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1.0 #3STRACT

A preliminary contrel technology assessment survey was conducted by
Battelle Columbus Laboratories at NEC Electronics U.S$.A., Inc., Electronjic
Arrays Division, Mountain View, California, on January 13, 1982, The survey
was conducted under a U.S. Environmental Protection Agency contract funded
through an Interagency Agreement with the National Institute for Occupational
Safety and Health. The facility wmanufactures metal oxide semliconductor (M0S)
integrated circuits.

The process operations for integrated circuilt fabrication are
performed in a clean roowm environment. The supply air is passed through
roughing filters followed by bag filters and high efficlency particulate air
(HEPA) filters. Process operations performed at Electronic Arrays include:
1) thermal oxidation of purchased, pre-doped silicon wafers; 2) photolithog~
raphy processes for defining circuit patterns, including photoresist applica-
tion, substrate exposure, and photoresist development; 3) wet chemical etching
and cleaning; 4) plasma etching; 5) doping, including diffusion and ion
implantation; 6) low pressure chemical vapor deposition {(LPCVD); 7) plasma-
enhanced chenical vapor deposition (PECVD); 8) metalization by direct current
(nC} sputtering; and 9) hydrogen annealing.

Engineering controls used at the facility vary by process ovaration
and process equipment, Several process operations are performed in sealed
reaction chambers which isolate the workers from the processes. The isolation
technique is used in LPCVD, PECVD, plasma etching, ion implantation, and
metalization., Shielding is used in 1on implantation units to control X-ray
radiation emissions, iIn plaswa etching and PECVD to control radio freguency
radlation enissions, and in substrate exposure to control ultraviolet emis-
sions., Llocal exhaust ventilartion is used to remove vapors, process gases and
byproducts in diffusion furnaces used for thermal oxidation, diffusion and
hydrogen annealing, wet chemical cleganing and erching, and photolithozraphy.
Local extiaust ventilation is also used for gas storage cablnets.

Several process operations ave automated and controlled by micro-
processors. These opevations include DC sputt ring, some photolithography

processes, plasma etching, ion implantation, LPCVD, PECVD, aund DC sputtering.



Continuous area monitoring of the warfer fabrication area is per~
formed by a Rexnord® combustible gas detection system. Electronic Arrays is
considering installlog a continuous phosphine monitoring system. Radiation
film badges are used to monitor emissions and operator exposures to X-ray
radiation from ion implantation units, Magnehelic gauges are used tc monitor
local exhaust ventilation of wet chemical benches.

Personal protective equipment is used by cperators, wailntenance and
repair technicians, and chemical technicilans to control worker exposures to
chemical and physlcal agents. Operators are also required to wear product-
protective equipment to control product quality. Electronlc Arrays has
established a health and safety program that Includes safety, worker train-
ing, and industrial hygilene and is developing programs Iin the use of personal
protective equipment, emergency response, and hazard reporting. No routine
industrial hygierne measurements had previously been taken but the facilicy
plans to monitor employee exposures to organic solvents, acids, noise, and
radiation.

A variety of process operations are used at the facility that should
be conside -’ for detailed investigation. These include plasma etching, ion
implantatior, LPCVD, and PECVD. The effectiveness of the local exhaust ven-
tilarion of the newer wet chemical benches should be evaluated and compared to
the other benches.

Work practices that may affect eml sions or operctor exposures to
chemical and phvsical agents could not be idressed during the preliminary
survey due to time constralnts; however, : .ey should be documented during a

detailed survey,



2.0 INTRODUCTICN

A preliminary survey was conducted at NEC Electroniecs U.S.A., Inc.,
Electronic Arrays Division, 550 East Middlefield Road, Mountain View, Cali~
fornia on January 13, 1982, The study was performed undur U,S, Environmental
Protection Agency Contract No. 68-03-3026 through an Interagency Agreement
with the National Institute for Occupational Safety and Health. The survey was
conducted by Battelle Columbus Laboratories. Mr. Paul E. Caplan, NIOSH
Division of Physical Sciences and Engine2ring, accompanied the survey team.

The following individuals were contacted at Electronic Arrays:

1. Eugene J. Vaatveit, Director, Wafer Fabrication,

2, Russell Childs, Process Engineering Manager,

3. Richard Bolmen, Safety Manager, and

4, Wayne Ritter, Director, Human Resources.

The study protocol was provided to the safety manager before the
survey. During an opening conference with plant representatives, the study
objectives and methods were described. Plant staff provided a detailed
description of the process operations performed at the facility as well as a
general description of the wafer fabrication area, waste management system,
ventilation syétem, arnd health and safety program.

Following the opening conference, the facility was toured. 4

closing conference was held after completing the tour.

3.0 PLANT DESCRIPTION

3.1 General

Zlectronic Arravs was formed in 1968 and merged with KE7 Zlecztronics
U.8.4., Ine. in 1978, Product lines have lncluded metal oxide semiconductors
(MGS), memory products and random logic products Including read-only memories
(ROMS), random—access memories (RAMS), ernsable progranmable read-only meno-
ries (EPRONS), and custom legic products. The facility curren:ly manufactures
ROMS and RAMS.



The facility consists of three bulldings: 1, a 27,000 square feet
building of tilt-up concrete slab construction built in 1966; 2) a 16,000
square feet building of tilt-up concrete slab construction built in 1980; and
3) a brick building comstructed in 1961 with 40,000 square feet. Wafer
fabrication is performed only in the first building. The remaining areas are
used for testing and packaging, office space, engineering design, and sales.

The facility employs 425 people with 276 individuals in the produc~
tion area and 149 in administrative and technical services. The production
staff includes 76 men and 200 women and the administrative/tcchnical services
staff is composed of 99 wmales and 50 females. The facility operates two
shifts per day witl. 226 production workers employed on the first shift and 50
employed on the second shift,

The plant has an emergency generator that supplies 45 kilowatts of
power used for lighting., Electronic Arrays is planning to provide emergency

power to operate the exhaust scrubbers during power failures.

3.2 Chemical Storage

Liquid chemicals are segregated as acids or organic solvents. Acids
are segregated by type and stored in boxes on wood pallets in a separate
chemical storage area. The floor is diked to contaln spills and has a drain
that flows to the acld waste neutralization system. The room has an emergency
shower and eye wash station and is vented by general exhaust ventilation.

Organic solvents are stored in a separate room. The room is not
diked and does not have a drain. The room is vented by general exhaust venti-
lation. A fire extinguisher is available in the room, but there is no emer-
gency shower or eye wash station.

