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A GUIDE ON HEALTH HAZARDS AND THEIR CONTROL IN WAFER
FABRICATION FACILITIES

1. INTRODUCTION

The semiconductor industry is an important component of Singapore’s
economy. It contributes approximately 531 % to the total manufacturing output
which in turns forms 25 % of  the country's GDP. The industry is the largest
employer among the various manufacturing sectors as it employs about 128,000
workers or 36 % of the total number of workers involved in manufacturing. Wafer
fabrication is an integral part of this industry and generates a great deal of high
value added activities. 

The purpose of this guide is to assist those unfamiliar with wafer
fabrication operations to identify and assess potential health hazards in a wafer
foundry. Many of the processes and operation in wafer fabrication plants are
unique. In addition, the fact that extremely toxic, corrosive, flammable and
pyrophoric chemicals are used in such plants, makes it important for our officers
to understand the basic processes that take place in a wafer fabrication plant.
This would help them to assess hazards and advice on possible control
measures. It would also enable them to handle the health and safety
professionals employed in wafer fabs more confidently and knowledgeably. 

This guide is not meant as a strict reference as to the requirements that
has to be imposed on wafer fabs. This is due to the fact that it is a rapidly
developing industry where new technology is being implemented in the space of
months. As such, requirements imposed might become obsolete by the time they
are implemented. Furthermore, detailed requirements can be found in many
industry driven standards and guidelines which will be highlighted in this guide.  

2. STAGES IN THE MANUFACTURE OF SEMICONDUCTORS

Producing a state-of-the-art semiconductor device, also known as an
integrated circuit (IC) or "chip", is an extraordinary process. Silicon, a
fundamental component of sand, is a tetravalent, nonmetallic element that occurs
in combined form as the earth's second most abundant element next to oxygen.
It is processed through several hundred steps into devices which are used in a
wide range of applications.

Silicon has the same crystalline structure as a diamond, but it is only as
hard as glass. It is also a semiconductor which means it is halfway between a
conductor which carries electricity easily (like copper) and an insulator which
prevents electricity from flowing (like plastic). Its conductivity can be easily
                                                
1 Figures are from Yearbook of Statistics, Singapore 1996
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altered by adding minute "dopants" to its crystalline structure. The use of silicon
is currently the most popular but gallium arsenide technology is rapidly gaining
popularity. This is because gallium arsenide can move electricity faster than
silicon and can generate light impulses which silicon cannot.

2.1 Process Outline

This is a simplified outline of the typical process. The manufacturing
process for an integrated circuit (IC) starts with crystal growing (the formation of
an ultra-pure ingot). Normally, the ingot is made of silicon but occasionally, other
material such as gallium arsenide are used. The ingot is sliced into round, thin
slices 75 to 300 mm in diameter and polished to a mirror-smooth finish. These
wafers are placed in a furnace and an oxide layer is grown on the surface of
each wafer.

The polished wafer with its thin oxide layer is now coated with photoresist
(an emulsion that either hardens or softens on exposure to ultraviolet light
depending on the type of photoresist. Next, the wafer is covered with a plate,
called a mask, which contains the circuit pattern for the IC repeated in small
squares through the mask forming a pattern on the wafer. The wafer is then
rinsed removing the unpolymerised photoresist exposing the oxide layer at
certain parts of the wafer.

The exposed oxide is removed by either acid solution (wet acid etching) or
by radicals formed by exposing gases to radiofrequency radiation (dry plasma
etching). This results in the exposure of the original wafer surface.

Dopants such as boron, phosphorus, arsenic or antimony are either
diffused or implanted into the wafer at areas where the oxide has been removed
altering the electrical characteristics of those areas. Thermal diffusion is
accomplished by placing the wafers in a furnace containing a dopant gas at high
temperature (e.g. 900 °C). The alternative, ion implantation, involves forming
dopant ions in a vacuum, accelerating the ions, and implanting them into the
wafer.

The original photoresist layer is removed by either an organic acid
stripping solution or an oxygen plasma system (plasma ashing). The remaining
oxide layer is removed by either wet etching or plasma etching. This completes
one layer of circuitry. However, additional layers are required, so a layer of silicon
is added to the surface of the wafer, an oxide layer is grown on the silicon, and
the photomasking step is repeated. This sequence is repeated for each
successive layer of circuitry.

The final layer is then etched to expose circuit contact areas. An
evaporation technique is used to apply a layer of metal usually gold or aluminum
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(metallisation sequence) Portions of the metal layer not needed to make
connections are removed by wet etching or plasma etching.

The wafer is next covered with a silicon dioxide or silicon nitride layer to
protect it from contamination and scratching (passivation sequence). This covers
the metal contacts on the wafer so an additional patterning and etch step is
required to expose the circuit’s contact points.

Each die or chip is still part of a circular wafer. At this point the circuitry is
tested to identify faulty chips. The wafer is then scribed and the chips separated.
Individual chips are then attached to a lead frame, a metal stamping that
provides the necessary electrical leads. Tiny aluminum or gold wires connect the
leads to an IC and its connections with mechanical and thermal protection.
Finally, the IC is subjected to a variety of quality assurance testing.

Appendix 1 shows a simplified flow diagram of the semiconductor fabrication
process described above.  

Appendix 2 shows a semiconductor fabrication facility systems design.

2.2 Crystal Growing

Most wafers used in semiconductor manufacturing are made of silicon, a
relatively harmless material. However, light emitting diodes and certain ICs
requiring high operating speeds are composed of gallium arsenide, an alloy of
elemental arsenic and gallium.

The process begins with a large crucible into which electronic-grade
silicon rods are broken and melted. A seed crystal is then brought into contact
with the melt. Some of the melt solidifies onto the seed crystal, forming a larger
crystal. The seed crystal is slowly "pulled" upward as the melt continues to
deposit. Eventually, most of the melt has condensed and a very large bologna-
shaped boule of single-crystal silicon usually 8 inches in diameter and several
feet long, has been formed.

Appendix 3 shows a figure illustrating the conversion of raw materials into single
crystal silicon wafers ready for processing into microelectronic devices.

2.3 Ingot Grinding and Sawing

In the cut and grind operation, the ends of the polysilicon crystal are
removed and the uneven exterior is ground to achieve uniformity. The silicon
ingot is then sliced into wafers. This can be done using either multi-wire saws
that make numerous cuts at once or with a diamond edge circular saw. These
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slice the ingot to 0.36 to 0.76 mm wafers (this is about the thickness of a
business card). 

Hazards at this stage: saws, lasers

2.4 Wafer Preparation

The newly formed wafers are washed in a solvent solution. Local exhaust
ventilation is required if the cleaning solvent has a significant vapour pressure.
Methanol exposures up to four times the threshold limit value-time weighted
average (TLV) has been reported during the washing of silicon wafers without
adequate ventilation.

