uLsh
(ultraclean technology)

(compl etely reproducible)

(particles) (impurities)
(native oxide)

(surface microroughness)

cleanroom C/R)

0.15 mMm 100

(vield)

(jigs e.g., cassettes and

(cleanliness)

(cleaning process)

(dry

process)

(wet cleaning process)

(pure water)
1945
(ion-exchange resin)

(variables of quality)
(resistivity)
ppb (parts per

billion 10°)  ppt (parts per trillion 10™)

(natural water)
(isotopic compounds)

[1] H,*O
H,“O [2] [1]
[1]
H,"0 99.76 (%)
H,®0 0.17
H,"O 0.037
HD*O 0.032
HD*O 0.00006
HD"O 0.00001
D, 0 0.000003
D,”0 § 0.000001
D70 B
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T T T T T -
N /
1000} 8"a 4100
\ -~ !
% °>(A _A Chip Size -
~ g
3 0 7 E
3 a 7 ~
5 |- -’ &
~ 100F o q0 8
B 7 ]
3 g8 - 1 &
\g - Active Area s}
Cell Size X5 ©
-~ \
/” e
710' /’,’ o q1
,/ [e] -
o .
i A N ' It 0. 1
16K 64K 256K 1M 4M 16M 64M
DRAM
(1]
4
0
(minute
defects) (trace impurities)
(performance)
(reliability)
ULSl (yield)

OSF)

OSF

(oxidation-induced stacking faults

(defects) (contamination)
OSF
(leakage current per OSF)

[1]

[1]
(device failure)
(fine particle)
(pattern failure)

(0sh) [1]

Author L eakage Current / OSF
Ravi et al. (1973)| 15 ~ 500uA
Tanakaet al. (1974) 0.06~ 6uA
Rozgonyi and Kushner(1976) 7 ~ 33pA
Tanikawaet al. (1976) ~ 10pA
Ogden and Wilkinson (1977) ~ 590 pA

(device failure)

(1]

Surface Contamination

Fine particle

Lithography N Pattern failure
~

\)‘:’ S
IV . ~
QOrganic compound . p-n junction Junction leak
~
X / AR N
Bacterium N / \\ ~
T~ . .
) Dielectric A ™ 5 Pause time

Break-down failure (Memory)

’ ) ¥ \
Metallic impurity [y’
4

Alkaline metal ') M Crystalline Y - Image defect
& Defact (Image sensor)

Transition Metal

Heavy maetal Minority carrier|

Lifetime

(organic compound)
(memory) (pause time
failure) p-n
(bacteria)
(alkaline metal)
[ ] (dielectric breakdown)
(heavy metal)
(minority carrier lifetime)

(p-n junction)
(junction leak)

(active area)

(theyield of adevice YY)

(Poisson distribution) Y =™
D (defect density) A
(active area per chip)
[1] (DRAM)
(chip size) (cell
size)
[1]



o > (particle)
\ — 1 (invisible contamination)
g N /g Chip Size y >
- 100 \ //’ {10 § (patterning
8 8 /,;\’c:ive Aren & process in lithography)
Cell Size § 1 °© n ULSI
//’/ \> ’ Y) (Poisson’s equation)
10—/,/' | 6 1! Ypue™ D= (
: ) defect density of a pattern on the wafer)

16K 64K 256K 1M 4M 16M 64M

DRAM
(DRAM) (largest
(1] acceptable particle size)
(critical dimensions) wW
100 e (alignment accuracy) WI/5 [3]
] W/5
~ T 1 W/10 [1] DRAM
=
ﬁ o 256 K |
. M _ [1]
4M 64 MB DRAM
'“M\ (resistivity) 25 ) 182 MW
- 16 M
\ cm 0.05 mm
00 — I>I I 1'0 et 15 1 /ml 0.03 nm 10
DEFECT DENSITY (pcs. /cm?) /ml (total organic carbon, TOC)
(1]
DRAM
64 [1]
M 4M Device | Min. linewidth| Max. acceptable partical siae
(design rule) (DRAM) (um) (um)
64 K 3 0.3
256 K 2 0.2
(critical defect iM 1 01
size) (critical contamination 4M 08 0.08
level) 16 M 0.6 0.06
64 M 04 0.04
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[1]

