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INTROCDUCTION

BACKGROUND FOR CONTROL TECHNOLOGY STUDIES

The National Institute for Occupaticnal Safety and Health
{NICSH) 1s the praimary Federal agency engaged in occupaticnal
safety and health research. Part of the Department of Health and
Human Services (formerly the Department of Health, Education and
Welfare), a1t was established by tﬁe Cccupational Safety and
Health Act of 1970, This legislation mandated NIOSHE to conduct a
number of research and education programs separate from the
standard setting and enforcement functions carried out by the
Cecupational Safety and Health Admainistration (OSHA) in the
Department of Labor. An important area of NIOSH research deals
with methods for controlling coccupational exposure to potential
chemical and physical hazards. The Engineering Control Technology
Branch (ECTB} of the Division of Physical Sciences and Engineering
has been given the lead within NIOSH tc study the engineering
aspects of health hazard prevention and control.

Since 1976, ECTB has conducted a number of assessments of
health hazard control technolegy on the basis of industry, common
industrial processes, or specific control techniques. Examples
include studies of the foundry i1ndustry, wvarious chemical manu-
facturaing or processing operations, spray painting, and the recir-

culation of exhaust air. The objective of each of these studies



has been tc evaluate and document effective contrel techniques
for the control of potential health hazards in the industry or
process of interest and to create a more general awareness of the
need for and avairlakility of effective control measures.,

Such studies are carried out in steps or phases. Initrally,
a series of walk-through surveys 1s conducted to select plants or
processes w;th effective and potentially transferable control
concepts or technagues. These are followed by in-depth surveys
+0 determine the parameters of these controls and their effec-
tiveness. The results of these in-depth surveys are used as a
basis for preparing technical reports and journal articles on
effective hazard control measures. Ultimately, the information
gathered from these research actaivities forms a publicly availa-
ble data base on hazard control technigques for the use of health

professionals responsible for preventing occupaticnal illness and

injury.

BACKGROUND FOQR THE MICROQELECTRONICS INDUSTRY STUDY

The electronic components manufacturing industry, 1n partic-
ular the semiconductor (SIC 3674) manufacturing or micreelectron-
ics industry, has grown tremendously in the last decade. Approx-
imately 114,000 persons were emploved in this andustry in 1977.
A number of hazardous materials are being used in the industry
such as arsine, phosphine, and boron. Laittle information is
available on exposures to these materials in the industry, but
there are indications from a Cal/OSHA study that adequate con-

trols for handling toxic gases like arsine and phosphine exist 1in
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only a few plants. The Cal/O0SHA study and a previous NIOSH study
on the photovoltaic industry indicated that substances lake

arsine might pose an arsenic hazard to microelectronics workers.

BACKGROURND FOR THE FAIRCHILD 3SEMICONDUCTOR SURVEY

This in-depth survey was performed as part of a larger data
gathering effort to characterize basic exposures and descraibe the
processes and controls so that an assessment can be made of the
hazard control technology applied within the microelectronic
1ndustry. 1t 15 hoped that the firm visited during this survey
and simitlar facilities throughout the industry will find the
results presented herein useful in their attempts to contreol
accupational hazards associated with production activities,

The Fairchild Semiconductor facility at South Portland,
Maine, was selected for study on the basis of a preliminary walk-
through survey conducted on December 4, 1981 (NIOSH 1983), This
facilaty {(which 1s operated by the Fairchild Digital Products
Division) allowed NIOSH representatives to ohserve the fahrica-
tion of integrated circuits, an operation that invelves a range
of process and control technoloqies.

S1x of the many process operations common to the fabricaticon
af inteqrated circnits were studied in detail; photoliaithography,
wet chemical etchang, diffusion dopang, 1on implantation, cpera-
tions using radic frequency radiation, and gas handling and

distribution systems.



PLANT PROCESS DESCRIPTION

This section describes the physical plant, the entire circuit
fabrication process, and various indavidual process operations at
the Fairchild Semiconductor facility. The fabrication of inte-~
grated caircuits 1s not easily described because the process steps
represent & mixture of both jobk shop and line operations, which
may be repeated many times during the complete fabrication pro-
cess, Indeed, many ©f the indavidual steps could be considered
distinct processes in themselves. For the most part, the process
descraptions in this report will address discrete operations and
wirll interrelate those operations only when necessary to improve
the reader’s understanding. Throughout the discussion the reader
will be referred te information sources that provide mﬁre detailed

descriptions of the fabrication steps 1f such details are desired.

GENERAL DESCRIPTICN

Fairchild's South Portland, Maine, plant was constructed in
1961. The facility, which consists of two conerete block build-
ings with a combained area of 220,000 square feet, manufactures
digital bipeolar integrated circuits. COperations include circuit
design, wafer fabrication, lead fabrication, assembly, packaging,

and research and development activities.



Of a total cof 1360 employees, 890 work in the production
area (531 on the first shift, 215 on the second shift, and 146 on
the thard shift). The remaining 270 employees hold administra=-
tive positions,

Approxamately 230 of the production workers are in the wafer
fabrication area. The remaining production employees are in
integrated circuit testing, wafer sorting, die scribaing and
separation, die bonding, packaging, reliability testing, avod film

production (Beta Film).

CHEMICAL STORAGE

Chemical supplies for the fabrication ;rea are stored in an
indivadual container chase adjacent to the cisan room fabraication
area. Liguid chemicals are supplied in l-gallen containers and

are transported in carts to the fabrication area, where they are

placed in exhausted cabanets that have sprainklers in the walls.

GAS HANDLING SYSTEM

Process gases are supplied in ¢ylinders, which are stored in
ventilated cabinets in or near the process eguipment., Process
gases are distrikbuted te the eguipment 1n welded stainless steel
lines and are connected tc the equipment with compression fittings.
Witrogen i1s supplied from a bulk storage tank., This supply.,
known as house nitrogen, is used as a purge gas. Dual check
valves with a relief valve betws2en them are used in the nmitrogen
lines to prevent contamination of house supplies, cylinder gas

supply lines have flow-limiting valves. Dual cylinders of arsine



and diborane are provided with regqulatory assemblies that auto-
matically switch gas flow from an empty cylinder to a full one.
There are emergency hydrogen shutoffs for each area using hydro-
gen.

Gas cylinders arxe replaced by workers wearing ajir-line-
supplied respirators. The cylinders are leak-tested by use af a
soap bubble test ISNOOﬂE} or by an ammonium hydroxide vapor test
1f cylinders contain chlorine compounds (hydrogen chloride,
dichlorcsilane, silicon tetrachlaride, borxon trichleoride, etc,),
Solenoid valves, which stop gas flow i1in the event of a power
failure, are incorporated i1n the gas handling system within the
epitaxial reactor.

The following gases are supplied in cylainders: 1) arsine,
50 ppm ain hydrogen and 20,000 ppm (2 percent) in nitrogen;

2) phosphine, 20 ppm and 50,000 ppm {5 percent) in hydrogen;

3) diborane; 4) boren trichloride; 5) hydrogen chloride;

B} silicon tetrachloride; 7) dichlorosilane; 8) silane, 15 per-
cent and 100 percent; 9) ammonia; 10) hexaflucroethane (Freon
1l€); 11) carbeon tetraflucride (Freon l14); 12) sulfur hexa-
fluoride; 13) Arqon; 14) boron trifluoride; 15) nitrous oxide;
16} traichlorcfloromethane (Freeon 1l}); and 17) beoth 15 percent

arsine and phosphine in lecture bottles.

MONITORING SYSTEMS
Arsine and phosphine are monitored with a MathescéE)Model
8040 located in the service aisle at the rear of the diffusion

furnace area. B2Air sampled from the diffusion furnace area 1s
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pulled through a filter tape impregnated with chemical reagents
sensitive to arsine or phosphine, manifested by a chem:luminescent
reaction that 1s monitored by the unit. The unit scounds an alarm
1n the furnace area only when arsine or phosphine levels exceed
the Threshold Limit Value (50 ppk and 300 ppb, respectively)
(ACGIH 1983).

The facility 1s installaing a TELDéE}contlnuous multipoint
arsine/phesphine monitoring system. This system 15 capable of
monitoring 16 remote locations throughout the gas storage and
wafer fabrication areas,

Hydrogen 1s monitored with an MSéE)combustlble gas detection
system at 18 remote sampling points throughout the wafer fabrica-

tion area. The unit 18 calibrated once every 3 months.

VENTILATION SYSTEM

The ventilat:ion system consists of air treatment and supply.
air recirculaticn, and local exhaust ventilation. The wafer
fabrication room supply air 1s cleaned by passing air through a
fiberglass prefilter followed by a charcoal bed and high-effi~
ciency particulate absolute (HEPA) filter, The filtration system
i8 housed in the penthouse on top of the burlding. The air
pressure in the clean room 1s positive to the surroundang areas
in the buildang.

Recirculation of clean room air is restricted to the photo-
lithography area. The room air 1s supplied through ceiling
grates, and return air 1s exhausted through louvers located in
the wall of the room, approximately 3 feet above the floor.

Twenty-five percent ¢f the recirculated air supply i1s fresh



makeup air, which 18 again passed through the filtration system
before being distributed. The quattity of air that is supplied
or recairculated in the fabrication areas was not reported.

ALir 1s exhausted from the wafer fahrication area either by
exfiltraticn from the room cor by local exhaust ventilation of the
process equipment. Exhaust air from the arsenic trioxide diffu-
sion furnaces 1s passed through a fiberglass prefilter, a bag
filter, and a HEPA filter. The unit handies 2310 cubic feet of
air per minnte from the two diffusion furnace stacks. Exhaust
from wet chemical benches using nitric and hydreochlori¢e acid isg
passed throngh a wet scrubber for treatment. The system treats
4300 cfm of air exhausted by four benches. Additional air treat-
ment includes the use of oil separators that trap oil from pump
exhausts. This system, which 1s reported to be 99.5 percent
efficient in the removal of oil from the exhaust air, 1s used on
most ©ll-sealed pumps.

Supply air intakes are located on top of the penthouse. The

nearest exhaust stack 1s located approximately 100 feet away.

WASTE MANAGEMENT

Liguld process wastes are categorized as acilds containing
filuorides, all other acids, chlorinated hydrecarbon solvents,
Frecns, and all other nonchlorinated grganic solvents. Wastes
are elther collected by an operator and transferred to a storage
or treatment area or collected by a drain system that connects to

a storage tank or treatment facilaty.



Acids containing fluoride are collected by a separate drain
system and stoared in two 4200-gallon tanks located withain a
pelypropylene contalnment tank in a diked area. The collected
waste acid 1s removed by a waste management firm for disposal.
Other acids are collected by another geparate drain system and
directed 1into an acid tank in which the pH 1s adjusted with
anhydrous ammonia. The treated acids are then released to a
publicly operated treatment facility. Chlorirnated hydrocarbon
solvents, such as 1,1,l-trichleroethane, are directed into still
another separate drain system and collected in a 100~ to 2G0-
gallon tank, This waste 1s transferred into 55-gallon drums,
which also are ¢ollected by a waste management fairm for offsite
disposal. Freon wastes are collected separately and stored in
§5~gallon drums for recycling by a waste management firm, Also
collected separately, photoresist wastes are adéded to the waste
nonchlorinated organic solvents.

Waste pump o1ls are collected and stored in 55-gallon drums.
These waste @lls are treated as hazardous and disposed of offsite
by a waste management fairm.

Solid hazardous wastes, such as arsenic trioxide and anti-
mony trioxide, are collected and stored in 55-gallon drums for
offsrte disposal by a waste management firm., These wastes origi-
nate from the diffusion furnace area and from diffusion furnace
exhaust air filters. Roughing filters, bag filters, HEPA filters,
and personal protective clothing (cowveralls) worn by the werkers
who change the filters are placed in drums for callection and

dispesed of offsite by a waste management firm,
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Fairchild has instituted a pre-production drain authoriza-
tion program to determine the method and locatien of a liguid
waste disposal for wastes that oraginate in the fabrication area.
Under this system, liquid wastes can only be disposed of in

drains specifically identafied for that particular substance.