Finally the wafer’s thickness is reduced and then polished with a diamond
paste to a mirror-like finish. Occasionally the wafers are mounted on carrier pads
to polish them. Methylene chloride exposures  up to five times the threshold limit
value-short term exposure limit (STEL) has been reported when no local exhaust
was used during the stripping of carrier pads from their metal carrier plates.

Hazards at this stage: acids, solvents

2.5 Epitaxy and Oxidation

The wafers are then given a thin surface layer of silicon dioxide in an
oxidation furnace (metal oxide semiconductor [MOS] process) or silicon in an
epitaxial reactor (bipolar process).

Hazards at this stage: gases, silanes

2.6 Photomasking and Etching

After the oxide layer is formed on the wafer, a layer of photoresist is
deposited over it. Photoresists contain three types of compounds, a resin or
polymer, a photoactive compound, and a carrier solvent. Because the resins,
polymers, and photoreactive compounds evaporate slowly, they are not an
inhalation hazard under normal conditions. The solvent portion of the resist
makes up about 80% of the mixture and is typically the major concern. The three
major carrier solvents used in photoresists are xylene, n-butyl acetate, and 2-
ethoxyethyl acetate.

Photoresist process equipment has built-in exhaust ventilation that
normally limit solvent exposures to levels well below their threshold limit values
(TLVs). Occasionally exhaust lines will become blocked with solidified photoresist
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increasing airborne solvent concentrations in the area. This problem can be
eliminated by routine checks of the spinner exhaust ducts.  

After the photoresist layer is deposited, the wafer is covered with a mask
and exposed to ultraviolet (UV) radiation. While the predominate wave length of
the UV is typically 365 nanometres (nm) or higher, a significant portion of the UV
lamp’s spectrum is in the actinic region (i.e., less than 315 nm). At the surface of
the wafer, the UV radiation level is far greater than the TLV, but it is mostly
contained in the exposure equipment. The intensity of the radiation escaping the
equipment is less than the TLV – 0.1 micro-watts per square centimetres
(uW/cm2) for eight hours.

Occasionally the UV lamps are aligned requiring the lamps to be
energised outside the equipment cabinet for about 15 minutes. Exposure levels
during this operation have been measured as high as 220 uW/cm2 where the
hands and fingers work and 6 uW/cm2 30 centimetres from the lamp where the
maintenance technician stands. No symptoms of overexposure have been
reported for this operation because the technicians wear the standard clean room
attire while aligning the lamp (i.e., smocks, vinyl gloves, face masks and
polycarbonate safety glasses). UV measurements indicate the vinyl gloves and
safety glasses attenuate the UV to an effective irradiance of less than 0.1
uW/cm2.

After the circuitry pattern is formed on the wafer, the exposed oxide layer
is removed by wet etching or dry etching. In wet etching the wafers are dipped in
baths containing acids (e.g., nitric, acetic, and hydrofluoric acid) which are kept in
enclosures with exhaust ventilation. A face velocity of 30 meters per minute (0.5
m/s) will adequately contain the acid vapours in the enclosure. The major hazard
is possible skin contact with the acids when pouring acid, dipping wafers, and
disposing of acid. Personal protective equipment is worn to minimise acid burns
(see Fig 1). Usually this consists of acid resistant gloves, safety glasses, face
shields, armguards and aprons.

In dry etching, the wafers are placed in a vacuum chamber and exposed
to gas or vapour (e.g., fluorinated hydrocarbons) energised by RF radiation.
Chemical and physical reactions occur at the oxide surface etching it away.
When the cycle is finished, the etch gases are purged from the chamber. Etch
operators are typically not exposed to detectable quantities of either the parent
compounds or reactant gases. However, brief operator exposures to irritative
concentrations of fluoride compounds has occurred with some systems. This
occurred when the reaction chamber door was opened after the etch cycle
finished. The exposures were too brief for detection by standard sampling
methods, but were easily eliminated by increasing the purging before the door is
opened.
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Along with chemical concerns, there is a possibility of radiofrequency (RF)
radiation exposure from plasma etchers. Plasma etchers typically operate at a
frequency of 13.56 megahertz (MHz). The TLV at 13.56 MHz is 4.9 milliwatts per
square centimetre (mW/cm2) averaged over a six minute period. Occasionally
the door to the plasma etcher becomes misaligned causing RF leakage above
4.9 mW/cm2 within 15 cm of the door seam. This leakage is easily eliminated by
realigning the door.

Some etchers have a glass window in the door that is used to view the
wafers during etching. The window has a metal screen that contains the RF
radiation. An older model of plasma etcher was sold by the manufacturer without
the protective screen. RF levels above 200 mW/cm2 (electric field) were present
at the window of these etchers. 10 centimetres from the windows the levels were
less than 4.9 mW/cm2. Aluminium screens placed over the windows reduced the
RF leakage 0.1 mW/cm2 or less at the surface.

After the circuit pattern is etched into the wafer, dopant materials are
diffused or implanted into the exposed silicon.

A desired pattern for electrical circuits is etched into the wafer using a set of
photomasks and ultraviolet light. Please refer to Appendix 4.

Hazards at this stage: solvents, acids, alkalis, photoresist, developers, UV
light

2.7 Doping : Diffusion and Ion Implantation

To form the junctions where current will flow, a controlled number of
impurities or dopants must be introduced into a selected region of the wafer
either by diffusion or ion-implantation. Diffusion is a high temperature (900 °C to
1300 °C) process in which certain chemicals (dopants) are introduced into the
surface of the semiconductor material to change its electrical characteristics.
Diffusion is the most established method of applying dopant material. Ion
implantation is a technique for doping impurity atoms into an underlying substrate
by accelerating the selected dopant ion towards the silicon target through an
electric field.. Ion implantation is often preferred over standard diffusion methods
because it is more precise, faster and less expensive. Annealing usually is
required following ion implantation because of the structural damage caused by
bombardment of the substrate by the accelerated ions.

Boron,  phosphorus, arsenic and antimony are commonly used as
dopants. Dopant sources include solids (e.g., arsenic trioxide, boron trioxide,
antimony trioxide, phosphorous pentoxide), liquids (e.g., phosphorous
oxychloride, boron tribromide), and gases (e.g., arsine, diborane, phosphine,
boron trifluoride, boron trichloride).
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Exposures during routine dopant diffusion and ion implantation are well
below TLV and PEL standards for the dopants. Maintenance of arsenic diffusion
furnaces and ion implanters has the greatest potential for chemical exposures.
However, arsenic exposures will be well below 10 ug/m3 if HEPA filter vacuums
are used or arsenic contaminated parts are kept wet during cleaning. Grinders or
other forms of mechanical abrasion should not be used to clean arsenic
contaminated residues. Local exhaust ventilation and/or respirators can also be
used to further reduce airborne arsenic exposure. Respirators should not be
used as a substitute for engineering and administrative controls.

