o] A7 (deposition) 7 47K growth)
silicides) 84 1zlz metal-oxide
W e H] (semiconductor) ¢ AutAQ =

3 BAel AoiA wheA shx] R wsK ch-
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60/ FNAAR7& A3H A2 5 (1990)

system) o} M7 a7 HA &=
Fastte AL 4y A& A

ol2] 3t A& ¢lAslw A, Sematech
= 19889 69 mExrl2 (high-purity
gas) e a7xdg w
Carbide Industrial Gases, Inc.

el

Zx17171 €3 Union

(Linde Division) # E-& Az}, o]
Y9 99 (scope) & g H

&, olzEd 49 T,

43 d&, &
Zt NaH g A%
A7) (purifier) & 7}~ 74 (monito-
ring) A| A8 ok ofzl gdEdE FH B
WAl 28] (¥ 7, 713}7] (vaporizer), A
EEF )¢ EdunhAzdle  ZEsa
TR 871 At A slad A Y A
FaRAh @7y Lindes HX7|7 F<ll
Al 28 HAE A Esta, A FA e} 3

A ANx" HEE 95 Yog BHL
Ak
Phase | Year Maxilr(mglpé.r)npurity
I 1989 < 100
1. 1990 10
I 1993 1.

Table 1 : J&EX I} ALSH0IM TIAE T 0l

st Sematecho EX

AR A AH2H (point of use) o
M Ntadeze] #d (level) o]
oA gt o] A2 M H o stttm
Z2AE vl A 2

Table 1

Sematech =

Al~8le Phase [[ 4o g2 nZ&xgrth o]
g2 g BRE AHGn dA% BT
(certification) ¢} o 3 Al R-AEHE A

N2de AT s

°I~J

g

2. Mz01E

SematechZ &3+ LindeZdE
ppm(parts per million) =
olstel Fx2 AW B&E (A Fry
B2) & e AN AR D, 02,0
3 AA 44 (liquid hydrogen)g A
z38}7] 981M ALEe T4 (cryogenic
Apgtet,

2EERAF ZHE FHF Yy AS5EA %

Aot e BAAQ] =M= JEE HA7}
Fd AFYAFAY FFE LA A
A=At

1) A& 7kxdEelA Ao B ppm
g b (e, 4%, 22l F
gfatAn, 47 AAFH =2 Az
E olg ¥ 7t2E5e 2EFH o2 FFHA
g 2y, AAed dA o] AL
o2 B ppmAy £ i, dakstEa
gfsth. ZE
12 ¥ 48 (total hydrocarbons,
krypton, olatsletr, FEF)
e ARt Fdidol FHolA
ZaA 2o osix HLer
e} ppb(parts-per-billion) A=z}

e
(s

H

¥
il

{

separation process) &

o2
frt
Lo

P

il
B~

i

i

(carbon monoxide) &
xenon,
FH(dis—

tillation)

A ZaAd & dth



8 71HE 7t~ (Ne, He, H), d2, 18
I AABEAE TR g
A¥HF o7 200 ppm(0.2%) o] 7R A A
o
AL 7R FAHAM, A2 §
Wyol Ho FrigdRe SRYlAdEAA

HA &3 A 24

ofEEL

pul

carbon T gz w2l oPgEA (o)At
k2 ZO e

lation)o] <kd &

Ul=

2L A )9 A (accumu—

ol FHEHA @7

uj Zell, §x2] A=A (adsorptive pre-
purification) ¥e) EHgor Ho]
7be o] RAERY #F (level) & =3

371 Sl A A" a Aag Puje]  zAFo
A E A Rz, dslibie] ol Aslurs &
= 2E 100ppbolsto]lz A Ro] d&

(methane){l total hydrocarbons}

o

——

fre oF 15ppmojth dstadbs T3 A
o= ¢ 594 10ppme| krypton# xe-
non-g -f-3tch,

§ z& hydrocarbon s o] Ak
LRSS A7) 984, ==
kryptonz} xenond] glelA Fu} 97
AtFE e 2n

purity) 2tAE A=z

oz,

&% (ultra-high-p
7] galN FHQ
A &&5F (cryogenic distillation)
@A e & WHel aFH T A3 AA

