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SAFETY GUIDELINES FOR PRODUCTS

NOTICE: These safety guidelines do not purport to address all of the safety issues associated with their use. It is the
responsibility of the users of these guidelines to establish appropriate safety and health practices and determine the

apolicability of regulatory limitations prior to use.

NOTE: As listed or revised, all documents cited shall be the latest publications or an adopied standard. All documents
shall cite those specifications or guidelines in effect at date of purchase.

1. Introduction

1.1 Few safety guidelines exist that specifically address
the design and manufacturing of process tools used in the
manufacture of semiconductors. Because of the expense
and disruptive effects of safely retro-fitting equipment,
this guideline should be used to help eliminate known
safety and health hazards inherent in the operation and
maintenance of semiconductor manufacturing equip-
ment. This can be accomplished through the integration
of safety during the equipment’s initial design and con-
struction phase. Materials, government regulatory re-
quiretnents, and good practice should be considered in all
of the equipment development programs,

1.2 The safety philosophy set forth in this guideline
requires that recognized hazards in the operation and
maintenance of equipment and facilities should be en-
gineered out of equipment during the design and
manufacturing phases. Where hazards cannot be
eliminated, no single faiture should resuit in an exposure
situation or place employees or property in jeopardy. All
systems should be fail-safe.

1.3 This guideline defines the safety specifications for
semiconductor manufacturing process tools. The follow-
ing potential areas of concern in the operation and main-
tenance of these tools are addressed:

- Employee exposure to chemicals including gases

- Exposure to radiation

- Electrical hazards

- Physical hazards

- Fire and explosions

- Mechanical hazards

- Ergonomics

2, General Requirements

This section describes the general safety guidelines for
any semiconductor manufacturing process tools pur-
chased.

2.1 Equipment purchased for use by the end user should
meet this general safety criteria. The intent of the end user

is to buy a safe design, not design the equipment. The end
user can negotiate any point in these safety guidelines,
This guideline should be referenced in all standard equip-
ment purchase specifications rather than rewriting the
gnidelines for each piece of equipment.

2.2 The completed system should be examined and a risk
analysis performed by a qualified product safety profes-
sional. The report should state that the system meets or
exceeds the guidelines presented here and any other cur-
rent product safety standards. This report should be sent
to the end user’s purchasing agent who should provide
copies of the report to the process equipment group and
corporate Environmental, Health, and Safety groups.

NOTE: If there are concermns over components or subas-
semblies, an independent laboratory or product safety
consulting firm may be commissioned to supply addition-
al testing, listings, or evaluations.

2.3 A test or evaluation report for an identified tool (by
mode! and serial number) should be available upon re-
quest.

2.4 The tool manufacturer should establish an ongoing
program of quality assurance, safety research, and inves-
tigation to identify, correct, and inform the end user of any
potential tool operating malfunctions or safety hazards.
Notification should be directed to the end user on-site
equipment owner, to the Environmental, Health, and
Safety group, and to the purchasing agent.

2.5 All hazards that cannot be engineered out of the
product should be clearly identified and controlled. These
hazards should be specifically addressed in the product
operations and maintenance manual or in an accompany-
ing notice. The manufacturer should continue to work to
eliminate these hazards.

2.6 All equipment requiring certification or approval by
government agencies should have this certification or
approval noted on the tool andfor in the manuals (for
example, FDA-CDRH for laser and microwave, or NRC
for X-ray devices).
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2.7 'The equipment manufacturer should consider the
type and quantity of hazardous process materials that may
be used in the operation and maintenance of their equip-
ment. The manufacturer should strive to avoid or mini-
mize hazardous material usage.

2.8 Failure of any one controlling component or an
equipment operational error should not allow an unsafe
event or condition to occur,

2.9 Equipment manufacturers should ensure that their
equipment complies with this specification and all
regulatory laws and codes which are in effect at the time
of purchase for the jurisdiction in which the equipment is
installed. Equipment manufacturers that do not have an
established and active product safety program and a com-
prehensive understanding of the American safety stand-
ards should obtain the services of a product safety
professional during the development of the equipment.

