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Table 2. Example of Pure Water Quality Required in Semiconductor Engineering
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Teble 1. AATUE 2259 44

3 = ASTM SEMI
8] A& (MQcm at 25°C) 18 17
v Y A4 (max.EA.ml) 2(1um ©]4h) |1(0.8um ©]A}H)
ute] 2lo} = (max.EA/100ml) 1 200
TOC(max.ug/1) 200 75
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Device 64K 256K M M 16M
Resistivity (MQ <cm. 257C) >15 >17 >18 >18 >18
Particle (ps/cc)>0.2m 100~200 <50
Particle {ps/cc)>0.1xm <100 <20
Particle (ps/cc)>0.08zm <1
Particle (ps/cc)>0.06 um <0.5
TOC (ugC/M) <500 <100 <50 <20 <10
Bacterium (ps/cc) <1 <0.1 <0.05 <0.01 <0.005
Resolved oxygen(ug0/1) <100 <100 <50 <50
Silica (2gSi0,/1) <10 <10 <5 <5
Table 3. Relation of Pure Water Quality and LSI Integration
Item Unit 64K 256K M aM 16M
Resistivity MQ -cm at 25¢C >17 >17.5 >17.5 >18 >18.2
Number of Particles| pcs/ml <50 <20, <50 <10, <30 <10, <30 Trace
Counting Size 4m (0.2) (0.2) (0.1D (0.2) (0.1) (0.2) (0.1) (0.05)
N\.meer of . cfu/100ml <25 <10 <1 <0.5 <0.1
Microorganism
TOC g C/1 <200 <100 <50 <30 <30
Si0, 1g Si0,/] <20 <10 <5 <3 <3
Dissolved Oxygen | mg O/l <0.2 <0.1 <0.1 <0.05 <0.05
Na ng Na/l <1 <1 <1 <0.1 <0.1
K ug K/ <1 <1 <1 <0.1 <0.05
Cl- pg CI° /1 <5 <5 <1 <1 <0.1
Cu ug Cu/l <2 <2 <1 <1 <0.1
Fe ueg Fe/l - - <1 <1 <0.1
Zn pg Zn/\ <5 <2 <1 <1 <01
Cr g Cr/l - - <1 <0.1 <0.02
Mn 12g Mn/1 - - - <1 <05 <0.05

dugel, A16H A 35, 1996
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Table 4. Trend of D. I. Water Purification System
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2.3. =M E System2| ZE
24 A2 System®] 782 Table 42} 7t}

YEAR 1965~1974 1975~1979 1980~ 1984 1985~ 1990
First [ Pretreatment ] [ Pretreatment I [ Pretreatment ] [ Pretreatment |
Purification | | ! !

System [ R/0 [ | [ eBsT ] || 2B3T ]
| ! $
a7 ]| [ RO || [ RO ]
! |
uv
Oxidization
L
Degasifier
System | | i |
Flow Ion Exchange lon Exchange lon Exchange [on Exchange
Resin Resin Resin Resin
! l ! !
Second l uv | 1] uv ] uv |
Purification } | !
System Clean Ion Clean lon
Exchange Resin Exchange Resin
} | . ! i
[ MF ]| [ WM™ b UF | 1 [ urmro |
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(Table 4 Continued)