7] (purifier) & Atgsle ofzz3 o

K
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rare gas& A Ys hydrocarboni} o]

AEE2g AAE F Ak

<]

(3) of2 : 7hE S8R Fe otz
718 A 28] o oA 35 7t
g 3 (recovery) 34 Ahist 2
B0 § EEES 2ppb £E7HK] 7FaA
of. 28y, AA (refining) & |
AEA " BEES FHA & & AUrh
= Aol Aozt Ayl W Eel 71FEA g

(crude) ol2zoz R¥ Yo JAag

o
30 (o An}
ol 2 b ol ol

8

A

S

8= Aol SFEAE 44 or =3
eth Aol AR FAF T da
Fote] wrgo] Wog AUTE B o
27t P =Ao 7 HriEth 1 &F (stream)e g
A, A, 4 aRla ol AAEE Akt
Zafj 4+ oxidation-catalyst bed)2 =3}
gt o] 5Fe] Akhdwe oF 20ppboldl, 440t
AR gechd vge] tehdx] mes, ugel
FEREA U v Gisle] ddas Ha
ol xstetAvt Vel R mETh ol abste s

¢} 4282-2] molecular-sieve A =Eo)

4t

Jo

m{m

wad 1 5§ dppmrtA AAE 2l

4) 2 : 2 F (helium) 5} vl2(neon)
g A9 sta FAFAhAA ofm JR FHu
€3 & (solubility) & 100ppbe]&fe] o},
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AzFZe) A43A4x dmsr] (liquefier
heat exchanger)o] Zu @ wgle
A&7l AEte, FFHE 58 ddy AL
F#E® (cryogeuic adsorption

trap) & Algale FAH T}

3. HE i 235

Sematechg& ¢ 714 8% a7F
27L& a9 AZ Barna FAA o3
A AFL Wigste T34 Yoyt
HAA, lEFAdFd g% (impurity
level) 7t Zristert, wd agdd a9
@& Zvlele olu e B0 BAN YEAE
ARl 98 A& ok 1 meage
Ab8-go] 3.5 x 10° £t® o]y Sematech 7}
obd che mAGA Tl B Ag P2
Mg Zete Ao FRAAG 440G
2498 (trailer) 7} Ag9m, 24
FEe Fg #4887 AN Az2IF AR
Bt aAFFA 2] 55 o A
£ (sampling) & o}

T AEE AAAN 2LEF=E vus)
H3 #E5EY QN FAdes T A
olge] githe g Atk (F ANl =
BAE 20ppboldtyth) aY,
2l Mg 2drEre T4 A gadMr
o} F3lo] zithol ol HF 13 ppb Fx|
W A3 20 ppbE oatA stk 2 W
welth m FFele oA ArE =)
k5 ~10ppbA ] F7o] A, L¥8%

(o
i

g

o, 7HssE dirle] 2dE 2387 9
A E4dEA FEE 2 dead vol -
ume g 7k g% i:ﬁ—:ﬂﬁ] 2% (hose-
purge module) o] Sematechd) &

HAh

4. 7l23F A2ad

Sematechso] Al doA] 479 Wz7}
28 AFstn FFe A2l 7tAsEE
TR FAY AAA 7 YA (particle)s}t
fle 7hag e 9aAM dA"9d. 4
A 288 ozt d=Xw, Figure 1of =
HHo g2 yehd Ao] MY Aot MAW A
A3 AAEE A AT aegzg o
T BIE AAM, A BFol AlaE
o wiA % 2P A ol RE GdAE
AF ok

4789
(stainless steel) o2 ==¥ 3, A

Ala~dgle 316L xEjold ~7}

29 <& Aol (cryogenic inner

container) 7} 3dd A% B3 E 7
1 ¢t} dead zoneo] B B3] A4
HA7l d&ell, 25 sto] Tt ofjel Ul g
2 Agol Alole] AY# = (seamless)
selZw E3k 316 L A @ A7olth E
so] ol WB FHL Ramax,l0pxin o] 3}
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Figurel: M8 &9 Sematech? ﬂ—i—E?Pﬁ.