In the absence of proper controls, arsenic exposures 1.5 times PEL has
been reported during the cleaning of a solid source arsenic deposition furnace. 

Dopant gases require additional control to minimise the chances of an
accidental gas release. Because they are highly toxic, arsenic, diborane and
phosphine are of particular concern. Their PELs are 0.05 ppm, 0.1 ppm, and 0.3
ppm respectively. Arsine, diborane, and possibly phosphine have odour
thresholds above their PELs. Therefore, the odour of these gases may not
provide adequate warning of significant exposures.

During ion implantation x-rays are formed incidental to the operation. Most
implanters are designed with cabinet shielding sufficient to maintain employee
exposures less than 0.25 millirems per hour (mR/hr). (17) However, Lintott 3X
implanters were found with x-ray leakage above 2 mR/hr at the units’ surface.(5)
These levels were reduced to less than 0.25 mR/hr by installing additional
shielding.

The best method to ensure minimal x-ray exposure from ion implanters is
through periodic radiation surveys of the implanters with a portable survey meter.
Cabinet seams, screw holes, and other penetrations should be carefully checked.
As a minimum, radiation surveys should be performed when the implanters are
installed, modified, or moved. 

Radiation film badges are unnecessary when personnel exposures are
below the limits recommended for uncontrolled areas, such  as ion implanter
operations. While film badges are sometimes used with ion implanter operations,
they are not a substitute for radiation surveys. Film badges are not sensitive
enough to detect the low level radiation exposures associated with ion
implanters.
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After doping is complete, the remaining oxide layer is removed by acid
etching or plasma etching. Next a layer of silicon is deposited on the wafer’s
surface by chemical vapour deposition.

Appendices 5 and 6 shows pictures of ion implanters and diffusion furnaces.

Hazards at this stage: gases, dopants, metals, radiation

2.8 Chemical Vapor Deposition (CVD)

Deposition is the process of placing additional layers onto the wafer
surface, either by epitaxial or chemical vapour deposition (CVD). Chemical
vapour deposition is the process of forming a thin film on a substrate by the
chemical reaction of various gases. Most CVD is done by atmospheric epitaxial
(EPI) reactors. However, low pressure chemical vapour deposition (LPCVD) is
gaining in popularity. Epitaxy is the process of depositing a crystalline layer
having the same structure as the substrate. Epitaxy represents a special form of
CVD.

Silicon tetrachloride and dichlorosilane are often used as source gases for
the silicon deposited during chemical vapour deposition (CVD). Both compounds
react in the system forming silicon and hydrogen chloride. Operator exposures to
the gases are negligible because the equipment operates as a closed system.
However, brief hydrogen chloride exposures up to three times the PEL (as a
ceiling) has occurred when certain CVD prescrubbers are cleaned. Respirators
are worn during this operation, because engineering and administrative controls
are normally not feasible.

Small amounts of dopants are added to the silicon during deposition.
Toxic gases used as the dopant sources require engineering controls.

A unique form of CVD is done during gallium arsenide IC production. A
gallium phosphide or gallium arsenide layer is deposited on a gallium arsenide
wafer. Prescrubbers for these CVD reactors contain high concentrations of the
reactant gases (e.g., arsine and phosphine). Arsine/phosphine exposures far
above the TLVs can occur if these prescrubbers are indiscriminately opened in
the work area. They must be cleaned in an exhausted enclosure or air-supplied
respirators must be used.

Most EPI reactors use RF for heating. The frequency varies with the make
and model of the reactor. An older model of EPI reactor, Applied Materials Group
model 500, operates at 450 KHz. These EPIs had leakage above the 100
mW/cm2 TLV within 20 cm of the windows and within 30 cm of the RF lines at
the back of the units. Aluminium screens were used to reduce the RF leakage
from the windows, and the RF lines were enclosed in plexiglass barriers. 
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After the silicon layer is deposited, the layering process is repeated adding
additional circuitry. The final oxide layer is covered with a metal coating of
aluminium or gold.

Hazards at this stage: gases, dopants

2.9 Metallisation
  

After the final diffusion step, the devices which have been fabricated into
the silicon wafer must be connected together to perform circuit functions. This
process is known as metallisation. Metallisation provide a means of wiring or
interconnecting the uppermost layers of integrated circuits by depositing complex
patterns of conductive material which route electrical energy within the circuits.
To do this, a conductive metal is either sputtered or evaporated over the front of
the wafer. A photoresist pattern is then aligned over the metal and some of it is
etched away leaving the desired metal coverage. The most common metals used
for metallisation are: aluminium, nickel, chromium, gold, copper, silver, titanium,
tungsten and platinum.  

Evaporators used to deposit the metal layers do not involve toxic gases or
other chemicals of concern. However, some evaporators have a bell-shaped
chamber that requires cleaning to remove metal residues. Technician exposures
up to  2.0 times the short term exposure limit for methanol were measured during
the cleaning. The exposure can be eliminated by using water as the cleaning
solvent instead of methanol.

Sputtering is another technique used to deposit the metal layer. RF
radiation at 13.56 MHz is used to vaporise the metal. Radiation leakage from
most sputters is negligible. However, all Perkin-Elmer 4400 series sputters
surveyed had leakage above 4.9 mW/cm2 10 to 30 centimetres from the sides
and backs of the units (n=11). Most of the leakage was in the magnetic field
rather than the electric field. Leakage where the operators stand was less than
4.9 mW/cm2. Most of the leakage was from cracks in the cabinets caused by
repeated removal of maintenance panels. Newer Perkin-Elmer sputters have a
wire mesh at the panel seams which prevents significant leakage. The 4400
series sputters can be retrofitted with the wire mesh, or copper tape can be used
to cover the seams to reduce the leakage.

After the metal layer is deposited some of it is removed by acid or plasma
etching to provide contact points. Metal etching has the same concerns and
controls as oxide etching. The reaction products formed in plasma aluminium
etchers are a complex mixture of chlorinated and fluorinated compounds.
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Maintenance of plasma aluminium etchers involves operations that
generate strong odours. The strength and nature of the odour depends on the
type of etcher, parent compounds, and maintenance frequency.
Hexachloroethane was found to be the major cause of the odour in one type of
aluminium etcher. These exposures can be controlled by local exhaust
ventilation, increasing the frequency of the cleaning and respirators.

When the metal etching is complete, the metal layer is covered with a
silicon dioxide or silicon nitride layer by a CVD process. This is the passivation
sequence. 

