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INTRODUCTION

BACKGROUND FOR CONTROL TECHNQLOGY STUDIES

The Naticonal Instatute for Occupaticnal Safety and Health
{NIOSH) 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), 1t was established by tﬁe Qccupational S5afety and
Health Act of 1970. This legislation mandated NIOQOSE to conduct a
number of research and education programs separate from the
standard setting and enforcement functions carried out by the
Oc¢cupational Safety and Health Administration (OSHA) in the
Department of Labor. An important area of NIOSH research deals
with methods for controlling ¢ccupational exposure to potential
chemical and physical hazards. The Engineeraing Control Technology
Branch (ECTB} of the Division of Physical Sciences and Engineering
has been given the lead within NIOSH to 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 speclific control techniques. Examples
include studies of the foundry industry, various chemical manu-
facturing or processing operations, spray painting, and the recir-

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



has been to evaluate and document effective control technigques
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 availakility of effective control measures.

Such studles are carried out in steps or phases. Initially,
a series of walk-through surveys 1s conducted to select plants or
processes w;th effective and potentially transferable control
concepts or technigues. These are followed by in-depth surveys
to 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 contrel measures. Ultimately, the infecrmation
gathered from these research actiaivities forms a publicly avalla-
ble data base on hazard control techniques for the use of health
professionals responsikle for preventing occupational illness and

injury.

BACKGROUND FOR THE MICROELECTRONICS INDUSTRY STUDY

The electronic components manufagturaing industry, in partaic-
nlar the semiconductor (SIC 3674} manufacturing or microelectron-
ics industry, has grown tremendously in the last decade. Approx-
imately 114,000 perscns were employed in this andnstzy in 1%77.
A number of hazardous materials are being used in the industry
such as arsine, phosphine, and boron. Little informaticn 1is
avallable on exposures to these materials in the industry, but
there are indicatiens from a Cal/OSHA study that adeguate con-

trols for handling toxic games like arsine and ph¢sphine exist in



only a few plants. The Cal/0SHA study and a previous NIQSH study
on the photovoltaic industry indicated that substances like

arsine might pose an arsenic hazard to microelectronlcs workers.

BACKGROUND FOR THE FAIRCHILD SEMICONDUCTOR SURVEY

This 1n-depth survey was performed as part of a larger data
gathering effort to characterize basic exposures and describe the
processes and controls sc that an assessment can be made of the
hazard contrcl technology applied within the microelectronic
industry. It 15 hoped that the firm visited during this survey
and similar facilities throughout the industry will find the
results presented herein useful i1n their attempts to control
accupational hazards asscclated 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
facility {(which 1s coperated by the Fairchild Digital Products
Division) allowed NIOSH representatives to observe the fabrica-
ticen of integrated circuits, an operatien that involves a range
of process and control technologies.

Six of the many process coperations common to the fabrication
of integrated circults were studied in detall; photolithography,
wet chemical etchiaing, diffusion doping, 1on implantation, opera-
tions using radic frequency radiation, and gas handling and

distribution systems.



FLANT PROCESS DESCRIPTION

Th:s section éescraibes the physical plant, the antire circust
fabrication procesi, and wvarious individual procese gperations at
the Fairchild Semiconductor facility. The fabricaticon of inte~
grated caircuits 1s not easlly doecribed because the process steps
repreeent a mixture of both »6b shop and line operations, which
may he= repeated many times during the completes fabrication pro-
cess, Indeed, many ¢f the indivadual mtepa could be considered
distinct precesses in themselves, For the most part, the proceass
descriptions 1n thas report will address discrete operaricns and
wlill in%terrela*e those cperatloﬂh only when necessary Lo igprove
the reader’s understanding. Througheout the discussicn the reader
will be referred to Lnformaticn sources that provide ﬁbre devajled

descriptions of the fabricetior steps i1f sueh details are depired.

GENERAL DESCRIPTICN

Fairchild's 5S¢uth Fortland, Maine, plant was constructed in
1961. The facility, which consiste of two concrete bleck build-
ings with a cembained area of 220,000 sguare feset, manufactures
digital bhipolar integrated circuaits, GCperaticnd include circdit
design, wafex fabracation, lead fsbrication, assembly, packaging,

and research and degvelapments ackgaivitias.



Cf a total of 1360 employees, 890 work in the production
area (531 on the first shift, 215 on the second shift, and 146 on
the third shaft). The remaining 270 employees hold administra-
tive positicons,

Approximately 230 of the production workers are in the wafer
fabricaticon area. The remaining production employees are 1in
integrated circuit testing, wafer sorting, die scribing and
separation, die bonding, packaging, reliability testing, and film

production (Beta Film).

CHEMICAL STORAGE

Chemical supplies for the fabrication ;rea are stored 1m an
individual container chase adjacent to the clean room fabrication
area. Liquid chemicals are supplied in l-gallon containers and

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

placed in exhausted cabinets that have sprinklers in the walls.