H&n SEMAH

9] electropolishing wu}zte]t). Sem-
atecho] gxs}71e] A, B93= trich-
loroethane s} & A4 o 0.2pum 3H
2 o3g DIFZ Y73, 0.2 myelz o
e AL2 -40°F 9] =¥ 7R HEAZA))
= e A3 =z YR

7 FEA LS T EAYstae HoH
F2Z EE F A= AP Aol Ry
(vaporizer) 2&g ¥gurhol nge
AMY 498 FA-E 27 f8l ¢FuiEH
£7] (aluminum finned extrusion)
£ 713849, 4E71= Ra max, 10pimclsiz
¥4 vislsn electropolishingst 316L
28 A 27 K91 (tube) o 37 Q4=
o] Atk 7187 HA7A = <1 particle/

ft? > 0.1pme £¥714 fitering 3
NEE o2 Evtae HA oty AF MELH
(orbital butt welding) & ALg3)A]
A Hh

713718 A E,
otz FAVAEL FRIA JL e

4379 29 EZ (active contamin—

zaAx i, Ak

ants) ¢ oo & (residue) & Al A &7
AsA AA Dk 53], A2AA Y] (purif-
ier): 25,000ft?/hre] gjgZo s 2
A st EE A
Azt e FEANAE 2447 half-cy-

1 ppbol 3R ¥4, F4,

clez ##e =M AFas F37] (ad-
sorber) Al AEIQtel A FPAT. FAG Al

2"lo] half cycles] E3E 589

oiff
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AT AAA A2ge ArjFes slg"n
sttt go 2 of f-streami) ~®e] m=
o7l BAE 589 AR (% 2%)E A
&3t A dEth 2 FEE
E AV g e AR 256 mae
7147 (heater) 7} Axz

A% s2E 7he F37] A 2do)

o 910412

AA"E A&7
919
SEE YZ4E F E AANDEG 189 HX
7} ASd T o] Al2Hle 247 BlE&EE e
SI=E HAH Aok FFA 289 718
A 7= ¥ & (reserve) 7|zFEt =
A717F 8 &kx] ¢br] o &, o
AAE A AR e T2 A29E B4 50k
F
289 AA7E 458 L%
A &u) 43} (catalytic oxidation)‘

RE

o] o5} 4] hydrocarbong =

Zg2A 2Fe dase: T FAE

AARG AL A FEF ol dgegiE mo-
BN

B> _V_
x]
_ﬁ,
9

lecular sievese] H€go] 93] A|A
olRE AAIE Ak, FEBET ojda g

Helolatz
10ppb) @43 o9& S A A
zZt AA 7 A28l sEds, ZFEIa
&l YAANA (particulate rem-
Y3} stz §F F% (surge)

g £837] 814 S83) AAY filter

oval) &

module-g 71X ;1

ATk F&
contral & ¢3) 71=¥gw fifter mo-

quality
duleg& electropolishing3s (Ra
max, 10 ginolsl) 316L x®Hlzx~7 &
el 8¢ (filter housiné) , Y
(tubing) s 270¢] purde port& 7}
A WHF e ztlh 2 purge port
= VCR fitting (Cajon,

lok Co,,

a Swage-.
A}-8-gt
o 28 % (membrane) A& AL A F
o] Agst Aoz HAdHA}E 0,003m ¢ A
(particle) o 239 2 &S 710 St-