Hazards at this stage: dopants, metals, solvents

2.10 Passivation

A thin, transparent layer is finally applied to the surface to protect the
circuitry from external influences.

Dopants are sometimes added to the silicon dioxide while it is being
deposited. The passivation process is a closed system with negligible operator
exposures. However, the highly toxic gases used as the dopant sources require
controls to minimise the chance of a gas release (see Table 3).

Passivation completes the fabrication portion of the process. Next the
wafer is scribed, and the individual chips are separated and assembled. 

Hazards at this stage: silicon oxides and nitrides, aluminum oxide

2.11 Testing

Each chip on each wafer is inspected. Imperfect chips are marked out.
This process now largely automated.
 
Hazards at this stage: visual fatigue
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2.12 Dicing

Grooves are cut so that the chips can easily be separated by semiconductor
assemblers.

Hazards at this stage: lasers, diamond saws

This usually marks the final stage of operation in a typical wafer fabrication plant.
The diced wafers are then sent for assembly into chips that we commonly see
inside computers, radios, televisions and other electronic products. Please refer
to Annex A for the details of subsequent operations.

3. HAZARDS OF CHEMICALS USED

The process hazards of manufacturing semiconductor devices involve extensive
use of toxic, highly corrosive and flammable gases and liquids.
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3.1 Gases

Table 1 below lists gases and the associated processes in which the
gases are used. The overall system for the distribution of the process gases is
shown in Appendix 8.

Gas Process Hazard PEL2

(mg/m3)
Ammonia [NH3] VX FTC 17
Arsenic Pentafluoride [AsF5] I TC 0.01
Argon [Ar] COEDVMX I Asphyxiant
Arsine [AsH3] CEDIV FT 0.16
Boron Trichloride [BCl3] DIX TC -
Boron Trifluoride [BF3]* DI T 2.8
Carbon Dioxide [CO2] V I 9000
Carbon Monoxide [CO] EM FT 29
Carbon Tetrachloride [CCl4] X C 31
Chlorine [Cl] X CT 1.5
Chlorine Triflouride [ClF3] D TC 0.38
Diborane [B2H6] EDV FPT 0.11
Dichlorosilane [SiH2Cl2] EV F(T)C -
Dimethylzinc [(CH3)2Zn] V FT -
Disilane [Si2H6] V F -
Fluorocarbons [e.g. Freon] X I -
Germane [GeH4] EV FT 0.63
Hydrogen [H2] COEDIVX F -
Hydrogen Chloride [HCl]* OEX TC 7.5
Hydrogen Selenide [H2Se] I FT 0.16
Hydrogen Sulphide [H2S] V T 14
Nitrogen [N2] OEDIVX I Asphyxiant
Nitrogen Trifluoride [NF3] X T 29
Nitrous Oxide [N2O] V Oxidant 90
Oxygen [O2] ODVX Oxidant -
Phosgene [COCl2] CEDIV FT 0.4
Phosphine [PH3] CEDIV FPT 0.42
Phosphorus Pentafluoride [ PF5] I TC -
Silane [SiH4] EIV FP 6.6
Silicon Tetrachloride [SiCl4] EVX FP -
Silicon tetrafluoride [SiF4] IX TC -
Sulphur hexafluoride [SF6] X I 5970
Tungsten hexafluoride [WF6] V (T)C 1
Xenon [Xe] X I Asphyxiant
* PEL (Short Term)

                                                
2 PEL : Permissible Exposure Level (Long Term) i.e. 8 hr exposure
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Key:-
Process Hazard
C - crystal growth (silicon, gallium arsenide
compounds)

F - flammable

O - thermal oxidation P- pyrophoric
E - epitaxy T - toxic
D- thermal diffusion (T) - toxic byproducts
I - ion implantation C - corrosive
V - chemical vapor deposition I - inert
M - metallisation
X- etching

3.2 Solvents

Solvents are used in many wafer fabrication operations particularly in
etching, photoresist, developer and rinse. 
Such solvents  include :

PELChemical Name
(mg/m3) (ppm)

Acetone 1780 750
Butyl Acetate 713 150
Chlorobenzene 46 10
Ethylene Glycol* 127 50
Ethyl Lactate - -
Formaldehyde* 0.37 0.3
Hexamethyldisilazane (HMDS) - -
Isopropyl Alcohol 983 400
Methyl alcohol 262 200
Methyl Ethyl Ketone 590 200
Methyl Isobutyl Ketone 205 50
N-Methyl Pyrrolidone - -
Phenol 19 5
Propanol 492 200
Tetaethylorthosilicate - -
Toluene 188 50
1,1,1-Trichloroethylene 269 50
1,1,1-Trichloroethane 1910 350
Trichlorobenzene* 37 5
Xylene 434 100

* PEL (Short Term)
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3.3 Acids and Alkalis

The hazard associated with the use of acids and alkalis is basically due to
their corrosive nature. Some of the commonly used acids and alkalis include :

• Sulphuric acid
• Nitric acid
• Hydrochloric acid
• Hydrofluoric acid
• Sodium hydroxide
• Ammonium hydroxide 

4. PROCESS HAZARDS AND CONTROL MEASURES

The control of hazards in a wafer fabrication plant can be classified into 8
main approaches namely :

• Enclosure & Containment
• Local Exhaust Ventilation
• Dilution Ventilation
• Automation
• Detection & Alarm
• Personal Protective Equipment
• Emergency Response
• Environmental, Health and Safety Management System

Generally, control measures are in place for process chemicals from the
point of supply to the point of use and finally upon disposal. This is done to
ensure minimal contact with flammable, pyrophoric, toxic and corrosive
chemicals.

4.1 Point of Supply and Distribution System

At the point of supply, gases which are usually stored in pressurised cylinders
are dispensed via a system of gas cabinets. These cabinets are enclosures
commonly equipped with the following :

• pneumatic control systems (to allow remote control of gas flow)
• local exhaust ventilation  (to remove any leakage at the source and

preventing a large release)
• emergency shut off valves
• restricted flow orifice (RFO) (to limit the maximum gas flow from the

cylinder)
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• leak detection and alarm system
• sprinklers

Appendix 7 shows a picture of a typical cylinder gas cabinet.

The piping system for flammable and pyrophoric gases such silane are
transported via continuously welded steel pipes. This is to reduce the likelihood
of leakage from joints. In addition, piping for hazardous gases can also be of the
double containment-type. The “double walled” pipe is actually a pipe within a
pipe.  The process gas is transported in the inner pipe whilst the annular space
between the inner and outer pipe is filled with either an inert gas (e.g. nitrogen) or
kept at a virtual vacuum. In addition, sampling points or pressure sensors are
sometimes located in the annular region to detect leakage.