PROCESS DESCRIPTIONS

The fabrication sequence used for the manufacture of bipolar
integrated circuits varies with the specific type of device being
manufactured. The specific sequence in which these process
operations are performed is not presented. A general processing
seguence for bipolar integrated circuits is provided by Colclaser
(1980) and should be consulted for a more detaliled review of the
fabrication process. BSeveral process operations occur more than
once in the fabrication sequence, and some equipment is used for
more than one precess operation.

Thermal Oxidation

The silicon wafers used as a substrate for device fabr{ca—
tion are purchased. In the thermal oxidation process, the wafers
are oxldized at a high temperature (approximately 900® to 1200°C})
in a diffusion furnace assembly that uses a pyrophoric water
(hydrogen and oxygen) atmosphere. Hydrogen chloride gas is added
to the gas stream periodically for cleaning or gettering both the
growlihg ©oXide and the oxidation tube of scdium i1on contamination
(Colclaser 198Q), The wafers are loaded intc carriers {(referred
Lo as boats) that are inserted into the diffusion furnace, The

furnace tube 1s heated to the operating temperature by electracal
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resistance while the tube 1s purged with nmitrogen. Hydrogen and
oXygen are introduced into the tube at a controlled rate. The
furnace operating conditicons (including temperature, processing
sequence, and tube temperature} are adjusted by direct digatal
contrel (DRC). The furnace 1s zutcmatically controlled by feed-
back control loops that monitor the furnace performance and
adjust the condations teo programmed specification (Douglas 1981).

Photolithography

Following thermal oxidation, the wafers are ready for photo-
lithography, which includes 1) primer and photoresist coating,
2} pre- or soft-bake, 3) mask alaignment and exposure, 4} develop-
ment, 5) post- or hard-bake, 6) etching, and 7) photoresist
stripping., The wafer 1s first coated with a praimer (which acts
as a surfactant) by spin application using either hexamethyldisili-
zane (HMDS) or baistrimethylsilyacetamide (BSA} 1n xylene, methyl
ethyl ketone, or Freon carrier. The photoresist, which contains
a proprietary mixture of organic pelymers 1n a xylene carrier, 1s
spun onto the wafer, and the coated wafer i1s baked in a resistance-
heated oven. At Farichild, this operation takes place in both
manual (Type I} and automated (Type II} processes. Automated
processes reguire that the operatoer only load and unlcad the
caggettes,.

The mask pattern 1s transferred to the ceoated wafer by
ultraviolet laght (365 to 415 nm} by use of e@ither projection
mask alignment or contact pranting. The operator aligns the

wafer with the mask by viewing through a split-~field binocular
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microsceope. In projectlon mask alignment, a lens is interposed
between the mask and the wafer, and the ultraviolet light source
is located behind the mask. Masks used for projection mask
alignment are supplied by vendors, whereas those used for contact
pranting are fabricated by Fairchild from a chrome submaster mask
produced by & vendor. The contact mask 18 a precision glass
plate coated with a silver halide emulsion, The mask pattern is
transferred from the submaster with ultraviclet light. Exposed
masks are developed with a hydroguinone-based solution.

The exposed wafers are developed either by immersion in a
developer tank or by spin-on application of the developer. A
mixture of n-butyl acetate and xylene develops the negative
photoresist, and a potassium hydroxide soluticn develops the
positive photoresist. The developed wafers are rinsed with

deionized water and "hard=bhaked™ in a resistance~heated oven.

Wafer Etching

The exposed layer not covered by photoresist may be etched
by use of either wet chemical etehing or plasma etching tech-
nigues. Wet chemical etching 1s performed by immersing the
wafers in an etching soclution of: 1) hydrogen peroxide, for
etching taitaninm/tungsten alloy; 2) hydrefluoraic acid and ammo-
nium £luoride, for etching silicen dioxide; 3) phosphoric aecid,
for etching silicon nitride; 4} nitric acid and iodine, for
etching silacon; 5) naitric, phesphoric, and acetic acad, for
etching aluminum; and 6) nitric and hydrochloric acid, for metal

etching. The etching operations are performed in tanks recessed
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in polypropylene benches {eguipped with splash shields) similar
to laboratory-type hoods, The acid tanks are located in the rear
of the benches. Local ventilation of the tanks i1s provided by
slots around the tank perimeter and/or by slots located across
the rear of the bench and through perfecrated plates in the bench
top.

Plasma etching is performed by placing wafers in a field of
plasma formed by a radioc frequency power source opperating at
13.56a MHz. The plasma contains 1ons, free radicals, and free
electrons, which are reactive with the laver to be etched.
Selection of the gas used for creataing the plasma 18 hased an the
individual laver and includes 1) freon and oxygen, for etching
s1licon dioxiade; 2} carbon tetrachloride for etching aluminum;
and 3} oxygen, for stripping photoresist. The plasma 1s formed
in a sealed reaction chamber at a wacuum of approximately 40,1 to
20 torr created by an cil-sealed mechanical pump.

Wafer Doping

Doping i1ntroduces impurities into the wafer, and alters the
electrical properiies of the doped area. Wafers are doped at
various stages of the processing sequence, either by driffusion or
ion implantation. Diffusion is accomplaished by exposing the
wafer to a high~temperature atmosphere containing the dopant.

The cperation 15 performed in a diffusaon furnace assembly that
uses a selid (arsenic, antaimony trioxide, boron natride}, liquad
{phosphorus oxychleride, beoron traichlerade, phosphorus tribromide},

or gaseocus (arsine cr diberane) dopant source. Fairchild uses
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both direct-digital-control (DDC} diffusion furnaces and hybraid-
control dzffusion furnaces,

When doping 18 accomplished by i1on implantation, a source
material i1s 1onized and passed through an analyzing magnet that
collects, accelerates, and implants the desired ions into a
target wafer. The 1ion source, the analyzing and accelerating
chamber, and the wafer exposure station are operated at vacuum
conditions of approximately 1l:|'“6 torr. This vacuum is maintained
by twa sets of pumps, either an pirl-sealed pump and a diffusion
pump or an oll-sezled pump and a cyrogenic pump. The dopant
source is either a gas (boron trifluoride) or a solid {(elemental
arsenic or phosphorus)., The process operation seguence requires
the operator te load wafers inte the load station of the 1ion
implantation unit individually or 1in cassettes. Individual
wafers are automatically removed from the cassette to a load-lock
chamber, transferred to the exposure chamber that is pumped to
vacuum with an oil-sealed mechanical pump and implanted with
dopant ions. The dosage received by the wafer 1s automatically
controlled. The implanted wafer is either automatically trans-
ferred inteo a cassette or manually removed and locaded into cas-~
settes following amplantation. As 2 final step, the doped wafers
are heated in a nitrogen or oxygen atmosphere in a diffusion
furnace, The furnace assembly 1s similar to that of the previous-

ly described thermal oxidation,



Epitaxial Growth

A single crystal layer of silicon 1s deposited on the wafer
surface by epitax:ial growth in an enclosed chamber. The single
crystal silicon layer 15 deposited during the reaction cof
dichicrosilane and hydreogen, or silicon tetrachloride and
hydrogen. A doped silicon layer is deposited by introducing
arsine or phosphine to the reaction chamber. Epitaxial silicon
18 deposited at high temperature (approximately 950° to 1250°C)
in a reaction chamber at atmospheric pressure and heated by
either radazant heat or radio frequency radiation. This
automatically controlled operation segquence reguires the operator
to lcad wafers onto a metal platen or barrel which is then
inserted into the reactor chamber. For more detail, the reader
should consult Atherton {1981} and Hammond {1978}, both of whaich
provade descraiptions of epitaxial silicon deposition.

Chemical Vapor Deposition

Another process operation that occurs during the fabraication
gequence 1s the deposition of a thin film on the wafer surface by
chemical vapor deposition, in which the solid products of a
vaper-phase chemical reaction are deposited on the substrate.
Low-pressure chemical vapor deposition (LEPCVD) 15 used to deposit
silicon nitride during the reaction of ammonia and dachlorosilane.
The operaticn 15 performed in a sealed diffusion furnace tube
evacuated to approximately (.4 to 3.0 torr (Baron and Zelez
1978). 7This process operatioh reguires the operator to load

cassettes containing wafers into the furnace. The furnace door
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15 closed, and the sequence and ¢perating parameters are then
controlled by microprocessor.

Plasma-enhanced chemical vapor deposition (PECVD) 1s also
used to deposit silicon nitrade by the reaction of either 2
percent silane and nitrogen cor 100 percent silane and ammonia.
The plasma 1s ¢reated by intreducing the gases in & 13,63 MHz
radic frecuency field, The operation is performed under vacuum
conditions 1in a sealed chamber or tube at approximately 0.2 to
1.0 torr. Two PECVD systems are used for silicon nitride deposi-
£ion at Pairchild. These include an in-line cassette~to-cassette
unit and a furnace assembly similar to a diffusion furnace with a
radio frequency power source, sealed chamber tube, vacuum system,
and a wafer boat. The boat consists of a set of parallel vertacal
metal plates onto which the wafers are mounted.

The operation sequence reguires the operator either to load
cassettes containing wafers intoe the unit (cassette-to-cassette
system) or to mount wafers on a series of parallel vertical
plates, which are then lcaded into the furnace tube. Both types
of egquipment are automatically controlled by a system microproces-
sor.

Atmospheric pressure chemical vapor depcsition (CVD) 1s used
to deposit a phosphorus-doped silicon dioxide layer by the reac-
tion of 100 percent silane, oxygen, and phosphine. The operation
sequence requires the operator to lecad wafers onto flat plates or
platens and then insert them into the unit. Once the platens are

inside the unit the sequence 13 autcmatically controlled. A
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metal layer 1s deposited on the wafer gurface by radio frequency
sputtering, electron beam evaporation, or thermal evaporation,
The metal 185 depoesited on the wafer surface 1n a sealed reaction
chamber or bell jar that 1s maintained at a vacuum of approxi-

mately 107°

torr by an oil-sealed mechanical pump and an orl
diffusion pump or a eryogenic pump. Radio frequency sputtering
{at 13.56 MHz) 1s used to deposit aluminum, aluminum/copper,
platinum, titanium/tungsten, and gold; electron beam evaporation
15 used to deposit aluminum; and thermal evaporation is used to
deposit gold. The process operation seguence regquires the opera-
tor to load the wafers in a planetary structure or platen and
then place it lnside the process equipment. From this point cn
the process operation 1s automatically contrelled by a system

MLCTrOpIroCaessor.

Photoresist Etching

Process operations such as photelithography, doping, metaliza-
tion, and chemacal vapor depeosition may be repeated several times
during wafer fabrication. Between these processing steps, wafers
may be cleaned by use of a solution consisting of nitric and
sulfuric acid, nitric and hydrochlori¢ acid, or hydrofluorac
acid. Photeoresist may be strapped by oxygen plasma etchaing or by
wet chemical methods. The latter method may entall the use of
1) phencl and perchlorcethlyene, 2) sulfuric acid and hydrogen
peroxide, 3} 1,1,1-trachloroethane, or 4) isopropancl., These wet
chemical operations are performed in partially enclosed bench

stations {equipped with splash shields) similar to laboratory
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hoods. The stations are ventilated by local exhaust slots at the
rear of the benches, around the perimeter of the immersion tank,
and through perforations in the bench surface,

Metalizaticon

Following gold sputtering onto the wafer surface, a photo~
resist laminate fi1lm 1s applied to the wafer, which i1s then
exposed to a mask pattern by using ultraviolet light. The pattern
exposes areas of the wafer that will serve as electrical inter-
connections to the individual die. The exposed wafer 1s developed
by the use cf 1l,1,l-trichloroethane to uncover the underlying
gold layer. A gold film 1s then plated onto the exposed areas in
a potassium <yanide gold electroplating process. The laminate is
stripped from the wafer with methylene chloride, and the exposed
gold layer 1s etched by use of a cyénlde solution. A titanium/
tungstenh layer exposed by the gold etching process 1s then straipped
using hydrogen peroxide. The process produces gold bumps that
provide contacts with the film carrier in the final package. A
detalled review of this process, known as wafer bumping, is
provided by Liu et al. (1988}.