GAS HANDLING SYSTEM

Process gases are supplied in cylinders, which are stored in
ventilated cablnets in or near the process egulipment. Process
gases are distributed toc the eguipment in welded stainless steel
lines and are connacted to the equipment with compression fittings.
Nitrogen i1s supplied from a bulk storage tank., This supply.,
known asg house nitrogen, is used as a purge gas. Dual check
valves with a relief valve between them are used 10 the nltrogen
lines to prevent contamination of house supplies, cylinder gas

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



and diborane are provided with regulatory aseemblies that auco=
matically swiitch gas flow from an empty cylinder ta a full one.
There are amergency hydrogen shutoffs for each area using hydrao-
gen.

Gas cvylinders aye replaced by workers wearing air-line-
supplied respairators,. The oylinders are leak~tested by use of a
zoap bubble test {ENDD§E¥ or by &an ammonaium hydroxide vapor test
1f cylinders contain chlorine compcounds {hydrogen chloride,
dichlorosilane, eilicon tetrachloride, boron trichloride, atc.).
Solenoid valves, whicH stop gas flow in the evene of a power
failure, are incocrporated in the gas handling system within the
epitaxial reacter,

The following gasea are supplied in cylaindera: 1} arsine,
50 ppm 1n Pydrogen and 29,000 ppm (2 percant} 1n nitrogent
1) phosphina, 20 ppm and 50,000 ppin {5 percent} in hydrogeén;

3) diborane; 43 bororn trichloride; 5) hydrogen chlorides

6} silicon tetrachloride; 7} dichleorosilane; 8) silane, 15 pers~
cant and 100 percent; 9} ammonia: 10} hexafluorcethane {(Freon
2161 1l1) carbon tetrafliuoride {Freon 4}: 12) sgulfur hexa=-
£lucride; 13) Argon; 147 boron trafluoraide; 15} nitrous oxide;
18} trichlorofloromethane (Frmonm 11}; and 17} both 15 percent

arsine and phosgphine i1n lacture bottles.

MCOCHITORIKG SYSTEMS
Arsine and phosphiné are monitored withk s Hathescéﬁjhcdel
BOAL lorated in the servaice aisle at the rear cof the diffusion

furnace area. ALr salpled frocm the daiffusion furnace area 13



pulled through a filter tape i1mpregnated with ¢hemical reagents
sensitive to arsihe or phosphine, manifested by a chemiluminescent
reag¢tion that 1s monitored by the urait, The unit scunds an alarm
1n the furnace area only when arsine or phosphine levels exceed
the Threshold Limit Value (50 ppb and 300C ppbk, respectavely)
(ACGIH 1983).

The facility 15 installing a TELDéE}contlnuous multipoint
arsine/phesphine monitoring system. This system 15 capable of
monitering 16 remote locations throughout the gas storage and
wafer fabraication arezs.

Hydrogen 1s monitored with an HSAE)COmbUStlbIE gas detecticn
system at 18 remote sampling points throughout the wafer fabrica-

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

VENTILATION SYSTEM

The ventilation system consists of air treatment and supply,
air recirculaticn, and local exhaust ventilation. The wafer
fabrication room supply air 18 cleaned by passing air through a
fiberglass prefilter followed by a charcoal bed and high-effai-~
ciency particulate absclute (HEPA) filter, The filtraticen system
18 housed in the penthouse on top of the building. The air
pressure in the clean rocom 13 positive to the surrounding areas
in the building.

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

Twenty=-five percent cof the recirculated air supply 1s fresh



makeup air, which 1s again passed through the filtration system
before heing distributed., The quantity of air that is supplired
or reclrculated in the fabrication areas was mot reported.

Alir is exhausted from the wafer fabrication area eirther by
exfiltration from the room or 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 handles 2310 cubic feet of
air per minute from the twe di¥fusion furmace stacks. Exhaust
from wet chemical benches using nitric and hydrochloric acid is
passed through a wet scrubber for treatment., The system treats
4500 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
gfficient an the removal of oil f£rom the exhaust air, 1s used on
most oi1l-sealed pumps.

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

nearest exhaust stack 15 located approximately 100 feet away.

WASTE MANAGEMENT

Liguiad process wastes are categorized as acida containing
fluorides, all other acids, chlorinated hydrocarbon solvents,
Freons, and all other nonchlorinated organic sglvents. Wastes
are elther collected by an gperator and transferred to a storage
or treatment area or collected by a drain system that connects to

a storage tank or treatment facilaity.



Acids containing flucoride are collected by a separate drain
system and stored in two 4200=gallon tanks located within a
polypropylene containment tank in a diked area. The collected
waste acid 1s removed by a waste management firm for disposal.
Other acids are cecllected by another separate drain system and
directed into an acid tank 1n which the pH 18 adjusted with
anhydrous ammonaa. The treated acids are then released to a
publicly operated treatment facility. Chlorinated hydrocarbon
solvents, such as 1l,1,l-trichlcrcethane, are directed into still
another separate drain system and collected in a 100~ to 200-
gallon tank. This waste 15 transferred into 55-gallon drums,
whi¢h also are collected by a waste management firm for offaite
dispcsal. Frecn wastes are collected separately and stored in
55~-gallon drums for recycling by a waste management firm, Also
collected separately, photoreslist wastes are added to the waste
nonchlorinated organic solvents.