Before the piped gases are finally distributed to the various process
equipment (also known as tools), the pipes will have to go through several
valves. These valves present a possible risk of leakage. As such, enclosures
called valve manifold boxes (VMB) are used to cover such valves. The VMBs are
full enclosures equipped with exhaust ventilation and sampling points to detect
leakage.

Appendix 8 shows a schematic diagram of a typical process gas distribution
arrangement.

A similar system for the supply and distribution of liquid chemicals is
usually in place in most modern fabs. Drums of chemicals are placed straight into
the bulk chemical dispensing system where the contents of the drums are
pumped straight into the piping system with minimal human intervention and
exposure.

Appendix 9 shows a picture of a typical bulk chemical distribution unit.

4.2 Point of Use

The process chemicals are used at the tools involved in processes such
as etching, CVD, epitaxy and ion implantation. These tools are fully enclosed and
automated with practically no direct operator intervention required. They are also
equipped with local exhaust ventilation to remove excess process gases and
toxic byproducts. In addition, leak detection and alarm systems are in place to
continuously monitor the levels of hazardous chemicals in use. However,
significant exposure can occur during maintenance operations. Here, technicians
are usually required to remove the containment systems to conduct work within
the tool itself. In such operations, strict adherence to safety procedures and
proper use of personal protective equipment is important.   



A Guide On Health Hazards And Their Control In Wafer Fabrication Facilities

16

4.3 Disposal

Most wafer fabs try to minimise the amount of waste they ultimately dispose
off. They do so by careful use of raw materials and extensive use of recycling
technology. For example, fabs recycle a great deal of process water along with
solvents like acetone and isopropyl alcohol. In addition, waste chemicals are also
subjected to the same level of control as the initial raw materials. The control
measures include the following :

• enclosure (Exhaust ducts pipe waste gases, vapours and aerosols to
scrubbers before discharge. Separate exhaust ducts for toxic,
flammable and corrosive chemicals are provided)

• leak detection and alarm system
• sprinklers

4.4 Leak Detection & Alarm System

Wafer fabrication plants usually employ a comprehensive continuous
monitoring system. As indicated earlier, airborne levels process chemicals are
monitored from their supply points, along the distribution system, at the tools and
also in the exhaust system. Coupled to this detection system, is an alarm system
equipped with audible and visual alarms. There are usually two level of alarms,
low level and high level alarm which are set as a fraction of the PEL of the
respective chemicals. The various alarms will trigger off a series of actions by the
operators and safety personnel which could ultimately escalate to a full
evacuation and shut down of the plant if the situation warrants it.

In addition, most wafer fabs also have a regular programme of hygiene
monitoring to assess their worker's exposure to chemical and radiation hazards.
This is especially important for worker's involved in non-routine and maintenance
jobs. 

4.5 Emergency Response

Emergency response forms an integral part of the overall system in control
hazards in wafer fabrication plants. They are needed in case the other control
measures fail to cope with a dangerous or unexpected situation. Emergency
response should include :

• emergency operating procedures - documented procedures should be
disseminated to employees and personnel should be trained to
execute them.

• emergency response team (ERT) – an ERT should be available for all
operating shifts. they should be able to properly respond in a safe
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manner to flammable liquid or gas incidents, perform firefighting,
handle liquid leakage releases and conduct salvage operations.

• ERT training – ERT personnel should receive regular, documented
training and should train with the civil defence force. The ERT should
be familiar with the location of emergency shutoffs for various gases
and liquids, emergency exhaust systems, power disconnects, and
protection of vital processes and equipment.

• pre-incident planing – the fabs should work with closely with the civil
defence to develop plans to handle emergencies and ensure
coordination. The plan should be put in practice at least once a year in
drills and simulations. The plan should also be reviewed and updated
as necessary.

4.6 Environmental, Health and Safety Management System

The costs of setting up a wafer fabrication plant are substantial. In the
event of a hazardous chemical release or fire incident, substantial revenues
would be lost. To prevent any occurrence of such events, wafer fabrication
corporations have established comprehensive environmental, health and safety
management system (EHSMS) to achieve high standards of environmental
quality and workplace safety at their facilities. The corporate headquarters of
such corporations ensure that comprehensive corporate EHS standards and
guidelines on highly toxic gases and hazardous chemicals are adhered to by all
their subsidiaries worldwide by conducting periodic compliance audits, fire
inspections and safety audits of subsidiary plants worldwide. Our local wafer
fabrication plants, belonging to such corporations, are subjected to such stringent
corporate requirements. 

These plants should also conduct periodic safety audits of their EHSMS to
assure compliance of EHS standards by all levels of management and
employees. The audit findings should be subjected to review and follow-up
activities to rectify the shortcomings closely monitored. 
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5. RELATED STANDARDS AND INDUSTRY ORGANISATIONS

Wafer fabrication plants are highly self-regulated. Their corporate
standards are usually in conformance to stringent standards and guidelines set
by US regulatory authorities and non-government organisations such as SEMI
and NFPA. The SEMI standards, generally accepted by US regulatory
authorities, are adopted by the wafer fabrication plants and cover adequately the
following areas:

(a)  Storage and handling of flammable, toxic and corrosive liquids;
(b)  Storage and handling of flammable, toxic and corrosive gases;
(c)  Toxic gas distribution (piping) systems;
(d)  Toxic gas cabinets; and
(e)  Scrubber and abatement systems.

5.1 Semiconductor Equipment and Materials International (SEMI)

SEMI is a forum for wafer fabrication industry professionals from Asia,
Europe and North America to jointly develop environmental, health and safety
(EHS) standards and specifications. Industry-approved specifications are
developed by more than 3000 participants from around the world.

SEMI maintains close working relationships with the American Society for
Testing and Materials (ASTM) and the Semiconductor Safety Association (SSA).
SEMI has developed and published many EHS standards on the wafer
fabrication facilities, the design and manufacture of wafer fabrication equipment,
and the safe storage, use and handling of toxic/hazardous production materials.
These standards are internationally recognised and adopted by many wafer
fabrication facilities.

SEMI ensures that its EHS standards are:

(a) sound, workable and technically accurate by involving a broad range of
participants from industry;

(b) adopted based on international consensus through balloting; and
(c) reviewed periodically to ensure technical accuracy, consistency and

timeliness.

5.2 Semiconductor Safety Association (SSA)

The SSA was formed in 1978 and has grown to over 1000 member
companies representing virtually all high technology disciplines. The SSA is
dedicated to the prevention of workplace injuries and accidents through the
sharing of safety and health information.
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The SSA provides communication and education concerning EHS issues
relating to the electronics and high technology industries. Through SSA
publications, academic programs and conferences, information on new EHS
management technologies are disseminated to its members.