Macedonia, OH) &

b

acked-disk #}E#A (cartridge)s}
JpaA| 2] AbgE = vhd

- e

0.006um YA
(particle) 23 &g 7Idl F8% (P1-
eated membrane) FlE#|Al= A4, of
23, FaAladd Algg"d, filter ele-
ment = Semateche] E3xo] =23y =z
SAS AA 7] 984 Lindes) sjutd
raoA AL AATHA AF JFYS

AANE A A Wdrhe] Zzayge.
Phase I %%& 2Asted das AUA
Fulg fifter A zdAe 34 23

L4 o
r°l'

TF A2 Bl gL elec-

iy

tropolishingst 316 L x®lelg A%
4 Félolg (regulator), isolation

and bypass#ig, H$-H9 purge-port
fittinge 2 745 prefabricating
BLE

g ¢t¥ reqgulating moduled]



FAED, Z€ £ FL Ra max, 10pin o
sl ERvi g et 2EE ol2@ 9
glo] AE vlE 84 (orbital butt we-

lding)e] »E shop prefabrication

T HAzHAZA (field-assembly .con-

nection) o] Ajg= ),

5. 7t22t] (DISTRIBUTION) A| A&
N2 e Ao Azstan AA
& T Yl E A Fol 2FEA 20] Hoy
A A Wi 2E o A7) gioh vy,
piping&ujr] ~=le] MA = Sematech-
Linde ZzAEdA Z a3 20t 54
o A AdFE APodd L glln A3
LEE HAGEANES MF A28 A4S A
AEs= Aot
718w A" AAE HES £, F
At AXALFe] AHEE AR Z2AE
€ A% B2 AA7 oj ¢ tightst 340
%371 98 vlE FESHEST 22y Linde
= 27 AA S Adda, ASAe Sema-

tech Selsich o8 SoiA, AN 5 -

¢H A& (cleaning) W& WAHD,T

& A #A (cleaning agent) & Alg3ich

- O, olnl =R FES FAPES F
%Z¢&(leak rate) & FAJA}. X =&

Aleke 1 x 107%atm cc/secqict AA=E
EE 3" 282 1x10%atm cc/sec
ol &t i, ol&= 1 x 1077atm cc/sece]

FIA F2 ¢ AL%S 23U AT A
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107'*atm cc/sec o]zt F
82 M @A 1 x 10710 atm cc/
B3ay] st @Az
vl 2] & Arh(E Al
A agA 2 FEE&S detie AL g
29| AR A HsliA Fastth)

AA Wl # A o Z2AEE 9]
FAE A AGH AAE wgtth

, HAor2 TEE HATIRE AL
g1 class 100x73M RE &3S
Aok A&, F8, olisgart 10ppb o &t
2 {1 particle/ft?® > 0,1 umz o}
& A AFHA77] A AYE 7t
G 573

EEES

O BZHE F

i

2 (regenerable gas) &
o AA Atgele 2E

pineoldre] FH wizhet
ing 316 L ~HQ# 27o] HESE 373t

= 35 (o]
EE 52

H.Zo] Ra max, 10

electropolish-

“microelectronics ser-
viceg 93 {7184 A=A (solvent ci—
eaned) ” o 2 Fuifm, Ffe) FH FF
AoA ¥y, fittings F9$u18 AF58)
AT H 7, 2
ARG AZAAE @da Fasiad, 2
ek 1 2E e
purchase clean,
ean” o]tk

B st FARGE Re s 9
2ol
Vee 4 vlg A 2dg A zstdA AS E

EEZzaoas A

“«to design clean,

and install cl-

84, Linde AlFEe HA77HF

o AFFT o] testE FE, Ak, to-
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tal hydrocarbon, {Jx}9} go @&
S 971 A% AAE o2& FHAstA HA}

