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Overview

Highlights

= Fact Sheet: Safety in Semiconductor Manufacturing. An OSHA Fact Sheet
Publication (2024).

= Silicon Device Manufacturing. OSHA reviews the processes, potential

hazards, and possible solutions involved in silicon device manufacturing.

* Gallium Arsenide Device Manufacturing. OSHA reviews the processes,

potential hazards, and possible solutions involved in gallium arsenide

device manufacturing.

In the past 70 years, the semiconductors industry has expanded greatly. Due to
rapid changes in this industry, manufacturing processes and their associated
hazards may change completely every few years. These changes make hazard
assessments more difficult to complete and require that they be conducted more
often. Common hazards may include exposure to solvents, acid and caustic

solutions, toxic metals, and radiation.
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Standards

Semiconductor hazards are addressed in specific OSHA standards for general
industry. This section highlights OSHA standards and documents related
semiconductors.

OSHA Standards
Frequently Cited Standards

OSHA maintains a listing of the most frequently cited standards for specified
6-digit North American Industry Classification System (NAICS) codes. Please
refer to OSHA's Frequently Cited OSHA Standards page for additional
information. For Semiconductor and Related Device Manufacturing use
NAICS code 334413 in the NAICS search box.
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General Industry (29 CFR 1910)
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1910 Subpart H - Hazardous

Materials
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Related Information
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1910.124, General requirements for dipping and coating

operations.

(1910.124, BFEM a3 —F 4 v 7VEE 0 —EM)

Related Information

1910 Subpart I- Personal

Protective Equipment

(1910 % 75—+ 1 - fAAH
PRAEH)

1910.132, General requirements.

(910.132, —fERk=EIH)

Related Information

1910.134, Respiratory protection.

(1910.134, "0 FH{RZEE.)

Related Information

1910 Subpart Z - Toxic and

Hazardous Substances

1910.1018, Inorganic arsenic.

Related Information




General Industry (29 CFR 1910)
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Related Information
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1910.1020, Access to employee exposure and medical records.

Related Information

CHEMH)
1910.1025, Lead.

(1910.1025, #7)

Related Information

State Plan Standards
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There are 29 OSHA-approved State Plans operating state-wide occupational
safety and health programs. State Plans are required to have standards and
enforcement programs that are at least as effective as Federal OSHA and
may have different or more stringent requirements.

Note: These are NOT OSHA regulations. However, they do provide guidance
from their originating organizations related to worker protection.

Semiconductor Equipment and Materials International (SEMI)
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SEMI S1-0708E Safety Guideline for Equipment Safety Labels

SEMI S2-0712b Environmental, Health, and Safety Guideline for
Semiconductor Manufacturing Equipment

SEMI S3-1211 Safety Guideline for Process Liquid Heating Systems

SEMI S4-0304 Safety Guideline for the Separation of Chemical
Cylinders Contained in Dispensing Cabinets

SEMI S5-0310 Safety Guideline for Sizing and Identifying Flow
Limiting Devices for Gas Cylinder Valves

SEMI S6-0707E  EHS Guideline for
Semiconductor Manufacturing Equipment

Exhaust Ventilation of

SEMI S7-0310 Safety Guideline for Evaluating Personnel and
Evaluating Company Qualifications

SEMI S8-0712a Safety Guidelines for Ergonomics Engineering of
Semiconductor Manufacturing Equipment

SEMI S10-0307E Safety Guideline for Risk Assessment and Risk
Evaluation Process

SEMI S12-0211 Environmental, Health and Safety Guideline for
Manufacturing Equipment Decontamination

SEMI S13-0113 Environmental, Health and Safety Guideline for
Documents Provided to the Equipment User...

SEMI S14-0309 Safety Guidelines for Fire Risk Assessment and
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Mitigation for Semiconductor Manufacturing Equipment

A KNI

Facilities

o SEMI FI1-0812 Specification for Leak Integrity of High-Purity Gas
Piping Systems and Components

o SEMI F4-0211 Specification for Pneumatically Actuated Cylinder
Valves

o SEMI F5-1101 Guide for Gaseous Effluent Handling

o SEMI F6-92 Guide for Secondary Containment of Hazardous Gas
Piping Systems

o SEMI E16-0611 Guideline for Determining and Describing Mass Flow
Controller Leak Rates

o SEMI FE17-1011 Guide
Characteristics Tests

for Mass Flow Controller Transient

o SEMI E51-0200 Guide for Typical Facilities Services and Termination
Matrix

o SEMI E129-0912 Guide to Assess and Control Electrostatic Charge in
a Semiconductor Manufacturing Facility
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Facilities

o SEMI F1-0812 Specification for Leak Integrity of High-Purity Gas
Piping Systems and Components

o SEMI F4-0211 Specification for Pneumatically Actuated Cylinder
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Valves
o SEMI F5-1101 Guide for Gaseous Effluent Handling

o SEMI F6-92 Guide for Secondary Containment of Hazardous Gas
Piping Systems

o SEMI E16-0611 Guideline for Determining and Describing Mass Flow
Controller Leak Rates

o SEMI E17-1011 Guide for
Characteristics Tests

Mass Flow Controller Transient

o SEMI E51-0200 Guide for Typical Facilities Services and Termination
Matrix

o SEMI E129-0912 Guide to Assess and Control Electrostatic Charge in
a Semiconductor Manufacturing Facility
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Hazards and Solutions

Many high-technology workers in the semiconductor industry risk exposure to a
variety of hazardous substances and operations. The following references aid in

recognizing and controlling hazards in the workplace.
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Silicon Device Manufacturing

= Silicon Device Manufacturing. OSHA reviews the processes, potential

hazards, and possible solutions involved in silicon device manufacturing.
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Gallium Arsenide Device Manufacturing

* Gallium Arsenide Device Manufacturing. OSHA reviews the processes,

potential hazards, and possible solutions involved in gallium arsenide

device manufacturing.
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Semiconductor Industry

» Williams ME, Baldwin DG. Semiconductor industrial hygiene handbook.
Park Ridge (NY): Noyes Publications; 1995.

»  Hazardous materials toxicology: clinical principles of environmental
health. Sullivan JB Jr, Krieger GR, eds. Baltimore (MD): Williams &
Wilkins; 1992 Jan. 1242 p.

o Harrison M. Semiconductor manufacturing hazards.
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Additional Resources

Related Safety and Health Topics Pages

BMOFHE (V) —2R)
BET2ZemE Iy 7T D=

(BHHELZTE : o DHTZET DT 2 55— F 4 a2 Y > 2 T4 D
AN T 2R TEET,)




Arsenic

Control of Hazardous Energy (Lockout/Tagout)

Dermal Exposure

Ionizing Radiation

Machine Guarding

Non-lonizing Radiation

Personal Protective Equipment (PPE)

Process Safety Management

Respiratory Protection

Sampling and Analysis

Solvents

Ventilation
Other Resources

Semiconductor Manufacturing. National Institute for Occupational Safety

and Health (NIOSH) Workplace Safety and Health Topic.

Occupational Health Guidelines for Chemical Hazards. U.S. Department
(DHHS),

of Health and Human Services National Institute for
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Occupational Safety and Health (NIOSH) Publication No.

(January 1981). Provides a table of contents of guidelines for many

81-123,

hazardous chemicals. The files provide technical chemical information,
including chemical and physical properties, health effects, exposure limits,
and recommendations for medical monitoring, personal protective

equipment (PPE), and control procedures.
Trade Associations

»  Semiconductor Environmental, Safety & Health Association (SESHA).

Promotes safety and health in the semiconductor industry.

»  Semiconductor Industry Association (SIA). Represents the computer chip

industry.

»  Semiconductor Equipment and Materials International (SEMI). Serves the

semiconductor and flat panel display industries.
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Silicon Device Manufacturing.
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Processes and Related Hazards

Semiconductor manufacturing includes four main operations: (1) substrate
manufacture, (2) device fabrication, (3) metallization, and (4) non-fabrication
processing. The links below provide additional information on the various
processes, related hazards, and controls for each of these operations. Where
appropriate, additional links are provided to various topics contained in the
OSHA Safety and Health Topics website. Information on this page is general;
actual processes will vary with each production facility. A complete hazard

inventory should be based on a hazard analysis of the actual process in question.
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Substrate Manufacture
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Polycrustalline Silicon Production

To manufacture polycrystalline silicon, ultra-pure silicon is produced from
raw quartzite (silica sand) that is melted and reduced to silicon in an electric
arc furnace at over 1900°C. This metallurgical-grade silicon is drawn from
the furnace and blown with oxygen or an oxygen-chloride mixture to reduce
the levels of impurities to achieve approximately 99% pure silicon. Next, the
silicon is reacted with hydrogen chloride gas in the presence of a copper-
containing catalyst to form trichlorosilane (SiHCls). The trichlorosilane is
reduced to very pure silicon by reacting it with hydrogen at high
temperatures (about 1100°C). This "electronic grade" silicon has less than 1
ppb of impurities.
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The following are the potential hazards of polycrustalline silicon production.

o Silica (Crystalline)

e Hydrogen Chloride Gas

o Flammable Gases, Fire

e Solvents

Silica (Crystalline)
Potential Hazard

e Possible employee exposure to crystalline silica used as a raw
material. Inhalation of silica can lead to chronic, accelerated or acute
silicosis and is associated with bronchitis and tuberculosis. Some
studies also indicate an association with lung cancer. Exposures to
silicon dust may also occur; controls are similar to those used for
crystalline silica.