5.3 Semiconductor Manufacturing Technology (SEMATECH)

SEMATECH is a non-profit R&D partnership of 11 American
semiconductor manufacturers and the US Department of Defense. The
organisation works with government and academia to sponsor and conduct
research aimed at assuring leadership in semiconductor manufacturing
technology for the US semiconductor industry. 

SEMATECH’s members include Hewlett-Packard Company, Intel
Corporation and Texas Instruments. The member companies and the US
government share the costs of maintaining SEMATECH. In addition to its mission
to build smaller and faster microchips to challenge competitors, SEMATCH also
does extensive R&D in EHS areas. Results of this research are transferred to its
members.

5.4 National Fire Prevention Association (NFPA)

The National Fire Protection Association was formed in 1896.  Its purpose
is to promote fire science and improve the methods of fire protection and
prevention, electrical safety, and other related safety goals. It also disseminate
information on these subjects and carry out promotional activities to secure the
cooperation of its members and the public in establishing proper safeguards
against loss of life and property. 

The NFPA has developed and published many standards on fire safety
and prevention in varied industrial fields. In 1992, it published the first edition of
the NFPA 318, Standard for the Protection of Cleanrooms, which applies to all
semiconductor facilities containing a cleanroom or clean zone. The standard,
updated in 1995, provides reasonable safeguards for the protection of such
facilities from fire and related hazards.

5.5 Factory Mutual (FM)

FM started operations in 1835 and is a world leader in property loss
prevention and control engineering, research and training. Three major industrial
and commercial property insurers, Allendale Insurance, Arkwright and Protection
Mutual Insurance, own or direct the various FM organisations.

FM has a Research Center with over 40 years of full-scale testing
experience. Through the research works of the Research Center, FM sets new
standards that reduce the chance of property loss in wafer fabrication plants due
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to fire, failure of equipment and incidents involving hazardous chemicals and
toxic gases. In addition, FM provides loss prevention engineering guidelines in
the form of Loss Prevention Data Sheets and books and is recognised as a
leader in standard setting for loss prevention. 

In 1997, FM has produced a loss prevention data sheet for semiconductor
fabrication facilities that covers the general processes of semiconductor
fabrication, their associated hazards and loss prevention recommendations. FM
also produces Approval Guides that contains over 45,000 listing of equipment,
materials and services approved by FM to enhance property loss prevention.

6. CONCLUSION

With the exception of some gallium arsenide wafer production operations,
exposures during routine semiconductor production operations are well below
allowable limits. Maintenance operations have the greatest potential for
significant exposures. However, these exposures can be lowered to acceptable
levels through standard industrial hygiene controls. 

Controls to reduce the frequency and severity of accidental gas releases
are receiving greater emphasis within the industry. The concern is not only from
the standpoint of employee exposure, but also the potential for adverse health
effects in the community. Particular emphasis is being given to redundancy in
engineering controls to minimise hazards associated with dopant gas releases.
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7. SEMICONDUCTOR TERMINOLOGY

This section describes the process flow and processing tools used to
fabricate semiconductors. included is an overview of the requirements of codes
used by the industry. basic terminology used by the industry is provided.

Alignment – The positioning of a mask or reticle with respect to the water.

Anneal – A high temperature processing step (usually the last one), designed to repair
defects in the crystal structure of the water. 

APCVD – Atmospheric Pressure Chemical Vapor Deposition

Art work – The large CAD (computer aided design) drawings of the various layers of a
circuit.  It is used to make the master mask for each layer. 

Ashing – Process in which photoresist is removed from the water by heating it and
turning it to ash.

Bipolar – Literally, having two poles.  A transistor consisting of a base, emitter and
collector.  It has both N and P type carriers present.

Boat – A vessel, usually made of quartz or silicon used for holding waters during high
temperature furnace processing 

Bonding – The connecting of a wire from the package leads to the pads (bonding pads)
of the circuit. 

BPSG – Borophosphosilicate glass.

Bubbler – An apparatus in which a carrier gas is transmitted through a heated liquid
causing portions of the liquid to be transported with the gas.

Buffered Oxide Etch – A mix of hydrogen fluoride (HF) and ammonium fluoride (NH4F)
used to promote oxide etching at a slow, controlled rate.

Burn-in – Term given to heat soaking components to determine operational reliability at
elevated temperatures or temperature fluctuations.

Carrier – A vessel made of plastic used for holding waters (typically 25) during
nonprocessing times.

CGA – Compressed Gas Association.

Chip (Die) – The silver of silicon on which the tiny devices of the integrated circuit are
formed.

Contact Aligner – An aligner tool which clamps the water and mask into a tight contact
before the resist exposure cycle.
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Clean Room Environment – An enclosed area where the amount and size of
particulate matter in air, temperature humidity, and pressure are closely controlled.

Cluster tool – Several process stations or tools served by one loading-unloading
chamber and wafer-transport system. 

CMP – Chemical Mechanical Polishing – A water flattening and polishing process that
combines chemical removal with mechanical buffing.  Used for polishing/flattening
waters after crystal growing and water planarization during the water fabrication process.

CMOS – Complementary metal oxide semiconductor.

Coke Cans – A noncombustible, pressurized canister containing photoresist or
developer which feeds the spinner in the masking operation.  These canisters are
usually pressurized with nitrogen and are equipped with metallic or plastic tubes
connected to the spinners.

Contact Aligner – An aligner tool that clamps the wafer and mask into a tight contact
before the resist exposure cycle.

CVD – Chemical Vapor Deposition

Deep Ultraviolet (DUV) – A light wavelength often used to expose photoresist which
has the advantage of an ability to produce smaller image widths.

Delonized Water – Water which has had all charged particles removed.  Commonly
called “D.I. water,” it is used throughout the entire manufacturing process.

Deposition – The depositing or laying down of various chemicals on wafers, generally
done in a high temperature furnace or evaporator.

Developer – Chemical used to remove areas defined in the masking and exposure step
of water fabrication.

DIE – See Chip.

Diffusion – The fab process whereby high temperature furnaces are used to drive
dopant material into the water.

DIP (dual In-line Package) – A rectangular circuit package, with leads coming out of the
long sides and bent down to fit onto a socket.

Dopant – Chemical “impurities” used to regulate the current flow in integrated circuit
junctions.  Usually put on the water via furnaces, implants, or CVD systems and later
diffused further into the water by heat.

Dry Etch – Generally used in place of the acid bathing technique to produce more
uniform pattern definition, particularly with smaller geometries, as is necessary for VLSI
processing.
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EPI – (i.e. epitaxy) – A special process for growing additional layers of silicon on wafers.
Usually either silane or silicon tetrachloride is used at a high temperature in a reactor.

Evaporation – The vaporising of a material such as aluminium or gold and subsequent
depositing of the vapor on the wafers.