Chemicals are distributed to the wafer fabrication area by desig-

nated chemical technicians using plastic carts.

3.3 Gas Handling Svstem

Gases uscd in wafer fabrication are supplied from cylinders and from

bulk house supplies. Hydrogen, oxygen, and liquid nitrogen house supplies are



distributed in stainless steel 1ines., The lines are welded in new areas of
the plant or they are connected by compression fittings in older fabrication
areas., Nitrogen is supplicd in copper lines.

Gases supplied in cylinders are stored in ventilated cabinets in the
wafer fabrication area or the cylinders are stored in & secured, outdoor area.
Electronic Ar: «vs will be changing all cylinder storage to ventilated gas
cabinets. Cylinder gases are distributed in stainless steel lines that are
either welded or jolned by compression fittings.

The regulator assembly at the gas cabinet has a purge valve with
bonnet and rupture disk that floods the cabinet with nitrogen. Some cylinder
gas lines have solenoid valves that automatically shut off during a power
failure. The lines also have flow-limiting valves that automatically clase
the line if the gas flow exceeds a preset limit.

Gas storage cablnets are ventilated at approximately 800 cfm through
an 8-inch stalnless steel exhaust duct. The takeoff is located at the top of
the cabinet, and regulator assemblies are located in the gas cabinets.
Nitrogen supplied in cylinders is used for purging gas lines. Gas cabinets
that contain silane cylinders have a burn box as part of the cabinet exhaust
duct. The burn box allows pyrophoric gases to burn before being vented.

Gas cylinders are changed by maintenance workers. The cylinders are
tested for leaks using a Snoop® leak detection system. Personal protective
equipment requirements for maintenance workers are presented in Section 3.3.

Gases in use, in addition to those noted above, are hvdrogen
chloride, ammonia, argon, dichiorosilane, arsine, phosphine, boron trifluo~

ride, and freons (unspecified).

3.4 Monitorineg Svsten

The facility uses a Rexnord® tombustible gas detaction swstem for
monitoring hydrogen in the wafer fabricition area. The svstem consists of two
electronic control modules with 8 channels per module capable of monitoring a
total of 16 locations where bydrogen leaks may occur. The system is set to

activate at 20 percent and 40 percent of the lower explosive limit (LEL) for



hydrogen. Ga: detector sensors are placed in the diffusion furnace area on
the ceiling, in the gas ijungle at the furnaces, and in the diffusion furnace
scavenger exhaust duct. Toxic gas monitoring systems were not used at the
facility. Electronic Arrays is considering installing a continuous phosphine

monitoring system in the future.

3.5 Ventilation System

The wafer fabrication area supply air is filtered through a bag
filter followed by an activated charcocal filter and a high efficlency parti-
culate air (HEPA) filter. The air is delivered to the room either through
ceiling diffusers or through vertical laminar flow HEPA filltration units at
the work station. A total of 150,000 cfm of filtered air is supplied to the
fabrication area with 75 percent of the air recirculated. Fabrication room
air is recirculated through wall panels that act as a return alr plenum. The
air enters through the wall at approximately floor level. The wafer fabrica-
tion area is maintained at positive pressure relative to the surrounding
building.

Local exhaust ventilation is provided by two exhaust systems
handling 15,000 ¢fm and 9,000 cfm, respectively. Each exhzust system has a
water scrubber with a demister. The system uses 8 to 10 gallons of water per
minute. The scrubbers treat l) vacuum pump exhausts containing toxic or pyro-
phoric gases as byproducts from ion implantation and low pressure chemicel
vapor deposition; 2) diffusion furnace exhausts including furnace cabinet,
source cabinet, and scavenger box exhaust; and 3) wet chemical etching and
cleaning operation exhausts.

Exnaust ducts are either polypropvlene or stainless steel and pass
through the roof to connect with polypropylene trunk lines that enter the
scrubber systems. Scrubbed air is vented through 36-inch dismerer, 4~ to
6-feet tall stacks.

The facility has ordered an emergency generator to run the scrubder

systems and emergency lighting during power fallures.



3.6 Waste Management

Liquid wastes are each handled separately and may be categorized as
chromic acid waste, acids containing fluorides, photoresist waste, phenol
wastes, and general organic solvent waste.

Chromic acid wastes are collected from the point of use and
aspirated into an enclosed tank in a portable cart. From there, the waste
acld is transferred into the original containers and stored in a trailer for
periodic off-gite disposal.

Photoresist waste 1s collected in containers located in the photo~
lithography area. The chemical technician removes the container and transfers
the waste to drums that are disposed off-site at a hazardous waste landfill.
The phenol=-containing waste is also collected separately, and transferred inte
a 1,500-gallon storage tank located in a diked, fenced area at the rear of the
plant property. The waste is disposed off-site by a waste management firm st
a hazardous waste landfill. The diked area has an emergency shuwer.

Acld wastes containirg hydroflusric acid are collected from the
point of use in a portable cart used specifically for acid wastes. The waste
is pumped into the cart and transferred to drums, and then transferred again
into a 1,500-gallon storage tank. The tank is adjacent to the waste phencl
tank in an enclosed, diked area at the rear of the plant property. The waste
is disposed off-site by a waste wanagement firm at a hazardous waste landfill.

Waste organic solvents, other than those containing chlorcbenzene,
are removed from the point of use by drains to an underground waste solvent
tank, The waste solvents are removed by a waste management firm for off-site
disposal.

Acids not containing fluorides are removed from the point of use by
drains to an acid neutralization system wheve the pH is continuously adjusted
with ammonia. 3lowdown from the air exhaus: scrubbers is also treated in this
system.

Waste pump oils are collected and stored in 35-gallon containers
located in a trailer for periodic off-site dispos 1| by a waste management
£irm. The oil is disposed off-site by a waste management firm. The pump oils

are changed approximately once per month.



The waste collection cart is polypropylene and is equipped with an
electrical pump used to transfer wastes into and out of the tanks. The flow
of the pump is reversed by a switch located in the cart. The operator must
connect the pumps tg an electrical outlet for operation. The cart has & fire

extinguisher, acid neutralization materials, and spill pillows.,

4.0 PROCESS DESCRIPTION

The fabrication sequence used for metal oxide semiconductor inte~
grated circuit manufacture varies depending upon the specific type of device
manufactured. Process operations seen at the facility are described below.
The specific sequence in which the process operations are performed is not
presented. A general processing sequence for MOS integrated circuits 1s pro-
vided by Colclaser (1980) and should be consulted for a mcre detailed review
of the fabrication process. Several process operations are employed more than
once in the fabrication sequence and some equipment is used for more than one
process operation., The silicon wafers used as substrates for device fabrica-
tion are purchased.

