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ABSTRACT : Semiconductor industry has rapidly grown because of the need from electronic and computer
industries. However the global environmental regulations for various hazardous chemical compounds, which are
indispensably used in semiconductor manufacturing process, are getting stronger.

The semiconductor industries should develop the cleaner technologies in order to both lead the future world
market and avoid the regulations form environmentally developed countries. In this paper, cleaner technologies for
semiconductor cleaning processes are surveyed, such as gas phase process, UV process, and plasma process.

Advantages and disadvantages of these processes are discussed.
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Fig. 2 Semiconductor manufacturing process.

CLEAN TECHNOLOGY Vol.5 No.l



65

= AR 330l %3'}5}. ‘?_}Eﬂ] "‘l%M]"‘] HEEE
T8 B33 29 EF F AEIAFEPFCs : Per-
Fluorinated Compounds)-& 2] Z}-34 (Etching) o} A, 7t
% A 2 DIW(Deionized Water)= A& FA A 2ol
&R mEA olE F AN dE FF rIeH
Aol et

22, 9t= A A9 874 sy

Bed FAS A F4(Crystal Preparation),
glol® 7= F*%(Wafer Fabrication), t}& 2 NA FA
(Final Layering and Cleaning), 2% 3 %(Assembly)2.
2 FEE AF 4 9AE e 222 Table 1% 2

t}[6]. Table

194 Rol& 742%24 o Abe] wjEEo] 7pR
ﬂ%ﬂ 9o, vlmd 7hgs) A 4
HO

ol A7t vk

=]
=3, “l% %’:‘%‘@(US EPA)e] maw 19%de 724,

Al\:H7]
HEE oo}

oA At wiEE A wkke] thaks)
]

& Zojth. 3 Table 204 & 4 9l%o]

e A H71E wiE 2 dA WA ] el
A A % A A7) FEZ Al o]o] 390 s
sk, A4 7] B(surface wager discharges)e] BjZFo)
OE A el viste] 2ujolA) Suu) ol wiEEHE

[e]
s e
o

2 913,

ATH7L ol 2-& whEA el B7 93
u|Ze] A, Table 29} L& Thebar uhay

4 24 ZFo] A= itk vF 8AEH(US EPA)
of M=w, 1989 A vEA e A dak 4

U 718 B ohe) WY Bh BES

ol STFL el olF 5 il £9
¥ 7§4(Good Operation Practice)? 5% % 7(Process
Modification)] %50} 2o} T2 87 A4 B3

olglny B

S gtk webA weA uglel HA) 4

e B AR 71 Mol Zag &n, A4 F
71€4) Al a3 d77F et

Table 1. Wastes from Semiconductor Process, U.S.E.P.A. [6]

p Air Emission Process Wastes Other Wastes
rocess (Liquids/Waste Waters) (Solids/RCRA)
Crvstal Acid Fumes, Spent deionized water, spent solvents, spent
fysa VOCs, dopant | alkaline cleaning solutions, spent acids , spent Silicon
Preparation . .
gases resist material
Wafer VOCs and Spent solvents, spent acids, aqueous metals,
oo spent etchant solution, and spent aqueous F003
Fabrication | dopant gases . .
developing solutions
Final Spent deionized water, spent solvents, spent
Layering Acid fumes acids, spent etchants, spent aqueous developing
. . . Spent solvents
and and VOCs solutions, spent cleaning solutions, aqueous
Cleaning metals, and D007(chromium)
Spent cleaning solutions, spent solvents, aqueous | Spent epoxy material
Assembly VOCs developing solutions, and P&U wastes and spent solvents
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Table 2. TRI On-site and Off-site Releases, 1996: Electrical Equipment, SIC Code 36, U.S.E.P.A. [7]