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

S0l1id hazardous wastes, such as arsenic tricxide and anti~
mony trioxide, are collected and stored in S5-gallon drums for
offgite digposal by a waste management firm. These wastes origi-
nate from the diffusion furnace area and from daffusion furnace
exhaust air filtere. Roughang filters, bag filters, HEPA filters,
and personal protective clothing (coveralls) worn by the workers
who change the filters are placed in drums for collection and

dispesed of offsite by a waste management firm.

2



Pairchild has instituted a pre~production drain authoriza«
tion program to determina the method and location of m liquid
waste disposal for wastes that ¢riginate in the fabricetiorn area.
Under this =ystem, liquid wasdtes can only be disposed af ar

drains specifically identified for that particular substance.

PROCESS DESCRIDPZIONS

Tha fabrication seguence used for the manufacture of bipolar
ihtegrated circults varies with the specific type of device being
manufactured. The specific sequenca ln which these process
pperations are performed is not presented. A general processing
sequance for bapclar integrated circuats is provaded by Colclaser
{1980} and should be consulted for a more detailed review of the
fabr:caticn pracess. GSeveral precess cperations ¢ccur mage than
once 1u the fabrication sequence, and some eguipment 18 vmed for
more than one process aperatiom.

Thermal Oxidation

The silicon wafers used am = substrate for device fabr{can
tron are purchased. In the thermal ox:rdaticn processa; the wafers
are oxidized at a high tempersture {approximately 900° to 1200°C}
an a diffusion furnace assembly that usss & pyrophoric water
{hydrogen and oxygen) atmesphers. HBydragen chloride gas 1s added
to the gas stream periodically for cleaning or gettering both the
growing oxide and the oxidation tube nof scdium i1on contamination
iColclaser 19B0}. The wafers are lcaded into carriers {referred
to as boats} that are inzerted 1nto the diffusion furnace, The

furnace tube 13 heatad to the ¢perating temperature by electrical

10



resistance while the tube 15 purged with nitrcgen. Hydrogen and
oxygen are 1ntroduced into the tube at a controlled rate. The
furnace operating conditicons {(including temperature, processing
sequence, and tube temperature} are adjusted by direct digital
control (DRC). The furnace 1s automatically controlled by feed-
back control loops that monitor the furnace performance and
adjust the conditions to programmed specification (Douglas 1981).

Photolithography

Foliowing thermal oxidation, the wafers are ready for photo-
lithography, which includes 1) primer and photoresist coating,
2} pre- or soft-bake, 3) mask alignment and exposure, 4} develop-
ment, 5) post- or hard-bake, 6] etching, and 7) photoresist
stripping. The wafer 1s first coated with a primer (which acts
as a surfactant) by spin application using either hexamethyldisili-
zane (HMDS) or bastrimethylsilyacetamide (BSA)} 1n xylene, methyl
ethyl ketone, or Freon carrier. The photoresist, which contains
a proprietary mixture of organic polymers i1in a xylene carrier, 1s
spun onto the wafer, and the coated wafer i1s baked i1n a resistance-
heated oven. At Farichild, this operaticn takes place 1n koth
manual (Type I} and automated (Type II} processes. Automated
processes reguire that the operator only load and unload the
cassettes.

The mask pattern 1s transferred to the coated wafer by
ultraviolet light (3653 to 415 nm} by use of e@ither projection
mask alignment or contac¢ct prainting. The operator aligns the

wafer with the mask by viewing through a split-field binocular

1l



microscope. In projectlon mask alignment, a lens 1s interposed
between the mask and the wafer, and the ultraviolet light source
is located behand the mask. Masks used for projection mask
alignment are supplied by vendors, whersas those used for contact
pranting are fabricated by Fairchild from a chrome submaster mask
produced by & vendor. The contact mask 18 a precasion glass
plate coated with a silver halide emulsion, The mask pattern is
tranaferred from the submaster with ultraviolet 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-cn application of the develeper. A
mixture of n-butyl acetate and xylene develops the negative
photoresist, and a potassium hydroxide solution develops the
positive photaresist. The developed wafers are rinsed with

deionized water and “hard-baked™ in a resistance~heated oven.