MOS fabrication generally begins with the thermal oxidation of the
silicon wafer. The wafers are oxidized at a high temperature (500 to 1000°C)
in a diffusion furnace assembly using a pyrophoric water {(i.e., hydrogen and
oxygen) atmosphere. Hydrogen chloride gas is added to the gas stream for
cleaning (i.e., gettering) sodium ion contamination from both the growing
oxide and the furnace tube (Colelaser, 1980). The wafers are loaded into
carriers that are inserted into the diffusion furnace. The furnace tube is
heated by electrical resistance to the operating tewperature while the tube is
purged with nitrogen. Hydrogen and oxygen are then introduced into the tube
at a controlled rate. The furnace has hvbrid control where processing
parameters, such as gas flow, are automatically controlled to preset limits
but are monitored and adjusted by the operator. Mass flow controllers (MFC)
are used to assure a uniforw flow rate of process gases into the furnace tube.
The MFC system nas a digital readout and the flow is adjusted by the operator.
Rotoweters are also used ro monitor gas flow and are monitored and adjusted by

the operatora.



Following thermal oxidation, the wafers are ready for photoli-
thography including: 1) primer and photorésist coating, 2) pre~ or soft-
bake, 3) mask alignment and exposure, 4) development, 5) post- or hard-bake,
6) etching, and 7) photoresist stripping. The wafer is first coated with a
primer by spin application using hexamethyldisilizane (HMDS) in a xylene
carrier. The negative photoresist, containing a proprietary mixture of
organle polymers in a xylene carrier, is then spun onto the wafer and the
coated wafer is baked in a resistance~heated oven. The operation is automated
and only requires that the operator only load and unload cassettes, HMDS and
photoresist spin application and wafer drying operations are performed in an
in-line, cassette-to-casse’te unit,

The mask pattern is transferred to the coated wafer by ultraviolet
light (%35 nm) using contact printing. The operator places a wafer on a stage
and aligns the wafer with the mask. The wafer 1s clamped to the mask and
exposed to ultravioclet light from a mercury lamp source located behind the
mask. Masks are manufactured by an outside vendor to plant specification.

The exposed wafers are developed by spin application of a xylene and
n~butyl acetate solution onto the wafer surface. The developed wafers are
hard-baked in a resistance~heated oven. The operation is perforwed in an
automated, casge:te-to-cassette system similar to that used for photoresist
application.

The exposed underlying layer may be etched using either wet chemical
etching or plasma etching techniques. Wet chemical etching is performed by
immersing the wafers in an etching solution. The methods include 1) hydro~
fluoric acid and ammonium fluoride for etching silicon dioxide, 2) phosphoric
acid for etching silicon nitride, 3) hydrofluoric and nitric acid for etching
polycrystalline silicon, and 4) nitric and phosphoric acid for etching alumi-
num. The wet chemical etching operations are performed in tanks recessed in
wells in polypropylene benches. additional wet chemical operations include
1) wafer cleaning with sulfuric acid and hydrogen peroxide, 2) mask cleaning
with a Freon solvent, 3) photoresist stripping with a phenol, sulfonic acid,
chlorobenzene, and unspecified aromatic solvent mixture, and 4) mask cleaning
with chromic acid.

Plasma etching is performed by placing wafers in a plasma gas forumed

by a radio frequency power source operating at 13.56 MHz. The plasma gas
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contains ions, free radicals, and free electrons that are reactive with the
layer to be etched. The gas used for creating the plasma is selected based
upon the individual layer to be etched. Gases includes carbon tetrafluoride
and oxygen for etching silicon nitride and oxygen for stripping photoresist.
The plasma is forumed in a sealed reaction chamber at a pressure of
approximately 0.1 to 20 torr created by an oil-sealed mechanical pump.

Doping introduces impurities into the wafer, altering the electrical
properties of the doped area., Wafers are doped at various stages of the pro-
cessing sequence elther by diffusion or ion implantation. Diffusion is accom~
plished by exposing the wafer to a high temperature atmosphere containing the
dopant, The operation is performed in a diffusion furnace assembly using
phosphine or phosphorus oxychloride. Phosphine is supplied as a cylinder gas
stored in & ventilated cabinet. Phosphorus oxychloride is supplied in a
liquid source bubbler. The operation is performed in a diffusion furnace
similar to that used for thermal oxidation.

Wafers are also doped using ion {mplantation., A source gas, either
phosphine or boron trifluoride, is fonized and passed through an analyzing
magnet where the desired ions are collected, accelercted, and implanted into
an individual wafer held in a vacuum chamber. The ion source, analyzing and
accelerating chamber, and the wafer exposure station are operated at vacuum
conditions of approximately 1076 torr. This vacuum is maintained by one of
two sets of pumps, elther an oil sealed pump and a diffusion pump, or an
oll-sealed pump and a cryogenic pump. The process operation sequence requires
the operator to load a cassette into the load station of the ion implantation
unit, Individual wafers are automatically removed from the cassette to a load
lock chamber that is pumped to a vacuum with an oil-~cealed mechanical pump.
The wafer 1s transferred to the exposure chamber where the dopant ions are
implanted. The dosage recelved by the wafer is automatically controlled. The
implanted wafer is transferred through a second load lock chamber and into a
¢cassette.

At varlous steps in the processing sequence, a thin film is depos-
ited in the wafer surface by chemical vapor deposition (CVD) in which the
solid products of a vapor phase chemical reaction are deposited on the
substrate. The file is deposited either by low-pressure chemical vapor
deposition (LPCVD) or by plasma-enhanced chemical vapor deposition (PEGVD).
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LPCVD is used to deposit 1) silicon nitride by the reaction of dichlorcsilane
and ammonia, 2) polyerystalline silicon by the resction of silane, and 3}
phosphorus~doped silicon dioxide by the reaction of silane, phosphine, ana
oxygen. Hydrogen chloride gas i3 used as a pretreatment during polycrystal~
Jine silicon depositiﬁn. The operation is performed in a sealed diffusion
furnace tube evacuated to approximately 0.4 to 3.0 torr (Baron and Zelez,
1978}, The process operation requires the operstor to load carriers
containing wafers into the furnace. The furnace door is clesed gnd the
sequence and operating parameters are controlled by microprocessor.