Eggn O 552 zrge] Ao w

LD

23 ZAAXe2 5 AES, A2 4]
Zol A

P Al A7 DoAYy
, 3 2E (lot) o] RFeHoly
oka 8¢l (metallurgical) EAI7t 4
el =E2H AT AHHA A
(anomaly : A #o] 2 F<£ bead)o] &
&3 FH SHEAN A=A

t}, Linde Materials Engineering

Mol o BAHEL

s

% testing

3in &

Laboratorydjx &z 2714 test =

anomalys} 28 =& Z¢ (calcium),

dsulEd &g (sulfur) & stz Ao
= AL AH g A kA Linde £3

n
(welding department) o B EF
o 79 83 testing3o] anomaly-—

HLHUAY A=
HHE AARAAE ddth dds], tests
anomaly7z} ofd FxH J gl glrh=A
& Ui a3z 878, |54 e
7F Z2A A8l Aty

formation®gse

Rog A FeHa
HAn AR FBE
ARt AHE-H A T
AH ] FujA 28le] 998 oye A
# Alejze) QlolN & Wi HETh o2 Sola,
H3 7t 2ge) F SRR (HE )

2 Atz )= 11,437 780)th, 960 ft2 o)

= nonprocess line

% gHA (internal surface area)

S R AArAAEle 4337 WEHE Egst
I, ol Ao 237/e WEE zhy, A
& 37e BB, gd3 FEAX

22
He 18874 WEE SR

i

6. 7la 24

7t BA7I S A 29 o] F&oltest
EZX 538 & A, @ F (on-line) o
e staered BEd QAo kA% g
HHRAl 2
e B3] 8] ATl 49 (%25,
50, 759} 100%<] ¥4 ) HX olzZo =
oz g £4& Ath A7 FdF, A2
] "rjje]l A4 (point of connec-
tion)oja AA AEFN2Y BRESE AAH
A% A xdo] B4 7HEEW, A" 7

Mo

o

Jt}. SematechzsdEZ 7}~

A= AL 7tx ZAA2H (Gas Monitor-
ing System : GMS) ¢ 95} A% AR
=

1) 47 (Analyzer) : o] J7&9
3 Ad98 247] (Table-T )= diF £
‘A &Hol 1, &El (on-line) o, A

o] 2482 %48 (single-impur —
ity-measurement), 7}% 7% (sen-
sitivity) 7} €& A (instrument)

ojth, 22T e = Linde 487 A

Fo| g1} proven track record #X]

aL
2 =& 10ppbe FAFAE 717 3
877 (galvanic cell) B47]& A4S |
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Table I : 253} {cer-

Application .
( it Anal Princiol - Limit of . . '
mpurity ) Analyzer Principle Certification | COMINUOUS| Detectiona tification) ZAE
) Monitoring g techol Al
£ 8 ematec

0O, Galvanic cell X X 2 or 10 ppb ub
H,0 Piezoelectric X 10 ppb SEIIAEMT) (gas
THC Flame ionization 10 ppb analyzer)
CH, | Nondispersive X 10 ppb

infrared
CO, Nondispersive X X 10 ppb

infrared
H, Gas chromatograph— X X 10 ppb

reduction gas detector
Cco Gas chromatograph — X X 1 or 2 ppb

reduction gas detector :
Particles | Laser light scattering "X X 0.1 um
Particles | Condensation nuclei X 0.01 um
aLimits of detection are approximate, vary with analyzer, and are improved by
signal averaging to reduce noise impact.

24 sted Abgdthol AXE & &5 (si-
lver cathode), potassium hydro-
xidedsj ¥ 7 cadmium E=E g (lead)
¢ (anode) o2 FARY, i M E7IA
H] ]
A9 A F(galvanic current) & do
=2

10ppbe] e gAE 711 44

4% B47) (piezoelectric quartz

9] % (concentration) of u}zl

o)

crystal analyzer) @ 1%

AR AxdE txst A E7t2aY FEEH
Hlugth, AR A S §718 Wotgels A
(coating) ¢l F48 2 o8 F7ig
Fe HAaE
quency) 2 Jehi, ujg] 2Ad #% &
Tl o3 stxol FEZk A T