Possible Solutions
e Identify silica hazards and perform appropriate exposure
evaluations.
o Identify and evaluate all potential exposure scenarios, for
example: startup, operations, maintenance, cleaning,

emergencies, and so forth.

o 29 CFR 1910.1000 Table Z-3 provides permissible exposure
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limits for crystalline silica.

o OSHA Technical Manual (OTM). OSHA Directive TED 01-00-
015 [TED 1-0.15A], (1999, January 20).

o Sampling for Special Analyses Includes sampling
information for crystalline silica.

e Provide appropriate ventilation to reduce silica concentration levels
in the air.

e Maintain adequate housekeeping to remove unwanted silica dust and
reduce concentration levels.

e Use respiratory protection when necessary to further reduce
exposure and protect employees. [29 CFR 1910.134]

Additional Information
OSHA Safety and Health Topics Pages:

o Respiratory Protection

o Silica, Crystalline

e Ventilation
Hydrogen Chloride Gas

Potentral Hazard

o Possible employee exposure to hydrogen chloride gas. Hydrogen chloride

0 OSHA #fff~== 7/ (0OTM), OSHA ¥4 TED 01-00-015 [TED 1-0.15A]
(1999 £ 1 H 20 H).
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is irritating and corrosive to the eyes, skin, and mucous membranes.
Exposure to high concentrations can cause laryngitis, bronchitis, and

pulmonary edema.

Possible Solutions

e Identify hydrogen chloride hazards and perform appropriate exposure

evaluations.

o Identify and evaluate all potential exposure scenarios, for

example:  startup, operations, maintenance, cleaning,

emergencies, and so forth.

o 29 CFR 1910.1000 Table Z-1 provides permissible exposure
limits for hydrogen chloride.

o Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS),
National Institute for Occupational Safety and Health
(NIOSH) Publication No. 81-123, (1981, January). Provides a
table of contents of guidelines for many hazardous chemicals.
The files provide technical chemical information, including
chemical and physical properties, health effects, exposure
limits, and recommendations for medical monitoring,
personal protective equipment (PPE), and control procedures.

e Provide appropriate ventilation to reduce hydrogen chloride
concentration levels in the air.

e Provide PPE as appropriate to prevent eye and skin contact with
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hydrogen chloride. [29 CFR 1910 Subpart I]

e Use respiratory protection when necessary to further reduce exposure

and protect employees. [29 CFR 1910.134]

Additional Information

e Preventing Occupational Illnesses through Safer Chemical Management.

OSHA.

OSHA Safety and Health Topics Pages:

e Personal Protective Equipment (PPE)

e Respiratory Protection

® [FEZIOIEBL THEMNEZKREST D7D, HEI

ERAMEHATHZ L, [29 CFR 1910. 134]

6 U TR AR

ENEHR

o IV ZERMLFMEEBRIZ L SBERDOTE, 0SHA

OSHA B2 AE N v 7 R_R—T
o fEANRR#EE (PPE)

o ITRARER

e Ventilation o X
Substrate Manufacture HARBE

Polycrustalline Silicon Production

To manufacture polycrystalline silicon, ultra-pure silicon is produced from raw
quartzite (silica sand) that is melted and reduced to silicon in an electric arc
furnace at over 1900°C. This metallurgical-grade silicon is drawn from the
furnace and blown with oxygen or an oxygen-chloride mixture to reduce the
levels of impurities to achieve approximately 99% pure silicon. Next, the silicon

is reacted with hydrogen chloride gas in the presence of a copper-containing
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catalyst to form trichlorosilane (SiHCl3). The trichlorosilane is reduced to very
pure silicon by reacting it with hydrogen at high temperatures (about 1100°C).

This "electronic grade" silicon has less than 1 ppb of impurities.

The following are the potential hazards of polycrustalline silicon production.

PolycrystallineSilicon Production

Single Crystal Ingot Growth

Ingot Evaluation and Machining

Wafer Preparation

1100°C) TKFBERIGIH L LT, MO THEOH WYY aVILETLIN
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Device Fabrication

Oxidation

Cleaning
o Photoresist Application

Soft Bake

Mask Alignment and Photoexposure

Developing

T3 2B

* MRAL

. Vel

« 74 b LY R MRS

« V7 FR—7 (WBEK)

s v XA D LU

« TR

17




e Hard Bake
e Etching
e Photoresist Stripping

e Doping (Junction Formation)

Deposition

o N— PR — 7 (TERERK)
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Metallization

Metal Deposition

¢ Photolithography

e Silyation

e Metal Etch

e Alloying and Annealing
e Passivation

e Backlapping and Backside Metallization
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Non-Fabrication Processing

o  Wafer Sort and Test
e Die Separation
e Die Attach and Bonding

e Packaging and Encapsulation
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o XA D5y
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Definitions
Alloying:

The process of forming a low-resistance contact between the aluminum metal
and silicon substrate on a metallized semiconductor wafer. See Metallization -

Alloying and Annealing.

Annealing:

The process of combining hydrogen with uncommitted atoms at or near the
silicon-silicon dioxide interface on a metallized semiconductor wafer. See

Metallization - Alloying and Annealing.

Ashing:

The process of removing photoresist from a substrate by oxidation. See Device
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Fabrication - Photoresist Stripping.

Backlapping:

The process of mechanically thinning the backside of a finished semiconductor

wafer. See Metallization - Backlapping and Backside Metallization.

Backside metallization:

The process of depositing a metal layer on the backside of a finished wafer. See

Metallization - Backlapping and Backside Metallization.

Chip:

The final integrated semiconductor circuit. See Non-Fabrication Processing.

Crystal pulling:

The process of forming a crystal ingot; a seed crystal of silicon is attached to a
rod and "pulled" out of a silicon melt to form an ingot. See Substrate

Manufacture - Single Crystal Ingot Growth.
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Czochralski method:

The crystal pulling method used to form crystal ingots. See Substrate

Manufacture - Single Crystal Ingot Growth.

Chemical vapor deposition:

The process of applying a thin film to a substrate using a controlled chemical

reaction. See Device Fabrication - Deposition.
Deposition:

A general term used to describe the addition of material layers on a

semiconductor wafer. See Device Fabrication - Deposition.
Die:

An individual device or chip cut from a semiconductor wafer. See Non-

Fabrication Processing - Die Separation.
Diffusion:

A doping process; a high-temperature furnace is used to diffuse an applied layer

of dopant into the wafer surface. See Device Fabrication - Doping (Junction

Formation).
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Doping:

The process of introducing impurity elements (dopants) into a semiconductor
wafer to form regions of differing electrical conductivity. The two most common
doping processes are diffusion and ion implantation. See Device Fabrication -

Doping (Junction Formation).

Epitaxy:

A specific chemical vapor deposition process used to form a thin elemental
crystal layer on top of an identical substrate crystal. See Device Fabrication -

Deposition.
Etching:

The process of removing silicon dioxide layers, accomplished by "wet etching"
with chemicals or by "dry etching" with ionized gases. See Device Fabrication -

Etching.
Evaporation:

A process used to deposit conducting metal layers on a substrate. Heat is used to
evaporate a metal source which then condenses on the cooler wafer surface. See

Metallization - Metal Deposition.
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Ingot:

A polycrystalline silicon cylinder formed by crystal pulling. See Substrate
Manufacture - Single Crystal Ingot Growth.

Ion implantation:

A doping process; the dopant material is ionized and magnetically accelerated to
strike the wafer surface, thereby embedding the dopant into the substrate. See

Device Fabrication - Doping (Junction Formation).

Lapping:

The process of mechanically grinding the surface of a sliced wafer. See Substrate

Manufacture - Wafer Preparation.

Lead frame:

The die attachment surface and lead attachment points that a die or chip is
attached to prior to wire bonding and packaging. See Non-Fabrication

Processing - Die Attach and Bonding.

Oxidation:

The process of oxidizing the wafer surface to form a thin layer of silicon dioxide.
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See Device Fabrication - Oxidation.
Passivation: Ry _— g v (RENREIL) :

The process of applying a final passivating or protective layer of either silicon U AN—ICEALT A SROUT ZRRAL T A ROBAH AP RRALREH L < 1307

. . o o o PRI HTatv A, [ AZTA4AP— gy - Ry R_"— g0 250,
nitride or silicon dioxide to a wafer. See Metallization - Passivation.
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Photolithography:
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The process of creating patterns on a silicon substrate. The main steps of the | MDA, ~ A7 OL{& B, BBRKOL YA P TRES AT
. . o . FERER 73 D = /'7‘/775).2.?%5 TS ABE B,

process include photoresist application, mask alignment, photoexposure,
developing, and etching the portions of the substrate that are unprotected by the

resist. See Device Fabrication.
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A mask that delineates the pattern applied to a substrate during

photolithography. See Device Fabrication - Mask Alignment and Photoexposure.