Device 64K |256K| 1M | 4M | 16M
Resigtivity (MW cm, 25 )| >15 |>17 |>18 |>18 |>18
Particle  (ps/cc) >0.2um |100—-200|<50
Particle  (ps/cc)>0.1um <100 | <20
Particle  (ps/cc)>0.08 um <1 |05
Particle  (ps/ cc) > 0.06 um
TOC  (ugC/l) <500 [<100 <50 |<20 |<10
Bacterium (ps/ cc) <1 <0.1 | <0.05|<0.01| <0.005
Resolved oxygen (ugO /) <100 | <100 | <50 |<50
silica ugSo, /1) <10 |[<10 <5 |<5

(silica) (dissolved oxygen)
1ngC/I 0.5 ngSiO,/I 1
o/l 0.1
/I 5ng/l

ultrapure water (UPW) or super
ultrapure water

[4] (pure water)
(electrolyte in solution)
(electrical
conductivity)
(theoretical

pure water)
(the highest available purity of water)
25 ) (resistivity )
18.24 MW-cm

conductivity s =1/r)
A/V = 1/W)]
(dissociation) H,O = H" + OH (more
precisedly 2H,0 = H;O" + OH)

(electrical
0.05482 n5/cm [S=

(elution)
(purity)

(bacteria) (silica)

(the less
saturated)
(unsaturated water)
(production line)
18. MW:em
1ppb (ny/) Fe* 18. MWem
17. MW-cm
ppb (parts per billion 10°)
ppb ppt (parts per trillion
10™)
(

) KW-em
(semiconductor) 18.
WM-cm
(insulator) (ions)

(static
electricity)
(electrical potential)
( )

(pipe materials) (flow rate of
water)

(acrylic resin)

uLsl
16M 200
(process steps)
(cleaning)
(rinse)

(cleanliness) (cleanliness level)

(mechanically)



(contaminants) (dissolve)

(surfactant)

(physical cleaning) (
)

(mechanical cleaning)

(polar)
(nonpolar)

C.Ho)

(ionic)
( O, N, Ar CH,
(nonpolar gases)
[5] (solubility)
(Henry’s law) (Dalton’s
law)
CO, NH,

CcCl, CsHg CioHs
(van der
Waals force)

(hydrogen bonds)

(bulk water)

(polar molecules) HCI C2H50H

CH,COOH

NH,

(ultrapure water UPW)

(natural water raw water)

(ultrapure water production system)

(pretreatment system)
(primary treatment system)

(ultrapure water system) (piping
system) (wastewater
reclamation system)
[1]
(1) RO +IX
(reverse osmosis unit RO)
(ion-exchange unit  1X)
(2) IX + RO
IX + RO
RO + IX
RO + IX
(pretreated water)
RO + IX
(demineralization)
(wastewater)
(1) ( 10)
(coagulation) (settling) (filtration)
[1]
10-50 mm
[Primary treatment]
system

,_{Pt;l;g{ggp kﬁ—lpoint of use

Raw water H Préejtrzs ?eagnentl_ RO + IX

IX + RO

[1]

[1]

Item Size (um)
Colloid 0.001-1.0
Turbidity 0.1-100
Color 0.001 -0.01
Virus 0.01-0.1
Bacteria 0.2-1.0
Algae 1.0-100
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(sand filtration)

(coagulant)
@

X (x
-10~10 mV
(van der Waals forces)
(cross-linkage)

potential) X

(6] (b

(hydroxide
polymer) PAC [Al,(OH),Clg,]m
alum[Al(SO,); 18H,0] Fe, (SO,)s

PAC
(polynuclear condensed ions)
[Alg(OH)]"
(akalinity)
(alkaline coagulants)
(polymer coagulants)

(flocs)
[7] (settling basin)
(settling efficiency E
) [71 E=ho/h
=V, /[[Q/A] A V,
hO VO
h Q (flow rate)
Q Vv A
Q/A 3-6 m/hour [1]

(tube settler)
(slow and rapid)

(rapid filtration)
0.3-0.7 mm
(filter sand) 10-50 nm
5-10 m/hour

(biofiltration)

ho

v ! Water velocity in basin
v,y + Settling velocity of floc
h . Depth of basin
L : Length of basin
Q : Water flow rate

(settlingbasin)  [7]

Chemicals

o5
Mixer S N\ 13:::?1
L
Sludge pit Settling basin
(tube ettler) [1
(2) (
10) (microfloc-

filtration) (flocculant)