3. Interlocks

The supplier should meet the following safety guidelines
in regards to interlocks:

3.1 Al tools should utilize fail-safe hardware interlocks
to protect against hazards inherent in the operation of the
equipment. Hardware interlocks should back up the
tool’s operating system to ensure that, upon activation, the
equipment can automatically be brought to a safe standby
condition and the operator notified with a visual and an
audible alert. The visual display will provide an explana-
tion of the cause,

3.2 The interlock scheme should be designed to minimize
the need to override automatic failsafe interlock sysfems
during maintenance activities. Interlocks in conjunction
with physical barriers that operate at the point of the
hazard are preferred (for example, an interlocked cover
over a laser beam.). Hazards that cannot be engineered
out, should be protected by a software password and
defeatable interlocks, when accessed in the maintenance
mode. Upon exiting the maintenance mode all interlocks
should be automatically restored.

3.3 The description of each interlock and its operation
should be fully explained in the operations and main-
tenance manuals.

3.4 Tools utilizing voltage greater than 50 voits, f
power, hazardous gases or other chemicals, lasers, UV
light, and radiation generating equipment should be
provided with physical barriers and interlocks.

3.5 All tools utilizing toxic gas should be able to accept
inputs from gas monitoring equipment. This gas monitor-
ing equipment should initiate automatic shutdown of gas
flows and evacuation of the process chamber.,
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3.6 When activated, the electrical interfocks should shut
down all power to the specific tool area where the hazard
exists,

3.7 When activated, all interlocks should require in-
dividual manual reset or restart.

3.8 When initiated, the software interlocks should activate
the system’s subroutines. These subroutines should be
designed to bring the system to a safe condition.

3.9 Computer hardware or software fajlure should auto-
matically place the equipment in a safe standby mode.
Software interlocks should be backed up by redundant
hardware interlocks.

4. Chemicals/Gases

The supplier should meet the following safety guidelines
regarding chemicals and gases:

4.1 Systems that generate toxic by-products or use haz-
ardous materials should be designed to minimize
employee exposure via any exposure route. Af a minj-
mum the equipment should meet the following three
performance criteria:

4.1.1 Under normal operating conditions the amounts of
process chemicals present in the work room air should be
less than 0.1% of the TLV or PEL, whichever is lower, as
established by the ACGIH, or below detectable limits.

4.1.2 Enclosures and ventilation control systems should
control emissions to the work room air where personnel
are present under the following conditions: (1) if the
chemical delivery system or any other control system
fails, or (2) during maintenance, these ventiation control
systems are to be designed so that the concentrations of
the process chemicals do not exceed 25% of the TLV or
the PEL, whichever is lower, or any other limits specified
in the equipment purchase specification.

4.1.3 Measurements of airborne concentrations in the
work areas should be made using methods with docu-
mented sensitivities and accuracy at the concentrations
established by sections 4.1.1. and 4.1.2.

4.2 For equipment that utilizes hazardous material, as
defined by the OSHA Hazardous Communication Stand-
ard, 29 CFR 1910.1200, as part of the equipment, the
manufacturer should provide Material Safety Data Sheets
(MSDS) for each Hazardous Material contained.

4.3 Operation and maintenance manuals should contain
descriptions of any possible key failure points and trouble
spots in equipment that contains or uses hazardous
process materials or process by-products. Text should be
highlighted with such words as WARNING or DANGER.
(The use of the words CAUTION, WARNBIG, and
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DANGER should conform to the requirements of 29 CFR
1910.144-149 [OSHA] and ANSI Standard Z5335.)

4.4 Equipment that uses hazardous production materials
that require deiection based on regulations (such as
federal, state and local codes) should have sample points
mounted in the system, or have recommended sampling
points identified in the product literature. This equipment
should be able to accept an input signal from an external
monitering device and shut down the flow of the hazard-
ous process materials.