Plasma-enhanced chemical vapor deposition (PECVD) is also used to
deposit silicon nitride by the reaction of silane and smomonis. The plassa is.
“created by introducing the gases in & 13.56 Miz radio frequency fileld. The
 operation is performed under vacuum conditions in 2 sealed chamber at approxi-
mately 0.2 to 1.0 torr, The operators place the wafers onto a metal plsééﬁj
~that is loaded intc the deposition chamber. The chamber is sealed and the
process is initiated by pushbutton. The process operating parameters are
automatically controlled.

An aluminum layer is deposited on the wafer surface by direct cur-
rent (DC) sputtering. The metal is deposited on the wafer surface in a sealed
reaction chamber that is maintained at a vacuum of approximately 1077 torr
by an oil=gsealed mechanical pump and a diffusion pump. The operator places
the wafers on a wetal platen that is loaded into the load lock chamber.. The.
operator initiates the process sequence by push-button control. The chamber
is evacuated, the platen is transferred to the deposition chamber, and alumi~
nun is sputtered onto the wafer surface,

Hydrogen alloying is performed after metalization to repair radia-
tion defects caused by the metalization process. The wafers are heated in é
50 percent or 100 percent hydrogen atmosphere. The operation is performed in
a diffusion furnace assembly similar to that used for thermal oxidatiom.

Process operations, such as photolithography, doping, metalization,
and chemical vapor deposition, may be repeated several times during wafer
fabrication. Between these processing steps, wafers may be cleaned using a
solution of sulfuric acid and hydrogen peroxide. The cleaning operations are

performed in wet chemical benches similar to those previously described.
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5.0 DESCRIPTION OF PROGRAMS

5.1 1Industrial Hygiene

A full-time safety manager 1z employed with responsibility for
industrial hygiene and safety., Additional essistance is available from the
plant's insurance carrier. The facility has also employed Stanford Research
Institute (SRI) as consultants on fire safety and to perform air sampling.
Larry Fluer, Inc., has also consulited in the arce of gas safety.

Industrial hygiene monitoring in the past has been conducted by
these consultants as needed. No routine industrial hygiene measurements are
taken. The safety and industrial hygiene manager is planning a program in
1982 to monitor employee exposures to organic solvents, acids, noise, and
radiation,

Measurements of the fabrication area local exhaust ventilatien
systems have been ¢onducted by faclliiy maintenance. This responsibility is
being transferred to the safety/industrial hygiene program, and will include
bi-annual measurements and certification of systems, The measurements have
been performed using velometers or with inclined mancmeters permanently
installed at spécific work stations,

Film badges are used to monitor emissions and operator exposures to
X~ray radiation from the lon implantation unit.

5.2 Education and Training

Training programs have been developed in the aress of worker safety
and materials handling. Programs that are being develoned include personal
protective equipment use, emergeanc¢y response procedures, and hazard reporting
procedures. The company policy and procedure manual addresses these areas.

A safety committee at Electronic Arravs seets monthly to discuss
specific topics such as identification of hazards. The committee consists of
production workers and supervisory personnel.

New employees are trained by the supervisor in chemical handling

procedures and use of personal protective equipment.



13

5.3 Respirators and Other Personal Protective Egquipment

All workers in th: wafer fabrication area are required to wear
safety glasses. Workers performing specific tasks are required to use
appropriate additional personal protective equipment., Chemical mix operators,
who are responsible for mixing and distributing chemicals into the fabrication
area and for transferring wastes, are required to wear acid—-resistant aprons
with gloves, sleevelets, face shields, and safety glasses. Face shields are
also required for any operator where chemicals present & splash hazard,

Techniclans performing maintenance operations are required to use
additional protective equipment. Technicians changing gas bottles from the
ion implantation unit and servicing equipment on toxic gas lines use self-
contained breathing apparatus (SCBA). A particulate respirator (unspecified
size and type) is worn by technicians who bead-blast arsenic depesits from
parts in the ion implantation unit. Heat~-protective gloves, sprons, and face
shields are worn by maintenance techniclans handling and cleaning quartz
furnace tubes.

Product~protective equipment used by the operators to prevent con-
tamination in the fabrication area includes coveralls, shoes or shoe covers,
and gloves.

Emergency showers, eye wash stations, breathing oxygen, aad SC3A are

available throughout the plant.
5.4 Medical

The facility does not employ a full- or part—-time nurse or
physician. Medical services at the plant are limited to first aid and cardio-
pulmonary resuscitation (CPR} provided by trained emplovees. Approximately 10
percent of the general workforce and 30 percent of the supervisors are
‘trained. Emergency medical care is provided by Peninsula Industrial Medical
Clini¢, Sunnyvale, California and by El Camino Hospital, Mountain View,
California.

The facility does not require preplacement or periodic medical
examinations of any employees. No routine biological monitoring is performed.
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5.5 Housekeeping &nd Maintenance

Housekeeping and maintenance activities are necessary parts of
maintaining product quality. Specific housekeeping procedures which were
identified by the plant to prevent worker exposures te chemical agents finclude
a central vacuum system in the photolithegraphy area used for cleaning. The
system is part of the local exhaust ventilacion system.

Maintenance activities were not identified for each process opera-
tion at the facility. General maintenance activities include monthly draining
and replacement of pump olls from oil-sealed mechanical pumps. Pumps asso-
ciated with the LPCVD unit incorporate a continuous oil filtration system to
increase the useful life of the oil. The oils drain by gravity into a waste
container and are handled as hazardous waste ac described in Section 3.6,

Pump 031l spills are cleaned up with a Freon solvent.

Diffusion furnace quartz tubes are removed from the furnace assembly.
and cleaned with an acid solution on weekly to monthly schedules, The
operation 1s described in Section 7.3,

Scheduled maintenance of the ion implantation unit is performed by
facility maintenance ﬁachnicians. Maintenance operations include bead-
blasting of the ion source. Pump oils are routinely changed as described
above. The plant also has a service contract with a vendor to provide all
other maintenance of the unit.