Expose – In masking after proper alignment of mask to wafer, light is allowed to activate
or polymerise the photoresist on the water much like exposing film in a camera.

FAB – Fabrication i.e., water fabrication area is called FAB or “Wafer fab”.

FET (Field-Effect Transistor) – A unipolar transistor consisting of a source, gate and
drain, whose action depends on the flow of majority carriers past the gate from source to
drain.

Fume Scrubber – Equipment used to clean the fumes which evolve during the wafer
fabrication process.  Usually, the exhaust hood, furnace exhaust, etc in the wafer
fabrication process are vented to a fume scrubber.  The scrubber is required by the
environmental authorities.

Furnace – Generally refers to high temperature cylinders used for depositions and
diffusions in wafer fab.  Crystal growing machines are also referred to as furnaces.  

Classification – Process used to place an environmentally safe protective coating on
the completed semiconductor.  This hard surface is the final process before the
individual chips are cut from the silicon wafers and tested for operational capabilities.

Hard Bake – Generally, in masking, the baking of wafers at about 150oF) to remove
moisture  and provide for better adhesion of the photoresist after develop and prior to
etch.

HPM – Hazardous Production Material – A solid, liquid or gas that has a degree of
hazard ranking in health, flammability or reactivity of 3 or 4 as ranked by Uniform Fire
Code Standard 79-3 and which is used directly in research, laboratory or production
processes which have, as their end product, materials which are not hazardous.

HEPA Filter – High Efficiency Particulate Air Filter capable of filtering out 99.97 percent
of particles greater than 0.3 microns in diameter.

Integrated Circuit (IC) – An array of transistors and other components on a piece of
semiconductor material.

Ion Implantation – A process of introducing charged dopant ions into the
semiconductor.  These ions, usually boron or phosphorus, are accelerated and driven
into the surface of the semiconductor wafer.

Junction – The interface at which the conductivity type of a circuit material changes
from P-type to N-type or vice versa.

Jungle – Generally, the entire collection of tubes, lines, bubblers, injectors, etc found at
the back end of a diffusion or deposition system.  Also called a source cabinet.
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Laminar Flow Hoods – The hoods used in clean rooms where it is important to
maintain laminar airflow characteristics throughout a given space.

Lapping – Process of removing the saw marks on the raw wafers once they are sliced
from the polysilicon ingot.

LPCVD – Low Pressure Chemical Vapor Deposition (Furnace)

Manufacturing Electron Beam Exposure System (MEBES) – An electron beam
lithography machine used to make masks.  The circuit design is programmed into the
MEBES machine.  The MEBES reduces the circuit pattern size to that of a chip and
transfers this design onto the master mask.  This design is duplicated many times to
form a grid on the master mask.  This mask provides the basic pattern which is exposed
onto the silicon wafer.

Mask – A glass plate covered with any array of patterns used on the photo-masking
process.  Each pattern consists of opaque and clear areas that respectively prevent or
allow light to pass.  The mask surface may be emulsion, chrome, iron oxide, silicon, or a
number or other materials.

Masking – The fab process whereby each layer of the process is photographically
transposed onto the wafer.

MBE – Molecular Beam Epitaxy.  An evaporation rather than a CVD process.  An
electron beam is directed into the center of the target material, which it heats to the liquid
state.  In this state, atoms evaporated out of the material, exit the cell through an
opening, and deposit on the wafers.  MBE has found production used in the fabrication
of special micro-wave devices and for compound semiconductors such as gallium
arsenide.

Micron – Equal to one millionth of a meter.  Used in measuring thickness of material or
line width at various steps of processing.

Microprocessors – A single semiconductor device which carries out the processing
tasks in a digital system.  Its development made the microcomputer possible.  A
microprocessor incorporates both the arithmetic logic unit and the control unit –
components previously requiring separate dedicated devices.

Mil – Equal to 0.001 in. (0.03 mm).  Used in measuring thickness and width at various
steps of processing.

Mini-environment - An environment that maintains wafer cleanliness by storing,
transporting, and loading or unloading wafers in small, clean enclosures.

MOCVD – Metal Organic Chemical Vapor Deposition, one of the latest options for
CVD of compound materials.  A Group III halide (gallium) is formed in the hot zone and
the gallium arsenide compound is deposited in the cold zone.  In the metallorganic
process for gallium arsenide, trimethyl-gallium is metered into the reaction chamber
along with arsine to form gallium arsenide.
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MOS – Metal Oxide Semiconductor   

MOSFET – Metal Oxide Semiconductor Field Effect Transistor.

Nitride – (Si3N4) Short for silicon nitride, used to form an insulation layer on a circuit.

Optoelectronics – The technology which mixes solid state electronics and optics.

Organometallic Compounds – Organic compounds in which metal atoms have
replaced one or more hydrogen atoms.  The hazards vary, but most of the materials are
flammable liquids or solids.  Most are very reactive and some will react with air or
moisture at room temperature.  Examples of some organometallic compounds include
trimethylaluminum, diethylzinc, and trimethylgallium.

Oxidation – The process which combines oxygen and heat with a silicon wafer in a
furnace to produce a layer of silicon dioxide (“oxide”).  Also done in a CVD process using
silane.

Oxide – Silicon dioxide.  Grown on a wafer, oxide is used as a deterrent to dopant
penetration in deposition and diffusion processes.  Also used as part of the structure of
the circuit or as a final protective layer (glass).      

Package - The finished integrated circuit unit which consists of the chip fastened to a
frame inside a ceramic or plastic case whose metal leads can be inserted into printed
circuit boards.  Can also refer to the case only.

Passivation - Usually a silicon dioxide or silicon nitride layer put over an existing layer of
the water to protect against moisture, contamination and abrasion.

Pass-through - An enclosure installed in a wall with a door on each side that allows
chemicals, production materials, equipment and parts to be transferred from one side of
the wall to the other.

Pattern Generator - Optical or E-Beam tool used to make the mask plates or reticles.

PECVD - Plasma Enhanced Chemical Vapor Deposition

Pellicle - A protective film covering on a frame adhered to a mask plate which keeps
contaminants off the mask surface.

Photoresist - A light-sensitive, frequently flammable liquid which is sprayed on the
water, exposed and developed to make the circuit image during the wafer fabrication
process.  Similar to film in an ordinary camera in its sensitivity to light.

Plasma - A high energy gas made up of ionised particles.

Plasma Etcher - A machine in which a high energy RF field excites the gas molecules in
the chamber to a high level causing a reaction in which unprotected sections of an oxide
layer are removed.
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Plasma Etching - An etching process which accomplishes results similar to the
chemical etch mechanism reaction using an etching gas instead of a wet chemical.