4.5 Equipment manufacturers should strive to use only
compatible, reactive process chemicals and gases. If in-
compatible materials are present, safeguards should be
provided to prevent any undesirable reaction from oceur-
ing.

4.6 Process by-products and exhaust effluent should be
characterized. The equipment manufacturer should ad-
dress the best method of handling process by products and
exhaust effluent.

4.7 The equipment manufacturer should design the tool
so that, in the final configuration, all point of use connec-
tions for HPM will be within an exhausted enclosure
(UFC 88 article 51).

5. fonizing Radiation

The supplier should meet the following safety guidelines
regarding ionizing radiation:

5.1 lonizing radiation emissions during operation and
maintenance activities should be limited to the lowest
practical Ievel. Shielding, interlocks, and other
safeguards should be used to ensure the lowest practical
leakage level. Under normal operating conditions the tool
must meet or exceed all requirements of OSHA (29 CFR
1910), NRC, and the FDA (21 CFR 1000 through 1050)
or local regulations, whichever is less.

3.2 For ail equipment containing sources of ionizing
radiation, documentation stating the type of ionizing
radiation and levels of external radiation from the tool at
time of manufacture should be furnished to the user.
{Refereiice 29 CFR 1910.96.) Documentation that
provides a performance guarantee may be submitted if
based on established ratings for the same type of tool.

5.3 Where supplemental safeguarding procedural con-
trols are needed in limiting radiation exposures, these
procedures should be outlined in detail in the supplier’s
operation and maintenance manuals.

5.4 All point-of-hazard panels and shields, when
removed or accessed, should be interlocked to prevent
opetation of x-ray sources or exposures to sealed radioac-
tive materials. '

6. Mon-ionizing Radiation

The supplier shiould meet the following safety guidelines
regarding non-ionizing radiation:

6.1 During operation or maintenance aclivities, exposure
to non-ionizing radiation and fields (ranging from stafic
electric and magnetic fields through ultra-violet radiation,
including: ultraviolet, infrared, radio frequency, laser, and
microwave), should be limited to the lowest practical
level and should not exceed applicable standards or
guidelines. Shielding, interlocks, and other safeguards
should be used to epsure the lowest practical leakage
level. Under no circumstances should non-ionizing radia-
tion levels exceed 25% of the Thresheld Limit Value in
the areas occupied by personnel. (Refer to ANSIZ-136.1,
and C95.1)

6.2 Documentation showing the frequency/wavelength
and the level of non-ionizing radiation measurements of
the tool and its fields should be available to the user for
all portions of the tool that contains sources of non-ioniz-
ing radiation. (Reference: ANSI Z-136.1 and C95.1)

6.3 Where supplemental safeguarding procedural con-
trols are needed in limiting the non-ionizing radiation
exposures, these procedures should be described in detail
in the supplier’s operation and maintenance manuals.

6.4 All systems should comply with requirements of the
FDA-CDRH. (Center for Device and Radiological
Health, 21 CFR 1000 through 1050)

6.5 Al point-of-hazard panels and shields should be
interlocked to prevent radiation generation when they are
removed.

6.6 Shielding or filtering material, such as film shielding
used on windows, should be coded to prevent reverse or
faulty installation.

7. Noise

. The supplier should meet the following safety guidelines

regarding noise:

7.1 The equipment should be designed to operate to less
than B0 dB(A). Noise dampening or abatement should be
provided for those noises that cannot be engineered out.
{Reference 29 CFR 1910.95)

7.2 Noise level tests are to be conducted at the supplier’s
location or in an appropriate test room. The measurement
technique should be ANSI §1.13-1971 (R1976), Acous-
tical Society of America STD 4-1975 (ANSI 53.17-
1975), or ANSI §1.4. The application should be checked
with the ACGIH requirements. Test results should be
available to the tool user upon request.
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7.3 In heu of an actual noise-level test report on the tool
being quoted, an alternative performance guarantee may
be submitted if based on established noise ratings for the
same type of tool.