Photoresist: ol 207 S
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during photolithography. See Device Fabrication - Photoresist Application. A

Ao

A photosensitive material applied to a wafer and exposed to a device pattern

Polycrystalline silicon: 2 DAY
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An amorphous form of silicon with randomly oriented crystals, used to produce

silicon ingots. See Substrate Manufacture - Polycrystalline Silicon Production.

Quartzite:

Silica sand used as a raw material to produce metallurgical grade silicon. See

Substrate Manufacture - Polycrystalline Silicon Production.

Reactive ion etching:

An etching process that uses physical sputtering and chemically reactive species

to remove metal layers. See Metallization - Metal Etch.
Silicon:

A semimetallic element used to create a wafer. See Substrate Manufacture.

Silyation:

The process of introducing silicon atoms into the surface of an organic

photoresist in order to harden the photoresist. See Metallization - Silyation.
Sputtering:

The process of depositing a metal layer onto a wafer by bombarding a target

metal material with an argon plasma. The metal is dislodged and deposited on
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the wafer. See Metallization - Metal Deposition.

Wafer:

A silicon disc used to form the substrate of a semiconductor device. See Substrate

Manufacture - Wafer Preparation.
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A Single Crystal Ingot Growth

B A > =y MR

Almost all crystal growth is done by the Czochralski (Cz) method. This
method begins by heating electronic-grade polycrystalline silicon in a quartz
crucible to 1200°C in an argon atmosphere. Either radiofrequency (RF) or
resistance heating is used. A starter or "seed" crystal of silicon is placed onto
the end of a rod and dipped into the melt to form the crystal. The seed and
crucible are rotated in opposite directions while the seed is withdrawn.
Silicon atoms attach to the rod and the crystal grows in size. Careful control
of temperature, rotation speed, and vertical withdrawal determines the size
of the ingot. Different atmospheres (inert, oxidizing, reducing) and pressures
(vacuum, high pressure) also are maintained in the growth chamber
depending on the type of crystal desired.

Controlled amounts of impurities are added during crystal growth to
establish the desired electrical properties for the silicon. The melt is usually
"doped" with elements like boron, phosphorous, arsenic, or antimony.
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The following are the potential hazards of single crystal ingot growth.

e Metals and Salts

e Solvents

e Radiofrequency (RF) and Infrared (IR) Radiation

Bl A v =y PR ICE T 2EENLEREIUTO LB TH 5,

« IRl

o @B (RF) RORSR (IR)

Metals and Salts
Potential Hazard

e Possible employee exposure to various metals and salts used for
elemental dopants, including phosphorous, boron, arsenic, antimony,
magnesium, etc.

Possible Solutions

e Identify metal hazards and perform appropriate

evaluations.

exposure

o Perform exposure measurements for the compounds used.
o Keep exposures below acceptable exposure levels.

o Address all dermal exposures.

@)

e Provide appropriate ventilation to reduce concentration levels in air.
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e Provide PPE as appropriate to prevent contact. [29 CFR 1910

Subpart I]

e Use respiratory protection when necessary to further reduce
exposure and protect employees. [29 CFR 1910.134]

e Maintain adequate housekeeping to remove unwanted metals and
reduce concentration levels.

Additional Information
e Preventing Occupational Illnesses through Safer Chemical
Management. OSHA.
e Occupational Health Guidelines for Chemical Hazards. US

Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.

OSHA Safety and Health Topics Pages:

e Dermal Exposure

e Personal Protective Equipment (PPE)

e Respiratory Protection
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[29 CFR 1910 Subpart I]
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e Sampling and Analysis
e Toxic Metals

e Ventilation

o HUTY VIO

« HEdRE
LS

A Ingot Evaluation and Machining

A v =y hEHl R OBERAE

Before the ingots are sliced into wafer substrates, the ends of the new single-
crystal ingot are cropped using a water-lubricated single-bladed diamond
saw. The ingot is then placed on a lathe and ground to a uniform diameter.
The ends of the cropped and ground ingots are chamfered (beveled), using a
dry belt sander, which reduces the possibility of shattering the ingot. The
crystal structure of the ingot is determined by x-ray diffraction, then a
longitudinal section of the ingot cylinder is removed by wet grinding to
produce a "flat". This flat is used to mark the crystal orientation of the ingot.

The following are the potential hazards of ingot evaluation and machining.
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A Wafer Preparation
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To prepare the wafers, ingots are sliced into individual wafers with multiple-
blade inner-diameter saws. This operation is done with wet lubricants, and
in some processes the wafers are stored in plastic reservoirs containing
water or methanol. The sliced wafers are mechanically lapped under
pressure using a counter-rotating machine to achieve flatness and
parallelism on both sides of the wafer. Most lapping operations use slurries
of either aluminum oxide or silicon carbide. The edges of the individual
wafers are also rounded by the use of wet automatic grinders.

After lapping, wafers are etched with a solution containing nitric, acetic, and
hydrofluoric acids. Etching may be done in manual etch tanks or by
automated etching machines. This etching process removes external surface
damage and reduces the thickness of the wafer.
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Next, the wafers are polished using an aqueous mixture of colloidal silica
and sodium hydroxide. The wafers are mounted onto a metal carrier plate
that is attached by vacuum to the polishing machine. The polishing process
usually involves two or three polishing steps with progressively finer slurry,
which decreases wafer thickness and results in a mirror-like finish.
Sometimes carrier pads must be stripped from the metal carrier plates. The
pads are usually stripped with solvents such as methylene chloride, methyl
ethyl ketone, or a glycol ether mixture.
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Finally, the wafers are cleaned to remove any particles or residue remaining
on the exterior surface of the polished wafer. Various cleaning steps and
solutions containing ammonia, hydrogen peroxide, hydrofluoric acid,
hydrochloric acid, and deionized water may be used.

The finished wafers are inspected and packaged for shipping. It should be
noted that most semiconductor manufacturers purchase wafers from firms
that specialize in wafer production.
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The following are the potential hazards of wafer preparation. Y TN —HEEIC BT B BTEN B TE IR T & B0 ¢,

e Methanol

o AR —)
e Nuisance Dust
e Machinery s HEMUA
e Acids o

o M
e Solvents
e Chemicals o A

Methanol AEF)—)v

Potential Hazard PBRERG 22 T R E

e Possible employee exposure to methanol during wafer washing and
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storage.

Possible Solutions

e Identify methanol hazards and perform appropriate exposure
evaluations.

o Perform exposure measurements.

o Keep exposures below acceptable exposure levels.

o Address all dermal exposures.

e Provide appropriate ventilation to reduce solvent concentration levels
in the air.

e Provide PPE as appropriate to prevent eye and skin contact. [29 CFR
1910 Subpart I]

e Use respiratory protection when necessary to further reduce
exposure and protect employees. [29 CFR 1910.134]

Additional Information

e Preventing Occupational Illnesses through Safer Chemical
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Management. OSHA.
OSHA Safety and Health Topics Pages:

e Dermal Exposure

e Personal Protective Equipment (PPE)

e Respiratory Protection

e Sampling and Analysis

e Ventilation

OSHA RABEL ©y 7 ~—
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Acids L
Potential Hazard B EHG TR R

e Possible employee exposure to acids used during etching. Typical
acids may include HF, CHsCOOH, and HNOs.

Possible Solutions

e See Possible Solutions: Acids and Caustics.

Additional Information

e Preventing Occupational Illnesses through Safer Chemical

Management. OSHA.
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e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control

(DHHS). E ¥ @%afEMser (NIOSH) FlfT¥#&E S 81-123 (1981 4
1 H). #BoEEFECET 254 P74 voRRERE, £7 7401
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TWw3,

procedures.
Solvents byl
Potential Hazard BEIER 22 I B

e Possible employee exposure to solvents used for stripping carrier
pads. Typical solvents may include methylene chloride, MEK, and
glycol ethers.

Possible Solutions

e See Possible Solutions: Solvents.

Additional Information

e Methylene Chloride. OSHA Safety and Health Topics Page.

o ¥y YT o8y FRERICHER XN BER~OWERE L ERonliet:, RFEW
inFlicidtEfb A 571L v, MEK, 7V a— LT —FAEREETN D,

A GE AR

o [AANCBE S 3 AR 2SI,

BHER

o X FL v, OSHALRHAE N Yy 72—,

Chemicals

Potential Hazard
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e DPossible employee exposure to additional chemicals used for final
cleaning. Typical chemicals may include NHs, H202, HF, and HCI.

Possible Solutions

e See Possible Solutions: Chemicals.
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Additional Information

e Preventing Occupational Illnesses through Safer Chemical

Management. OSHA.