Pinal Processes

The final step in the wafer fabrication sequence 1s backside
grinding of the wafer, The wafers are first cleaned with i1scopro-
panol, then mounted (backside exposed) on a metal plate that has
a laminate sheet adhesive. The exposed backside of the wafer
undergeaes a process known as Blanchard grinding, after which the

wafers are removed and cleaned with 1sopropancl. Additional
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operations that may be performed include backs:ide diffusion and
backside gold deposaition.

Following wafer fabracation, each die (1.e., an individual
integrated circuit) on the wafer 1s electrically tested. The
wafer 1s scribed, and each individual die is attached to a Beta
f1lm carrier. Most of them are shipped overseas, Film leads are
attached to the gold bumps on the die, and the device 18 encapsu-~
lated and placed i1n a ceramic package.

The Beta film (1.e., beam tape) carrier 1s manufactured by
Fairchild in a separate area adjacent to the clean room wafer
fabricaticon area. The carrier consists of a copper film with an
adhesive and polyimide layer, Initially, the adhesive-coated
polyimide film 15 cut and perforated, and then a copper film as
laminated to 1t. The laminated film 1s cured i1n a nitrogen-—
purged cven at 120°C. The copper 15 c¢leaned with sulfuric acad,
followed by sodium persulfate and water. The photoresist lamin-
ate film 1s applied to the tape with a heated roller, The film
carrxer pattern is transferred to the film by exposure with
ultraviolet light at 360 nwm. The exposed £film 1s developed with
butyl Cellosolve, rinsed, and dried. The backside of the film 1s
coated with silk screen ink 1n an acetone g¢arrier by use of a
roller ceoating process. The film 1s cured in a nitrogen purged
oven and cleaned with sodium persulfate. The expossd copper film
18 then etched with an ammonium hydroxide spray, water-rinsed,
and air-dried, The remaining photoresist and backside coat film

18 stripped, rinsad in acetone, dried, and then inspected before
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shipment. The process 18 & continuous automated operation. A
detarled review of beam tape carrier fabrication is provide by

Cain (1978) and Hayakawa et al. (1979).
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METHOROLOGY

The ain=-depth survey at Fairchild's South Portland plant
included samplaing for chemical agents, monitoring for physical
agents, and measuring cf contrel parameters, The sampling appa-
ratus, instrumentation, and analytical methods used during this

in~depth survey are presented herein.

WORKPLACE MONITORING FOR CHEMICAL AGENTS

Several chemical agents were sampled during the in-depth
survey., The sampling strategies used 1o characterize the work-
place levels of these chemical agents depended on the agent 1n
guestion, the nature of the process operation, and the nature of
the job being performed by the exposed worker. The sampling
apparatus and analytical methods used to qQuantify each chemical
agent were taken from NICSH's Manual of Analytical Methods (MIOSH
1982).
Antimony

Antaimony concentrations in the workplace air were derermined
by using the NIOSH reference method for trace metals (P&CAM 173),
Antimony compounds were cellected by drawing a measured volume cof
air through a Q,8-um mixed-cellulose ester membrane filter (Milli-
pore MCE or equivalent) with a perscnal high-flow pump (Dupont
P2500, MSA Model G, cor Bendax BDX 55-HD}. The analyte and filter
were digested with naitric acad and analyzed by flame atomic
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absorption spectrophotometry. A detection limit of 9.0 ug was
achieved during these analyses. The analytical results were cor-
rected for reagent and filter blanks. The sampling results were
reported in micrograms per cublc meter.

Arsenic {Ccllected as Arsenic¢c Trioxide)

Arsenic concentrations in the workplace air were determined
using the NIOSH Reference Method for trace metals (PSCAM 173).
Arsenic compounds were collected by drawing a measured volume of
air through a 0.B-um mixed~cellulose ester membrane filter {(Milli-
pore MCE or equivalent) using a personal high-flow pump (Dupont
P2500, MSA Model G, or Bendix BDX 55-HD). The analyte and filter
were digested with nitric acid and analyzed by flame atomic
absprption spectrophotometry., A detection laimit of 0.035 ug was
achieved during these analyses. The analytical results were cor-
rected for reagent and filter blanks. The rotometer setting used
to determine the sample flow rate and volume was corrected for
changes in temperature and pressure. The sampling results were
yeported in micrograms per cublc meter.

Arsenic (Collected as Arsine Gas)

Arsine concentrations in the workplace were determined by
using the NIOSH Reference Method for arsine {8229). The arsine
was collected by drawing a measured volume of air through a
charceal tube with a low-flow (50-200 ml/min) stroke pump (SKC
model number 222-3)}., The analyte was desorbed with nitric acid
and analyzed by using flameless atomic absorption, A detection
limit of 0.06 ug was achieved during these analyses, The analyt-
1cal results were corrected for reagent and charcoal blanks. The
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sampling results were reported in micrograms per cubic meter of
air.

Diborane (Measured as Boron)

Diborane concentrations in the workplace sir were determined
by using the NIOSH Reference Method for diborane (P&CAM 341),
Diborane was adsorbed on an oxidizer-impregnated charcoal tube
{(SKC 226~67 or equivalent) by drawing a measured velume of air

R filter

through a three-stage sampler consisting of a Teflon
cassette {Millipore PTFE or equivalent), the treated charcoal
tube, and a perscnal high-flow pump (Dupont P2500, MSA Model G,
or Bendix BDX 55-HD}. The analyte was desorbed with 3 percent
hydrogen peroxide and analyzed for total boron by plasma emission
spectroscopy. A detection of 0.25 ug was achieved durang these
analyses. The analytical results were adjusted by using an
empirically derived desorption efficient factor and corrected for
charcoal tube and reagent blanks, The rotometer setting used to
determine the sample flow rate and volume was corrected for
changes 1n temperature and pressure. The sampling results were

reported in micraograms per cublic meter.

Hydrogen Fluoride

Breathing zone samples were taken during the first (primary)
production workshift of the day. Hydrogen flucride cencentra-
t1ons 1n the workplace alr were determined by using the NIOSH
Reference Methed for hydrogen fluoride (81768). Hydrogen fluoraide
{as hydrofluori¢ acid aerosol) was collected in 0.1N sodium
hydroxide by drawing a measured volume of air through a semaperme-
able membrane impinger (Industr:ial Hygiene Specialt:es Model
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100500=2 or equivalent} with a personal high-flow pump (Dupont
P2500, MSA Model G, or Bendax BDX S55-HD), The analyte solution
was diluted with an icnic-strength actavity buffer (TISAR) and
analyzed by ion-speslfic electrode, resulting in a 60-ug detec-—
tion limit, The analytical results were corrected for sample and
reagent blanks. The rotometer setting used to determine the
sample flow rate and volume was corrected for changes ain temper-
ature and pressure. The sampling results were reported in micro-
grams per cubic meter.

Sulfuric Acid

sulfuric acid concentrations in the workplace air were
determined by using the NIOSH Reference Method for sulfuric acird
{8174). Sulfuric acid mist was collected on a 0.8=um mixed-
cellulose ester-membrane filter {Millipore type MCE or equiva-
lent) by drawing air through the filter with a personal high-flow
pump (Dupont P2500, MSA Meodel G, or Bendax BDX-55-HD}, The
analyte was extracted from the filter with a solution of dis-
tilled water and lsopropyl alcohol. The pH of the extract was
adjusted with dilute perchloric acid and titrated with 0.005M
barium parchlerate. Thorain was used as an indicator. A detec-
tion limit of 18 pg was achieved during these analyses. The ana=-
lytical results were corrected for filter and reagent hlanks.
The rotometer setting used to determane the sample flow rate and
volume was corrected for changes in temperature and prassure.

The sampling results were reported in micrograms per cublc meter.
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Nitric Acaigd

Nitric acird concentrations in the workplace air were deter-
mined by using the NIDSH Reference Method for nitric acid (nitrate
1on) (5319). HNitric acid mist was collected 1n distililed water
by drawing a measured volume of air through a semipermeable
membrane implnger (Industrial Hygiene Specialties Model 100500-2
or eqguivalent) with a personal hagh=flow pump (Dupont F2500, MSA
Model G, or Bendix BDRX 55-HD),., The content of the impinger was
analyzed by direct potentiometry using an 1on=gspecific electrode;
a2 detection limat of 500 pyg was determined, The analytical
results were corrected for reagent blanks. The rotometer setting
used to determine the sample flow rate and volume was corrected
f{or changes 1n temperature and pressure. The sampling results
wore reported in micrograms per cublc meter.

Organic Compounds In Alr

The concentration ©f varicus organic compounds in the work-
place air were determined by using an adsorption on charcoal,
desorption with CSZ' and analysis by mass spectroscopy. Organic
compounds were collected by drawing a measured volume of air
through a charceal tube with a low=-flow (50-200 ml/min) stroke
pump (SKC Model No. 222-3}, The analyte was descorbed with 1 ml
of CSZ and analyzed by mass spectroscopy with single 1on moni-

toring. The following information describes the eqguipment,

column, and operating conditions used during the analysis:
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Gas chromatograph: Hewlett-Packard 5992 GC-MS
Column: 10% TCEP (tris cyanc ethoxy propane), 80 in x 0.125
in. o.d. nickel
Detector: Single 1on monitoring MS, 1ons: 43, 45, 106,
146, 58, and 59
Initial column temperature: 50°C
Heold time: 35 min.
Final column temperature: 150°C
Hold time: 7 man.
Program rate: 10°C/min.
Carrier gas: Helium at 0.45 torr
Injection temperature: 180°C
The detection limit for this method varies with the organac
compound being analyzed, However, an OR ¢olumn detection limit
of 20 nanograms can usually be achieved. The analytical results
were corrected for charcoal tube and reagent blanks., The sampling
results were correctad for temperature and pressure and reported

in parts per maillion.

WORKPLACE MONITORING QR PHYSICAL AGENTS

Two physical agents were monitored during the in-depth
survey: radio-frequency radiation and gamma or X-radiation. The
monitoring strategiles used to characterize these workplace expo-
sures varied according to the agent being studied, the nature of
the process operation to be characterized, and the nature of the
job being performed. The monitoring instruments and survey
methods used during this survey are described.

Radio-Frequency (RF) Radiation

Radio-fregquency emissions were monitored with a Holaday(E
(Model HI 3002) meter by using an electric field probe having a
frequency response of 500 kHz to 6 GHz and a magnetic field probe

with a frequency response of 3 to 300 MHz. Readings were taken
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during neormal process equipment operating cycles. Normal oper-
ating fregquencies, power ocutputs, and cycle times were recorded.
The results were reported for near-field measurements as maximum
electric field strength (v2{M2) and maximum magnetic field
strength [AZIMZ}.

X-Radiation {(X-Ray)

Exposure levels at various work stations were surveyed with
& Nuclear Ch:icage Model 2650, Serial Number 2009 {Battelle ID
B6531) Gelger-Maller counter. The magnitude of potential expo-
sure at "hot" survey locations was characterized by using
Lapdauer Type P-1 dosimetry badges {(with a minimal detection
limit of 10 mrems). The Gelger-maller survey results were
reported 1n millircentgens per hour (mR/hr), and the dosimeter
readings were reported in millarrems (mrem) for the specific time

period monitored.

MEASUREMENT OF CONTROL PARAMETERS

Face velocities, duct traverses, and general 2ir flow obser-
vations were made during the in-depth survey. The velocity
measurements were performed with a KuréE)Model 441 air velocity
meter. The measurement results were reported in feet per minute
(fpm). A multi-point traverse method of data collection was used
during the in-depth survey to collect the air veleccity measure-
ments necessary to construct representative averages. The
physical dimensaons of exhaust ducts and takeoffs were &lso

measured whenever possible.
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CONTROL TECHNOLOGY

APPROACHES TO CONTROL

Occupational exposures ¢an be controlled by the application
of a number of well-known measures, including engineering mea-
sures, work practices, personal protection, and monitoring.