ol 4

YEAR 1965~1974 1975~1979 1980~1984 1985~1990
Resistivity
10~16 16~18 > >18.
(MQem) 0 18 18.2
Particle _ 100~300 10~100 1~10
(pes/ml)
Bacteri
acterium - 100~300 0.1~1 0.01~0.1
Qualit (cfu/ml)
ualty TOC
_— 1~10 100~500 5~100
(ppb)
Total Silica i 100~500 5100
(ppb)
D.O
——r _ <100 10~50
(ppb)
2.4. 70~80Hcy x#&=+H X Systeme| 2} Y A& Flow
2.4.1. Ultra Pure Water System in 1970’s
Raw lon Micro Point
- Pretreatment |—————> —_— . .
Water Exchanger Filtration of Use
2. 4.2. Ultra Pure Water System In Early 1980’s
Raw Reverse fon
———>| Pretreatment |-——— ) Em—
Water Osmosis Exchanger
Point Micro LE u.v
of Use Filtration Polisher Sterilizer
2.4.3. Ultra Pure Water System in Early 1980's
Raw Pretreatment . "~ Ion |
retreatment |——
Water etreatmen Exchanger
Point R.O LE uv
L « : e
of Use or U F Polisher Sterilizer
2.4, 4. Ultra Pure Water System In Midde 1980's
Raw | Pretreatment Reverse Vacuum Ion
e retreatmen . —> e —_> —
Water Osmosis Degasifier Exchanger
Point Ultra I.E uv
******** — . . . S - &
of Use Filtration Polisher Sterilizer

Ardeal, A6A A3, 1996




2.5. Advanced Ultra Pure Water System
Primary D. I System
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System |
No. 1 No. 2
RW PT FH T [— H/E — T, CEX,| VD |AEX,|CEX;|AEX, T, —>
RO RO
System 11
>RW PT T, —{CEX,| VD |AEX,|CEX,|AEX;— T. —— H/E — RO
System III
No. 1 No. 2
>RW>7 PT + T — H/E RO ] VD RO —MB-P

RW : Raw Water
PT . Preireatment

__/\/l/l/ T : Tank

T T 7T H/E : Heat Exchanger

T H/E |UVox| ADI | MBP | UF

Ultra Pure Polishing System
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RO : Reverse Osmosis
CEX : Cation Exchanger
Waster €

AEX : Anion Exchanger
VD : Vacuum Degasifier

MBP : Mixed Polisher
UVox : Ultra Violet Oxidation
ADI : Anion Polisher
UF : Ultra Filtration
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4. 3. Reverse Osmosis

REPYL AFE Aol DEE g0 o
%_3}‘- A AL A ARE AL u]-q]u)-i{}og APE
°\J’e—3,% 7Heke B B 1sx
uhojci,
%328 (Hollow Fiber)#t Spiral
Wound Typeol ®eo] AMHEEY glon FFAz
Systemsl] &&= R/O Systemo} 74 FAHo
2 Heat Exchanger, Micro Filter, High Pressure
Pump, R/O Block, Chemical Injection 2+%] 2 Clean-
ing A3 Fo.8 FAH,

R/O System& 44 2 Hejg FEzd) o)t
Single Staget} Multiple Stage® 4 %It} (Fig. 2).

A ol

.= Permeate

el

Pemeate

Fig. 2. Single and multi stage R/O system.



259 FHdA &= R/O System i
Multiple Stage Systemo] #4-%c},

4.4, €17]7|{Degasifier )

DINRAE ool Hoble BArbast §2 4
A% 2402 45 kst R/O Sys
temell &l AAA gor} o]g TR5A oA
A A=t

2t o7l Fol ETAF] LoadZ 4

]

8l7] wEell o] LoadE Zo]7] $#] Degasifierd
83k},
27700 oy B/ devt 2A AAFEFAS

NN E o 2 2AEENe s
22427} o) 254RANE 12
7 o) W4k
gEdaAA Py A bseEds FEE o
o3 7},

oy 2| 44244 (ppb)
AZe7]7) 40~50
A4 7]7] ~10

Max. 100
7171 Nor. 500~ 1000
Ev)| 4= 2] <5

4.5. HM7|£M8{(ED & EDR)

A7) F Aol Electrodialysis(ED)¢} Electro-di-
alysis Reversal(EDR) o] g)c}.

Ty AZFAHE AGFHAN ATE 55
st 3ol Hesz don F4Ae SystemOl] ED
7F H48 Ade dA7tA] deAA ¢ .