Total Air Surface . Transfers | Total On and
SIC Ind Emissions D':Zia‘ter s Tolt{a ll O;;:Slte Off-site to Off-site
Code ndustry 1scharge ele Disposal Release
(pounds)
P (pounds) (pounds) (pounds) (pounds)
3672 Printed Circuit 1125321 67982 1197800 | 7347373 | 8545173
Boards
3641 Electric Lamp 2373158 2 2373160 728039 3101199
Semiconductors &
3674 . 1163923 1035005 2227646 741476 2969122
Related Devices
Household
3632 Refrigerators & 2751418 0 2751418 47550 2798968
Freezers
3621 Motors & Generators 2484120 113 487700 99028 2586728
3692 Primary Batteries 367770 224 367994 2210035 2578029
3633 | Houschold Laundry 1626148 411 1745257 161947 1907204
Equipment
Electronic
3679 1518106 275 1536616 332553 1869169
Components
3691 Storage Batteries 172066 3441 242993 1480262 1723255
3675 | Electronic Capacitors 876970 1270 917038 641297 1558335
3657 | Prerecorded Records 5479 0 5489 5081 10570
& Tapes
Total for SIC Code 36 23753157 1462615 25652119 16113258 41765377
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Fig. 3. Percentage change in on-site and off-site
releases, 1995-1996 : electrical equipment(SIC
code 36), U.S.EP.A[7].
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Table 3. Number of Forms Reporting Source Reduction Activity, 1996: Electrical Equipment, SIC Code 36,

U.S.EP.A.[7]
Good Spilland | Process . Product
Cs Ige Industry 1;1'00 rtrerllls Operation Leak Modific Cézan:;i;nd Modificati-
0 Practices | Prevention ation gr & on
3671 | Electron Tubes 70 8 1 3 3 2
3672 | Printed Circuit | 50, 56 14 63 14 9
Boards
Semiconductor
3674 & Related 499 60 14 47 3 1
Devices
3675 | Electronic 63 5 1 12 2 2
Capacitors
3676 | Llectronic 12 4 0 4 2 0
Resistors
Electronic
3677 Coils & 23 2 0 0 0 0
Transformers
3678 | Flectronic 60 5 0 3 1 0
Connectors
Electronic
3679 Components 194 27 2 20 11 3
Storage
3691 Batteries 181 49 20 17 1 5
3692 Primary 55 12 5 14 1 0
Batteries
Engine
3694 Electrical 42 4 0 1 1 0
Equipment
Magnetic &
Optical
3695 Recording 39 9 1 6 0 0
Media
Electrical
3699 Equipment & 61 2 0 1 0 0
supplies
Multiple within
SIC 36 212 16 3 14 2 8
Invalid SIC
code within 10 1 0 1 0 0
SIC 36
Total For SIC
Code 36 3121 335 79 244 60 48
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Table 4. Source of Contaminants, Kern [8]

Equinment Mechanical, gas piping deposition systems, metal tweezers, ion implanters, liquid
quip containers

Human Factory operators, process engineers

Materials Liquid chemicals, photoresists, etchants, air, deionized water, gases

Processes Combination of all above sources

Table 5. Forms and Types of Contaminants, Kern[8]

Forms Films, Particles
Condensed organic vapors from lubricants, greases, photoresists, solvent
residues
Molecular . . . .
Organic components from Di water or plastic storage containers
Metaloxides or hydrides
Ionic Physisorbed and chemisorbed cations and anions from inorganics:
Types
Elemental metal films and particles
Atomic Electrochemically plated Au, Ag, Cu films
Particles of Fe, Ni
Gaseous Absorbed gases and vapors
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Table 6. RCA Cleaning, Kern [8]

Process Purpose

Oxidize surface organic films
Remove some metal ion
Remove particle

SC-1(Standard Cleaning-1)
NH,OH:H,0,:H,0=1:1:5 (80°C)

DI water rinse

DHF(dilute HF)

HF: H20 =1:10 (25) Remove native oxide

DI water rinse

Remove alkali cations and other
cations like A1, Fe*> and Mg"?
Stabilize the surface

SC-2(Standard Cleaning-2}
HCLH202:H20 = 1:1:5 (80}

DI water rinse

Drying
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Fig. 14 Processes of native oxide removal by UV/CI, Cleaning, Ito[15].
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