6.0 SAMPLE DATA FROM PRELIMINARY OR PREVIOUS PLANT SURVEYS

Sampling for chemical and physical agents released by process
operations was not performed during the preliminary survey nor were measure-

ments made of exhaust vencilarion for process operations.
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7.0 DESCRIPTION OF CONTROL STRATEGY FOR PFROCESS OPERATIONS OF INTLREST

A variety of control strategies is used at Electronic Arrays to
cuntrol emissions and worker exposures. These control strategies inmclude
local and general exhaust ventilation, process iselation, process and
environmental monitoring, and personal protective equipment. Devices or work
stations that contain toxic materials considered potentially of immediate
danger to life and health are all controlled by local exhaust ventilation and
monitoving systems. Specific engineering control strategies for individual
process operations are described below. Monitoring systems are described in
Section 3.4 and briefly described below for the ~wecific process operation
that is monitored. General personal orotectivs eguipment requirements are
described in Section 5.3 and specific requl:. w3 for scme process operations
are described below.

Viork practices which affect emissions or operator exposures to
chemical and physical agents are dependent upon the degree of process
automation. Automated process controls limit the time that operators are
working with the equipment. The operators manually load and unload wafers,
initiate the processing sequence by push-button controls, and perform routine
cleaning operations. The operator is free to perform other tasks such as wet
chemical cleaning and etching or the operation of other automated units. The
operator is not required to be at a particular unit for an entire work shift.
Therefore, any exposures to chemical or physical agents would be for short
time periods throughout the shife.

Specific descriptions are given below for control strategies
employed for thermal oxidation, photolithography, wet chenmical cleaning and
etching, plasma etching, diffusion, ion implantation, low pressure chemical
vapor depesition (LPCVD), plasma—enhanced chemical vapor deposition (PECVD),
hydrogen annealing, and metalization. For some operations, similar equipment
is used to perform a variety of operations. For example, similar diffusion
furnace assemblies are used for thermal oxidation, diffusion, and hydrogen

alloying.
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7.1 Thermal Oxidation

A diffusion furnace assembly is used to oxidize purchassd sflicon
wafers. The operation is performed by exposing the wafers to a2 pyrophoric
{hydrogen and oxygen) environment in the furnacé tube.

The diffusion furnac. assembly consists of: 1) a load station where
carriers containing wafers are loaded and unleaded in the furnace tubs; 2) &
furnace cabinet containing the furnace tubes and electrical resistance heat
source; 3) a source cabinet that encloses the furnace tube end; and &) an
electrical cabinet containing the system controls. Process gases enter the
furnace tube through gas supply lines that connect to the furnace through the
source gabinet. The furnace cabinet acts as a protective barrier against the
hot contact surfaces of the [urnace tube, Processing gases include hydrogen,
nitrogen, oxygen, and hydrogen chloride. Hydrogen chloride is added to the
gas stream to clean or getter sodium ion contamination from both the growing
oxide and the furnace tube {(Coleclaser, 1980),

The diffusion furnace assembly is ventilated at three sites: 1) the
source cabinet, 2) the furnace cabinet, and 3) the furnace tube loading end at
the load station, The source cabinet encloses the gas assemblies and the ends
of the furnace tubes and is vented by a local exhaust duct at the top of the
cabinet to the plant scrubber system. The furnace cabinet is vented for
temperature control by an exhaust duct at the top to the plant scrubber
system. The furnace tube opening is vented by a scavenger box that encloses
the opening to the plant scrubber system.

Nitrogen, hydrogen, and oxygen are supplied from house supplies
described in Section 3.3. Hydrogen chloride gas is supplied in ¢ylinders
stored in a ventilated gas cabinet also described in Section 3.3. The cabinet
is vented at 800 cfm through by an 8-inch stainless steel duct off the top.

The operation is performed by placing wafers 1ian carriers that are
loaded into the furnace. The tube temperature is increased ‘the specific
temperature depends on the operation performed} and purged with nitrogen
followed by introduction of the process gases. After completion of the
process sequence, the operator removes the carriers. The furnace operating
parameters, including tube temperature and gas flow, are preset. The operator
must readjust these parameters as needed.
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Monitering systems prqaen:\in the ares includa & uulsi§gi§§j§§§§dw im
ble gae (hydrogen) monitoring system described in Sacnian 3.4, Detactors are
meuntad in the gas jungle, on the ceiling, and in the exhaua; duets. ‘General
personal protective equipment requirements are outlined in Section 5»34 ‘Addis
ﬁienalyequipmant includes hot work gloves for handling het quatczwarg,

7.2 Photalithography

The photolithography process may be repeated several times during
the processing sequence. The photolithography process consists of four basie
steps: 1) substrate preparation, 2) substrate exposure, 3) substrate
developing, and 4) photoresist atripping. Following wafer developing, the
exhosed underlying layer may be etched using either & wet chemical etching or
piaama etching operation, described in Sections 7.3 and 7.4, respectively.
?Hg photoresist stripping operation is also performed either by wet chemical
étching or plaswa etching. Photomasks used for substrate exposure are
produced to plant specifications by an outside vendor.

7.2.1 Substrate Preparation. Silicon wafers are purchased from

kégtside vendors, The :perations performed in substrate prepsration include
:1) delonized water wash and nitrogen blow-dry, 2) spin—on application of hexa*
mechyldisilizane (HMDS), 3) spin-on application of a negative photoresis:, and
4) ‘soft=bake of the coated wafer in a resistance-heated oven. These cpera-
tions are performed consecutively in an in~line, cassette-to-cassette .unit,
‘The units are automated with microprocessor controls.

The operator loads a cassette containing wafers into the unit,
‘Individual wafers are automatically rem« »d and processed in the sequance des-
cribed above, The wafers are transferred to a spin platfora where the wafers
are rotated and washed. The wafers are transported to a second cassette where
they are removed and placed In a nitrogen-purged drving oven, The cassette (%
\loaded into the in~line unit where individual wafers are transferred to

other ‘spin platform. HMDS in a xylene carrier solvent is spun onto the

éwafar. “The HMDS wmixture is supplied from enclosed reservoirs located in
‘cabinets beneath the spin operation. The photoresist is then spun onto the
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vafer, .The resist {8 & mixture of proprietary photogensitive organie polvuers
in a xylene carrier and n-butyl acatate or toluene carrier salution, ﬁsp@xagé
;e;, stte. systems are used to apply nes;cin and p@ai;i\re phomrgsise.' :
i \‘rs are transferred through a res{stance~heated oven for sa£§»§&k&as. The
wafars may ‘also be baked in a separate nitrogea=purged cven.k\The avgn is
’vancad ‘to the room atmosphere. ‘

The spin platforms are vented by either a comron plenus that
enclosea ‘adjacent platforms or by individual exhsusts from asch slatfers.~ Tbe
com an plenum is a hinged hood that encleses adjacent placforms and ts vented

tby a flexible duct at one end of the plenum. Individual spin pLaefegng are
alao vented by local exhaust to a duct at the base of each platform. The
platform 18 enclosed by a clear plastic shield. A container is located in the
@ébiﬁét below the unit to collect liquid photoresist wastes. ' The cgntaiaa:~i§
Qéﬁted to the exhaust ventilation system. AlY local exhsust from the
:pb&:biichography area {s treated by a water scrubber before release to the
ﬁfﬁdsphexe.