These measures may be applied at or near the hazard source, to

the general workplace énvlronment, or at the point of occupa-
tional exposure to 1ndividuals. Controls applied at the source

of the hazard, including engineering measures {material substitu-
ticn, process/equipment modification, isclation or automation,
local ventilation) and work practices, are generally the preferred
and most effective means of control, in terms of both occupational
and envircnmental concerns. Contrcls that may be applied to
hazards that have escaped into the workplace environment include
dilution ventilation, dust suppression, and housekeeping. Control
measures that apply to individual workers include the use of
remote control rooms, isclation booths, supplied-air cabs, safe
work practices, and the use of personal protective eguipment.

In general, a system that includes these control measures 1s
required to provide worker protection under normal operating
conditions as well as under conditions of process upset, f[ailure,
and/or maintenance, Process and workpiace monitoring devices,

personal exposura monitoring, and medical monitoring are important
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mechanisms for providing feedback c¢oncerning the effectiveness of
the controls in use. Ongoing monitoring and maintenance of
controels to ensure proper use and operating conditions and the
education and commitment of both workers and management to occupa-
tional health are also important ingredients cof a complete,
effective, and durable contrecl system.

These control measures apply to all situations, but thear
optimum application varles from case to case. The application of
these measures at the Fairchild Semiconductor facilaity for the

product of bipolar integrated circuits 1s discussed.

DESCRIPTION OF PROGRAMS

Industrial Hygiene

The facility has a full-time industrial hygienist, who is
respensible for industrial hygiene, safety, security, training,
and medical. The corporate headquarters in Mountain View, Cali-
fornia, provides additional assistance 1n industrial hygiene and
safety.

Worker exposure has been monitored during normal operations,
maintenance, and emergency conditicns {(such as chemical spills]).
The monitoring equipment 1ncludes a portable infrared analyzer
(MIRAQE)IAF, direct-readaing detector tubes, midget impinhngers, and
charcoal tubes, X-ray radiation emlissions and operator eXposures
in the i1on implantation area are monitored by the use of radiation
fiim badges and a Gelger-Maller survey meter.

Measurements of the ventilation system are limited to the

monltoring of face velocities cf local exhaust ventilation systems
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with a2 swinging vane anemometer. The air exhausts f£rom scome
operations also reguire careful monitoring to assure product
quality. Facility engineering personnel and an industrial hygien-
1st perform these measurements.

Scheduled renovations to the wafer fabrication area will
include the use of magnehelic gauges to monitor local exhaust
ventilation from the diffusion furnaces. The ventilation system
design drawings have recently been updated to trace all process
ventilation systems from the point 0f exhaust to the air cleaner
and/or exhaust fan, This decumentation was required for emer-
gency response planning and to identify all the agents that could
potentially be exhausted through a given system. It was alsc
used to determine whether the exhaust system was compatible with
the planhed facility renovations.

An emergency response tean has been organized to handle
chemical spill hazards and emergency evacuation. Emergency
drills are performed twice a year. Fairchild has also estab-
lished an internal emergency telephone number for reporting
accidents or hazardous situations. Telephones are accessible
throughout the wafer fabrication area. The communication system
18 also on emergency power, and safety personnel and chemical
sp1ll teams, as well as other key supervzéors, are provided with
two=way radios,

Education and Training

Fairchild's training programs cover safety practices, mate-
rials handling, the use of personal protective eguipment, emer-

gency response, and hazard reporting. Included are chemical
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safety, handling and labeling of hazardous wastes, use of self-
contained breathing apparatus and respirators, and emergency
evacuation procedures. The training programs are offered upon
employment and twice a year thereafter as a refresher.

A l-hour weekly chemical trairning program 13 offered to all
new employees. Specialized training for new employees or employees
new to a specific preduction area is the responsibility of the
area supervisor. Supervisors instruct the new employees on
safety i1tems, which are also cutlined on a safety review checklast,
including 1) specific job safety requirements; 2) emergency
evacuation procedures; 3} required action ain response to specifac
alarms; 4) the location of emergency showers, eye wash stations,
fire extinguishers, and telephones; 5) the safety function of
exhaust fume hoods; 6) eating and smeoking policies; 7) working
alone policy; 8) proper chemical stocrage procedures; 9) aisle
¢learance; 10) medical department location; 11) accident or
hazardous situaticn reportaing; and 12) housekeeping practices.
Training 18 also provided by cother facility supervisors, and a
2-hour ftour is c¢onducted by the industrial hygienist,

Respirators and Other Personal Protective Egquipment

The safety and medical departments at Fairchild have speci-
fic personal protective equipment requirements for each area 1in
the plant, including production, maintenance, support facilities,
and cffice areas. The requirements cover the use of safety
glasses, contact lenses, ear and head protasction, and the desig-
nation of radiation and nonsmoking areas. The general regquire-
ments are supplemented by specific task or job functions within
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the areas, and safety specifications are written for each piece
of preocess sguipment.

wWorkers are required to wear safety glasses in the wafer
fabrication area. Open-tece shoes and contact lenses are pro-
hibited. Specific requirements by job category or task include
the following: 1) apron, gloves with gauntlets, and face shields
for operators, 2) aprons, acid gloves with gauntlets, face shields,
and boots for chemical technicians who transport or mix chemicals,
3) air line=-supplied respirators for technicians who change gas
beottles, 4) respirators (l/2-face with goggles} for maintenance
workers who change arsenic and antaimony air filters and clean
si1licon dioxide deposits from the vapor-phase depositicon system,
and 59) air line-supplied respirators for technicians who change
the plasma etching system cold trap.

Madical Frogram

The facility employs two nurses full time and one part taime
ta provide health services en all three produection shiftis,
Emergency care services and health education are provided by the
nurses. The facility also has a physicaian on the premises on a
part—time basis.

All personnel are reguired to underge a preplacement medical
examination and a pericdic examination {every 1 to 2 years}.
Fabrication area workers and chemical mix operators are reguired
to have chest X-rays. Workers in areas where noise levels are
greater than 85 dB{A)} receive pericdic hearing examinations, and

visicn testing i1s required for all employees. All fabracation
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area workers are required to have blood tests, including a full
blood profile. All workers 1in areas where arsenical compounds
are used must give urine samples to determine urinary arsenic
levels,

Housekeeping

Housekeeping and maintenance activities are a necessary part
of maintaining product guality. Specific housekeeping procedures
that were 1dentified by the plant as preventing worker exposures
to chemical agents ainclude the use of a portable vacuum system to
clean areas where antimony trioxide powder is used. The system

15 used for routine cleaning and to contrel dry spills.

PHOTOLITHOGRAFPHY

Photolithography includes the following operations; 1)
spin~on application of one of two primers, bis-trimethyl sily-
acetamide (BSA), or hexamethyldisilizane {HMDS); 2) drying; 3}
spin-on ©of pheotoresist; 4) soft-baking; 5) wafer exposure by
projection mask alignment or contact printing; 6) spin-eon appli-
cation of a developer solution, either potassium hydroxide or
n=butyl acetate and xylene; 7} hard-bhaking; and 8) wafer i1nspec-
tion, At Fairchild these operations are contained in tunnel-like
work areas. The two different tunnel designs observed during the
survey are presented in Figure 1, The lithographl¢ process
eguipment 1s located on both sides of an access aisle (Type I} or
on one side of the aisle (Type II). HEPA filtration systems are

located an the air supply intake to the photoresist application
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and substrate exposure stations in Type I tunnels and above all
process operations in Type II tunnels.

Type I Tunnels

Alr 1s removed from the room at the flocor level through
slots running the length ¢f the side walls of the tunnel, which
act as return air plenums. The single HEPA filters above the
work stations deliver approxamately 1660 cfm of air downward onto
the process egquaipment at an average velocity of 80 fpm. The air
15 dairected downward by clear plastic shields hanging from the
front edge of the units., The estimated quantity of air exatinyg
the unit from the front work area i1s 2020 cfm (average velocity
1s 105 fpm).

Type II Tunnels

Air 1s supplied to the work stataion through vertical laminar
flow HEPA filter unaits located above all the process equipment.
The aair is directed downward by clear plastic panels that hang
across the front of the work area., B»Air 1s removed from the
tunpnel by return-air slots located at three levels along the
opposite wall=-=-6 inches above the fleoor, at a height of 4 feet,
and at the ceiling. Each slot runs the length of the tunnel
along the side wall cpposite the progess eguipment. Alr also
leaves the tunnel through panels located at the base of the
emergency exit door at the c¢losed end of each tunnel. This air
exhausts into a closed corridor that acts as a return-air plenum

servicing five photeolithography tunnels,
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Approximately 4800 cfm of air is supplied to the Type II
tunnals through HEPA filter units. Air velocity measured at the
face of the work area between the shield and the work surface is
206 fpm, with an estimated air flow of 6080 cfm. Return-air
removed from the tunnel by exhaust slots along the rear tunnel
wall 1s estimated to be 7960 cfm, which indicates that some air
is being drawn 1nt; the tunnel from the personnel entrance,

Local exhaust ventilation in Type II tunnels includes the exhaust
of three spin platforms. The flow rate of the platform exhausts
cculd not be caiculated because the exhaust ducts were lnaccessi-
ble. Face velocity at the platform could not be determined
because of the nature of the enclosure and the effect that air

flow from the HEPA filter has on the measured flow,

Monitoring Results

The workplace air in both Type I and II photolithographic
tunnels was monitored for seven organic substances: HMDS, ace-
tone, methyl ethyl ketone (MEK), n~-butyl acetate, xylene, Cello-
sclve acetate, and methyl cellosolve, The Type I tunnels repre-
sent old process technology and control system configurations;
the Type II tunnels represent photeolithographic operations with a
more state-of-the-art approach to product protection and emission
control,

Results of Monitoring Conducted in Type I Photolaithegraphic
Tunnels--

Two Type I tunnels were monitored using area sampling methods.

The results are presented in Table 1. The two tunnels are identi-

fied in Table 1 as Aisle B and Aisle C. Eight individual samples
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were taken during the survey of Type I photolithcgraphic tunnels,
The duraticon ©f these area samples ranged from a2 low of 2 hours
and 27 minutes, to a high of 3 hours and 48 minutes. The average
sample volume was approximately 28 liters.

Results of Monitoring Conducted in Type II Fhotolithographic
Tunnels—-

Two Type II tunnels were monitored by both area and perscnal
sampling methods. The results are presented in Table 2. The two
tunnels are identified in Table 2 as either Mod. & or Mod. 4.

Area samples were taken only in one Type II tunnel {Mod. 6)
between the wafer checking staticns and the automated Wafer—TraﬁE)

and betwaen the Wafer-TrakR

and the alignment and exposure station.
The duration cf the area samples was limited to just a little
aoaver an hour.

FPersonal samples were taken in both Type II tunnels., The
samples were taken on four workers involved in wafer checking,
three workers performing mask alignment and exposure ¢f wafers,
and one maintenance worker. Sample durations ranged in length

from 2 hours and 4 minutes to 5 hours and 38 mihutes.