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.
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Device Fabrication
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The fabrication of an integrated circuit involves a sequence of processes that
may be repeated many times before a circuit is complete. The device
fabrication steps discussed in this and subsequent sections may be repeated
anywhere from six to 15 times to achieve the desired product Robotic arm
transfers a wafer

Generally, the first step in semiconductor device fabrication involves the
oxidation of the wafer surface in order to grow a thin layer of silicon dioxide
(Si02). This oxide is used to provide insulating and passivation layers.

¢ The most common method of oxidation is thermal, and can be
classified as either "dry" or "wet" oxidation. Wafers are loaded into
quartz boats and slid into a furnace heated to approximately 1200°C.

o In dry oxidation, thin oxide layers are grown in an
environment containing oxygen and hydrogen chloride near
atmospheric pressure

o Thicker oxide layers require higher pressures and the use of
steam (wet oxidation). Wet oxidation is performed by
exposing the wafer to a mixture of oxygen and hydrogen in
the furnace chamber. Water vapor is formed when the
hydrogen and oxygen react.

The following are the potential hazards of oxidation.

e Flammable Gases, Fire

e Toxic Exhaust Gases

e Radiofrequency (RF) and Infrared (IR) Radiation
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Toxic Exhaust Gases
Potential Hazard
e Possible employee exposure to corrosive exhaust gases, including
hydrogen chloride. Gases such as hydrogen chloride can be irritating
and corrosive to the eyes, skin, and mucous membranes. Exposure to
high concentrations can cause laryngitis, bronchitis, and pulmonary
edema.

Possible Solutions

e See Possible Solutions: Toxic Exhaust Gases.

Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.
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The need for a particulate and contamination-free wafer surface requires
frequent cleaning. The major types of cleaning are:

e Deionized water and detergent scrubbing.

e Solvent: isopropyl alcohol (IPA), acetone, ethanol, terpenes.

e Acid: HF, H2SO4 and H202, HC1, HNOs3, and mixtures.
e Caustic: NH4.OH

The following are the potential hazards of cleaning.

e Solvents

e Acids and Caustic Solutions

Acids and Caustic Solutions
Potential Hazard

e Possible employee exposure to acid and caustic solutions used during
cleaning.
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o Typical acids may include mixtures of HF, H2SO4, H2O2, HCI,
and HNOs.

o Caustic solutions include mainly NH4OH.
Possible Solutions

e See Possible Solutions: Acids and Caustics.

Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.
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e Possible employee exposure to photoresist chemicals (see Table 1).
Possible Solutions

e Identify chemical hazards and perform appropriate exposure

evaluations.

o Perform exposure measurements for the chemicals used.

o 29 CFR 1910.1000 Table Z-1 provides permissible exposure
limits for various chemicals.

e Address all dermal exposures.

e Provide appropriate ventilation to reduce chemical concentration
levels in the air.

e Provide PPE as appropriate to prevent eye and skin contact. [29 CFR
1910 Subpart I]

e Use respiratory protection when necessary to further reduce
exposure and protect employees. [29 CFR 1910.134]0

e Design and use specialized processing, material handling, and
storage equipment to properly contain chemicals. Consider both
normal use and emergency scenarios.

e Install emergency facilities to provide immediate treatment in the
event of an accidental exposure to corrosive materials. According
to 29 CFR 1910.151, provide suitable facilities for quick drenching or
flushing of the eyes and body for immediate emergency use whenever
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the eyes or body may be exposed to corrosive materials.

Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.

OSHA Safety and Health Topics Pages:
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e Possible employee exposure to solvents used for adhesive application.

o Glycol ethers have been a popular solvent. However, due to
reproductive effects associated with exposures, they have
been replaced with other chemicals.

o Replacement solvents for glycol ethers have included
chemicals such as xylene, n-butyl acetate, acetone, and 1,1,1-
trichloroethane.

Possible Solutions

e See Possible Solutions: Solvents

e Substitute glycol ethers with less hazardous solvents, when possible.
Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.
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A Soft Bake

Y7 b EK) BERK

After photoresist application, the wafers are "soft baked" by placing them in
an oven at moderate temperatures around 70-90°C. This soft bake causes the
photoresist to cure and the remaining solvents to evaporate.

The following are the potential hazards of soft baking.

e Toxic Exhaust Gases

e Thermal Burns
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A Mask Alignment and Photoexposure
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A photomask is aligned and placed on the coated wafer with precision
instruments. The wafer and mask are then exposed to ultraviolet (UV)
radiation from an intense mercury arc lamp. This causes exposure to the
photo resist in places not protected by opaque regions of the mask. With a
typical positive photoresist, the areas struck by light undergo a chemical
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reaction that will make the photoresist more soluble in an alkaline solution.
UV exposure is the most common; however, x-ray and electron beam sources
also may be used.

The following are the potential hazards of mask alignment and photo
exposure
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Ultraviolet (UV) Radiation
Potential Hazard

e Possible employee exposure to ultraviolet (UV) radiation during
photoexposure.

Possible Solutions

e Identify UV hazards; perform exposure evaluations when applicable.

e Enclose operations with UV emissions; provide shielding and
interlocks as necessary.
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e Provide PPE as appropriate during operations when exposure is
necessary. [1910 Subpart 1]

e Implement UV radiation safety programs to further identify and
control UV hazards. Ozone gas may also be generated from the UV
radiation.

e Provide adequate ventilation to control ozone concentrations.

Additional Information

OSHA Safety and Health Topics Pages:

e Non-Ionizing Radiation

e Personal Protective Equipment (PPE)

e Ventilation
Mercury
Potential Hazard
e Possible employee exposure to mercury from lamp rupture. Improper

maintenance or infrequent bulb replacement can cause deteriorated
or older lamps to rupture.
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Possible Solutions

e Implement preventive maintenance to inspect and replace lamps
routinely.

e Implement proper work practices to ensure that lamps are replaced
carefully in order to avoid accidental breakage.

e Store and dispose of lamps properly.

e Respond to and clean up mercury spills properly.

e Provide adequate PPE as necessary to minimize exposure.

Additional Information

OSHA Safety and Health Topics Pages:
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A Developing

Following exposure, the wafers are developed with aqueous solutions of
either sodium hydroxide or potassium hydroxide. The developer is applied by
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either immersion, spraying, or atomization, causing the unpolymerized
areas of the photoresist to be dissolved and removed. Various developer
solutions are identified in Table 1. A solvent rinse (n-butyl acetate, IPA,
acetone, etc.) is usually applied following the developer to remove any
residual material.

The following are the potential hazards of developing.

e (Caustic Solutions and Aerosols

e Solvents

Caustic Solutions and Aerosols
Potential Hazard

e Possible employee exposure to caustic solutions and aerosols used
during developing. Typical caustics include NaOH and KOH.

Possible Solutions

e See Possible Solutions: Acids and Caustic.
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After developing, an additional baking process or "hard bake" is performed
to harden the remaining photoresist to a finish much like the enamel on an
automobile. The photoresist is then ready to protect the underlying
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Si0Oz during etching.
The following are the potential hazards of hard baking.

e Toxic Exhaust Gases

e Thermal Burns
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A  Etching
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Etching removes layers of SiOs, metals, and polysilicon, according to the
desired patterns delineated by the resist. The two major methods of etching
are wet chemical etching or dry chemical etching.

Wet Chemical Etching: Wet etching is accomplished by submersion of the
wafer in an acid bath. Common wet etchant chemical solutions are shown
in Table 2. In general, etching solutions are housed in polypropylene,
temperature-controlled baths. The baths are usually equipped with either a
ring-type plenum exhaust ventilation or a slotted exhaust at the rear of the
etch station. Vertical laminar-flow hoods are used to supply uniformly-
filtered, particulate-free air to the top surface of the etch baths.

Dry Chemical Etching: Dry etching is commonly used due to its ability to
better control the etching process and reduce contamination levels. Dry
processing effectively etches desired layers through the use of gases, using
either, a chemically reactive gas, or through physical bombardment of argon
atoms.

Chemical - Plasma Etching® Plasma etching systems have been developed
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that can effectively etch silicon, silicon dioxide, silicon nitride, aluminum,
tantalum, tantalum compounds, chromium, tungsten, gold, and glass. Two
kinds of plasma etching reactor systems are in use -- the barrel (cylindrical),
and the parallel plate (planar). Both reactor types operate on the same
principles and vary primarily in configuration only. The typical reactor
consists of a vacuum reactor chamber made usually of aluminum, glass, or
quartz. A radiofrequency (RF) energy source is used to activate fluorine-
based or chlorine-based gases which act as etchants. Wafers are loaded into
the chamber, a pump evacuates the chamber, and the reagent gas is
introduced. The RF energy ionizes the gas and forms the etching plasma,
which reacts with the wafers to form volatile products which are pumped
away. Table 3 identifies the materials and plasma gases in use for etching
various layers.

Physical Bombardment: Physical etching processes are similar to
sandblasting; argon gas atoms are used to physically bombard the layer to
be etched, and a vacuum pump system is used to remove dislocated material.
Sputter etching is one physical technique involving ion impact and energy
transfer. The wafer to be etched is attached to a negative electrode, or
"target," in a glow-discharge circuit. Positive argon ions bombard the wafer
surface, resulting in the dislocation of the surface atoms. Power is provided
by an RF energy source. Ion beam etching and milling are similar physical
etching processes which use a beam of low-energy ions to dislodge material.
The ion beam is extracted from an ionized gas (argon or argon/oxygen) or
plasma, created by an electrical discharge.