Wafer Etching

The exposed layer not covered by phctoresist may be etched
by use of either wet chemical etching or plasma etching tech-
niques. Wet chemical etching 1s performed by immersing the
wafers in an etching solution of: 1) hydrogen peroxide, for
etching titanium/tungsten alloy; 2) hydrcfluoric acid and ammo-
nium fluoride, for etching silicen dioxide; 3) phosphoric acid,
for etching silicon n:itride; 4} nitric ac¢id and i1odane, for
etching silicon; 5) nitric, phosphoric, and acetic acad, for
etching aluminum; and 6) naitric and hydrochloric acad, for metal

etching. The etching operations are performed in tanks recessed
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in polypropylene benches {egquipped with splash shields) similar
to laboratory-type hoods, The acid tanks are located in the rear
of the benches. Local ventilation of the tanks 1s provaded by
slots around the tank perimeter and/or by slots located across
the rear of the bench and through perforated plates in the bench
top.

Plasma etching 1s performed by placing wafers in a field of
plasma formed by a radioc frequency power source operating at
13.56 MHz. The plasma contains i1ons, free radicals, and free
electrons, which are reactive with the laver to be etched.
Selection of the gas used for creating the plasma 1f based an the
individual layer and includes 1) frecn and oxygen. for etching
g1licon dioxide; 2} carban tetrachloride for etching aluminum;
and 3) oxygen, for straipping photoresist. The plasma 1s formed
in 2 sealed reaction chamber at a vacuum of approximately 0,1 to
20 torr created by an ocil-sealed mechanical pump.

Wafer Doping

Doping 1introduces ampurities into the wafer, and alters the
electrical propertiezs of the doped area. Wafers are doped at
various stages of the processing sequence, either by diffusion or
ion implantation. Diffusion is accomplished by exposing the
wafer to a high~temperature atmosphere containing the dopant.

The cperation 18 performed in a diffusion furnace assembly that
uses a solid (arsenic, antimony trioxide, boron nitride}, ligquid
{phosphorus oxychloride, boron trichloride, phosphorus tribromide},

or gaseous (arsine or diborane) dopant source. Fairchild uses
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beth direct~digital~contreol {(ODC} diffusion furnacss and hybrad~
control diffusicrn furnaces,

¥hen doping 15 accomplished Ly i1oh amplantation, a source
material 1e 1onized and passed through an analyzing magnet that
collects, accelsrates, and implants the desired icns inko a
target wafer. The 1om saurce, the analyzaing and accelerating
shawmber, and the wafer exposure stat.on are operated at vacuum
conditions of approximately 10“5 torr. This vacuum igs msintsined
by two sets of pumps, either an pill-sealed pump and a diffusion
pump oFf Bn cil-sealed pump and a cyrogenic pump. The dopant
source is elther a gas {(boron triflucride} or a sclid {elemental
arsenic or phosphorus}. The process operation Feguence reguirres
the gperateor to load vwafers inte the load station of the 2om
implantaticn unit aindaividually or 1n cagssbtes. Individual
wafers are automgtically removed from the cassette to a load-leck
chamber, trangfarred to the exposurs chamber that is pumped to
vacuum with an wil=gealed mechanical purp and implanted with
dopant ions. The dgsage recewved by the wafer 15 antomatacally
controlied, The implanted wafer 1s either automatlcally trang~
ferxrred 1into s cassette or panuwally removed and loaded i1nte cag~
gettey following implantation. As a £inal step, the doped wafers
are heated in a nitrogen or oxygern atmosphere in a2 diffusion
furnace. The furnace assenmbly 15 similar to that of the previous~

ly described thermai coxadatign,
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Epitaxial Growth

A single crystal layer of si1licon 13 deposited on the wafer
surface by epitaxial growth in an enclosed chamber. The single
crystal silicon layer 15 deposited during the reaction of
dichlorosilane and hydrogen, or silicon tetrachloride and
hydrogen., A doped silicon layer is deposited by introducang
arsine or phosphine to the reaction chamber. Epitaxial silicon
15 depcosited at high temperature (approximately 950° to 1250°C)
in a reaction chamber at atmospheric pressure and heated by
either radaant heat or radic frequency radiation. This
automatically controlled operation sequence requlres the ¢perator
to lcad wafers onto a metal platen or barrel which 15 then
inserted i1nto the reactor chamber. For more detail, the reader
shculd consult Atherten {1981} and Hammond {1978}, both of which
provide descraiptions of epitaxial silicon deposition.

Chremical Vaper Deposition

Another process operat:zon that occurs during the fabrication
sequence 15 the deposition of a thin film on the wafer surface by
chemical vapor deposition, in which the s0l1d products of a
vaper-phase chemical reacticn are deposited on the substrate.
Low-pressure chemical vapor deposition (LPCVD) 1s used to deposit
silicon nitride during the reaction of ammonia and dichlcorosilane.
The operaticn 18 performed in a sealed diffusion furnace tube
evacuated to approximately 3.4 to 3.0 torr (Baron and Zelez
1978). This process operation requires the operator to load

cassettes containihg wafers inta the furnace. The furnace door
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15 cloged, and the sequence and operating parameters ars then
cantrelled by hicroprocesscr.