Work Practaices

The work practices and activities of workers involved in
photolithographic operations vary according £c whether the opera-
tions are being performed in a Type I or Type II tunnel. This
difference 1is directly related to the process technology being

used in each of the tunnels.
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TABLE 2, SUMMARY OF PERSONAL AND AREA MONITORING FOR ORGANIC SUBSTANCES IN
TWD TYPE 1T PHOTOLITHOGRAPHIC TUNNELS

Measured ConCentrations
ok [
description Sampie Semple Hexamethyl- n=butyl CeNlosalve Methyi
Han1toring or location duration volume disilzane Acetane acktaie Xylene acetate Czllosolve
meLhod of monitor {ham} | {literg) {bpm) {ppm) {ppm) {pem] {pom] (pom}
Personal Mafer checking in 1 17 4 nd 035 a8 6 a1 ad nd
Mod 6, W20 aisle 254 188 nd a0z nd 00y ndg nd
Time—we1ghted dverage congentration L 08 o1 0 01
Wafer checking 1n 349 35 1 ng nd a0l G 08 nd nd
Mcd B, W20 aisle £ 48 34 nd 0 58 0 02 015 nd nd
Time-we1gnted Average <oncentration 028 o ol Q12
Alrgnment and ex- 2% 22 h nd 006 4 03 G 14 0 04 ad
pasure ¢f wafers in 4 07 30 ng 2o g 02 09 nd nd
Mod 6, MZ0 3isle
Time-me1ghied averags Concentrabion 0 15 0 02 Q11 182
Al1gnment and ex- £ 18 129 8 nd nd am G 0B l| nd nd
posure of wafers n £ 14 128 © nd 18 am 010 E J o1 nd
Mcd B, M20 a1tle
Time-weighted average concentration D &4 aql 009 <0 4]
Ares Wafer checking 116 136 fd i ad 021 nd na
stat1on Mod &,
20 arsie
Alfgnent and en= 120 15 3 nd 0 3% nd 006 nd nd
pature station 1n
b, M2G ar15le
Paruenal Wafer ¢hecking in iql PR od nd o0 o oS nd nd
Mad 5, M14 aisde 5 18 138 0 nd 002 g0 b 34 nd nd
Time-weighted nversge concentration am g [ ) ‘
Wafer cnacking mn FA ] 331 nd aQr 0 id 15 nd ad
ot &, ML g13de Iin anil n G 15 a a7y 1 50 nd nd
Time-weighted average ¢gncentration 012 oos 11 J nd f
Al1grment and éx- 118 17 4 nd 007 G o7 nd
posure of wafers In 2 36 51 e nd 0 05 D10 nd nd
Mod &, Ml& aisle
Time-wa1ghted average concantration 005 b oz J [
Maintenance 1 z 28 28 23 e 2 53 802 0 36 l nd nd
Mad 4, HlE aisle 2 05 21 69 nd 125 S o33 nd nd
Time=we ghted average concentration 1358 oz D 3% j

nd - Mo concentration of solyent was fourd above the detectian Jimyt of the dmalyticai method Detection limits achieved during
this analysis were  hezamethyldisi1izane - & ug, acetone = | ug. n-butyd aretats - | v, methyl cellosolve = 1 pg, and
wathy| ethyl ketone - | g
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In Type I tunnels the arga samples were taken near the
photoresist application station. The air sampling pump was
located at "head" level between the photoresist spin~on equipment
and wafer-baking unit. During the sampling effort, as many as
four workers would be operating equipment in the Type I tunnel.
Workers in Type I photolithographic tunnels do not remain posi-
ticned in front of the photoresist application station for long
periods of tame. A majority of their workday 1s spent at other
work stations in the tunnel. A worker begins a work activity
cycle by loading wafers inta the spin-on operation. Following
load~1n, the worker starts the process egulpment, observes 1its
operation to assure that the desired treatment of the wafers 1s
being achieved, and then leaves the area to attend to other tasks
withan the tunnel. The worker will return periodically to observe
the process operation and finally to assist in the load-out of
wafers from the baking oven.

Sampling in the Type II photolithographic tunnels was con-
ducted by both perscnal and area monitoring methods. Area sampling
was conducted at each of the two work stations located in the
Type II tunnels. Perscnal samples were ¢ollected from alignment
and exposure workers, wafer checkers, and a maintenance worker.
Because operations in Type II tunnpels are more automated than in
Type I tunnels, only two full-time process workers are required.

The alignment and exposure workers remain seated at their

work stations for most of the workday. Short excursicns from

4Q



their seated work activities occur when it 1s necessary to load
wafers into the Wafer-TraﬂE)system or check on 1ts operation.

The wafer checkers also remain seated at their work stations
throughout most of the workday. Some excursions are made to load
or unlpad wafers, to check on the operation of the ‘:-Jafer-“Tral-:cE:l
system, or on gccasion, to leave the tunnel to transfer wafers to
the plasma etchaing station,

The maintenance worker monitored during this survey remainsed
in a Type 1I tunnel for most of the sampling period. The mainte-
nance activity was limited to the Wafer-TraéE)system; the mainte-
nance worker had partially dlsaséembled the Wafer-TraéE)system to
observe, clean, and adjust the eguipment,

Figure 2 s a diagram showing the position of photolitho-
graphic workers, the location of area and personal samplers, and

the range of worker movement during normal work activities.

WET CBEMICAL STATIONS

Wet chemical stations are used at Fairrchild to clean wafers,
to etch or strip deposited layers, or to ¢lean components of
certain process equipment {see wafer-etching section under FPlant
Process Description), Wet chemical stations that were evaluated
during the in-depth survey included 1) ventilated stainless steel
benches for cleaning photoiithography equipment parts with xylene,
and 2) ventilated plastic benches with recessed wells for cleaning,
etching, or stripping wafers by immersion in an acid solutieon.

The xylene cleaning station 18 a stainless steel bench in a

laboratory-type hood, The exhaust hood encloses the unit on
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three sides, and a flexible plastic shield runs across the front
of the bench. The shield 1s used tec decrease the open-face area
of the bench. The open-face area 1s 500 in.’ with the shield
down, the average face velocity 1s 83 fpm, and the estimated
volumetric flow rate 1s 290 cfm. Measurements obtained with the
shield up resulted 1n an open-face area of 1356 in.% and an
average face velocity of 44 fpm.

The xylene ¢leaning bench is vented by two slots (17 x 1.75
in.} located at the rear of the bench. The average slot velocity
ranged between 750 and 975 fpm for a combined estimated volumetric
arr flow of 360 cfm. & sclvent well in the bench surface con-
tained a tank of xylene at room temperature (22°C). Although a
set of slots were located around the perimeter of the well to
control soalvent vapor emissions, no air flow was detected,

Etching, cleaning, or stripping of wafers 1s achieved by
imnmersing the wafers in an appropriate solution, The operations
are performed in plastic benches with local exhaust ventilation
provided by slots across the rear cf the bench, around each
solution tank perimeter, and through a perforated deck that 1s
vented to an exhaust plenum below the work surface., The basic
design of the wet chemical bench 1s shown in Figure 3, with
variations of the bench design as indicated. Measurements taken
at the bench inglude face veleocity, slot velocity, tank slot
velocity, and air velocity at the perforated deck,

Dimensions of both acad and sclvent benches and local exhaust
ventilation were obtained and the air flow was estimated in cubic
feet per minute. These results are summarized in Table 3.
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Figure 3. Cut-away view of wet chemical station.
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TABLE 3. SUMMARY OF VENTILATION MEASUREMENTS FOR WET CHEMICAL STATIONS

Face Alr Slat AT Tank slat | Mvr
velacity flow velacity flom velocity | Flow
Bench type (fpm) (cfm) { fom) {(cfm) {fpm) (cfm) Agents
Cleaning station 30 B0 750-975 [200-360{ Neq. 0 Xylene
Acid cleantng 120 1820 | 1190-3100 [ 480 170 110 HF
70 60 HzSﬂquEUE
105 100 KK/ HC ]
Metal etching 110 1240 |* 62%.1500 214 0 0 KF
100 a0 HF
90 80 | HgPo,/HND,
100 a0 H3P04IHN03
Ac1d cleaning 165 1188 7A0-1580 L4 an 30 HF
50 10 H, 50, FHRO,
50 a0 HND5/HC
Acad c]ean1ng. 130 75D 10-1450 390 50 30 HF
55 30 1 NHgOW/HD,
50 40 HF
Acid cleaming’ 140 1280 | 13501500 | 900 65 100 H2°0a/Ma0y
70 100 H,50, f¥,G
27747 Teve
Actd Cleaning 120 1400 | 1390-2000 | 390 55 an Hno3’ 2%
120 110 uf
125 20 MO, /HET
T

=_
Addrtional local exbaust ventriztion provided by an exhaust plenum below a perforated deck with an
average face veloe1ty of 150 fpm and a1r fiow of 70 cfa

t Additional local exhaust ventilation provided by an exhaust plenum between perforated deck along the
frant edge of the bench with an average face velocity of 180 cfm and atr flow rate of &0 cfm.
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Monitoring Results

Three chemical substances were monitored at wet chemical
stations during the survey of the Fairchild integrated circuat
fabrication facility: hydrofiuoriec acid, sulfuric acid, and
nitric acid. Personal sampling methods were used tc monitor for
hydroflucoric and sulfuric acids. Area monitoring was conducted
only on wet chemical stations where nitric acid was used. The
area source monltoring for nitric acad was performed both inside
and outside of the hooded acid baths in an attempt to estimate
the hood efficiency of the wet chemical station.

Table 4 presents the results of the personal sampling for
both hydrofluoric and sulfuric acid., Personal monitoring of

workers for esxposure to hydrefluoric and sulfuraic acids was

conducted on four employees. Perscenal samples for hydrefluorac

acid were taken on a worker involved in wafer etching and on a
chemical handler.

Two of the nitric acid samples were taken just inside the
plastic shield located on the hooded wet chemical station and two
samplas were taken outside the plastic shield. The results of
the area sampling effort to detect nitrac acid concentrations
proved unsuccessful because all of the analyses showed nitric
acid to be below the detection limat (500 ug) cfothe NIQSH Ref-
erence Method (S319).

Work Practices

The jobs of the two workers (the operator and the chemical

handler) monitored for exposure to hydrofluoric acid are markedly
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di1fferent, Their exposures represent both controlled and uncon-
trolled situations. The operator involved in wafer etchang

spends only a small portion of the workday at the wet chemical
station (estimated by the operator to be 20 percent). The remain-
der of this individual's time 1s spent at stations opposite the
wet chemical station. The work performed at the wet chemical
station consists of leocading and unloading wafer cassettes from
etching and deionized watexr baths.

The chemical handler spends a pertion of time at the chemical
wet stations (estimated by the coperator to be 50 percent) and the
other half is spent transferring acid containers to and from
storage. The chemlcal handler leocads or replenishes etchant baths
wlth acid, an actaivity that often involves tasks (i.e., pouring)
that require reachaing inside the hooded wet station. This work
activity has the potential to disrupt air flow to the exhaust
slots and to cause some release of acid fumes to the workplace
airr.

Twe photoresast etching workers were monitored for exposure
to sulfuric acid. The photoresist etching is performed in the
photolithography tunnels as part of the wet chemical operation.
The diagrams presented 1n Figure 4 summarize these weork activi-

ties,

DIFFUSION FURNACE ASSEMBLIES
Daffusion furnaces operating at atmospheric pressure are
used for 1) thermal oxidation of the wafers; and 2) dopaing of

wafers, which involves the use of boron trichloride, phosphorus
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tribromide, phosphorus oxychloride, antimeony trioxide, boron
nitride, arsine, and diborane. The diffusion furnace assemblies
consist of a furnace cahinet containing the furnace tubes and
heating elements, & clean station where wafers are manually or
automatically lecaded into the furnace, a source cabinet, and a
control console. The source cabinet 1s enclesed and vented by &
lacal exhaust. A ventilated scavenger box positioned at the
furnace tube end provides control of gas and particulate emis-
sions from the tube opening, The furnace cabinet 13 also en-
closed and ventilated. Several variations of this basi¢c daiffu-
sion furnace design that were observed throughout Fairrchild's
facility are described in the fellowing subsectiens. Figure 5
presents the basic components of a diffusion furnace and 1ts

assoclated work stations.

Work Practices

The characteristics of the work activities of furnace opera-
tors generally dc not change with the type of material being
diffused; the basic interacticon of worker with eguipment remains
much the same. Because ©f the basic similarities between the
activities of workers at various diffusion furnace assemblies,
these activities are described only once in this section. The
results of monitoring for various toxic substances around the
daffusion furnace work areas are prasented later in this report
under specific subtitles.