No monitoring systems for eviluating emissions or operator expasargs
to chemical or physical agents are present in the ares. The ph@tolithagraphy
room is at positive pressure to the remainder of the wafer fabrication area.
Thc ‘Toom pressure is monitored by an inclined manometer wmounted in the ream.
Parsonal protective equipment requirements are described in Section 5.3 aad
incluées safety glasses and product-protective equipment. There is a heasc
aacuum system at the end of each alisle in the photolithography area to
facili:ate cleaning of the area.

7.2,2 Substrate Exposure. A mask pattern is transferred to the

photoresist-coated wafers by projecting the mask imege with ult:évieleé'}ighz
us:ng contact printing. The operator removes a wafer from a cassette aﬁé,}

places it on the stage of the unit. The mask is aligned and clamped to the

wafe:.~ A mercury lamp gource produeing ultraviolet lléh: at a peak waveleng»%

tof 3. ’nm is used to transfer the mas& pattern. The laump source is aacisseé
housing that 1s vented for temperac”ie eon:rol. k*he eﬂclosure is- venc&d
y;fan located on the floor below the unit. The fan Veats directiy tq
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The process s performed by an cperater seated a¢ the wnit. The
operator places the wafer on the stage snd aliges the mask by viewing it
through a split-field binocular miercecepe. The wafer and mask are clsmped
and rotated into position where the wafer is exposed to the light source. Tha
wafer is removed and the process 18 repestad.

Engineering controls include shiglding of the lasmp source to prevest
direct viewing. However, some blue light was visible on the stege of the unig
while in a standby mode., The extent of possiblas exposure ig not known. The
intensity and uniformity of the mercury lamp is continucusly msonitored and the
lamp is changed whenaver the measurements exceed presel limics.

The pergonal protective equipment requirements arve described ia
Section 5.3 and include safety glasses and producteprotective equipment. Ko
monitoring systems are present for svaluating emissions or Operalor &xXposures
to chemical or physical agents.

7.2.3 Photoresist Developing. Phorcresist—coated wafers that have

been exposed to the mask pattern are developed by spin application of the
developer sclution. The operation is performed in process eguipment similar
£o that described in Section 7.2.1. A proprietary mixture of xylensg and
n~butyl acetate or a mixture of unspocified sromatic and aliphstic hydrocar-
bons 1s used to develop the exposed wafer. The developer waste drains to the
solvent drain system and into the solvent storage tank.

Engineering controls for the developer unit are i{dentical to those
descrihed in Sectien 7.2.1. The spin platforms are enclosed and ventilated.
The developer solution {5 supplied from 2 reservoir stored in the cabinet of
the unit. The oparation is automated requiring only that operstors load and
unload cassettes,

No monitoring systems were ohserved for evaluating emissions or oper~
ator axposures to chemical or physical agents. OGeneral personal protective

equipment requirements for the fabrication avea are dascribed in Sectieon 5,3,

7.3 Wet Chemical Operations

Wet chemical operations performed at the plant include: 1) etching

of silicon dioxide with a hydrofluoric acid and ammonium fluoride solution;
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2) photoresist stripping with a solution containing either chromic acid or
phenol, sulfonic acid, chlorobenzene, and unspecified aromatic solvents; 3)
photomask cleaning with chromic acid followed by a Freon solution; &) wafer
cleaning with sulfuric acid and hydrogen peroxide or ammonium hydroxide and
hydrogen peroxide; 3) metal etching with phosphoric acid or nitric acid; 6)
polycrystalline silicon etching with hydrofluoric and nitric acid; and 7)
furnace tube cleaning with hydrofluoric acid.

The wet chemical operations are performed in two different types of
plastic benches. The older wet chemical stations consist of tanks that are
recessed into the bench top. Local exhaust ventilation is supplied by slots
located across the rear panel of the station. The newer wet chemical stations
consist of tanks that are recessed in wells inside the bench. Llocal exhaust
ventilation of the tank is provided by perimeter slots on all four sides of
each individual tank. A spill plenum is incorporated into the bench beneath
the tanks and is vented to control acid condensation., A curved plastic shield
covers the well containing the tank. The shield is open in the center to
allow access to the tanks. The shield enclosing the well provides an area of
approximately 8 to 10 inches above the tanks that is vented and at negative
pressure with respect to the room, The exhaust plenum behind the station is
baffled to act 'as a demister. The bench controls are located at eye level and
are covered with a flexible, replaceable plastic shield that can be easily
cleaned. A magnehelic gauge is mounted on the contrel panel for each unit to
monitor exhaust from the station. Lids are placed over heated acid tanks to
control evaporation of the acid.

Diffusion furnace tubes are cleaned with hydrofluoric acid iz a
vertical tube washing station. The tube is placed in the station, the access
door is closed and the acid 1is sprayed into the tube. The tube is rinsed with
water and dried with nitrogen. The access door is interlocked with a control
unit to prevent opening during operation.

Acids are stored in tanks below the benches and some are pumped in a
fill-and-dump fashion as required by the equipment., The acids are recir-
culated through a filter to increase the useful life of the acid. Deionized
water rinses are alsoc performed by filling a tank, rinsing the wafers, and
draining the water. A spin drier, adjacent to the work station, is used to

dry the wafers. Acid wastes are handled as described in Section 3.6.
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No monitoring systems for evaluating emissions or operator exposures
to chemical agents are present in the area. TYersonal protective equipment

required by operators in the area is described in Section 5.3.

7.4 Plasma Etching

Plasma etching 1s a chemical etching method using a plasma gas con—
taining ions, free electrons, and free radicals to remove a specific materiélj
or layer from the wafer surface. The plasma is created by ionizing a gas invé
radio frequency field at 13.56 MHz, The gases and types of reactors usad
depend upon the layer to be etched., Two different plasma etching units are
used for stripping photoresist and etching silicon nitride, Both units have
barrel~type reaction chambers (Douglas, 198l1). Photoresist 1s stripped using
an oxygen plasma. Silicon nitride is etched using a carbon tetrafluoride/
oxygen plasma. The gases are supplied from cylinders stored in a ventilated
gas cabinet located in a service chase, A detailed description of plasma
etching technologies is pfovided by 0'Neill (1981) and Bersin (1876) and
should be consulted for additional information.