A=4 (oscillation fre-

W g (methane) o 2 pypd total
hydrocarbong 10ppbe] ¥& &xH 4]
717 3ol &3l (flame-ionization)
M7= FA w0 2 7hagdA e AN
g (fuel) 727t B2 Q&A &v] ARA
10ppb 9] BAWAE 7k Hl#EE HeAd

A7l (nondispersive infrared

e

He

2

e

continuous analyzer) 7} ARgg o},

gy gx4e vl carbon-hydrogen
o ol AF ol @A s, ttE& hydro-
carbon ¥t} ¢zt ¥ iRty 2 o
o hydrocarbonel &8 og BAEHA A=
t}.72)u}, hydrocarbon E4Eo] ZgAx 7}
29 vepdd blge FAol qlo] AEHe]
7] @&l oA E EAI} of T o] N5 '

A EF

LA

10ppb &4 &4 & 714 nondis -
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persive infraced analyzerg A}&&
o &7 gtk.

0]‘5_:';:.11

Z, A, bkl o] il gt
shgde shd e Ve A8 & (mer —
curic oxide) <«39] (reduction)
ZtA” gRZ1E 7R Jlas mazutEas s
(chromatograph) & ARg-3te &4
AEL FLEIIE A AN TtaE

BN ES Reom, A4 FFol o4

249 Fadt dastad @A & 2z
¢k 103 1ppboldth & #HAE 9E
A2 A2 wheata] gy Wi gxH

VETh A F BS S JIA,
dAslets = mathanation catalyst
(&) ¢ z}dole3} (flame-ioniz —
ation) gx & 717 7lx azvigEaag
o) 4.

Al gdel, o] A& Fiel Fgg
A ge Aoz 4z qA7ts gAY a=
wlE a2l g7 on-lineo 2 3At)
AL garstgsd = 2 ppbe)
AE Zerh

BEAYg st B dAF A S (particle

o

N

a ve g g

AT W

counting) &} & (classification)

= 0.1 1L.0gmold7tA] dAE AE
laser counter & A4 stk A &=
A NS UL GMS Faet Aa By

(panel) & ElRIgtd oA 2tE 3t laser
4 A

(particle) & &xjslx= condensa —

counterZ Atgsat}, 0,01 pm7ix]

tion nucleus counter & 2549
EE GMS @] mat AbgHch  (shuk
F2d 7bEet Al 2"l gly] wf&Eolh)
b2 A} A 2E kel A FERe

7
z2A 2~ 712 AEsE compu-

] ok

sl

A=
terAlo] 7ta Al A2 & ARSSIA DA
o Bggol A%slA AETh GMS B 2
Semateche] W @ Fz7d B&gsty] ¢
3] Lindeod] &&] A=, MEEa v E
o} Atk

#4719} sampling Al x"le F7is) A,
7} GMS${UEX: on-board STD BUSH
8], dlojel concentrator 9 A FH,

3499

E47], " BAoloA (inter —
face) 2 A F3= dde) I/0(input-
¥geith 2 FUEE ©)

olg} &9 (reduction) 7} RS A

=0
Eas

output)
telephone modem, local console,
=g 9 pc(personal computer) f
Ao g 7 a o

GMS = electropolishinggt 316L
2818 &7 ¥-F (Ra 5~ 15 pinF vizl)
buttgd Fitting# purge-port ¢
29 A& Z7 d B EujA2d] (dis-
tribution system) 3 A}t W B
FNYe R 2FEHE 92s=(bellows)
Elq]ol, dead zoned} ¥Z (leak) &
glelvl $1sl s n# & 3ch particu-,
late-sampling A] A8 & 23

inlet jetel ejs] EM7lel A%

rO



[>

=- =
o=

o

%l

of

sk,
STD BUSYole} 853 AES P 7Y

T Z2a89E AJlE(BE g =& 0 F)
o el 84771 AFHo =z AAHA g
+5%% (calibration) & &2 s34

FNEL +£% 2% (manual adjustment)
el 0 (zero) ok A7t eulg HES @
o F52A T3 /15ET 28 $49 bo
Bl localy remote Elnmlde] vjehdol,
% AR (purity alert) s} Ajx¥ ¢
71%s (malfunction) & RS-232 modem
interface& Esyq e Fold x|
Bug & A1, et Alzrd J3s X
2 (cumulative report)= uj
b ogieh