Reactive ion etching (RIE) is a combination of chemical and physical etching.
During RIE, a wafer is placed in a chamber with an atmosphere of
chemically reactive gas (CFior CCls) at a low pressure. An electrical
discharge creates an ion plasma with an energy of a few hundred electron
volts. The ions strike the wafer surface vertically, where they react to form
volatile species that are removed by the low pressure in-line vacuum system.
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The following are the potential hazards of etching.

e Acids

¢ Reactive Gases

e Reaction-Product Residues

o Radiofrequency (RF) Radiation

Acids
Potential Hazard

e Possible employee exposure to acids used for wet chemical etching.
Typical acids may include mixtures of HF, HCI1, H2SO4, etc. (see Table 2).

Possible Solutions

e See Possible Solutions: Acids and Caustic.

Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
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procedures.
Reactive Gases
Potential Hazard

e Possible employee exposure to fluorinated, chlorinated, and other
reactive gases used for dry etching (see Table 3).

Possible Solutions

Identify gas hazards and perform appropriate exposure evaluations.

o Identify and evaluate all potential exposure scenarios, for
example: startup, operation, maintenance,
emergencies, and so forth.

cleaning,

o See 29 CFR 1910.1000, Table Z-1, which contains permissible
exposure limits for various substances.

e Provide appropriate ventilation to reduce gas concentration levels in
the air.

e Provide PPE as appropriate to prevent contact with gases. [29 CFR
1910 Subpart I]

e Use respiratory protection when necessary to further reduce
exposure and protect employees. [29 CFR 1910.134]

e Use gas monitoring systems with automatic shut-offs and alarm
systems, as appropriate.

e Design and use specialized processing, material handling, and
storage equipment for gases. Consider both normal use and
emergency scenarios. Process Safety Management (PSM)
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requirements may also apply. [29 CFR 1910.119] L BRAFELDM F2EETAH L, o RALREE (PSM) ik X
nNoH%ER& 5, [29 CFR 1910. 119]
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Additional Information

« L it E BB L AREER OB, OSHA

e Preventing Occupational Illnesses through Safer Chemical
Management. OSHA.

OSHA Safety and Health Topics Pages: OSHA ZAM/E | By 7~

e Compressed Gas and Equipment R A O

e Personal Protective Equipment (PPE)

- A HR#EE (PPE)
e Process Safety Management (PSM)

e Respiratory Protection - Tt RAZEEH (PSM)
¢ Ventilation TP (Rt L
- A

Radiofrequency (RF) Radiation N
e BAW (RF) Kbk

Potential Hazard
VB TER) R BRIE

e Possible employee exposure to radiofrequency (RF) radiation used as

an ionizing source for dry etching. s ROy F 7oA F AR E LT S 2 S8 (RF) BB~ D#%
R DI1E < SO TRetE,

53




Possible Solutions

e See Possible Solutions: Radiofrequency (RF) and Infrared (IR)

Radiation.

e Install interlocks and emergency shut-offs on etching equipment.

AT GE 7RI
- fERROSH . mEE (RF) KOWRIME (IR) B #i.

Ty FUTIREIA v F—n v 7 LBERRIEEE L ARET D

A Photoresist Stripping

7+ PULTR P FIBE

After etching, the resist has served its purpose and must be removed from
the SiO:. "Plasma ashing" or "dry stripping" is usually the first step. The
wafers are placed into a chamber under vacuum, and oxygen is introduced
and subjected to radiofrequency power which creates oxygen radicals. The
radicals react with the resist to oxidize it to water, carbon monoxide, and
carbon dioxide. The ashing step is usually done to remove the top layer or
"skin" of the resist, then additional wet or dry etching processes can be used
to strip away the remaining resist (see Etching). Some wet and dry chemical
constituents are shown in Table 4. After the stripping is complete, the
wafers are rinsed with deionized water to remove any remaining chemicals
or resist material.

The following are the potential hazards of photoresist stripping.

e Acids

e Solvents

Ty F TR, VUANIZOEREKZTTD S10.0bRETLHLERD
Do 1T X=T 7] T TRIAAN) w7 PEFE RO T E
2%, UIAN—ITEZET v UN—NICEE SV, BENEAIND & EEKE
HBEHINMS BT T S HNDBERSND, ZOTIANANRLT AR ERISL,
Ko —B{bRE - BILRFB~EBILSRT D, Ty S TRITmE, LY
A DO EE (AFy) Z#RETILEZOITb., TORBNMOY =y oy
FUITRIEIRTIA T F o 77T A2 VTEFLVA MNERETS (=
FUIER), REOBRT =y N RIAMMEFEERLESEFR 4 12" T, AN
VU T R, U= IA A KT S, BRI LR L VA M
Brabrikd 5,

74 F LU A MBS DEEM R GRRIEIZLI T O LB TT,
- I

- A
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¢ Radiofrequency (RF) Radiation

Acids
Potential Hazard

e DPossible employee exposure to acids used for wet chemical
etching/stripping (see Table 4).

Possible Solutions

e See Possible Solutions: Acids and Caustic.

Solvents
Potential Hazard

e Possible employee exposure to solvents used for stripping and rinsing
(see Table 4).

Possible Solutions

e See Possible Solutions: Solvents.

Radiofrequency (RF) Radiation

Potential Hazard

- RJEE RE) R
i3
BFTER) LB BRI

B YEF Ty F T RIS S D B~ O #E I FE O < #E o AT EErE
(4 ZH),

I GE AR

» TAIREZRMERR - MR MO T V1 ) | B,

WA

BFTEHG LR

- HIBE K Qe SN DRI~ OBRAE OIZ< BOTME (R 43MH),
AIGE AR

- THEANCBE S 2 ATRERfROR | 2 2R

=AM (RF) B
BTEH) LI BRI

c FIA XY vy OB E L THII SN D&)A (RF) BB~ DH
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Possible employee exposure to radiofrequency (RF) radiation used as
a power source for dry stripping.

Possible Solutions

See Possible Solutions: Radiofrequency (RF) and Infrared (IR)
Radiation.

e Install interlocks and emergency shut-offs on etching equipment.

FERE DX D AREME,
A RE R
R OZB - mET RF) ROWRANERE (IR) R,

Ty FUTIREICA v F—n 7 LRAFILEE L ZRET D,

A Doping (Junction Formation)

K—t 7 (BEEFRR)

Dopants are impurity elements added to the semiconductor crystal to form
electrical junctions or boundaries between "n" and "p" regions in the crystal.
An n-type region is an area containing an excess of electrons for conduction of
electricity. A p-type region contains an excess of electron holes or acceptors.
The difference in electric potentials between the two regions facilitates the
flow of electrons through the circuit. The junctions form the essential element
for all semiconductor functions. The most common doping methods include
diffusion and ion implantation. Materials used for dopants mainly include

compounds of antimony, arsenic, phosphorous, and boron, in gaseous, liquid,
and solid physical states. Table 5 (BFFR/FKEF - S DA 512200 Tid, [t

IC1F 42575 5 701>, ) identifies various dopants used for both diffusion and ion

implantation.

R— S0 M, EEREERICTIN SN R IcETH Y . FEENO Tn) fEIK
& Tp) SEHIROMICEROBEAS S X IIRMA 2R T 5, n BlgEkiT, EXEED
TeOICBRI w2 ZOHEk Ch 5, p ML, @RI 2L UIZ R R L
Eie, WEIEMOBMAENRKEZELEFORNERET D, 205 OEEHES
X, O FERREOMEEREZKRT 5, kb kIR K—E v 7 RIEIC
IERIE A AV ENEE R D, F—v b L TR SN I, 7
YFEY, BHR, VU, RUEOEMTHY . UK, RIEKONEE OB E
DHAWSND, FHITIEBIEL A A EANEE ORGIHEH SN 5 EME F—s3
k2RI LTV 5,

Diffusion

Diffusion occurs when impurity atoms or molecules migrate from an area of
high concentration to an area of low concentration. Diffusion usually occurs in

/A

PERE, AT SLE 07 F- 23 v BE R 2> O G B BRI~ B 9~ D BRI 38 A9
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two steps: predeposition and drive-in.

During predeposition, the impurity dopant is added to the wafer substrate.
Predeposition is done in a furnace at temperatures around 1000-1250°C. The
dopant is introduced into the furnace, and may be in the form of a gas, solid,
or liquid. Gaseous dopants are mixed with an inert carrier gas, such as
nitrogen or argon, and introduced into the furnace. Solid dopants are often
applied in a powder form. The solid is heated and a stream of carrier gas
moves the dopant into the furnace. Liquid sources are used by bubbling an
inert carrier gas through the liquid dopant, and the gas saturated with the
liquid is added to the furnace.