During the in-depth survey 1t was noted that one worker was

responsible for a single bank of diffusion furnaces (1.e., four
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diffusion tubes). 1In some cases, however, more than one process
worker was performing tasks in the wvicinity of the diffusion
furnace tubes. For this reason, the sampling results may reflect
workplace exposures for other workers in the fabrication area.
The employee responsible for a bank of diffusion furnaces spent a
majority of the workday at two primary work stations: 1) the
loading station, where wafer boats were loaded in and out of the
tube furnaces; or 2} at the adjacent clean station, where incoming
wafers were removed from cassettes and transferred to boats or
finished wafers were removed from the boats and transferred back
1nte cassettes. The operators frequently leave these primary
work stations, but only for short periods of time, Daiffusion
furnace operators periocdically leave the furnace area to obtain
new quantities of wafer? or to transfer finished wafers to a
holding station. It was also common to see the workér appreoach
the furnace control panel and make adjustments. Figure & pre-
sents a pigctorial diagram of a diffusion furnace work area, the
location of work stations, and the placement of both area and
persconal moniteors,

Three-inch Diffusion Furnaces

Forty diffusion tubes are arranged in 10 banks of 4 tubes
each. The banks are located parallel to furnace loading staticns
and positaioned under vertical lamainar £low HEPA filters. The
furnace cabinets and source cabinet are enclosed 1n a separate
room, which also contains ventilated gas storage cabinets and a

ventilated chemical sink for filling liguid source bubblers.
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Access to the room 1s from the fabrication area through a deor
normally kept closed during cperation. Employees are not re-
gquired to enter the source cablnet room during normal operations.

The results of ventilation measurements taken near the 3-
inch diffusion furnaces are summaraized in Table 5.

HEPA filters located over the furnace tube openings provide
a clean air curtain that prevents particulates from settling on
the wafers, The HEPA filter air flow varied from low velocaties
{approximately 4 fpm) at one station to high velocities (approxi-
mately 84 fpm} at another station. Average volumetric flow rates
for the HEPA filters ranged around 1010 cfm,

During the in-=depth survey, it was noted that some drffusion
processes requlre the aperator to pull the wafer carriers from
the furnace quickly. During this guick pull coperation, tube
furnace gases may escape or be emitted from the wafers. When
this oc¢curs, the air flew from the HEPA filters may contribute to
the dispersion of deping agents into the surrounding workplace
air,

Access to each furnace tube is through a vented scavenger
box. A stainless steel door 1s present on the front of each
scavenger box at the 3-inch assemblies. This door 1s usually
¢losed during cperation, and the closed box forms & trap that
contains and removes air escaping from the furnace tube., The
door provides a loose seal, which allows outside air to bleed

into the scavenger box. A bleed-in is also provided through a

54



2)0uan} 343 Up SIOLS oMy woa) {wdy BELL) Wid DEp PUR (Wwdy 21)T) Wi 0B IPNLOVE SISANUXI |RUCLIPRY

ugye} Jou @M Sjuswaunivay '

WD 2B 40 MO(J A4E PIIRWLISI R pue wdy p2] S0 L1L20[3N @

PR30 |pUL F2BLINS JFBUBAEDIS Y] IR SUAAJNSEIY

w0q JalLaARIS wosy §40RYE] AONE 1P POULEING JUSDANSESN
"}

) [ T oeE
5 o2y
0f pES
o DI
15 08¢
5§ 02
2 .2 09 09%
o2y W60 Mg
N *C120d *hapd + 4 A oy2 3 ¥ 01 pue G saiguing
uOLENLLT Youk-g
11 ast
0f 09
EE 015
£2 0st
0z 00€
Al 092
&I 082
%p %y =%y %% + ' £ a9z b ¥ ¥ PUT [ sa0€UIN
UDLSMYLL] YIuL-E
55 Q05
Bl ‘082
£2 T
01 091
BZ oty
9€ 005
¢ £1 a0Z
HSY 13 0z51 A 061 ol v8 7 Due | saamuaRg
:a_—m.._hu-.__ﬁ_ YoulL-g
(5)zuaby {wy3} {wdy) {uya) jwds) {wya) (udyg)
Moy £1130(34 LT £Lan]an A0} AL 20} DA
ALy abeaaay A1y afieaany Jy abeaday
T JaAn0h U ANELTTETY 2 FEY TN RTPEL

I 19U

S32¥NANS NOISNS4IG HONI-E LY NINYL SINIWIHNSVIW NOILYTIINIA J0 AYVWWNS

RREAL T

S5



double panel ain the door, which allows air to enter via an effec-
tive area of 0.04 to 0.07 ftz. Estimates of air flow rates
through the bleed-in range from 6 to 37 cfm, with air velocities
of 160 to 530 fpm, respectively.

Open-faced hoods {10 in. x 5§ 1n.) are often located at the
base of the furnace tube-lcading stations., The open-~face hoods
are used to contrel chloride emissions from furnace end caps when
the furnace 1s using phosphorus oxychloride as a doping agent,
The end capsg are removed from the tubes and placed in front of
the hoods., Although not presented ih Table 5, average face
velocities of the hoods were measured at 1010 to 1140 fpm, with
estimated volumetric air flow rates of 380 to 430 cfm.

Two diffusion furnace stacks containing four tubes each are
used for daiffusion with boron traichloride. The boron traichloride
1s supplied from lecture bottles that are stored adjacent to the
unit in a partially enclosed, ventilated cabinet located between
the diffusion furnace stacks. The cabinet contains gas supply
lines, requlator assemblies, and floor controllers for the diffu-
sion furnaces. It is vented by two 4-inch diameter ducts. Air
velocities of 3200 and 1710 fpm measured at the duct openings
resulted in an estimated volumetric air flow rate of 280 and 150
¢fm, respectively. The source cabinet at the rear of each tube
bank 1s enclosed and vented by a 4-inch diameter duct. The
average velocity measured at cone cabinet was 27%0 fpm, which

resulted 1n an estimated flow rate of 240 cfm,
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The front end of the furnace, which includes the control
panel daisplay and wafer loading statieon, 1s located in the clean
room fabricaticn area. BAececess to the rear of the control panel,
the lecture bottles, and the source cabinet 1s located in a
separate room.

Antimony Diffusion Furnace

The layout of the antimony diffusion furnace daiffers slaightly
from the furnaces just described. The primary difference is in
the design of the source cabinet. & small source furnace 15 con-
nected to each of the larger tube furnaces. Antimony trioxade is
leaded ontd & hand-held small paddle .at the lcading station
before being transferred intoc the scurce furnace. The antimony
diffusion furnaces are combined in banks of three tubes. Access
to each tube was possible through loading stations at the rear of
the agsembly. A clear plastac docor (27 in. x 41 ain.)} 1s opened
when measured dopant has to be added to the source furnace, The
paddle 1s used to introduce the powdered antimony trioxide into
the source furnace, which i1s located in an enclosed, ventilated
source cabinet. Access to the source furnace i1s through a loading
station at the back of the diffusion furnhace assembly. The
source furnace work station 1s ventilated by a 17 in. by 15 in.
duct. The duct opening, which is directly parallel to the workaing
surface, provides the source cabinet with general exhaust venti-
lation.

The ventilation characteristics of two source cabinet leoading

stations were assessed. The face velocity at one loading station
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1t

was 81 fpm and the estimated volumetric air flow rate was 620
cfm. The air velocity at the face of the work surface slot
exhaust was 490 fpm and the estimated volumetri¢ air flow rate
wag 140 cfm. The face velocity at the second loading station was
47 fpm and the estimated flow rate was 360 cfm. The air velocity
at the face of the second slot exhaust was 567 fpm and the esti-
mated flow rate was 160 ¢fm. The low face velocity and flow rate
of the sescond loading statiocn were due to a less-than-effective
enclosure of the source cabinet, which resulted in leakage of air
into the system.

As in the case ¢of all diffusion furnaces, wafers are loaded
into the furnace tube opening opposite the source cabinet. These
forward furnace tube openings are alsc ventilated by scavenger
boxes. The scavenger boxes act as exhaust plenums with two
exhaust takeoffs, One takeoff 1s permanently cpen, and the other
15 automatically opened whenever the furnace access door is
opened. At one furnace tube, air velocity at the face of the
scavenger box with the door open was 123 fpm and the estimated
flow rate was 65 cfm. When the access door 1s closed, air enters
the scavenger hox through a circular slot in the door. The
average alr velocity measurements taken from five furnace tubes
on which the doors of the scavenger boxes were closed ranged from
60 to 131 fpm and estimated flow rates ranged from only 2 to 5
cfm.

It 1s beliaved that the scavenger box face velocities can be
affaected by the air movements from the vertacal laminar flow HEPA
filter located over the loading station. The air velocity measured
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at the face of one of the two HEPA failters was 124 fpm and the
estimated air flow rate was 1330 cfm. The values were 111 fpm
and an estimated air flow of 1190 cfm on the other. Ventilation
measurements taken at an antimony diffusion furnace bank are
summarized in Table 6,

Pour-i1nch bDiffusion Purnaces

The 4-inch diffusion furnaces do not vary greatly from
3~inch furrnaces in terms of assembly layout. Some differences
ex1st in the enclosure characteraistics of the gas "jungle" cabi-
net (one with a2 maze of lines), source cabanet, or the furnace
tubes; however, these different configurations do not appear to
affect the functicn ©f the exhaust ventilation systems. As a
rule the d4~inch furnace assemblies are designed to have higher
gcavenger box and source cabinet exhaust flow rates than either
the 3-inch or antameony diffusion furnaces. One significant
difference associated with scme of the 4-inch furnaces 1s the
absence of a door on the scavenger box. The ventilation measure-
ments for the 4-inch diffusion furnaces are presented in Table 7.

Monitoring Results

The work areas associated with the diffusion furnace opera-
tions were monitored for diborane, arsine, arsenic trioxide, and
antaimony. The selection of a monitoring technigue {personal
versus area) to be used at a particular furnace assembly during
the in-depth survey was influenced greatly by practical con-
siderations. Horizontal surfaces were not always available for

locating area monators. In many cases, locating sampling pumps
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near the furnace tuhe areas woul@ have interfered with normal
work activities, It was often possibkle to accomplish personal

sampling with less disturbance to the work activities.

Diborane--

Personal sampling was conducted on an employee responsible
for both 3- and 4-inch daffusion furnaces. Area monitoring was
conducted both at 3-inch furnaces equipped with scavenger box
doors and 4-inch diffusion furnaces without doors. Samplers were
set at distances of 12 and 24 inches from the opening of the 3~
tnch furnace scavenger box openings. A single sample was taken
at a distance of 10 feet from the 4—1nc£ diffusion furnace. The

results of the sampling and analysis of worker exposure to dibo-

rane are presented in Table 8.

Arsenic Trioxide=-—

Two personal samples were taken on an employee responsible
for the operation of a bank of 3-inch diffusion furnaces using
arsine gas as a dopant., In addition to the personal samples,
area monitoring was conducted on four occasions at a staticnary
location 24 inches from the opening of the furnace scavenger
boxes. The results of both the perscnal and area monitoring are
presented in Table 9. Arsenic trioxide concentrations on all the
filter samples proved to be below the minimal detection limat of

0.035 ug.

61



B gz' 0 40 LUL] UOLJIAIIP Y] MO|DG AAIM S| Nnsaa [kOLIA|RUY i
‘awnjoA aldwes/{jueiq plaljy - I|dues) se paUlwidlap UCLILAFUIIUCD PIANSEIY .