8. Ventilalion/Exhaust

The supplier should meet the following safety guidelines
regarding ventilation and exhaust:

8.1 Ventilation systems should be designed and test
validated for efficient and safe control of the chemical
ernissions during routine operation and maintenance, and
during the failure of other control systems. These systems
should also optimize the use of air flow by the following
means: the use of baffles, the use of enclosures, and
component location. These means should be based on
application-specific design principles as specified by
ASHRAE, NIOSH and ACGIH, Industrial Ventilation -
A Manual of Recommended Practice.

8.2 Equipment that utilizes hazardous materials or that
generates hazardous chemical by-products should be
designed to use local exhaust ventilation as a primary or
secondary safety control. Exhaust loads that require con-
tinuous flow extemal scrubbing should be minimized.
On-demand exhaust to support maintenance should be
considered to reduce the continuous exhaust requirements
for the system.

8.3 Equipment that uses process gases with a Uniform
Fire Code (UFC "88,” Appendix VI-A) degree of hazard
rating in health, or reactivity of 3 or 4, should utilize an
exhausted enclosure. The supplier should document when
external exhaust is required and specify the requirements.

8.4 Secondary enclosures and exhaust systems for gas
plumbing should be designed to ensure that a "realistically
probable worst case” leak will be contained or captured
(UFC Article 51.106 [c]). Leakage of the secondary
enclosure during this failure mode should not exceed the
limits specified in Section 4 of this guideline.

85 During product development, the supplier should
conduct actual testing to demonstrate compliance with
these criteria. Tracer gas analysis is the preferred testing
method. Documentation should be provided showing that
the exhaust flow rates were determined by practical ap-
plication testing.

8.6 The size of the enclosure, the removable panels, and
the openings in secondary enclosures should be mini-
mized o the greatest extent achievable.

8.7 The design of the local exhaust systems used as the
primary controls should conform to the recommendations
of the latest edition of Industrial Ventilation - A Manual
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of Recommended Practice by ACGHH and the model
mechanical codes.

8.8 The supplier should specify static pressurse,
volumetric flow rate, the location where exhaust measure-
ments should be made, and the duct material requiremnents
for the exhaust systems.

8.9 The supplier should differentiate between heat ex-
haust, solvent exhaust, and scrubbed exhaust require-
ments. Process tool containment exhaust should not be
mixed with effiuent exhaust.

8.10 The best handling method for process chamber
exhaust effluent treatment should be addressed by the tool
manufacturer. When addressing this issue, the equipment
manufacturer should use the general guidelines stated in
section 18.0 of this guideline.

8.11 Exhaust flow monitoring should be provided by the
too! manufacturer on all systems that vse hazardous
process materials. When the exhaust falls below the
prescribed set point a visual and audible alarm should be
provided in view of the operator, and the process tool
should be placed in a safe stand-by mode.

9. Electrical

The supplier should meet the following safety guidelines
regarding required energized electrical work and their
electrical design.

9.1 Energized Electrical Work ("Hot Work™) — The
supplier should design the equipment to minimize the
need to conduct calibration, testing, or maintenance on
systems that may be energized and to minimize work that
must be performed on components near exposed
engerized circuits. The supplier is expected to move as
many tasks as possible from the “HOT WORK"
categories type 3, 4 and 5 to a type 1 or 2 condition. This
can be accomplished through such hardware changes as
remote safe testing points for high-voltage measurements.

The following are the five types of energized electrical
work:

Type I - Equipment is fully de-energized (electrically
"cold”). Lockout and tag procedures should be nsed,

Type 2 - Equipment is energized. Live circuits are covered
or insulated. Work is performed at a remote location to
preclude accidental shock.

Type 3 - Equipment is energized. Live circuits are exposed
and accidental contact is possible. Voltage potentials are
less than 50 volts.

Type 4 - Equipment is energized. Live circuits are exposed
and accidental contact is possible. Voltage potentials are

greater than 50 volts or radio frequency (RF) D)m ments
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