The wafers are then put into a second furnace at higher temperatures (about
1300°C) to "drive-in" the dopant. The drive-in process usually occurs in an
oxidizing atmosphere so that a protective layer of SiOz2is grown over the
diffused layer.

Do PERBUTEHE . ATHERE & YEE L D 2 B CHEI T 5,
ATHERE R P Clx, AW R— 0 R T = — RIS 5, miHEfE L
1000~ 1250 CREE DIFNTIThiIL D, F— 30 MIFNICEA S, "R, [EIR
NITIEDOTERER & 5, RIE F— R0 MIBB ST LAV EORER ST YV T H
A LRASIFNICEASND, ER =0 MIMEKEETEH IS Z &0
2\, [EIRZEMEAL, % U7 HADORNIZL > T R—=0 M E2FENICEE) S
%o WRIRIEZEAT 258, IR K= NRICREES Y U T H A EZ T
V7S, IR TRIRN L2 R B FENICEIINT 5.,

D%, ?IA~¢£D%MLWJBwC)@W*@m IANBIL, R—s30 b
Z WEE ESE 5] N Thb s, JEEAHE @R, BILEES T Cirbhd iz
O, B O Iz Si02 ORERE AR S D,

Ion Implantation

AFEA

During ion implantation, the dopants are ionized (stripped of electrons),
accelerated using an electric field, and deposited in the silicon wafer. Upon
striking the wafer, the dopant is embedded at various depths, depending on
its mass and energy.

Typically, a gaseous dopant is ionized by electric discharge or by heat from a
hot filament. The ions are separated using an electromagnetic field that
bends the positively-charged particles to a selected band. This ion band is
then passed through a high-current accelerator. The high-velocity beam of

AT VEATIE, R—=S0 MEIA A b (BT2HE) Sh, &5 2 VO
S, YU aryIn—ItHifiSN D, T A—ICmET L. R—80 NI

BEEORTALF =T U THEA RIRIICHDIAEN S,

Wi, [ R— R MIMEBIIER T 4 T A "D L > TA A b &
D, A FNTESEEZHOTHBESI., EICHEE LR FIEIREI NNV R
~HFond, ZOA AUy RiIEEBERINESRZBERIEOND, &iEA 4

=AU A—ZERISN, F="0 b F BT —REZEZE L TRE
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ions is focused on the wafer, causing the dopant ions to strike the wafer
surface and penetrate. Sometimes a mask is used to implant a designated
pattern on the wafer. As with diffusion, ion implantation allows the formation
of junctions by changing the conductivity characteristics of precise regions in
the wafer.

Implantation can damage the surface of the wafer. A high-temperature
annealing step (800-1000°C) is performed to return the wafer to its original
condition and to further incorporate the dopant atoms into the silicon crystal
lattice. Stack furnaces, high-energy lasers, electron beams, or flash lamps can
be used for annealing.

The following are the potential hazards of doping.

Radiofrequency (RF) and Infrared (IR) Radiation

Thermal Burns

Flammable, Explosive, and Pyrophoric Gases

Toxic, Irritative, and Corrosive Gases and Liquids

Reaction-Product Residues

X-ray Radiation

Electricity

Solvents

T2, BRI A7 2 HNT U= RICATED N Z = ZEAT L5 L H D,
PR & [FRRIZ, A A EANT Y 2 —NOREFI O SEREZ B SED 2 &
THEEIOIERE TRE L T 5,

AF U ENIVZAN—FRHEBET L0 EERD D, Vo —%2 TOREIZE
L. S5 K=V NRFZ Y a U fERE AR AT 72D, ST =—/V 1L
B (800~1000C) #FEhid b, 7 =—NMIIAX v 7 A, @ FrLFX—L—H
— BYE—LA, 79 aS U IRNERARETH D,

K= I ER R ERIEIIL T 80 TH 5,

- B (RF) KOARAME (IR) A

- B5

< AIPAME. IRFME ROV BRI KM T A

- HEE FEE R TS BT A R ORI

- G R RR

- X BRI
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e Lasers

Toxic, Irritative, and Corrosive Gases and Liquids
Potential Hazard

e Possible employee exposure to toxic, irritative, and corrosive gases and

liquids (see Table 5).
Possible Solutions

See Possible Solutions: Toxic, Irritative, and Corrosive Gases and
Liquids.

Reaction-Product Residues

Potential Hazard

Potential chemical exposures to maintenance personnel working on
reaction chambers, pumps, and other associated equipment that may
contain reaction-product residues. Substances such as arsenic, arsine,
phosphine, etc., may be found in ion implantation equipment.

Possible Solutions

e See Possible Solutions: Reaction-Product Residues.

i, B, ERMET A R UK
BTERI IR

- IR AR, RITRIE, R AR OHEEIIZ< &S 26N (K 5 &
M),

I RE 7RI

- FRRR AR, RITME, R A R ONRIE GEEEETS D,

RIS RN E )

TETEH) R IE R

FOSE, N7 X OMOBERKS TIEET DIRTEAD, RUSERWIREY)
ZE RO 2WEIALFIIESBESNDIBENDL D D, A A IEASEE
TR, Thvr, RAT 4 VEOWEPRESNOHENH 5,

I RE 7L AR

- TROSERRIR Y ) OFRERRIREZ RO Z L,

BENEH
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Additional Information

Arsenic. OSHA Safety and Health Topics Page.

e 3=

>Ro

OSHA ZRfEHE R E v 7 _X—,

A Deposition

[l

Deposition is a broad term used in semiconductor processing that refers to
the layering of additional material on the wafer surface. These layers may be
applied at various stages during the manufacturing process in order to form
a mask, to act as a new layer for further junction formation, or to form an
insulating layer between two or more conductive layers. The general
technique of deposition is known as chemical vapor deposition (CVD). CVD
is commonly used to deposit layers of polycrystalline silicon, silicon dioxide,
and silicon nitride on the substrate.

CVD is accomplished by placing the substrate wafers in a reactor chamber
and heating them to a certain temperature. Controlled amounts of silicon or
nitride source gases, usually carried by either nitrogen and/or hydrogen, are
added to the reactor. Dopant gases may also be added if desired. A reaction
between the source gases and the wafer occurs, thereby depositing the
desired layer. Reaction temperatures between 500-1100°C and pressures
ranging from atmospheric to low pressure are used, depending on the
specific deposition performed. Heating is usually accomplished with
radiofrequency, infrared, or thermal resistance heating. Common source
gases include silane, silicon tetrachloride, ammonia, and nitrous oxide. Some
dopant gases that are used include arsine, phosphine, and diborane. The
major categories of silicon CVD are shown in Table 6.

AT RS 7 n ACBT D AE R HFETH Y . v N—REIBIM
B2 @RICERT 2 Z L 246, 20 ORITRE TR O 2 R BRE TERK &
N, AV ZRT D20, SORAEESEOT-DOHE /@ L LT
L1728, XX @Ll EoEEREMICEEE AR T 2 7eoicHnbsnsg, —ik
B 72 BRI AT 3 b 5 R 1A (CVD) & LTEI LTV 5, CVD 135k Fic%
fEamv U ay, Tk AHE, B AFEORERKT DO b
Do

CVD 1%, FR Y = —ZFUSFPICELE L, FTEDRE F CEvV5 = & T3
S5, fEINZEDOT ) a2 IIE(WRIBMER T A GaRFIZEEL )

IIKFTER SND,) DRSPS D, BB U TR—/R MR
HLIWMSNDGENH D, AT A L = —L O/ TRIGNEL, i
LT AHEREIN D, MNREIL 500~1100°C, EHITREEN HIKE
* T, %ﬁ@‘féﬁiﬂ%?ﬂﬁé:ﬁﬁbf@ﬁﬁ INb, MEVIEE ., @B, RIAMRX
ITIRPUMBMZ K > TIThiv b, —BIRJEEN T 223y 7 >, gL A &,
TUE=T, ﬁ@ﬁﬂﬁ%ﬁ?ﬁ)aiﬂé EHEND R—R0 M RTIZT VY
V. RAT 4 U ROV RT VERB D, Uy CVD OERGFEER 6 1R
7
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Epitaxy is a specific form of CVD that is used to form a thin elemental
crystal layer on top of an identical substrate crystal. The main advantage of
epitaxy is that a lightly doped layer of epitaxial silicon can be grown on top
of a heavily doped silicon substrate, thus creating a layer of differing
conductivity that can serve as an insulating layer. Silicon upon silicon is the
most common epitaxial process. Usually, hydrogen chloride gas is first used
to etch the wafers. Then gases such as silane, dichlorosilane, and
trichlorosilane are used to deposit silicon. Light doping of the new crystal
layer with additional gases may also be performed. The process is usually
carried out at atmospheric pressure and temperatures between 900-
1300°C. Table 7 identifies the four major types of vapor phase epitaxy,
parameters, and chemical reactions.

