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Epitaxy &4& # &t
ololl&= Liquid Phase Epitaxy,

Vapor Phase Epitaxy % Che-
mical Vapor Deposition®] QJth.
dolHA7E FH L Devicedt
Microcircuite] Epitaxial Layer
of 71EEy THE Wil ol&
AR eh e oS3
(a) Oxidation
{(b) Photolithography
(c) Etch
(d) Diffusion and Implant
(e) Metallization
(f) Chemical Vapor Depo-
sition
(g) Cleaning and Water
(h) Assembly
a) Die Separation
b) Die Attach
¢) Wire Bonding
d) Encapsulation Package
e) Singulation
f) Test and Mark
g) Pack and Ship
thg oAl TP AL Vs
< 71 BES s8R He) 2
A7 g ok
o] lfFRrIAL A
S

AR 2
Zygor S datgel )

Component+

|
= o] wo] it}
Assembly®l AHEEE Ve & A ARFTAHANA WEE = U
oA} gk vhel Zr 9 24
dApz) 2ol 2olE
E

of Az AFEH & FFol] o

L s o) 7le AR
Agel vpel ol M7F TA
Board Level e

Passive
YEE F

o} siEltt. Passive Component

3. #AYY 2 2o

H 1. Waste Streams from Printed Circuit Board
Manufacturing
WASTE SOURCE DESCRIPTION COMPOSITION

Cieaning/Surface Airbome Barticulates Board Materials.

Preparation Acid Fumes/Organic Vapors | Sanding Materials.
Spent Acid/Alkaine Solution | Motal. Fluoride.
Spent Halogenated Solvents | Acids. Halogenated Solvents.
Waste Rinse Water Alkall

Catalyst Application/ | Spent Electroless Copper Bath | Acids. Stannic Oxide.

Electroless plenting

Spent Catalyst Solution
Spent Acid Solution
Waste Rinse Water

Palladium,
Complexed Metals.
Chelating Agents

Pattem Printing/
Masking

Spent Developing Solution
Spent Reslst Removal Solution

Vinyl Polymers.
Chlorinated Hydrocarbons.

Spent Acid Solution Organl Solvents.
Waste Rinse Water Alkall
Electroplating Spent Plating Bath Copper. Nickel. Tin. Tin/Lead.
Waste Rinse Water Gold. Fluoride. Cyanide. Sulfate
Etching Spent Etchant Ammonis, Chromium. Copper.
Waste Rinse Water [ron. Acids

Source : UBEPA
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Semiconductor Manufacturing

E 2. Waste Stream, Composition, Raw Materials for

PROCESS ACTIVITY | 'SUB-ACTIVITY | - RAWMATERIALS WASTE STREAM COMPOSITION
Crystal Growth | Separation Silica & Carbon Acids HF +HC
Purtfication Silicon & HCL Resctant Gases | SIHCl, +H,
Reduction Special Process Gases| Reactant Gases | HCI
Pulling Polysilicon
Shaping Hydrofluoric Acids | Acids HE
Epitaxy CVD & Silane, Silicon Reactant Gases | SiH, + HCl
Transportation | Carrier Gases Reactant Gases | SiHy +HCl
Oxidation Pyroltic TEOS Reactant Gases | SHC,H;0)4 + 1,0,
Atmospheric CVD| Sitane & Oxygen Reactnat Gases | SiHH, +0,+2H,
Photolithography | Coating Resist Resins Selvent Xylene
Developing Polyisoprene Acids Aikaline Saris
Rinse (lags Masks Akalis Acetate
Baking Positive Resists Radiation UV-Light
Exposing Negative Resists Gases Ny
Butylacetate (lass
Etch Oxide Etch HF. HCL. HNOy H, | Acids Metal Beaving Acid Rinse
Nltride Etch Hy 804, CFy. CCly | Alkalis Low pH Rinse
Polysilicon Etch | DI Water Solvent High pH Rinse
PlasmaBtch | NBA Metal/Acids Fluorides
Metals Etch Rinse Water Metais
Diffusion & Spin on Dopants | Arsenic Trioxide Solid Arsenic
[mplant Liquid Dopants | POCl Liquid Phosphorus Oxychloride
lon Implant BF, Reactant Gas Hydrogen Fluoride
Solid Sources Boron Nitride Solid Nuisance Dust
Gas Dopants Arsine Reactant, Gas Arsenic
Metallization Sputtering AL NI, Au, Cr Metais Heavy Metals
Evaporation N. Nivd, TiN Soiids
Passivation LPCVD Silane. Nitrogen Reactant Gas SiH, +HCI
Sawing Dernount Sileon & DL Rinse Water D& sl
Die Attach Solder Bond Solder Paste/Prefoms| Sofid Lead Solders
Wire Bond Stch Bond Gold. Aluminum Solid AwAl
Molding Trantsfer Mold | Eposy Resins Solid Spen Epoxy
Degreasing Cleaning/Dry | Semi-Aqueous Rinse Water Acid/Aikaline Rinse
Marking [nk Cure Paints/inks Solvents Semi-Aquesous Hydrocarbon
Stamping Lean Frame Copper Solvents Chiorinavted Hydrocarbons
Cleaning/Debwr { Cleaning Aqueous Rinse Water Metal Bearing Rinses
Electroless Plating | Metal Finishing | Plating Bath Spent Plating Beths | Copper, Nickel. Tin/Lead
Source : Motorola
o g sfoleldidor Azt HW AAREARAEe 2 Y
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I3 1. Pathway for Maunfacturing Waste to Environment