2y o)FH #E AT £5HE Sys

teme) kAl T4l EDY EDRE H4sh7 9ok
4.5.1. o|2 et
Slentee FAnEA o)L 2APAE FY

BE AE dulske P23l I3 wlAg A
£& dese9 490 A5T
a4t $4E 1 9872 o
P A sl Ao 4
¢ Agol ofa Wl $3ole
44‘414 5 ofole metol

AE ol FHATIL Sl LGN &

AxTAEE 133

4.5.2. ®7|54 92|(ED)

obdl 2l F(-), F(+) FFAAA ol
oot Kop Fol T AE Tt g W)
stz of7lel A g, AF EY HASE A
+2 ofFAteld ARE %—1&4. F(+)9) A3E 7
€ Na'o]&& $3502, $(-)9 Hits e C
ol&e FFEHoE 27 Ar|ATel A o] Fh
(Fig. 3).

A X A
a [ a
)\'l+
[CH O] ©

A:gole Taut K:ofole mBT (o) : 554
(b) : 44

Fig. 3. A7]F4%4e].

FF5de Sl TTe] gl FFF oo
agate] gle (e Y o] AY
ol e 4 429 ofol HalA A F34A
Z3 glem, Y o] AFFA AR ol%s
A ZE U2 £ olon], ® MR ofRd Sl £
dl4 o] Z(DE Foo o|e olgungee A
g FHAA A AR (DEHE Flo] ¥
7bestA "ok 222R o] (d)EdAe AsiAel
sl dedo] o

of (MEH} o|xF (c)EellMde FFEFoE ofo]
T I 33, S5 Fol& TEHo] 9o
o, ZHe ojX2 o]F =l Ad™ FHA gsA
AAHZ A(F) 3toB Yrha] 234 Dok E o
% oA o] AFFEA (IEHER Folg
T dem (OFdMe A#Ao] FAF FFo
dojidet.

oj} o] ofol w3} FolE LB uF
st} ZFAA ol4dtn e AVIFAHAAE, o4
FE A f4E olf S F=9 443, o
F 32 $29 Sdo R A AF §4E
Mo B e A9E Y 2AHoRE FFold 3
o, d& $4% 28R e ATE Edole sy
TEst gl

]

g_., M‘O o, F}O

Membrane J. Vol. 6, No. 3, 1996



134

4.5. 3. EDR(Electrodialysis Reversal )

EDR System®] 7|&Hql g9} 74 ED%} ¥
o3}t

a2y EDR Systemol 4|+ Membrane Scalingz}
Fouling& Control3}7] ¢l8te 59 gHupalg 2
43l EAHEE Flo] & AolHe|r}.

EDR Systemelld+ &+HF A9 FAo] oA
Z7]2 v}Rch. o]7lo] Membrane Stacky] 8} o] &9
5 wakg wlteo] AR Scale Filmg Controld}
A =

o] Systemo)] TZ}F Al Fig. 49 7Zom Tank
A9} Tank B A= I A2 wirjo|c}, Fig. 40
A9} #o] Demineralizing Compartment= Z4jo)
vltf7l =9 Concentration Compartment@  ¥w
Concentration Compartment”} Demineralizing Com-
partment® ¥},

o] oj Conct_entration Compartmento} 4 &A=
Scaleoltt 9] AHEEC] 41 Aol s e
v] 2 ¥ 7] w)Fo] EDR System& Scaleoju} 9] A
A& Controlel] =]-¢- &3l Systemo|c}h(Fig. 4).
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Fig 4. Electrical polarity reversal.
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Fig. 5. Typical EDR flow diagram.
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4. 6. CDI{Continuous Deionization) System
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CDI System2] F+A3 2= Fig. 6, 73} 7},

Diluting Com-

4.6.2. CDI &H

(1) No Interruption to Flow

(2) No Chemical Handling(No Chemical Regene-
ration)

(3) No Downtime Due to Regeneration

(4) No Waste Water Treatment(No Neutraliza-
tion System)

(5) Consistant Water Quality

(6) Up to 18 megohm-cm Resisitivity

(7) Up to 95% Silica Removal

(8) No Standby DI Needed
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Fig. 6. Schematic of the CDI process.
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Fig. 7. Water Flow through ionpure CDI.