AJOUUNS UOLSTLSEP SUBLOGLD

828 128 121 your-g 4o Bujuado woay 31934 g1
6'6¢ T A 07961 1€
£-0¢ 0°2¢1 21%2 aovuUANy UOLSN} LD SURUDQLD
1" ip1 9°99 00:1 Woup-¢ 40 Butusdo woay sayauy 21 ealy
> 1°€81 gy:z §adueJani UGLSNJJLP AURIDQLP
61> 6°1ET 10ig | youi-y pue -g jo Guipecjun ‘Buipeo
2R 1> 6°081 ap:Z Sajeuany uf|sN}ilp JuURIOGLD
1°2¢ 9°0b1 60:2 Youl-y pue -g jo bujpeajun ‘buipeo L eu0SAad
(guybn) »{ cu/B1) (s4a3tl) {uLw:ay) A0 LuCm 40 U0}3830| A0 poylau
UOLeAJUIIN0D UGLIRIIUIILDY | N [OA uoLjednp upL3diaasap qop fuLa0} LU0y
abedaae pajyblLom-aui | paJdnseay 2| dwesg 91 dweg

ANVHOHIO HOd ONIYOLINOW YIWY ONY TWNOSHId dJO AMYWWNS

'8 1TVl

62



Bl GEQTQ 30 JLWL[ UOLIDDIIP BY) MO[DQ IJaM SIINS3L |earjf|euy '

N oA BLdwes/(91seM plaly - 3)dwes) S PaULWJSISP UOLIRJIIUBIUOD PRINSLRay
F')

480°0> G /9 Gt:9 ¥0q 436U3ABIS IDRULNY UCLSN)ELD
400> ISk [5:9 |yaut=f Jo Buluado wouy sayoul $7 eady
90" 0> 3 070> £'£88 £1:4
1, 010> 0°'29¢ 009 saeuan}
4 50°0> B 91/ 20:9 UOLSN34LP YoUL-E 3O uelieaady LeuosJdad
{ el fB1) 5 (ell/ETL) (sd834 1) | {uLwiay) JOJLUOW J© UDLIRID| JD poyau
UGLIRAUIIUGY UOLIE8AUSDUDD | JWN}0A uoL3eanp worydiaasap qop BuLAo} LU0l
abeaaae pajybLom awl] padnseay a|duwe§ 3 jdueg

JAIX0IHL DINISHY ¥0J INIYOLINOW W3dY ONY TYNOGSY3d 40 AYYWWNS 6 379¥L

63



Antimony--

Three personal samples were taken on an employee responsible
for the coperaticn of an antimony diffusion furnace., Two area
samples were taken at locaticns midway between the two diffusion
furnace tube banks. The results of both the personal and area
monltoring are presented in Table 10. Antimony concentrations on
all the filter samples were below the minimal detaction iimit of

9.0 ugl

ION IMPLANTATION

Two major types of 1on implanters are commonly used within
the electronics industry: cassette-type implanters and pallet-
type implanters. Pigure 7 presents & basic 1llustration of both
types. Although Fairchild has both types of implanters, only the
pallet~type implanter was cperating during the survey.

Scheduled preventive maintenance of the 1on implantation
unit includes periodic cleaning of the ion source, changing of
the beam manipulator, and pericdic replacement of the vacuum pump
oi1ls. The 1on source 15 located within a sealed source chamber
maintained at pressures below atmospheric. When it 15 necessary
to access the ion source, the chamber is purged and backfilled to
atmospheric pressure before i1t 1s opened. During the opening the
chamber is vented by a duct located above the ion source, The
average face velocity at the duct was 1500 fpm, and the estimated
air flow was 120 eofm. During maintenance, the 1on scurce 1is
removed and taken tc a laboratory-type, ventilated cleaning

bench. This stainless steel bench has an open face of 7.42 ft2
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{44.5 1n. x 24 1n.) and 1s vented by a slot located at the rear
of the bench. The average face velocity of the bench was 172
fpm, and the estimated air flow was 1280 cfm. The slot face
veloccity was 1463 fpm, and the estimated air flow was 1490 cIim.

Gases used for 1on 1mplantation are stored in a ventilated
gas cabinet located within a lead-lined cabinet that encloses the
1on source and gas cabinet. The gas cabinet :r3 vented by a
6.5-1nch duct. Average velccity measured at the duct face was
2680 fpm and the estimated air flow was 5370 cfm. Measurements
were taken with the cabinet door open, The door, which i1s normally
closed, does not provide air intake vents or slots to facilitate
the movement of air into the cabinet,

Monitoring Results

Radiation film badges were used to monitor X-radiation
emissions from high energy scurces within the ion implanter. A
Geiger-Muller survey meter with a thin window probe was used to
identrfy "hot spots" or areas of X-ray emission above background.
After the detection of "hot spots," radiation dosimetry badges
were placed at the location of the emission. The badges remained
in place for a period of 37 days. The results of the monitering
for X-radiation are presented in Table 1l.

Arsine and arsenlc tricxide emissions were menitored during
the normal operation of the equaipment and during specific mainte-
nance activities., Personal monitors were placed on one worker
during the operation of an ion implanter that aincorporated a

pallet-type wafer-loading station. An area source monitor was
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TABLE 11.

RESULTS OF MONITORING FOR X-RADIATION FROM ION IMPLANTERS

Equipment type

Location of badge

Total

dose {mrems)

Weekly
dose {(mrems)

Yarian 80-10

Yarian DF-4

Wafer loading station
(work enviranment)

Beam window
(1ntericr of sgquipment)

Inside shielding around
10N source
(interior of equipment)

Qutside shielding around
ion source
{work environment)

Wafer loading staticn
(work environmant)

Observation window on
shielded source cabinet
near control panel
(work environment)

Inside shielding around
10n source

{interior of equipment)

* Weekly dose = total dose x 7d/37d.

t Less than the detection Timit of 10 mrems.
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Neg.
Neg.

145

70

Neg.

Neg.

Neg.

?

1.

-

26
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also located in the area of the work station where the wafers
were being transferred from cassettes to individual positions on
the pallet. The results of this sampling effort are presented in
Table 12.

In addition to the monitoring of work exposures duraing
normal operation of the 1on implanter, three types of maintenance
activities associated with this egquipment were monaitored for
exposure te arsine. An area sample was taken above the i1on
socurce 1n the open source chamber during removal of the ion
source unit. This sample was taken from a relataively small,
confined space in front of the worker. Although the concentra-
tion measured undoubtedly contributes to the workers' area expo-
sure, the magnitude of the workers' aciual exposure can ocnly be
inferred from these results. )

& similar area sample was taken in the shielded cabinet over
the receptacle for the beam manipulator, and these results are
also presented in Table 12. As 1in the case of the i1on source,
concentrations monitored during the removal of the receptacle
reflect neither a personal ner area concentration, but they do
andicate the general severity cof the exposure problem.

Sampling for arseni¢ trioxide was performed at a laboratory
hood used for cleaning the i1on source apparatus. The results of
the zampling for arsenic trioxide are presented in Table 12,

Work Practices

Although the werk characteristics and practices cof ion

implantaticn workers do not vary greatly wath the type of dopant
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being used, employees' work practices are affected by the physical
state of the dopant source. Sources can be i1n gaseous, liguid,

or solid states. Because of the potential for release and disper-
sion into the work environment, gaseous and ligquixd sources present
the greatest hazard to workers. Work practices around gaseous

and liquid sources are more regimented, and specific precautions
must be taken before certain tasks are performed. These regqulated
tasks are associated with the maintenance of the ion implanter

and the changing of source material.

The work practices can be divided into two categories:
operational and maintenance. Operational work practices consist
of equipment startup, operation, and shutdown. The transfer of
wafers to and from the wafer load-in station 1s an example of an
operatiocnal work practice. Flgqu B depicts work practices for
implanters with two types of load~in stations--cassette-type
load-1n stations and pallet-type stations. In the cassette-type
staticn, the operator must load and remove a cassette of 25
wafers; in pallet-type stations, the operator manually places 50
1ndividual wafers on twe circular holders or pallets.

Maintenance or source change activities are often periormed
by the egquipment operators ¢r endineers responsible for the aion
implantaticn portion of the process, Maintenance activities
inc¢lude changing of the source, replacement of pump oi1ls, and
general mechanical repairs. For source changes a worker must
wear either a self-contained breathing apparatus or a full-face

air-liine respirator. An ancillary maintenance activity not
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Figure 8, Pictorial diagram of work activities and Tocation of
persenal and area monitors during 1on wmplantation operations at
implanters with cassette-type (top) and pailet-type (bottom) loading stations.
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presented i1n Figure 8 involves the breakdown and bead-blasting of
the 1on source removed from the implanter. This activity
requires the worker to transfer the 1on scurce to a container or
glave boxr for transport to an enclosed bead-klasting operation.
The transfer 13 performed zrn the vicinity of the 1on inplanter

under protection of a supplied-air respirator.

RADTIQ-FREQUENCY RADYATION SOURCES

Radio-fregquency {(RF)} radiation 1s used in the followihg
process operations: 1) plasma etching/ashing, 2) radio-frequency
sputtering, 3) plasma-enhanced chemical vapor depesition, and
4) direct current (DC) sputtering {metallization). The RF monitor-
ing results obtained during this survey are presented in Table
13. v

The batch processes dedicated to plasma etching/ashing
operations use 13.56-MHz RF sources at 200 to BOO watts. The RF
sources for plasma etching are operated intermittently for 5 to
65 minutes, depending on the equipment and process requirements,

Radio=frequency sputtering i1s performed in both batch and
continuous processes., The batceh operations use 13.56-~MHz RF
sources at 350 to 1500 watts. The continucous operations use
13.56 MHz RF sources at 250 watts. The RF power sources used in
batch sputtering coperate continucusly. In the continucous RF
sputtering process, the RF source 15 onh for 30 seconds durang
each 70-second cycle, and the cycle 1s repeated continucusly over
the entire pericd that the equipment operates.

Radiro-frequency radiation 1s also used during the plasma
etching step in the DC sputtering process. The system operates
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with a 13.65-MHz R¥ source at 1500 watts for 1.5 minutes during a
17-minute process cycle.

Radio-frequency radiation emissions (magnetic and electric
fields) were found alcng the seams of adjoining metal plates or
mesh screens that form the cabinet enclosure, through openings in
the cabinet enclosure {the result of missing screws), and arcund
the cabinet's cable access ports. Initial measurements of these
emissions or leakage were made at 10 em (6 inches) from the
enclcsure cabinets, Once elevated RF measurements were identi-
fied, additional measurements were made at éreater distances from
the emission source. A level of 0.26 Az,’m2 RE magnetic field was
noted at 30 cm (12 inches) from one RF sputtering system, which
decreased to below the detection level at 61 cm (24 inches).

This leakage, whaich was measured in front of the operator's
viewing port, appeared to be due to a screw missing from the
Cabinet assembly and not from leakage through the glaqs port.
The RF radiation measured at the screw holes was 7.0 Azimz when
the process equipment was operating 1n the blias sputtering mode
and 3.2 Azfmz when 1t was operating in the etching mode. The
difference 1n measured RF emissions is due to the application of
a porticn of the elegtrical energy from the cathode to the anode
supporting the wafers. The operator may be exposed to either of
these levels for only braief perieds (<1 minute) while cbserving
the operation through the viewing port.

The autcmation cof the process equipment results in limited

operator exposure to RF radiaticn. Operators are reguired to
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ioad wafers or cassettes intc the process equipment. The opera-
tor then 1initiates the operation by dial or push-button control
and may remain at the equipment for short periods (1 minute} to
cbserve the operation with the RF power on. The operator is at
other work stations i1n the area during the rest of the process
cycle.

