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Application of Ozonized Ultrapure Water

for Semiconductor Manufacturing
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The ozone injected ultrapure water has very strong oxidation power to remove organic
materials such as bacteria in ultrapure water system, residual oil on stainless steel and
residual surfactant on wafer surface. We have developed the ultrapure water system having
the continuous ozone sterilization capability. The ozone concentration for sterilization is less
than 50 ppt. The ozone injected ultrapure water for cleaning process is confirmed to be able
to remove organic contaminations from some materials surface very effectively at a room
temperature in case ozone concentration is less than 2 ppm.

Ozone injected ultrapure water can not only suppress the breed of bacteria in the ultrapure
water system but also remove the organic contaminants adsorbed on the some materials

surface.
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Table 1 Physical properties of ozone

Physical property Value
Molecular weight ' 48.0
Boiling point (°C) —111.9
Melting point (°C) ¢ —251.0
Gas density, 0 °C, gram/liter | 2.144
Critical temperature (°C) Po—12.1
Critical pressure, atm. : 54.6
Critical volume cm3/mol i 111
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Table 2 Oxidation-reduction potential

F2 ¢ E°=-287 [V]
O3 : E°=-2.07 [V]
H,0, E°=—-1.77 [V]
Clz : E°=-1.36 [V]
0. : E°=-1.23 [V]
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Fig. 1 The block diagram of ultrapure water system made of
passivated stainless steel (GOLDEP)
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Table 3 Mechanism of ozone self-decomposition in water
03 + OH~ = Oz— -+ HOz*
03 -+ HOg* => 202 + OH*
O; + OH* = Q2 + HO:*
2H02* => 03 +Hzo
* *
HO:* + OH*= 0Oz + H,0 after J. Weiss et al.
140 ; Start Ol:( injectio(n
120 f * 10
H Tank inlet 150 | 50
100) Tank outlet | 50 | 13
UVox outlet 0 0

[unit : ppb]
Tank capacity 204 ¢
Flow rate 400 ¢ /h
Living bacteria of UF Qutlet
0-5[cfu’e )]

Living bacteria [c.fu. ¢]
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Fig. 2 The effect of continuous sterilization using ozonized
ultrapure water
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Table 4 Experimental procedure of combination with spray
cleaning and ozonized ultrapure water cleaning.

B4R

% Spray cleaning-+Dipping O3-Hz0

1. Initial cleaning for test piece

NH4OH-H202-H20 -+ 10 min at 80 °C

Over flow rinse ++ 10 min
0.5% HF 1 min
Over flow rinse ++ 10 min

2. Oil coating on SUS 316L test pieces surface

3. Spray cleaning at high temperature and high pressure
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Fig. 3 The effect of oil elimination from stainless steel
surface evaluated with contact angle measurement

Temperature «+ 70°C
Pressure +++ 30 kg/cm?
4. Final cleaning using O3-H.0O
Concentration -+ 2 ppm
Over flow rinse -+ 10 or 20 min
5. V P;inal rinse S Contact angle
0.59% HF 1 min Water droplet
Over flow rinse -« 10 min
6. Measurement of contact angle
Wafer surface
F4E BUKE OBMANEE
Fig. 4 Technique for measuring surface contact angle with
ultrapure water
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Fig. 5 The effect of oil elimination from stainless surface
evaluated with XPS (C;s profile). Combination of
3 minutes spray cleaning and ozonized ultrapure
water cleaning
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Fig. 6 The effect of oil elimination from stainless steel
surface evaluated with XPS (Cis profile). Combination
of 20 minutes spray cleaning and ozonized ultrapure
water cleaning
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Table 5 Advanced RCA cleaning process. No. ‘ Cleaning procedure | Time No. Cleaning procedure ‘ Time
@ HgS(C)4-H202 " 5min | ® IZIH4OH-H2§)2-HdQO | 10 min
4:1) : 0.05:1:5) 90deg
2) UPW rinse I 5 min 19 UPW rinse 5 min
(3) st(o4-H202 | Smin | Hot UPW gip. 10 min
4:1) : i 90 deg. w
(4) UPW rinse © 5min ’ (16) UPW rinse i 10 min
6) |  H.804H:0, = 5min i %) HF-H;0.-H:0 | 1min
(4: 1_) o @8) UPW rinse 1 10 min
(6) UPW rinse 0min  © 49 | HCI-H:0:H,O | 10min
(7 HF-H:0.:-H:0 1min | (1:1:6) 90deg
® ﬁ£$1j@ o & Hot UPW dip. | 10min
rinse min eg.
(9) st(04-H202 . 5min | @) UPW rinse - 10min
4:1) i L e HF-H;0:-H;0  1min
{10 : UPW rinse | 10 m%n ! ) UPW rinse | 10min
(1) HF-HzOZ:HZO | 1 mfn " e Drying i
(12 UPW rinse i 10min
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