(9) Reduced Operating and Maintenance Costs
(10) Very Compact

4.6.3. CDI Systeme] HEx
(1) Pharmaceutical
(2) Electronics
(3) Chemical Manufacturing
(4) Electro-Coating
(5) Boiler Make-up
(6) Food and Beverage
(7) Laboratories
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(8) Power Generation
(9) Optical Glass Manufacturing
(10) Cosmetics

4.6. 4. CDI Feed Water Specifications

% Pressure 10~60psig

% Temperature 50~95F(10~35C)
% Iron, Manganes, Sulfide <0.01ppm

* pH 4~10

% Cartridge Filtration 5pm nominal

1um for SDI;5;>4.0
Non-fouling
<0.5ppm TOC as C

% Dissolved Organics

% Total Hardness
Tap feed, 80% CDI recovery : <1.0ppm
RO feed, 80% CDI recovery : <5.0ppm
RO feed, 85% CDI recovery : <2.0ppm
RO feed, 90% CDI recovery : <1.0ppm
RO feed, 95% CDI recovery : <0.5ppm
% Free Available Chlorine
80% recovery : <0.1ppm
85% recovery . <0.06ppm
90% recovery . <0.04ppm
95% recovery . <0.02ppm

4.6.5. CDI System *2l$ & (RO+CDI System)
(1) Conductivity : 0.0554S/cm7tx] 2715
(18MQ2cm)
(2) Si0, : 0.01ppmelst He7ls
* %24 £ Feed Waters Aol wha} zho|7}
=

5. X224 MZEHX|

ol

W

|12 25 Ay 285 Axde FE o
234A)E o]43 Mixed Bed Polisher, & oz}
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Zo)|FA 5 o] 43 &EALAARLX(CORS) &
o] o] g1 9Jct.

MF, UV, UF 5& o] &alx glof o] aellA 4
Adme Aslstn go] e e CORS o
slo] o] AAstA At

4 AZRAZYH AW £4E 255 AZ

¥ o rle
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5. 4. Ulitraviolet System
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5.5.1. System MY
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70°F
Catalyst

Catlyst + 2H,0
/
2H,
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6. XaMu|2| Typical Flow & 2|43

6. 1. 2B3T + RO + MB System

Nd 81 L8 AKX

DECARBONATOR | TANK PRE

ANION HeaT FILTER

EXCHANGEP

uv

POST UV HIGH STERILIZER-1
g MIXED BED TANK PRESSURE
FILTER STERILIZER-2 VACUUM COLUMN PUMP
DEGASIFIER
Subsystem
Typical flow of 2B3T + RO + MB. System
Water Quality of 2B3T + RO + MB. System
Resistivit Number of Total Number of
esis
Parameter SISty Si0, (ml/]) TOC (mgC/1) Bacteria Particles > 0.2um
(MRQcm) .
R (counts/m}) (particles/ml)
Pretreatment *h 50~100 7~5 0.4~0.5 - > 1073
Water
Post 2B3T 2~7 < 0.01~0.03 0.1~0.4 10~30 10°
Post RO 2~6 < 0.01 < 0.05 0 <10
Post MB > 175 < 0.01 < 0.05 *220~40 -
Post Filter > 17.5 < 0.01 < 0.05 *2 0 < 10

*1) Conductivity (£S/cm)
*2) counts/100ml
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6.2. RO + MB System