Plasma etching is performed in & reaction chamber with the pressure.
negative to the room pressure. The vacuum is approximately 0.1 to 20 torr
which is maintained by an oil-sealed mechanical pump. The plasma gases, con-
taining the volatile species formed by the plasma ions reacting with the sub¥
strate, are exhausted from the unit by the pump. The pump exhaust is ventedf
to the scrubber system, and the pumps are located in the service chase. Pump:
oils are drained and replaced approximately once a month. The waste is
handled as described in Secticn 3.6.

No monitering systems are present for evaluating emlssions or opera-
tor exposures to chemical or physical agents. Personal protective equipment k

requirements are described in Section 5.3,
7.5 Diffusion

Diffusion introduces Impurities, called dopants, into the wafer

surface that alter the electrical properties of the substrate. The operation
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is performed in an atmospheric pressure diffusion furnace assembly similarito
that described in Section 7.1, The wafers are heated to & high temperature
(approximately 600 to 1200°C depending upon the dopant source used) and ;He
dopant is introduced intc the furnace tube. The dopants used at Electronic
Arrays include phosphorus oxychlbride (POC13) supplied in liquid source
bubblers and phosphine (PH3) supplied in gas cylinders.

The bubblers are placed in a cooling flask set in the source cabinet
of the furnace and connected to the furnace tube. Nitrogen is bubbled throﬁgh
the liquid, and enters the furnace tube where it comes in contact with the .
heated wafers. Phosphine is supplied in cylinders and stored outside of the
plant in an enclosed area described in Section 3.3. The facility plans to
convert the phosphine storage to ventilated cabinets that will be located
inside the building.

Engineering controls present in the diffusion operation are outlined
in Section 7.1 for the diffusion furnace assemblies. The diffusion furnace
room has an inclined manometer at the entrance to measure room pressure in.
relation to the outside areas. The room is maintained at positive pressure.

The diffusion furnace area has a combustible gas monitoring systen
for detecting hydrogen. The system is described in Section 3.4. No moni-
toring systems ‘are used for evaluating emissions or operator exposures to
phosphine. Personal protective equipment requirements for operators in the
diffusion furnace area are described in Section 5.3 and include safetry glases
and product—protective equipment.

The liquid source bubblers are supplied by the manufacturer with a
disposal kit. The used bubbler is placed in the original shipping container

which contains vermiculite.

7.6 Yon Implantation

Ion implantation is used to introduce dopants into the wafer
surface. The impurities are ions created by a confined electric discharge
sustgined by a dopant gas. The ion beam is drawn from the arc chamber by an
extraction electrode and directed toward the analyzing magnet. The magnet

r=solves and focuses the ion beam and selects only the desired jion species for
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wafer implantation. The selected ions are targeted through an acceleration
chamber and focused to produce a uniform dose to the substrate. The ior
implantation is performed in a sealed chamber at vacuum conditions of apprqxi4
mately 1076 torr. The ion implantation unit operates at a power of 100 KeV.

Boron trifluoride and phosphine are used as the dopant source gases}
The gases are contained in small cylinders or lecture bottles that are stcfed
in a ventilated cabinet within the ion implantation unit.

The power source, ion source, and analyzing magnet are contained in
a lead-shielded cabinet for the control of X~ray radiation emissions. The
cabinet is located within a second lead-lined enclosure, which, in turn, is
electrically grounded with its' access interlocked to the power supply. A
glass window is present in the outer cabinet near the control console to allow
the operator to view gauges within the cabinet. Any effect that the window
may have on the effectiveness of X-ray shielding is unknown. The unit has
emergency power shutoff controls that can be activated by the operator.

Three independent vacuum systems are used to maintain vacuum condif:
tions and are (1) an oil-sealed mechanical pump that evacuates the load lock
chambers, (2) an oil-~sealed mechanical pump and oil diffusion pump that
evacuate the target chanber, and (3) an oil-sealed mechanical pump and oil
diffusion pump that evacuate the ion source chamber. The pump exhausts are
vented to the scrubber system described in Section 3.5.

Scheduled maintenance of the unit requires removal of the ion source
to clean off deposits by head-blasting. Maintenance is also provided by an
outside firm under a sezvien contract.

Radiation film badges are used f»r monitoring emissions and operator
exposures to X~ray raliaction. The badges are worn by the operators and are
also mounted on the unit. No other monitoring systems are used for evaluating
emissiong or operator exposures to chemical or physical agents. Personal
protective equipment requirements include safety glasses. Additional
requirements for workers changing lecture bottles are described in Section
5.3.
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7.7 Chemical Vapor Deposition

Chemical vapor deposition (CVD) is the process of depositing a film
by a chemical reaction or pyrolytic decomposition in the gas phase., Low pres=
sure chemical vapor deposition (LPCVD) is used to deposit silicon nitride,
polyctyétalline siiicon, and phosphorus~doped silicon dioxide. Plasma-
enhanced chemical vapor deposition {PECVD) is used to deposit silicon nitride.
Both operations are described below.

7.7.1 Low Pressure Chemical Vapor Deposition. Low pressure

chemical vapor deposition is performed in a diffusion furnace assembly similar
toc that described in Section 7.1 but operated at low pressure (approximately
0.1 to 3.0 torr). The LPCVD furnace consists of a furnace tube with mechani=-
cally sealed doors, gas control enclosure, gas flow control, electronic
control, and vacuum pumps. The process operation is controlled by a2 micro-
processor using feedback control loops and programmed "recipes”. The system
controls the furnace temperature profile, gas flow, vacuum pumping anu
purging, and process sequence. The furnace tube vacuum is maintained by an
oil-sealed mechanical puunp that is located in the source cabinet. The pump
exhaust is vented to the wet scrubber system described in Section 3.5.

Process gases include 1) dichlorosilane and ammonia for silicon
nitride deposition, 2) silane and hydrogen chloride for polycrystalline
silicon deposition, and 3) phosphine, silane, and oxygen for phosphorus—doped
silicon dioxide deposition. Process gases are stored in 2 ventilated storage
cabinet described in Section 3.3.

The process operation requires the operator to load wafers onto
carriers that are inserted into the furnace. The operator initiates the
cperation by push-button control. Following deposition of the desired layer,
the operator removes the carriers from the furnace.