The following are the potential hazards of depostion.

e Electricity

e Flammable, Explosive and Pyrophoric Gases

e Toxic, Irritative and Corrosive Gases

e Radiofrequency (RF) and Infrared (IR) Radiation

e Thermal Burns

T XX —IE, Rl ORGSR BICEWICEERBE TR T 570D
% CVD OFBRBREETHD, XX —OERFAIE, SEEIC R—F
YT ENTEV) a v ER EICRBEIC R SRz v L) o
VBERESELZENTE, ZRICKVEELEORLRDIEEIER L, EkE
ELTHRESE DN EICH D, vV ary b~ni U o HfEN RS — R
TEEX—TreRATHDH, B, ETHIOKETRAEZHN Ty —% T
vFUTT L, TDH%, VT, vrianysy, Mrzaav T U EOH A
ERWCY Y ava2HE IS5, BIMOT A% AW TH -/ fb e 28t E R —
TTAHZELAEETH DL, TR TEE. KKJET T 900~1300CDiE
FEFETIThhd, £ 713, 4 DOFEELRTMH=EC XX —0OFEH, X7 A—
2. MRS E R LTV D,

UTFOH DX, 7AEDETER R fEmETd,

i)
A

< ARPE. JRIENE N OV E SRFE KT A
- A, JITEIE R O BT 2

- =AY RF) ROFRSME (IR) HiH
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e Reaction-Product Residues

Reaction-Product Residues

Potential Hazard
e Potential chemical exposures to maintenance personnel working on
reaction chambers, pumps, and other associated equipment that may
contain reaction-product residues. Substances such as HCI, arsine,
phosphine, etc., may be found in deposition equipment.

Possible Solutions

e See Possible Solutions: Reaction-Product Residues.

Additional Information

e Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures

¥ VN

USRI )

B4 R4 5% B W
BETEHG L IE BRI

c PORE, R oo BEES TEET DRSTEEN. SJUSERDIRE
Wzgien O 2WEI LTI E S 2BEN R H 5, HCL T
v RAT A SFEOYE SRS BN E T D TN D D,

A GE AR
- TROSERIREEY) ) DO FRERIFRRZZ O Z L,
BIEHR

¥ ME OERMEICET M EHET A R T4 v RERELESELY
(DHHS) . [Er o782z £t (NIOSH) Tt 5 81-123 (1981 4F
1 A)y Z2BOEFEFEWEICETDIHA RTA4 O RKRERL, &7 7 AT
I, ALY - ERAOREME, R X< BIRAVE, EREHR (=2 v
7). BARES (PPE) K OVEHLTIEICEE T 2 HESEHIH 2 & T i b1
WNFEHE STV D,
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BIIFE 2
F1~4 kUK 6 (RHIZIIRS BRRFELTWNET,) OXREROEK

REF | HFROBEBEDIFER L AR D B AFEIRGER

1 Photoresist Systems (Table 1) T+ LA RVRT A (R

2 Wet Chemical Etchants (Table 2) ERBRILZT v F L 7R (F2) GHRER)

3 Plasma Etching Gases and Etched Materials (Table 3) TGRS F U THRE T v F Tk (3 3)
4 Photoresist Strippers (Table 4) 7% b LU R MR (3K 4)

6 Major Categories of Silicon Chemical Vapor Deposition (CVD) (Table 6) | 2 U = {bFESMHEEE (CVD) OXEHTF IV — (X 6)
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F1~4 RUFE 6 (FHIZIIR S BRELTWVET,) DOXFRK

Photoresist Systems (Table 1)

T+ RLPARVRT L (F1)

Irradiation Type

e Polymer Base (PB)

e Solvent (S)

e Developer (D)

1. Ultraviolet

a. Near (350 - 450 nm.)
1.  Negative

PB Azide Base aliphatic rubber (isoprene)
S n-butyl acetate, xylene, cellosolve acetate, ethyl benzene
D - xylene, aliphatic hydrocarbons, n-butyl acetate, cellosolve acetate,

stoddard solvent (petroleum distellates)

1. Positive

PB ortho-diazoketone
S cellosolve  acetate, mn-butyl acetate, xylene, -chlorotoluene
D - sodium hydroxide, silicates, potassium hydroxide

b. Deep (2000- 250 nm.)
Primarily positive resists

2. Electron-Beam (~ 100 nm.)

a. Negative
PB copolymer-ethyl acrylate and glycidylmethacrylate (COP)
S - n/a
D-n/a

b. Positive
PB - polymethylmethacrylate, polyfluoralkylmethacrylate, polyalkylaldehyde,

poly-cyano ethylacrylate
S n/a
D - alkaline or isopropyl alcohol (IPA) ethyl acetate, or methyl isobutyl

ketone (MIBK)
3. X-ray (0.5 -5 nm.)
a. Negative

PB co-polymer-ethyl acrylate and glycidyl methacrylate (COP)

%%&47

RN <—~_—2=2 (PB)

WA (S)

Bk (D)

ﬁ%ﬁ

a. %41 (350 - 450 nm)

. XHTA4T

PB- 7 ¥ NI - BT & (1 VT Y)

S-n-7FALTET—F, FLL, FaYALTTET— L, ZFAP
D - x> vy, JBVIERILKSZE, n-7FALTET—h, Ea VL7 7T — k.
A~y H— R (A )

. Btk

PB-ANW -7V b

S-ku Y VTHHgE, nn7IFNATEeT—F, FULY, Yuanm by
D- 7J<E&fl:‘f}\)r7A A, KB ) U A

b. & (2000-250 nm)

EK%@vyxb

1.

2. (%9 100 nm)

a. [&Efk

PB-=F AT 27 VL— & T U INAETY L— MNEEAAR (COP)
S-#%%7L

D-#%%47 L

b. Bk

PB-FRUAFAAEZIZY L —hr, R TZAFaTFxArZ2rs) L —h KR
TIAXRLTILTE R, RV T ) =F LT 7)) L—hk
S-#Z%L

D-7TAhVELLLIZIA Y e’ L7 ra— (IPA),
Y 7F 4 kv (MIBK)

3. X # (0.5~5nm)

Bl = F )L T A F LA
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S n/a
D-n/a

b. Positive
PB polymethylmethacrylate, ortho-diazoketone, poly
(hexafluorobutylmethacrylate), poly (butene 1 sulfone)
S - n/a
D-n/a

a. [&PE
PB-#fHEAK-=F LT 7V L— b BIXOT YU A% 7Y L—k (COP)
S-#47e L

D-#&%72 L

b. ik

PB- RUXFARAZ I VL —h, FNK-TT b, R (NPT 040
TIFNAZTYL—K), KU (FTT-1-AE)

S-#47e L

D-#&%7 L
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Wet Chemical Etchants (Table 2) GEXBKILR2TYF 5 &l (F 2) (RERAR)

Silicon
Polycrystalline Silicon (Si) Hydrofluoric, nitric, acetic acids and iodine
Potassium hydroxide
Ethylene diamine/catechol
Ammonium fluoride, glacial acetic and nitric acids
Silicon Dioxide (SiO,) Buffered oxide etch (BOE) — Hydrofluoric and ammonium fluoride
BOE, ethylene glycol, monomethyl ether
Hydrofluoric and nitric (P—etch)
Silicon Nitride (Si;N,) Phosphoric and hydrofluoric
CVD Oxide or Pad Etch Ammonium fluoride, acetic and hydrofluoric acids
METALS
Aluminum (Al) Phosphoric, nitric, acetic and hydrochloric acids
Chromium/Nickel (Cr/Ni) Ceric ammonium nitrate and nitric acid
Hydrochloric and nitric acids (aqua regia)
Gold (Au) Hydrochloric and nitric acids (aqua regia)
Potassium iodide (KI)
Potassium cyanide (KCN) and hydrogen peroxide (H,0,)
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Ferric chloride (FeCl,) and hydrochloric acid

Silver (Ag) Ferric nitrate (FeNO,) and ethylene glycol
Nitric acid

Compound Formula Standard Concentration (%)
Acetic acid CH,COOH 36

Glacial acetic acid CH,COOH 99.5

Ammonium fluoride NH.F 40

Hydrochloric acid HC 36

Hydrofluoric acid HF 49

Nitric acid HNO, 67
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Compound

Standard Concentration (%)

Phosphoric acid H.,PO, 85
Sulfuric acid H,SO, 96
Potassium hydroxide KOH 50 or 10
Sodium hydroxide NaOH 50 or 10

(EFtoFDORER)

TyFT

T v F Al

v)ayv

Zitmy U a s (Si)

7 ofbRFERE, W, Bk O v HE
KEEALA Y 7 A
TFVLTUT IV ST a—)v

7 oAbT E= T A OKERRE KOV

e A % (8i02)

RER b=y F 7 (BOE) - 7 vAWKFBEEN VT b7 o E=1T A
BOE, =F L7 ) a—L, £/ AF)T—T)
7 ALKFEEE LR Py T 7))

=k A % (Si3N4)

U Uik e 7 oAk

CVD BRfLIE I/ Xy Ry F 7

T oAb T ' = T A BERE, T v bKFEREE
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TyFT

T F 7K

oV

U, RHER. WERR, HHRE

T = A (AD

BT Y U AT =T L LR
Hilg & fEle (FK)

7 v =’ (Cr/Ni)