Flasma~enhanced chamical vapor deposition {PECVD) 1s also
usad to deposit silican ritride by the reaction of eithsr 2
percent silane ard nitrogen or 100 percent =i1iene and ammonia.
The plasma 315 created by Introducing the gases 1n a 13,65 Miz
radxig Erscuency fleld, The oparation 15 performad under vacuum
conditions in a sealed chambar or tube at approyimately 0.2 to
1.0 torr. Two PECVD systems ape used for silicon nitride deposie-
tion at FPairchild. Theze include an in~line cassette~tO~cCasSsette
unit and a furnace assembly similar to a daffusion furnace with a
radio fregquency power source, sealed chamher tube, vacuum system,
and a wafer bcat. The boat consasts of a set of parallel vertasal
metal plates onto Which the wafers are mgunted.

"Me operation Baquence reguares the operator either to load
cassettes containing wafere intd the unit (cassette-~toc-cassette
gystem} ar to mount wafers on a gerles of parallel verticzl
pPlates, which are then loaded into the furnace tube, Both types
of equipment are avtomatically contralled by a system mlcrocproces-
$OT .+

Armospheric pressura chemical vapor depesition {CVD} 15 used
to depesit a phosphorua~doped silicon dioxide layer by the reac~
tion of 10D parcent silane, oxygen, and phosphine. The cperation
sequence regulres the operator to load wafers onta flat plates or
platens apd thean insert theam into the unait, Once the platens are

inside the uni% the sequence 13 auntomatically controlled. A

16



metal layer 13 deposited on the wafer surface by radio fredquency
sputtering, electron beam evaporation, or thermal evaporation,
The metal 15 depocsited on the wafer surface 1n a sealed reaction
chamber or bell jar that 15 maintained at a vacuum of approxa-
mately 10"E torr by an oil-sealed mechanical pump and an o1l
diffusion pump or a c¢ryogenic pump. Radio frequency sputtering
tat 13.56 MHz) 15 used to deposit aluminum, aluminum/copper,
platinum, tatanium/tungsten, and gold; electron beam evaporation
15 used to deposit aluminum; and thermal evaporation is used to
deposit gold. The process operation Sequence requlres the opera-
tor to load the wafers in a planetary structure or platen and
then place a1t inside the process equipment. From thig peint on
the process operation 1s automatically controlled by a system
MLCrOProcessor.

Photoresist Etching

Process operations such as photeolithography, doping, metaliza-
tion, and chemical vapor deposition may be repeated several times
during wafer fabrication. Between these processing staps, wafers
may be cleaned by use of a soclution consisting of nitric and
sulfuric acad, nitric and hydrochlori¢ acid, or hydrofluorac
acid. Photoresist may be straipped by oxygen plasma etching or by
wet chemical methods. The latter method may entail the use of
1) phenol and perchlorcethlyene, 2} sulfuric acid and hydrogen
peroxide, 3) 1,1,1-trichloroethane, or 4} isopropancl, These wet
chemical operations are performed in partially enclosed bench

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

Metalirzatsian

Following gcld sputterzng ontc the wafer surface, a photo-
resast laminate £1lm 13 applied to the wafer, which 15 than
expased to a mask patiern by using uleraviolet light, The pattern
exposes areas of the wafer that will serve ag electrical inter-
connecticns to the indivadual die, The exposed wafer 15 developed
by the yse ef 1,1,l-trichloroethane to uncover the underlying
gold layez. A gold fi1lm 1s then plated anto tha @xposed areas in
a patassium cyahide gold electroplating procegs. 7The lamanate s
stripped frcm the wafer with methylene chloride, and the expaosed
gold layer 1s 2tched by use of a cy;nlﬂe gglution. A titapium)
tungsten layer exposed by the gold etching process 18 then stripped
usang hydroger peroxide, The process produces gold bumps that
provide contacts wath the film carrier in the final package. &
detailed review of this process, Xnownh as wafer bumping, 16
provided by Liu et al, {1980}.

Fihal Processes

The final step in the wafer fabricakticn Segquence 1s backside
grirdang of the wafer, The wafars are first cleaned with i1sopro-
penol; then mounted {(backside exposed) on a meatal plate that has
a lamanate shest adhesive. The exponed backside of the wafer
undargees a process known as Blanshard grinding, after whach the

wafers are removad and cleaned with lsopropancl. Additicnal
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operaticns that may be performed include backside diffusion and
backside gold deposition.

Following wafer fabrication, each die (1.e,, an individual
integrated circuit) on the wafer 1s electrically tested. The
wafer 1s scrihed, and each indaividual die is attached to a Beta
f11lm carrier. Most of them are shipped overseas, Pilm leads are
attached to the gold bumps on the die, and the device 1§ encapsu-
lated and placed 1n a ceramic package.