{ RECYCLING
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< 1 1 1 t
e 1 ) 1 '
% . ' Y | WASTE | ¥ vV
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H 3. A Sample of Hazardous Pollutant Sources

Photolithography Azl <}
thekst 71 ES 14417 High

SUBSTANCES CHEMICAL-HAZARD
A ENVIRONMENTAL HAZARD Cell Technology® Al&gHtlEx]
Q 2 g o High Density Surface Mount
Hazardous " ;_92«’ 8 ;% = i 2 o
Production AR - ~| & Technology® &-88tAt theb&
%] 3 . =12 27
Materials BEIEEE ElE A7) - AAAE glo] o
LR = ol = v -
& Chemicals SISIS 'LS & 8 § 131 <] 3| 7 |Comments od Vs HEANIE 59
Aectic Add % | % | % < | x % Efficient “End-Use” 7]& 5%
Citric Acid X x | x X € T AUrk
Nitric Acid X | x X X | X X
Sulfuric Acid X X | X X 5. Z+arsl g9l &g
Hydrofluoric Acid X | X XX | x}x|x
Hydrochlorie Acid___| X | X XXX ARG AE AT Aol
Ammonium Fluoride | X | X X | X X A pe BA5S Aedtn 9
Potassium Hydroxide X 0|5 Zoj= -—?_;,Aq' 2 Saado] ol
CFC-113(Fron) X X % |Unclassified k‘e jm = O"]voo = Tl‘6 o‘ ;)\
1.1,1-Trichloroethane X X X = HH{?O] OB AL AEE
Trichloroethylene X X sfofof ghot,
Dichlorobenzene X X olglgh A7 g2l #AE vl o
NBA X X x | x X ol A& #FsHMinimization)
Chloroform X X X X X {Unclassified 23 ki A" o7 7Hss He
HMDS X el 2 g3 548 APA e
Arsine R XXX THLAL AIE Ae 0
Carbon Tetrachloride | X U X X |CCly Unclassified =
Acelone - : a olejat Zreksle wael A z)
Hydrogen Peroxide X X )
Hydrogen Sufide y > A(Source Reduction)®} #&-&
Carbon Monoxide X X (Recycling) &2 st} 471&
Nitrogen T At
Nitrous Oxide X X
Ozone X X X oy .
12l 2. Typoical Technology
Life Cycle stages
7 22 9] 2 ]
4 g Arh 7lsdAel QoA g Set Baseline Process )
AN o R PEHojel & fUse _— o Began Volume Production
Chg 3 2T 120,533“' Progess to
=] X |
E241% (Materal Selection) A;Tg%}‘l;(;loRggD Development pcl;)p;];}ll(i;} _ .
&4 4 A (Process Design) J1 J Product Life
%2)/d Al (Equipment Design)
A& Al (Product Design) i 5 3 0 +10
5} elzleks) d7 2 28 Extemal Development
T3 xplaleks M 2 28 U(r;wemty and Facilities Manufacturing Installed Base
o olsled o X L = 2l onsortium
& glate] oleizby Wele] =2 onsortiu
T e VLSI 7|3 dsie
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712! 3. Source Reduction Definition within the Context
of Waste Minimization

WASTE MINIMIZATION TECHNIQUES

Source Reduction

Product Changes Source
+ Products Subestitution Control
+ Product Conservation
* Change in Product

Composition

Recycling(Onsite and Offsite)

Use And Reuse

* Return to Original
Process

* Raw Material Sub-
stitute for Another
Process

Input Material Changes Technology Changes

* Material Purification + Preess Changes
» Meterial Substitution + Equipment, Piping, or
Layout Changes
+ Additionan! Automation

+ Changes in Operational

Settings

B Azl #H7]E A
Blobs vlekdl ez B
= AA(Hierarchy)&ha &
=l 018 =43} sl 2™-35
o AR FA ok Bgh g
ko] o & vEhiE oS3
=3

Planar Technology

,d
My kol ¥0 o

Vacuum Pak

Install Tube to Tube Mark
and Test

Install Laser Marking

Use Infrared Heat Lamps
for Drying

719 Wet Etchingoll thsle]
Silicon Nitride dry Etching®
A48 74 Dry Plasma Etching
49| Al-o] DIF9] ARgolut #
718 Aol & 4F%E FE e

A E

Good Operating Practices

« Procedural Measures

« Loss Prevention

+ Management Practices

+ Waste stream segregation

+ Material handling
improvements

+ Production scheduling
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Leaks Containment and

Avoidance)
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ISO/IEC
standards : ISO(International
Electrotechnical Commission)
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