Engineering. controls include local exhaust ventilation of the source
cabiner containing the gas manifolds and gas flow concrollers. The cabinet is
vented through a duct off the top of the unit. A part of the source cabinet.
houses the vacuum pump and is also vented through the local exhaust duct at

the top of the cabinet.
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The process tube is sealed with a stainless steel door that is
;nterlocked by the microprocessor control unit to the vacuum pump to prevent
operation of the pump while open. A pressure interlock prevents reactiﬁé
gases from flowing if the system malfunctions. The process gas mass flow
‘controllers are, in turn, centrally controlled by the system microprocessor
unit. ’

A continuous pump oil filtration system is located outside of the
cabinet. The filtration system is placed in a tray to contain oil spills.
The waste pump oil is drained into a 5-gallon container. Handling of the
waste 1s described in Section 3.6. ©il spills are cleaned up with a freon
solvent.

Monitoring systems, present Iin the diffusion furnace area where the
LPCVD units are located, consist of a combustible gas monitoring system
déscribed in Section 3.4, Personal protective equipment requirements include.
safety glasses and heat-protective gloves.

Pump oil spills, from draining and filling operations, are cleaned up

with a Freon solvent.

7.7.2 Plasma~Enhanced Chemical Vapor Deposition. Plasma-enhanced

chemical vaporvdepositian is used to deposit silicon nitride. The operation
is performed at reduced pressure in a reaction chamber in which a plasma {is
formed using a radio frequency power source of unknown frequency and power,

The operator places wafers on a metal platen with a vacuum wand. A
metal handle is attached to the platen and it is loaded into the reaction
chamber. The operator initiates the process sequence by push-button control¢’
The 1id of the chamber is closed and the chamber is evacuated by an oil ssaled
mechanical punp. A radio frequency field is established between the metal
platen and an electrode located above the wafers. The process gases are
introduced into the chamber, forming a plasma and depositing silicon nitride.
Process gases used include silane and ammonia. The gases are stored in a
ventilated cabinet described im Section 3.3.

Engineering controls are integral to the process operation and
* equipment. These include: 1) the use of a sealed reaction chamber that

isolates the worker from the process, 2) operatien of the reaction chamber at



26

a low pressure that is negative to the room, and 3) ventilation of the
reactive byproducts from the chamber by the pump, The pump exhaust is vented
to the scrubber system described in Seccion‘S.S.

No monitoring systems are present for evaluating emissions or opera-
tor exposures to chemical or physical agents. Personal protective equipmént
for operators includes safety glasses. Additional requirements for changing
gas cylinders are described in Section 5.3.

7.8 Hydrogen Annealing

Wafers are heated in a hydrogen atmosphere to correct radiation
defects formed during metalization. The operation, known as hydrogen
annealing 1s performed in an atmospheric pressure diffusion furnace assembly
described in Section 7.1. The process gases used include 100 percent hydrogen
or 50 percent hydrogen and 50 percent nitrogen. The engineering controls and
personal protective equipment requirements are identical to those described in
Section 7.1 for diffusion furnace assemblies usaed in thermal oxidation.

Monitoring systems present in the diffusion furnace room include a
combustible gas monitor described in Section 3.4. Combustible gas detectors
are located in the ventilation duct of the furnace and on the room celling.
Scheduled maintenance activities include weekly or monthly rewmoval of the
furnace tube for cleaning with hydrofluoric acid. The furnace tube cleaning

operation is described in Section 7.3,
7.9 Metalization

Aluminum {s deposited on the wafer surface as an electrical contact.
The metal is deposited by direct current (DC) sputtering in a sealed reaction
chamber at very low pressure {(approximately 10~7torr). The wafers are
placed on a metal platen by the operator. The platen is placed in a load lock
chamber in the equipment. The operator then initiates the operation sequence
by pushbutton. The load lock 1id is automatically closed and the chamber .is
evacuated by an oil-sealed mechanical pump to a pre-set pressure. The pallet

is automatically transferred to the sputtering chamber where metal depositién
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oceurs. ihe sputtering chamber is operated at a pressure of approximately
1077 torr by an oil diffusion pump. After metal deposition the platen is
transferred back to the load lock chamber and removed. A Freon cooling systen
is used to cool valves and to trap water vapor in the reaction chamber.
Engineering controls, integral to the process operation and
equipment, include isolation of the process from the worker in a sealed
reaction chamber and operation of the chamber at a pressure lower than room
pressure, The pump exhausts are vented directly to the external plant
atmosphere. No monitoring systems were present for evaluating emissions or
operator exposures to chemical or physical agents. Personal protective
equipment includes safety glasses. Handling of waste pump oils is described
in Section 3.6, Work practices that may affect emissious or operator
exposures to chemical or physical agents were not observed. However, there

appeared to be little potential for operator exposures.

8.0 CONCLUSIONS AND RECOMMENDATIONS

The fabrication of integrated circuits at Electronic Arrays Is
representative of the present state—~of-the-art in wafer processing. Process
operations observed that may also be indicative of future processing trends
include plasma~enhanced chemical vapor deposition, low pressure chemical vapor
deposition, ion implantation, and automation of some photolithography
processes. Specific observations and recommendations are outlined below.

1. The effectiveness of the local exhaust ventilation on the newer
wet chemical benches should be evaluated and coupared to the
older benches. The design of the newer benches differs-
substantially from the older benches.

2. The potential for exposure to reflected ultravioclet light from
the contact printing operation should be evaluated. Work
practices, such as the removal of safety glasses during wafer
alignment, should also be observed and their effects on operator
exposures determined. ]

3. The effectiveness of radio frequency shielding in PECVD and

plasma etching equipment should be determined.
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4. The effectiveness of X-ray radiation shielding provided by the
cabinets in the ion implantation unit -should be determined. -The
effect of the observation window on the integrity of the shield
should be evaluated.

5. Preplacement medical examinations and periodic examinations
should be established, especially fcr those individuals working
with toxic agents such as chromic acid.

A variety of process operations are used at the facility that should be
cénsidered for detailed investigation. These include plasma etching, ion
implantation, LPCVD, and PECVD. The effectiveness of the local exhaust
ventilation of the newer wet chemical benches should be evaluated and compared
to the other benches., Work practices that may affect emissions or operator
exposures to chemical and physical agents could not be addressed during the
preliminary survey due to time constraints; however, they should be documented
during a detailed survey.
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