The Beta film (1.,e., beam tape) carrier 1s manufactured by
Fairchild in a separate area adjacent to the c¢lean room wafer
fabrication area. The carrier consists of a copper film with an
adhesive and polyimide layer, Initizally, the adhesive-coated
pelyimide film 15 cut and perforated, and then a copper film ais
taminated to 1t. The laminated fi1lm 1s cured 1n a nitrogen-
purged oven at 120°C. The copper 15 cleaned with sulfuric acaid,
follbwed by sodium persulfate and water. The photoresist lamin-
ate film 1s applied to the tape with a heated roller. The film
carrier pattern 1s transferred to the film by exposure with
ultraviolet light at 380 nm, The exposed f£film 13 developed with
butyl Cellosolve, rinsed, and dried. The backside of the film 1s
coated with silk screen ink 1n an acetone ¢arrier by use of a
roller cecating process. The film 18 cured i1n a nitrogen purged
oven and cleaned with scdium persulfate. The exposed copper film
13 then etched with an ammonium hydroxide spray, water-rinsed,
and air-dried, The remaining photoresist and backside coat film

13 stripped, rinsed in acetone, dried, and then inspected before
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shipment. The process 1s a continuous automated operaticn. &
detarled review of beam tape carrier fabrication 1s provide by

Cain {(1978) and Hayakawa et al. (1979).
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METHODOLOGY

The in=depth survey at Fairchild's South Pecrtland plant
included samplaing for chemical agents, monitoring for physical
agents, and measuring of control parameters, The sampling appa-
ratus, instrumentation, and analytical methods used during thais

in-~depth survey are presented herean.

WORKPLACE MONITORING FOR CHEMICAL AGENTS .

Eeveral chemical agents were sampled during the in-depth
survey. The sampling strategies used to characterize the work-
place levels of these chemical agents depended on the agent an
guestion, the nature of the process operaticen,; and the nature of
the job being performed by the exposed worker. The sampling
apparatus and analytical methods used to quantify each chemical
agent were taken from NIOSH's Manual of Analytical Methods (NIQJSH
1982).

Antimony

Antimony concentrations in the workplace air were determined
by using the NIOSH reference method for trace metals (P&CAM 173).
Antimony compounds were coOllected by drawing a2 measured volume of
air through a (¢,.8-um mixed-cellulose ester membrane filter {Milli-
pore MCE or equilvalent) with a pexsonal high=flow pump (Dupont
P2500, MSA Model G, or Bendix BDX 55-HD}. The analyte and filter
were digested with natric acaid and analyzed by flame atomic
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absorption spoctrophotometry. A detection limit of 9.0 pwy was
achigved during these analyses, The analytical results were cor-
rected for reagent and filter blanks. The sampling results were
reporteé 1n miCrogramE per cublc meter.

Arsenze {(Callected as Arsenic Trioxided

Arsenlc concentratlons in the workplace air were determiped
using the NIOSH Helerence Method for trece metals (PSCAM 173).
Arseni; compounde were collected by drawing a measured volune of
air through a D.8-um mixed-~cellulode ester membrane filter {Milli-
pore MCE or eguivalent} usine a poraonal hagh~flow pump {Cupont
P2500, MSA Model G, or Bendimx BDX $5-~HD}. The analyte and falter
ware digested with nitric acid and analyzed by flame atomic
absorpticon spectrophotometry, A detection lamit of 0.035 ug was
achieved during these analyses. The analyticel resulis were cor-
rected for reagent and filter blank=s. The rotometer setting used
ko determine the sample flow rate and volume was gorrected for
changes in temperature and pressure. 7The sampling reésults were
repozrted In muicrograms per cublc meter,

Arsenic {(Collected as A-sine Gas})

Areéine concentrations in the workplace were determined by
using the NIOSH Reference Method for arsine {5229). The arsine
was cQllected by drawing a peasurepd valume of air througk 2
charcoal tube with a low-~flow {50~200 ml/min} stroke pump {5kKC
mcdel number 222-3}., The analyte was desorbed with nitraic acid
and analyzed by using flamelesas atomiec absorpticn, A detsction
iimit of 0.06 pg was achieved during these anmslyses. The analyt-~
1cal resylts were corrected for reagent and charcoal blanks. The
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sampling results were reported 1n micrograms per cubic meter of
air,

Diborane (Measured as Boron)

Diborane concentrations in the workplace air were determined
by using the NIOSH Reference Method for diborane (P&CAM 341),
Diborane was adscrbed on an oxidizer-impregnated charcoal tube
(SKC 226~67 or equivalent) by drawing a measured volume of air
through a three-stage sampler consisting of a Teflon® filter
cassette {Millipcore PTFE or eguivalent), the treated charcoal
tube, and a persconal high-flow pump (Dupont P2500, MSA Model G,
or Bendix BDX 55-HD}). The arnalyte was desorbed with 3 percent
hydrogen peroxide and analyzed for total boron by plasma emission
spectroscopy. A detection of 0.25 ug was achieved duraing 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 carrected for
changes in temperature and pressure. The sampling results were
reported in microdrams per cubic meter.

