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ABSTRACT : Recently, semiconductor industry has grown rapidly because of the large demand for electronic
devices and equipment. The semiconductor industries have also played an important role on the economic growth
in Korea. As the environmental regulations become strict, the proper environmental management and the
well-developed waste minimization technologies in semiconductor industries are two of urgent problems to be
solved. The semiconductor manufacturing process consists of a series of continuous chemical processes, such as
cleaning, oxidation, diffusion, photolithography, etching and film deposition. During the processes, various
environmentally hazardous wastes are produced. The wastes may be classified as wastewater, gaseous pollutants,
and solid wastes. For waste minimization, the substitution of raw materials and process optimization techniques are
used, while the selective destruction technologies of toxic chemicals contained in the wastes have been reported.
Also, new technologies have been developed for source reduction and waste reduction, such as reduction of toxic

chemical use and substitution of hazardous liquids with gaseous reactants or solvent.
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<Table 2> Wastewaters and the treatment in semiconductor manufacturing process

Wastewater Process Composite Treatment
. HF,NH,F, NaF Ca( OH), addition,
1.Fluoric Pretreatment Etching )
H,PO,, H,0, Precipitation, Ion exchange
) HNO;3, HySO;, pH adjustment, Ca(OH),
2. Acid-Base Pretreatment Etching
H,PO, addition, Ton exchange

Methanol, Isopropylalcohol,

. . . . Activated carbon, Biological
3. Organic Photoresist Xylene, Trichlene, Various

treatment
surfactant etc.

Neutralization,
4. Hydrogen peroxidic |Pretreatment Etching H,0,, NH,OH, HF Activated carbon treatment,
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<Table 3> Silicon wafer cleaning procedure (Jaeger, [8])

A. Solvent removal

1. Immerse in boiling trichloroethylene(TCE) for 3 min.

2. Immerse in boiling acetone for 3min.

3. Immerse n boilng methyl alcohol for 3min.

4. Wash in DI(deinonized) water for 3 min.

B. Removal of remaining organic/ion contaminants

1. Immerse in 5:1:1 of H,0- NH;OH— H,0, solution. Heat the solution to 75-80C
and remain for 10 min.

2. Quench in DI water for lmin.

3. Wash in DI water for 5 min.
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C. Removal of Hydrous oxide

1. Immerse in 1:50 of HF— H,(C solution for 15 sec.

2. Wash stirring in DI water for 30 sec.

D. Removal of heavy metal

1. Immerse in 6:1:1 of H,0— HCI— H,0, solution for 10 min. at 75-80C

2. Quench in DI water for 1 min.

3. Wash in DI water for 20 min.
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Fig. 9. Test equipment of photocatalytic oxidation (Wolfrum et al., [12])

ol Wkg7l= Fulyt Z¥E A% 4 mme 2}
o g7golgr A0 itk wgrlE A F A

Folx Jed o 4¥H AAe ¥
Eol3. 4dh gFo2E Wol
232 I vgEd Zuj dsgo|rt FHE A
o€ $3t9 VOCs7t 3.8t} o] A|2EoA= 95%
o]4te] VOCs7} o|ilsletsot B2 Eadc. 13
U o] ALolE SojoE VOCse 4 %7 YArst
BA2 HBHEY 2E7 FoAFE o8y Y

=Y
e
Jo
ACH
[RTR L
)

2E 38R A COVt HEHA %& AR
(0.5ppmv ©]3h) FHAT BAHEE & £ Joh T
F 2z Frte EE HAAd nxe duade
FE2EaAE § o S7HAA ¢ ugY AHE
e F Ik I BFA LES G} FibEH
TR 5848 Y & Ivx ¢¥A oy 2
o] AbE-S AHAT v g FAE £ £ 3l
o ojE @ FHof A2 AAYE Eol/] s F
uf o] B-Fd(activity)o] g AF7F ] P oo}
& Ao yzEn '

"N

Il M4H M1E



16 oldF, o|F¥

44. & Zv}(Plasma)9] o]-&

by A7 F1&2 HelHs Ag EAsA)
Y 4T ATl gy Asse 3
£ Aoz Frhwn ged ode wuulg, 2%

Hlg, FANE WE, AL Tl dEAA ¥e

Aol Boh. E=vulE o8¢ AHrie
ol @& gYHdME 2AFH7] dEd T W
E70M vtE A E £ Ade HlA 53] uiy
Aotk ojHF BHL ¥ ¥ F4E UE "art
A g dubAR) S2k=old Table 59} 2t

L o] A&

<Table 5> Plasma source (Coogan et al., [13])

Plasma Source

Advantage

Disadvantage

Radio Frequency

Simple power supply
Already used in
semiconductor industry

Low pressure
Low throughput

Corona

Atmospheric pressure

More complicated power supply
Low pwer density
Large footprint

Microwave

Simple power supply

Reduced efficiency at high pressures

Electron beams

Potentially more

chemically efficient

More complicated system
Significant R&D required

Atmospheric pressure
SDp small footprint
Simple power supplies

Limited commercial use at
high flow rates

» Silent Discharge Plasma(SDP)2] o]-& (Coogan
[13])
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Fig. 10. Schematic of silent discharge plasma test

equipment. (Coogan et al., [13])
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<Table 4> Consumption efficiencies and annual emissions ([3])

NF; CsFg - CyFs
NF: CiF C.F
Emission 3 e e Annual Annual Annual
process Efficiency Efficiency .. .. . .
Emission Emission Emission
RF )
78 58 33 - - -
On/Off % % %
Oxide Deposition 84% 57% 36% 21 lbs 192 1bs 712 lbs
Nitride
V. 87% 55% 33% 17 1bs 200 1bs 743 1bs
Deposition
Oxynitride
- 85% 48% 34% 20 lbs 228 lbs 742 lbs
Deposition
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<Table 6> Suggested point-of-use technologies for each application (Sherer and Michael, [14])

Application

Control system technologies

wet clean hood with NHsOH/H,O, bath

wet scrubbing
(with chemical addition)

wet spray etcher with aqua regia

wet scrubbing
(with chemical addition)

silicon EPI with hydrogen vented

wet scrubbing
(without chemical addition)

silicon EPI with hydrogen abated

oxidation with hydrogen present/wet scrubbing

ion implant

cold bed

poly deposition : non PFC clean

oxidation using electric/wet scrubbing

metal etch(aluminium)

cold bed or hot chemical bed or wet scrubbing

nitride deposition with dichlorosilane

hot chemical bed/ammonia control system

oxide or tungsten deposition

cold bed or hot chemical bed or oxidation using

electric/wet scrubbing or pre-pump reactor and
post-pump wet scrubbing

poly etch

cold bed or hot chemical bed or wet scrubbing
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Fig. 11. Recovery of copper from the liquid effluents of an etching plant,
(El-Halwagi and Manousiouthakis, [23])
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Fig. 12. Flow schematic of full-scale electrochemical treatment process.
(Cook and Uhrich, [9])
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