(primary treatment system)

(D) (membrane system)
(reverse osmosis RO)

(ultrafiltration UF)
(membrane filter) (2) (ion-
exchange system) (two-
bed ultrapure water unit 2B tower)

(mixed-bed ion-exchange
tower MB tower) (3)
system)

(deaeration

(degasifier DG tower)
(vacuum degasifier VDG tower)
4

(ultraviolet sterilizer UV)



(organics) (colloid)
(oxidants) (trace ions)
(catalyst resin)
( ) [
254nm  185nm] (sterilization)
« - ) (1]
(two-bed three-tower pure water unit
2B3T) (RO unit)
(MB unit)

(microfilter unit)
(heat exchanger) [1]

(deionized water)
NaHSO,
25

(chlorine)

PRETREATMENT
SYSTEM

CATICN
IEXCHANGHER

FILTER STERILIZHR= 2

DECARBONATOR

ANION
EXCHANGER

MIXED BED

(total organic carbon TOC)

0.03 ng/L 0-1
particle/ml MB
(dissolved
oxygen) (processed water)
(postfilter)
(primary pure water
tank)
(purged)

(corrosion rate)

(rinse water)
(vacuum
(catalyst resin)

deaerator)

HEAT
EXCHANGER

RO UNIT
TANK

HIGH

PRESSURE STERILIZER -1
PUMP

VACUUM  COLUMN
DEGASIFIER
Suhsysiem
2B3T + RO + MB [1]
2B3T + RO+ MB [1]
Number of | Total Number
Bacteria of Particles
SO, (mg/¢) | TOC(mgCl/¢)| (countsme) | >0.2um
Parameter | Resisticity (MW c¢cm) (particlesm¢ )
Pretreatment ) .
Water 50~100 7~15 04~05 0 >10
Post-2B3T 2~7 <0.01~0.03 01~04 10~30 10°
Post-RO 2~6 <0.01 <0.05 0 <10
Post-MB >175 <0.01 <0.05 2 20~40 -
Post-Filter >175 <0.01 <0.05 70 <10
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(nitrogen gas bubbling method)
(membrane deaeration)
(ultrapure water system
subsystem the
secondary treatment system)

(point of use POU)
1980
(two-stage membrane system) [1]

(ultrafiltration unit)

(particles)
(particle load)

(microparticle)
(bacteria
contamination)
(spiral)
(hollow fiber type)

(mercury lamp) 253.7 nm
( 185 nm)

(water flow
type) 185 nm

(oxidation decomposition)

(organic acids)

Raw Pretreat— Reverse Vacuum Ion
e 1 —> —> —
Water ment Osmosis Degasifier Exchanger
Point Ultra- I'E UV
[gnd e—1
of use Filtration Polisher Sterilizer
1980 (1]

38

(anion-exchange resin)

(anion
polisher) (Uv
oxidation unit)

(mMwV-s/eny’) =
(M/ecm?®) x (9
7000-
8000 65-
70%

(ion-exchange
polisher) (mixed-bed
unit) (cation-
exchange resin)

(production yield)

(contamination problems)

95% (total organic carbon,
TOC) (TOC oxidation)

(UV-aone treatment)
(UV direct photolysis)
(radical oxidation mechanism)
(Ozone-alone treatment) (ozone
molecule)
(Combination of UV
and Ozone)

(freeradicals)

(TOC monitor)

(carbonic acid ion) (conductivity)
[ 185
nm|
(point of
use POU) (piping system)



(circulating water)
(water entrapment)

(piping bend)
( dead zone)

10-20%

(joint method)
(adhesion joint)
(fusion joint)
(adhesive)

(cooling tower)

. Tadahiro Ohmi, Ultraclean Technology

Handbook, Volume 1: Ultrapure Water,
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. Denkikagaku Kyokai, Wakai Gijitsushano

tameno Denki Kagaku, Maruzen, 6-12
(1983).

. N. Tanbo, J. Jpn. Water Works Association,

361, 2-12 (1964).

. Design Criteriafor Water Works Facilities,

JWWA, Reviewed by the Ministry of
Health and Welfare, p. 160., 1993.

. K.Yabe, Y. Motomura, T. Ohmi, H. Ishikawa,

and T. Mizuniwa, Microcontamination, 37-
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