PC(personal computer) <A 3t
FSE AA R A2 FESE S

£3d softwaresg} 74 (configura

&

W
2

m ok A

d

i)

=
-

tion) slelz mo} itk ade ARRD,
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Tablell: HZ 225 24 | (mpurity S Proc et (e
Nitrogen Oxygen Argon Hydrogen
o g o, <2-9 — 2-7 <2-6
H,0 <10 <10 <10 <10
THC <10 <10 34-51 <10
H, <10 - <10 -
CO, <10 <10 <10 <10
CcO <1 <1 <1 <2
Gas Product (Particles/cu ft) Table V : 2 5{H A FO0|
Particle Size (um) Nitrogen Oxygen Argon Hydrogen2 U= M= 2=elxl H|
e [=]
=20.10 12.4 1.2 0.6 0.19, 1.5 '
>0.30 0.9 1.9 0.1 0.04, 0.4 £E9] 23t
= 0.50 0.07 0.04 0.01 0.0t, 0.09
=21.0 0.00 0.01 0.00 0.00, 0.04
3Two hydrogen lines were tested.

TEEAE A=H, E4717 M5 den
gt o F.
Table MMelA BRFo], oz n=g

ol
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[
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i

50ppb#3 =9} hydrocarbon ¢4
UeRdTh o] EAlE wig® ol=Zo
R, °] 7tAE Aol o - gE
dEZRE Fg45 1 ¢tk hydrocarbon
Fe a8 A
&9 vl ¢ N7 Fge) 3 (flame~ion-
ization) gw AMge] Z|l&A T, 2e |
ZFAEE AT 4 gl
2 (delivery) Al 25 &
ol A gelde F2 FASH AAR
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{5l Folzl Ao dd Aaldl 71
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2 wA (internal area)o] 960ft?
ot} vl &atAI Wt o] 2 AlA¥ Tohoku
et 3 SUE (UiRaa 466£t2) 250
o] 15.5ppb& AxAI7]=w] 500A17H(<F
33) o Wad y, Sematech Ajxgle
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£ Frlsted AHEE F JAEE BaE A
th e & BEoA ®Ba FAH stamEA a8
o Eol staeEd FE 9T oW 24
Hol m FAA HAA(trouble shoo-
ter) & ICA =AM FHds BAETS ¥
3l4 (variability) 3 3 83t A1A
g 33 # Utk

5ol &t Aadl tis) &35 GMS
d)¢]ele] o7} Figure 39Jx Figure 6
7R o] JEbdth Figure 38 didsiga
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7] agwEasze] ARE BAET, o] FH]
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FAA A Az W 5 Euink o] FoiQ
o, aat=e A @ & Adxol, #4717 44
sletad]  IFxz uzER g, dued 1
ppb @A @A ol SIFAE WARA
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A, md gEx
gtz vehx] sketholgA Iz ve
dAirstebsghe AA7l (purifier) of =

7 (calibration) gtel

Figure 49 5& ztz} wiga o|43)
B4 v B4 A 82471 (nondisper-
sive infrared analyzer)se 594%
¢ AFAE et ¥ & Y& S 3 F35 sln
¥ F524 (calibration) 7t 71&
A (baseline)o] = o149 4= 917 W&
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gh, ¢ 10ppb noise bandr} vge] 1}
b, ojitstelidl s okt Ao
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