Hydrogen Flupride

Breathing zone samples were taken during the first {(primary)
production workshift of the day. Hydrogen flucride concentra-
tions 1n the workplace air were determined by using the NIOSH
Reference Method for hydrogen fluaride (5176). Hydrogen fluorade
{as hydrofluoric acid aeroscl) was callected i1n 0.1N scdium
hydroxide by drawing a measured volume of air through a semaperme-
able membrane aimpinger (Industrial Hygiene Specialties Model
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100500=2 or equivalent}) with a perscnal high-flaw pump {Dupont
P2500, MSA Maderl G, or Bgndaix BDX 55-~HD). The analyte solution
was dilcted witk an acnis-strength actavity buffer {TISAE} and
analyzed by ion-specific electrede, resulting in a 60-ug detgo-
tion lim:it, The analytaical results were corrected for sample and
reagent blanka. The rotometer setting used ko determine the
sampls flow rate and volume was corrected for changes in temper-
ature and preasure. The sampling results were reported 1n miero-
grams per cubic meter.

Sulfuric Roid

Buliuric acid concenkrations an the workplace air were
determaned by using the NIOSH Reference Method for sulfurilc acid
{5174}, BSBulfuric acid mist was collected on a C.3=pm naxed-
celiulose ester~membrane filter [Millipore type MCE or sguiva-
lent} by drawing air through the Filter with a personal hagh-flow
pump (Dupont P2500, MSA Model G, or Bendix BDXE~55~HDM . The
analyte was extracted from the filter with a solutign of dis-
tilled water and 1sopropyl alechsl., The pH of the extract was
adjusted with Ax1lute perchloric acid and titrated with 0.005M
barium perchlerate. Thorin was uged as an indicator, A detec-
tion limit of 18 pg was achieved duriny these analyses. The ana-
lytical resulis were gorrected for filter and resgent blanks,

The rotometer setting used to determans tha sample flow rate and
volume was corrected for change=z 1n temperature and prassure,

The sampling results wers reported 1n Jicrograms per tublc meter,
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Nitric Acad

Nitraic acaid concentratians in the workplace air were deter-
mined by using the NIOSH Reference Method for nitric acid (nitrate
1on) (5319). HNitric acid mist was collected 1n distilled water
by drawing a measured volume of air through a semipermeable
membrane impinger (Industrial Hygiene Specialties Model 100500-2
or equivalent) with a personal high=flow pump {(Dupont P2500, MSA
Model G, or Bendix BDX 55-HD), The content of the impinger was
analyzed by direct potentiometry using an 1on=gpecific electrode;
a detection limit of 500 yg was determined, The analytical
results were corrected for 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 i1n micrograms per cubic meter.

Organic Compounds In Air

The concentration of various organic compounds in the wark-
place alir were determined by using an adsorption on charcoal,
desorption with CSZ' and analysis by mass spectrcscopy. OQOrganic
compounds were collected by drawling a measured volume of air
through a charceoal tube with a low=flow (50-200 ml/min) stroke
pump (SKC Model No. 222-3}., The analyte was desacrbed with 1 ml
of CS, and analyzed by mass spectroscopy with single i1on moni-

toring. The fellowing information describes the esquipment,

column, and operating ccnditions used during the analysis:
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Gas chromatograph: Hewlett-Packard 5992 GC-MS
Column: 10% TCEP (tris ¢yano ethoxy propane), B0 in x 0.125
in. o.d. nickel
Detector: Single 1on monitorihg MS, i1ons: 43, 45, 106,
146, 58, and 5%
Initial column temperature: 50°C
Hold time: 5 min.
Final column temperature; 150°C
Hold time: 7 main.
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 organic
compound being analyzed, However, an OR ¢olumn detectien limit
of 20 nanograms can usually be achieved. The analytical results
were corrected for charccal tube and reagent blanks. The samplling
results were corrected for temperature and pressure and reported

in parts per millicn.

WORKPLACE MONITORING FQR PHYSICAL AGENTS

Two physical agents were monitored during the in-depth
survey: radio-frequency radiaticn and gamma or X~-radiation. The
monitoring strategles used to characterize these workplace expo-
sures varied according to the agent being studied, the nature of
the process operation to be characteraized, 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=freguency emissions were monitored with a Hcladay(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 5 to 300 MHz. BReadings were taken
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during normal process equipment operating cycles. Normal oper-
ating freguencies, power outputs, and cycle times were recorded.
The results were reported for near-field measurements as maximum
electric field strength (szMzi and maximum magnetic field
strength [AZHMZJ.

X-Radiation {(X-Ray)

Exposure levels at various work stations were surveyed with
a Nuclear Chicago Model 2650, Serial Number 2009 {Battelle ID
B6E531) 691ger-Haller counter. The magnitude of potential expo-
sure at "hot" survey locations was characterized by using
Landauer Type P-1 dosimetry badges {(with a2 minimal detection
limit ©of 10 mrems). The 661ger-Maller survey results were
reported 1n millirocentgens per hour (mR/hr), and the dosimeter
readings were reaported 1n millirems [(mrem) for the specific time

period monitored.