Plasma-enhanced chemical vapor deposition 1s performed as a
batch operaticn, which uses a 450-kHz RF source at power levels
of 300 tc 400 watts, and as a continuous cassette-to-cassette
operation, which uses a 13,.56=-MHz RF source at 100 watts. The RF
source 1n the batch cperaticn 1s on 24 to 27 minutes for deposi~-
tien and 100 minutes during a process etch cycle that 15 performed
once every l0 runs. During the continuous process operation
mode, the RF source 15 on for 115 seconds during a 145-second

cycle,

GAS HANDLING SYSTEM

Toxic, corrosive, pyrophoric, and flammable process gases
are supplied in cylainders, which are stored in ventilated gas
cabinets. The cabinets contain twoc to four cylinders, secured by
straps. The gas piping system {see Faigure 9) for each cylinder
15 mounted above the cylinders. The cabinets are vented by 4 to
8 inch diameter galvanized steel ducts that exit the top of the
cabinets, The cabinets used at thas facility generally are not
equipped with air supply vents. Table 14 summarizes the average
velecity and estimated volumetric air flow for each gas cabinet

duct. Estimated average alr velccaities ranged from 930 to 3130
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TABLE 14, SUMMARY OF AIR FLOW CHARACTERISTICS OF VENTILATED GAS
CYLINDER STORAGE CABINETS

Average VaTumetric
Duct diameter, | velocity,” flow rate,
Gas 1nches fpm cfm
S1H4 6 1980 390
HEG 6 3060 600
CF4f02 5 2700 370
BZHG 6 3130 620
NH, 6 2880 570
S1H4 6 2010 390
PH3, S1H4 ] 1510 300
AsH3 8 1460 510
BZHE & _2980 590
HCY, Ash, 6 930 180"
HCT, AsH3 6 2800 550
HCT, A5H3 b 2480 490
AsHy 6 2480 3507
BCt. control 4 3200 280
cabinet
BCY.,, control 4 1710 150
cabinet
HZIU2 source lab & 3380 300
AsH3 saurce lab 4 1520 130
I — W — —_—

* Average velocity determined with access doors open, using a thermal
anemometer. Three to five traverse patnts were taken to determine the
average value.

T Damper part1zlly closed.
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feet per minute, which result 1in estimated air volumetric flows
of 180 to 620 cubic feet per minute. The lowest velocities and
valumetric flow rates were from gas cabinets that had partially

clesed dampers in the ventilation duets.

GAS DISTRIBUTION SYSTEM

A general diagram of the gas piping system used at this fa-
c1lity 1s presented in Figure 9. A regulator assembly i1s attached
to the process gas cylinder, and a nitrogen purge line enters the
assembly just pricr to the regulator. Gas is distributed from
the regulator through =z SwagelokR flexible hose to 3/lé~inch
stainless steel line, The final control of the'process gas
occurs Just prior to where the stainless steel lines connect to
the process equaipment. Gas from the cylainders 1is contrelled at
the process equipment through a manually controlled WhiteyR
valve. The stainless steel laine 1s protected from overpres-
surization by a relief valve that exhausts to a 3/8-inch stain-
less steel vent. A second WhltEYR valve allows gas tec exhaust
from the system to a2 3/8-inch stainless steel vent.

House nitrogen 1s used as a purge gas. The gas 1s distrib~
uted through 3/8~inch copper or stainless steel lines, and it
passes through a nltroéen regulator, a WhlteyR valve, and two
check valves before i1t enters the process gas system i1n front of
the process gas regulator.

A variation of the above system included the use of "pig-
tai1ls" in place of the flexible hose. A "pig-ta2il" 1s a circular

corl of stainless steel line that gives the system some degree of
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structural flexibality in the connecting or disconnecting of gas
cylinders. Air-operated valves may be used in place of manual
shutoff valves to switch the gas supply from an empty to a full
cylinder, Cylinders may contain liguified pressure. Any gas 1n
the exhaust vents 1s released directly to the external plant

atmosphere,
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CONCLUSIONS

The results of the in-depth survey lead to the fellowing
conclusions, which correspond to each work activity or process
operation discussed in the control technology section of thas

report.

CHEEMICAL HANDLING

Most of the chemical-handling tasks performed at the Fair-
child facility involve the movement of process chemicals from
storage or holding areas 1nto the circuit fabrication process
area. Toxic or hazardous gases used at Fairchild were trans-
ferred from compressed gas cylinders to process machainery through
a gas handling system. This system 15 an example of "“good"
contemporary engineering design. It inceorporates 1) exhausted
gas cabinets for safe storage of gas cylinders, 2) flow-limating
and emergency shutoff valves, and 3) welded stainless steel lines
that contain a minimum of compression fittings. Worker exposures
to leaks and gas releases during cylinder changing cperations are
further controlled through the used air line-supplied respirators,

Worker exposures during the transfer of liquid chemicals are
controlled through the use of personal protective eguipment.
Chemical handlers (chemical technicians} are provided with per=-

sonal protective equapment consisting of 1) chemical-resistant
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aprons, 2) acid= or chemacal-resistant gauntlets or gloves, 3)
chemical-splash goggles and face shields, and 4) protective
boots. The overall potential for accidental exposure to liquid
chemicals 15 further reduced by limiting the supply vessels to
l-gallon containers that are transported from intermediate stor-
age areas to ventilated wet chem:ical benches in the fabrication
area. The intermediate storage areas consist of exhausted

cabinets with automatic sprinkler systems.

BROCESS CONTROLS

In most instances it was not possible to assess the effec-
tiveness of more than one control option, eirther because of the
lack of varaiation in control solutions at Fairchild or because of
the limits that budgetary consideraticns imposed on the sampling
effort. The controls that were observed were assessed 1n terms
of their effectiveness at reducing or eliminating an exposure
problem, Although the sampling approach taken during the in-depth
survey was not designed specifically to calculate 8-hour time-
weighted averages, a caomparison of such values with recommended
threshold limit values (TLV's) will provide a guantitative
assessment of process control effectiveness.

Photolithography

Worker exposures to corganic substances from photolithographic
operations in both the Type I {(0ld technology) and the Type II
(new techneclegy) tunnels proved to be less than the TLV's for
these substances (see Tables 1 and 2). Area monitoring in Type I

tunnels detected acetone, n-butyl acetate, and xylene at levels
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egual to or less than 5 percent of their respective TLV's,
Although Cellosclve acetate, methyl Cellosolve, and methyl ethyl
ketone were used in the process, they were not detected during
the in-depth survey. Hexamethyldisilizane (for which a TLV has
not vet been established) was detected at levels between 0.03 and
0.31 ppm. No personal monitoring was conducted in the Type 1
photolithographic tunnels.

Area and personal monitoring in Type II tunnels detected
acetone, n-butyl acetate, xylene, and Cellosolve acetate at
levels less than 1 percent of their respective TLV's., Hexamethyl-
disilizane, methyl Celliosolve, and methyl ethyl ketone were not
detected during either the area or persohal sampling.

Although neither photolithographic operations (Types I or
IT} presented an eXposure hazard to the fabrication workers, the
newer process egulipment in the type II tunnel (i.e., the Wafer
Trak® Systent) appears to provide a fivefold reduction 1n work-
place exposure.

Wet Chemical Stations

Worker exposures to hydrofluoric, sulfuric, and nitric acids
were monitored at the wet chemical wafer etching stations, which
use a "laboratory type”™ chemical bench design, This type of
design 1ncludes a plastic splash shield, local exhaust slots
across the rear of the bench, slots around the perimeter of each
solution tank, and a perforated deck serviced by an exhaust
plenum below the work surface. The workers invelved in wafer

etching at these benches and the chemical handlers responsible

84

b



for replenishing the acid tanks were exposed to aerosol levels
representing less than 1 percent of the TLV's for hydrefluoric
and sulfuric acid (see Table 4), No nitric acid was detected at
the wet chemical staticons where nitric acid sclutions were used.

Diffusion Furnaces

Diffusion furnace operators and their work areas were moni-—
tored for diborane, arsenic tricxide, and antimony. A majority
of the diffusion furnace banks studied incorporated the use of
four ventilation ¢ontrol measures; 1) ventilation of the enclosed
source cabinets, 2) ventilation of the furnace tube bank and gas
supply line “"jungle,” 3) ventilated scavenger boxes egquipped with
closing doors, and 4) open~faced hoods located at the base of the
furnace tube loading stations. The 4~inch furnaces were the
single exception; although ventalated, the scavenger boxes on
these furnaces had neo doors,

Emissicns of boron compounds (possaibly diberane) were detected
in personal and area samples taken at the 3- and 4-inch diffus:ion
furnaces using diborane. The results of personal sapmples taken
on furnace operators ranged between zero and 14 percent (14.4
ug/m3) of the daiborane TLV. An area monitor located 12 inches
from the opening of a 3-inch furnace was used to collect three
alr samples (see Table 8)}. Assuming that the boron compounds
collected were diborane contents of 2.7, 4.0, and 9.8 ug, respec-
tively, were found in 196, 132, and 67 liters of collected air.
Another area monitor, located 10 feet from the copening of a
4—inch furnace, collected 6.8 upyg of diborane from an 82-liter
sample of air. The results of the sampling effort identified the
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potent2al for the emission aof diborane.” The results also sug-
gest that the varlation in s¢avenger box design between the
3=-inch and 4-ainch furnaces does not affect the level of dopant or
process gases escaping in the workplace.

Scavenger box face velocities were measured at values as low
as 60 fpm. It 18 possible that under some circumstances the
removal of wafer boats combined with the downdraft of air from
overhead HEPA filters could reduce the effectiveness of the
scavenger box exhaust.

A similar concern arises about air velocities measured at
source cabilnets, Readings as low as 47 fpm were observed on
diffusion furnace source cabainets containing toxic dopants.
Personal and area samples taken at furnaces using arsenic tri=-
oxide or antimony dopants fairled to detect either arsenic or
antimony 1in the workplace air {see Tables 9 and lﬂf.

Ion Implantation

Ion implantation cperators and maintenance personnel were

monitored for beoth arsenic (measured as arsine gas) and X-rays.

At Fairchild's request, ancther set of diborane samples were
analyzed to verify the presence of boren (measured as diborane).
In this second set, all results were below the detection limit
of the method. Although exactly the same process operations
may not have been performed during the second sampling effort
as during the first, no explanation was found for the discrep-
ancy. It 1s suggestad that any person having a particular con-
cern about diborane exposures in the fabrication argea should

conduct independent sampling to verify the presence or absence
of diborane.
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The 10onh generating mechanisms of i1mplanters are housed in &
lead-shielded cabinet. This shielding provides protection against
the emigsion of harmful levels of X-ray generated during the
application of hagh-voltage electrical energy to the 1on scurce.
Dosimetry badges were placed at four locations on the implanter
cabinet outside of the shielding and at three locations inside
the shielding., Three out of the four workplace locations regis-
tered negligible emission levels (see Table 11). At just one
location ocutside the shielding a total dose of 70 mrem (approxi-
mately 13 mrem/week) was detected. Another dosimeter placed in
the same location, but just i1nside the shielding, registered a
total dose of 140 mrem {approximately 26 mrem/week)}.

The dosimetry data indicate that the shielding greatly
attenuates the level of X-ray emissions thaF reach the workplace.
At the poaint of greatest potential exposure {close to the 1on
sopurce, but outside the protective shielding) the attenuation was
limited te 50 percent.

Duraing the routine performance of manning the eguipment, ion
implantation operators appear to be exposed to very low levels of
arsine gas {less than 1 percent of the TLV) (see Table 12).

Maintenance personnel involved in the removal of 1on sources
o¥ the repair of graphite components (i.e., beam manipulation}
are confronted with large emissions of arsenic {presumed to be in
the form of arsine gas). During one sampling period area monitors
located over the graphite receptor of the 1on socurce and the beam

manipulator collected 4132 and 1.1 ug of arsine, respectively.
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This sampling effort was the first verification of suspected
arsenic exposures during source maintenance efforts. As an
established precaution, Fairchild's maintenance personnel are
required to wear full-face airline-supplied respirators during
maintenance activities. As an additional protective measure, the
10n spurces are guickly transferred upon remeoval to air-tight
glove boxes for maintenance or repair. Thas precautién is
designed to prevent the suspected "out-gassing"” of arsenic

ar arsenic compounds from graphite material components.

Radio Frequency (RF) Sources

Radio-frequency or microwave radiation emissions were detec-
ted near most RF generating sources (Table 13)., Several of the
metallization units produced magnetic near~field energy levels
that could result in exposures above the TLV for 13.56 MHz scurces.
The work habits of Fairchild employees, however, prevented any '
such expcosures. Thelr work regimen prevents them from spending
any more than 1 or 2 minutes near encugh to the eguipment to be
exposed to the levels measured during the in-~depth survey. In
contrast to the exposure potential to magnetic=field emissions,
only one source had the potential for overexposure to electrical
field energy.

Emissions due to the magnetic and electrical fields for 450-

kKHz sources were helow the recommended TLV's.
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