Polishing - The process whereby a mirror-like finish is put on raw wafers after slicing.

Poly - Polycrystalline silicon.  Usually grown in layers epitaxially to form part of the
circuit structure.  Also the raw material for the melt for crystal growth.

Projection - Masking exposure methods in which the wafer and mask plate have no
contact, thus lengthening the mask usage due to less contamination of the mask plate.

Pullet - Furnace for growing silicon crystals.  Refers to the process of pulling the crystal
out of the molten silicon.

Pyrophoric - A substance which ignites spontaneously in air below 130oF (54oC).

RCA Clean - A multiple-step process to clean wafers before oxidation;  named after
RCA, the company that developed the procedure.  Chemicals used include mixtures of
water, hydrogen peroxide and ammonium hydroxide (step 1) or hydrochloric acid (step
2).

Reactive Ion Etching (RIE) - An etching process that combines plasma and ion beam
removal of the surface layer.  The etchant gas enters the reaction chamber and is
ionised.  The individual molecules accelerate to the water surface.  At the surface, the
top layer removal is achieved by the physical and chemical removal of the material.

Reticle - A miniature reproduction of one layer of a circuit drawing on an emulsion or
chrome covered glass plate.  Typically 5 x or 10 x in size it will be reduced and
reproduced many times on a mask blank.

Seed - In crystal growing a piece of single-crystal structured silicon which upon contact
with the melt (molten poly-silicon) starts a crystal or ingot to be grown which has same
single-crystal structure as that of the seed.

SEM - Scanning Electron Microscope.  Used in examining portions of circuit by allowing
the viewer to see an image as much as 15,000 times its actual size.

Semiconductor - An element such as silicon or germanium intermediate in electrical
conductivity between the conductors and the insulators.

Slicing - The cutting of a silicon crystal in a saw in order to make wafers on which ICs
will be made.

Soft Baking - A heating process used to evaporate a portion of the solvents in resist.
The term "soft" describes the still soft resist after baking.  The solvents are evaporated to
achieve two results: to avoid retention of the solvent in the resist film and to increase the
surface adhesion of the resist to the wafer.

Spin - The operation and development in a spinner machine where photoresist or
developer is applied to a wafer and rotated at high speed so that a uniform film coating
results.



A Guide On Health Hazards And Their Control In Wafer Fabrication Facilities

27

Sputter - Method of depositing various types of thin metal films on waters by ion
bombardment of a target.

Standard Mechanical Interface (SMIF) - A system that allows the mating of portable
clean wafer boxes (called pods) to the clean microenvironment loading stations of
process tools.

Step & Repeat - In making mask plates a step-and-repeat camera ("stepper") is used to
transform the pattern image of the reticle onto the surface of the plate.  In some fab
processing, a stepper is used to project the reticles's image directly onto the resist spun
water and does not employ a mask plate (also called DSW for Direct-Step-On-The-
Water).

Strip - In fab, refers to the stripping of the photoresist after etch usually in a wet
chemical bath or in a plasma chamber.

Substrate - The silicon wafer. 

Tape Automatic Bonding (TAB) - Chip-to-package connection process in which the
package leads are formed on a flexible tape and all the lead fingers are bonded to the
chip on one action.

Tetraethylorthosilicate (TEOS) - A chemical source for the deposition of silicon
dioxide.  A combustible liquid (flash point 125oF [52oC]) replacement for silane.

Tool - Any device, storage container, work station, or process machine used in a clean
room.

Torr - In vacuum systems the remaining pressure inside the chamber after pump down
is a measure of atmospheric pressure expressed in Torr (Torr = 1/760 of atmospheric
pressure).

Transition Piece - That portion of a work station exhaust plenum attached to the rear of
a work station.  This portion of the plenum is connected to the fume exhaust branch
duct.

HEPA Filter - Ultrahigh-Efficiency Particulate Air Filter, capable of filtering out 99.999
percent of particles greater than 0.3 microns in diameter.

VLF - Vertical Laminar Flow.  

VLSI (Very Large Scale Integration) - A chip manufacturing process which enables a
high density of transistors and circuits typically 100,000 to 1,000,000 devices per chip.

Wafer - The silicon disc sliced from a crystal on which integrated circuits are
manufactured.  Also called a substrate of starting material.

Wafer Box - A plastic box with a hinged opening top used to hold carriers with wafers
during non-processing times.
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Wafer Fab - The area in which circuits are manufactured, usually consisting of masking,
diffusion, deposition, and other operations which will transform a polished wafer into
hundreds of chips.

Wafer Sort  - The step after wafer fabrication during which the electrical parameters of
integrated circuits are tested for functionality.  Probes contact the pads of the circuit to
conduct the test leading to the name "prober" for the equipment that performs electrical
tests on each die site of  completed wafers.

Wire Bonding - An assembly step in which thin gold or aluminium wires are attached
between the die bonding pads and the lead connections in the package.

Yield - The amount of good products compared to the total possible good products, i.e.
on a wafer which has 100 possible chips and 65 are found to be good, then the yield =
65 percent.  Or if a "run" of wafers has 50 wafers to start and 41 wafers are finished, the
run has a yield of 82 percent.     
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Appendix 1

Figure 1: Flow diagram of semiconductor fabrication
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Appendix 2

Figure 2 : Semiconductor fabrication facility systems design



Appendix 3

Figure 3 : The conversion of raw materials (quartzite, coke, coal, wood chips) into
single crystal silicon wafers ready for processing into microelectronic devices



Figure 4 : The Czochralski method for growing single crystals. A seed crystal is
immersed in a melt and a large bologna-shaped boule is pulled from the melt



Appendix 4 

Figure 5 : Masks, reticles and mask making. A tape representing desired pattern
is used to generate a reticle containing one cell of the pattern. The reticle pattern
is repetitively generated on the substrate, either directly or through intermediate
generation of a mask plate.  



Appendix 5

Figure 6 : Backside of an ion implanter located in a service corridor



Appendix 6

Figure 7 : Vertical diffusion furnaces in a service corridor



Appendix 7

Figure 8 : Typical three cylinder gas cabinet with doors closed

Figure 9 : Three cylinder gas cabinet with doors open (2 silane cylinders and 1
nitrogen purge cylinder)



Figure 10 : Gas cabinets located in a distribution room



Appendix 8

Figure 11 : Process gas distribution arrangements

Notes:
(1) Does not represent any single configuration, but many possible configurations
(2) Section of piping between the gas cabinet and process tool can range in length from a few metres to

several hundred metres.
(3) See Figures 9 and 10 for actual illustrations.
(4) Exhaust fans where applicable.



Appendix 9

Figure 12 : Typical bulk chemical distribution unit

Figure 13 : Liquid process chemical valve manifold boxes (VMBs)
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