PRETREATMENT
SYSTEM

TWO STAGE RO UNIT
TANK HEAT PRE  HIGH !
EXCHANGER FILTER PRESSURE TANK
PUMP

I

Subsystem *—{_

VACUUM
DEGASIFIER

TANK
FINAL uv ANION
FILTER STERILIZER MIXED BED POLISHER
POLISHER
Typical flow of two stage RO + MB. System
Water Quality of two stage RO + MB. System
Resistivit Number of Total Number of
esistivi
Parameter vty Si0, (ml/1) TOC (mgC/h) Bacteria Particles
(M£cm) .
(counts/ml) (particles/ml)
Pretreatment * 50~100 10~30 1~3 0 -
Water
Post 1.0~3.0 0.01~0.03 < 0.05 0~6 10~60
Two Stage RO
Post MB > 175 > 0.01 < 0.05 - -
Post Filter > 175 > 0.01 < 0.05 - -
*1) Conductivity (#S/cm)
6.3. RO + 2B3T + MB + R/O System
Water Quality of RO + 2B3T + MB + RO System
Lo Number of Total Number of
Resistivity . . .
Parameter Si0, (ml/1) TOC (mgC/1) Bacteria Particles > 0.24m
(MQ2cm) .
(counts/ml) (particles/ml)

Pretreatment * 150~200 10~30 1.0~15 0 -
Water
Post RO * 15~35 0.04~0.5 0.1~0.3 0 30~50
Post 2B3T 1~5 0.01~0.03 0.1~0.2 0~10 10~30
Post MB > 18.0 < 0.01 0.05~0.1 0~10 10~20
Post RO > 175 < 0.01 < 0.05 *) 10~50 <5

*1) Conductivity ( zS/cm)

*2) counts/100ml

Wel, A16H A3z, 1996
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PRETREATMENT
SYSTEM m
bﬂﬁ;@ v [
TANK HEAT PRE
EXCHANGER FILTER ;{;[{%ESURE TANK CATION -
PUMP EXCHANGER
GUARD uv
FILTER STERILIZER-2 MIXED BED TANK ST%X,UZER_I
COLUMN ANION VACUUM
EXCHANGER DEGASIFIER
P RO UNIT
HIGH Subsystem
PRESSURE TANK
PUMP
Typical flow of RO + 2B3T + MB + RO System
7. B X M3 &g A4 4
Resistivit . 2M t
F 24 AZTHE &Y Systemsh fAHY caistivity > 18 2 @em a 29
- o ; X . Particle>0.05.m < 5/ml
ZAL 72T 2e4E AY4akstn gk 2zt FApejct Lived Bacteria < 1col/11 (Coliform)
A AZER S NN £ Aol Y o0 <Toob
Systemg AHa7l= o] ot Silica < 0.5 ppb
3719 2¢4 AZTAHLE FU Y] HzLEALNA A DO < 1 ppb
432 Sl Systemo|™ ojf-Eo] T ARG ION* < 10 ppt
ole} $-A1g AL ALty 9. * Jon : Na, K, Ca, Mn, Cu, Zn etc.
Fu A%)lY 244 AZTA
Weak Cati
Feed Water Tank [—> Feed Pump Sand Filter eakiation
Exchanger
e...._
Heat . .
— Degasifier Sand Filter
Exchanger
%
Degasified uv
—— Heat Exch
Water Pump eat hixchanger Sterilizer
F
. . R/0
—_— Micro Filter E— 1’st R/O
Feed Pump
é_...._,
Pri uv
——5  2'ndR/O 5| ey R/O Tank
Oxidizer
(._._._
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MBP N2
— ——>  MB-P — .
Feed Pump Degasifier
Degasified P —d p v
5 N e - e
Tank ced THmp Oxidizer ]
6, .
__....N.,f_
~ Nol - UPW
——5  CORS  |—|  Cooler N T P —
Catridge Polisher Tank ﬁ’
- éf' -
Feed P Final Heater No.2
— eed Pum — ) e e
P (Hot Sterilization) Catridge Polisher .
© User
—_— UF .
Point
Recycle
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