Hilk & e (K)
vk Vv (KD
T AR Y U A (KCN) Lifg{bskss (H:0:)

4 (Au) e b el (FK)
oy v (KD
HAbsE 8k (FeCls) L Iifiz
R (Ag) HAEERIID) (FeNOs) &L =F L > 7' U a—/1
Rk
k&4 b2 FEVEIREE (%)
[L{5i7s CH3COOH 36
IR e CH3COOH 99.5
k&4 =" FEVEREE (%)
VAL | WAV ==y RN NH4F 40
Yo HCL 40
7 ALK EEE HF 36
fi iz HNO:; 49
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U H:PO. 67
i H.SO, 85
KERIEA U T A KOH 96
KER{ET R Y DL NaOH 50 or 10
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Plasma Etching Gases and Etched Materials (Table 3)

Silicon

Polysilicon (Si) and Silicon

CF + O2, CCL3 or CFsCl, CF4 and HCI

Silicon Dioxide (SiO2)

C2Fs, CsFs, CF4, SiFy4,

CCloFe, SFe, HF

CsF12,

CHFs,

Silicon Nitride (SisNa)

CF4+ Ar, CF4++ Oz, CF4 + H2

Metals
Aluminum (Al) CCls or BCls + He or Ar
Chromium (Cr) CCls

Chromium Oxide (CrOs)

Clz + Ar or CCls + Ar

Gallium Arsenide (GaAs)

CCl2F2

Vanadium
Titanium
Tantalum
Molybdenum
Tungsten (W)

(V) | CF4

(Ty)
(Ta)
(Mo)

(EFtonF 3 OXFFR)
TG R F U H AL TF kR (3 3)

M

ME

v)ayv
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AU Yary (8) Lvl)ary

CF + O2, CCL3 or CF3Cl, CF4 and HCI

TRfe % (8i02) U= v

C2Fs, CsFs, CFy4, Si1F4, CsF12,
CClzF2, SFe, HF

CHF5,

=7 A4F (SisNa)

CF4+Ar, CF4+ Og, CF4+ + Ho

&R’

T =0 A (AD CClsor BCls + He or Ar
27 1 2 (Cr) CCls

{7 v 2 (CrOs) Cle + Ar or CCls + Ar
HU 7 Ak FE (GaAs) CCl2F2

N A (V) CF4

F & 2 (TY)

% %)L (Ta)

U 75 (Mo)
27 AT (W)
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Photoresist Strippers (Table 4)

7% MUV R MRIBER] (K 4)

Wet Chemical
e Acid
1. Sulfuric (H2SO4) and Chromic (CrOs)
2. Sulfuric (H2S04) and Ammonium Persulfate (NH4)2S20s)
3. Sulfuric (H2S04) and Hydrogen Peroxide (H202)
e Organics
1. Phenols, sulfonic acids, trichlorobenzene, perchloroethylene
2. Glycol ethers, ethanolamine, triethanolamine
3. Sodium hydroxide and silicates (positive resist)
Dry Chemical
o Plasma Ashing (Stripping)
1. RF (radio frequency) power source - 13.56 MHz frequency
2. Oxygen (O2) source gas
3. Oil lubricated vacuum pump system with liquid nitrogen trap

TSV e 2
fi%

1. fiif% (H.SO.) &7 v Afg (CrOs)

2. Wit (H.SO.) Lidfiifi7 > E=v A ((NH.)2S:0s)

Tw

RER A

1. 7= /—J)VHE, ALK, M) rZouaxXoBy, /oo nFlL
2. ZVa—nxz—5n1, X /)—LTIv, MIxZHI)—NT IV

3. KT NI LA (RVBLIUA )

BRI F 0

T TR T v (AR v

1. RF (=/JE¥) &R - 13.56 MHz J&H K

2. W58 (02) JRAT A

BRI EFR N7 v IR ELER T RT N
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Major Categories of Silicon Chemical Vapor Deposition (CVD) (Table 6)

VY afeESMERE (CVD) OXELIT IV — (£6)

Parameters

Pressure - Atmospheric or low pressure (LPCVD)

Temperature - 500-1100° C

Silicon and nitride sources - Silane (SiH4), Silicon Tetrachloride
(SiCls), Ammonia (NHs), Nitrous Oxide (N2O)

Dopant sources - Arsine (AsHs), Phosphine (PH3), Diborane (B2Hg)
Carrier gases - Nitrogen (N2), Hydrogen (Hs)

Heating source -

Cold wall system - Radio frequency (RF) or Infrared (IR)

Hot wall system - thermal resistance

CVD Type
1. Medium temperature (~ 600-1100°C)
a. Silicon Nitride (SisN4)
3 SiH4 + 4 NHs —> SisN4 + 12 H2
H: carrier gas (900-1100°C)
b. Poly Silicon (Poly Si)
SiH4 + Heat —> Si+ 2 H»
Hs carrier gas (850-1000°C)
N3 carrier gas (600-700°C)
c. Silicon Dioxide (SiO2)
1. SiH4+ 4 CO2—> SiOz2 + 4 CO + 2 H20
N3 carrier gas (500-900°C)
2. 2H2+ SiCls + CO2 —> SiO2 + 4 HCIL *
H: carrier gas (800-1000°C)
3. SiH4+CO —>SiOz+2 H2*
H: Carrier gas (600-900°C)
2. Low Temperature (~<600°C) Silox, Pyrox, Vapox and Nitrox**
a. Silicon Dioxide (SiO2) or p-doped SiO:
1. Silox
SiH4 + 2 O2 + Dopant —> SiO2 + 2 H20
N2 carrier gas (200-500°C)
2. Pyrox
SiH4 + 2 O2 + Dopant —> SiO2 + 2 H20
N3 carrier gas (<600°C)

INTA—=H

® i) - RXEIEE (LPCVD)

® JEf¥ -500~1100° C

o U alRUOEWEE - ~F > (SiH4), Wi A E (SiCl4), 7 F
=7 (NH3). #ifg{tz=FR (N20)

® K—NRUNFEE - Ty (AsH:), "A7 4> (PHs), YART > (B
Ho)

[ ﬂ?“\’UTjJX'%% (N:)., /&K% (H:)

® JINEA -

® I LRUF— LU AT A-GEEE RF) XTRAR AR)

® Ky NTr—ILIT AT A - BURHT

CVD %A~

1. ik (R 600-1100° C)
a. =7 AF (SisNi)

3SiH: +4NH; — Si:N:. + 12 H:

H:%+ U 752 (900-1100°C)

b. RV Var @yl ay)

SiH4 + 24 — Si+ 2 H2

H2 %+ VU 7 % A (850-1000° C)

N2 &+ U 7 % A (600-700° C)

c. b4 (Si02)

1. SiH4 + 4 CO2 — Si02 + 4 CO + 2 H20
N2 &+ U 7 % A (500-900° C)

2. 2H2+SiCl4 + CO2 — Si02 + 4 HCL *
H2 %+ U 7 % A (800-1000° C)

3. SiH4+ CO —>Si02 + 2 H2 *

H2 %+ U 7 % A (600-900° C)

2. KR (~<600° C) VA v T A, NRAav T A NRy A =hav 7 A
%%

a. “EMbA A % (Si02) Xt p i F—~7 Si02

1. YAty 7 A

SiH4+2 02+ F—/S | —> Si02 + 2 H20

74




3. Vapox
SiH4 + 2 O2 + Dopant —> Si02 + 2 H20
N3 carrier gas (<600°C)
b. Silicon Nitride (SisNy4)

1. Nitrox
3 SiH4 + 4 NH3s (or N2O *) —> SisNs + 12 He
N3 carrier gas (600-700°C)
3. Low Temperature Plasma Enhance (passivation) (<600°C)

Utilizing radio frequency (RF) or reactive sputtering

a. Silicon Dioxide (SiO2)
SiH4 + 2 O2 —> Si02 + 2 H20

b. Silicon Nitride
3 SiH4 + 4 NH3s (or N2O *) —> SisNs + 12 He
* Note: Reactions do not balance stoichiometrically
** Generic, proprietary or trademark names for CVD reactor systems

N2 %+ U 7 % % (200-500° C)

2. M BEYITRA

SiH4 + 2 02 + K—/% k => Si02 + 2 H20
N2 ¥+ U 7 4 A (<600° C)

3. NRy IR

SiH4 +2 02 + F—/3 | — Si02 + 2 H20
N2 &+ U 7 4 A (<600° C)

b. Z{b/r A % (Si3N4)

1. =hrvyr XA

3 SiH4 + 4 NH3 (3% N20 *) —> Si3N4 + 12 H2

N2 %+ U 7 % A (600-700° C)

3. KR Z X<ifb Xy v _— 3 ) (<600° C)
EJEE RF) UIESEA Sy # U v 7 Z2F

a. b4 3% (Si0:)

SiH: +20: — Si0: + 2 H:0

b. b A%

3 SiH. + 4 NH: (Xfi N:0O *) — Si:N. +12 H»
RO EF RGO L

** OVD SOGHERE S 2T A D— R4 M E 40 UL paiEs
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