MEASUREMENT OF CONTRGL PARAMETERS

Face velocitiese, duct traverses, and general air flow obser-
vations were made during the in-depth survey. The velocity
measurements were performed with a Kuréﬁjﬂodel 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 cellect the air velccity measure-
ments necessary to conetruct representative averages. The
physical dimensions of exhaust ducts and takeoffs were also

measured whenever possible.
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CONTROL TECHNOLOGY

APPRCACHES 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 monitoraing.

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 individuals. Controls applied at the source

of the hazard, including engineering measures (material substitu-
ticn, process/equipment modification, 1solation or automation,
local ventilation) and work practices, are generally the preferred
and mcst effective means ¢f contreol, in terms of both occupational
and envirconmental concerns. Controls that may be applied to
hazards that have escaped i1nto the workplace environment include
dilution ventilation, dust suppression, and housekeeping. Control
measures that apply to individual workers include the use of
remote control rooms, lsolation booths, supplied-air cabs, safe
work practices, and the use ¢f personal protective aquipment.

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

personal exposure monitoring, and medical monitoring are important
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mechanisms for providing feedback c¢oncerning the effectiveness of
the controls i1n use. Ongoing monitoring and maintenance of
controls to ensure proper use and operating conditions and the
education and commitment of both workers and management te occupa-
tional health are also important ingredients of a complete,
effective, and durable contreol system.

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

product of bipelar integrated circuits 15 discussed.

DESCRIPTION OF PROGRAMS

Indugtrial Hygiene

The facility has a full-time industrial hyglenist, who 1s
responsible for industrial hygiene, safety, security, training,
and medical. The corporate headguarters in Mountain View, Calzi-
fornia, provides additional assistance in industrial hygiene and
safety.

Worker exposure has been monitored during normal operations,
maintenance, and emergency conditicns {such as chemical spills).
The monitoring equipment includes a portable infrared analyzer
(HIRAﬁE)IA], direct-reading detector tubes, midget i1mpingers, and
charcoal tubes, X-ray radiation emlssions and Operator exposaures
in the 1on implantation area are menitored by the use of radiaticn
f11lm badges and a Gelger—maller survey metar.

Measurements of the ventilation system are limited to the

monitoring of face velocities of local exhaust ventilation systems
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with a swinging vane anemometer. The air exhausts from sonme
operations also reguire careful monitoring to assure product
quality. Facility engineering personnel and an industrial hygien-
18t 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 of exhaust to the air cleaner
and/or exhaust fan, This documentation was required for emer-
gency response planning and to i1dentafy all the agents that could
potentially be exhausted through a given system, It was alsco
used to determine whether the exhaust system was compatible with
the planned facility renovations,

An emergency response team has been organized to handle
chemical spill hazards and emergency evacuatien. Emergency
drills are performed twice a year. Fairchild has also estab-
lished an internal emergency telephone number for reporting
accidents or hazardeous situations. Telephcnes are accessalble
throughout the wafer fabrication area. The commnication system
18 also on emergency power, and safety personnel and chemical
sp1ll teams, as well as other key superv;éors, are provided with
two=-way radios,

Education and Training

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

gency response, and hazard reporting. Included are chemical
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safety, handling and labeling cof 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 training 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., Supervlsors instruct the new employees on
safety 1tems, which are also ocutlined on a safety review checklast,
including 1) specific job safety requirements; 2} emergency
evacuation procedures; 3) reguired action an response to specafic
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 smcking policies; 7) working
alone policy: 8) proper chemical stcrage procedures; 9) aisle
clearance; 10) medical department location; 1l1) accident or
hazardous situation reportinhg; and 12) housekeeping practices.
Training 18 also provided by other facility supervisors, and a
2=-hour tour 1s conducted by the industrial hygienast.

Respirators and Qther Personal Protective Equipment

The safety and medical departments at Fairchaild have speci-
fic personal protectaive equipment requirements for each area 1n
the plant, including production, maintenance, support facilities,
and office areas. The requarements cover the use of safety
glasses, cecntact lenses, ear and head protection, and the desig-
nation of radiation and nonsmoking areas. The general require-
ments are supplemented by specific task or job functions withain
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the areas, and safebty specifications are written for each piece
of process eguipment.

wWorkers are required to wear safety glazges ik the wafer
fabrication area. Open-~toe shoes and contadct lenzes are pra-
hibited. £Epecific requirements by job category or task include
the following: 1) apton, gloves with geuntlets, and fsce shields
for operatoers, 2) aprons, acid gloves with gauntletrs, faca shislds,
and boote for chemical techmizians who transport or mix chemicals,
3} smar line-supplied resparators for technicians who change gas
bottlea, 4) respirators {l/I~face with gogglzes} for maintenance
workers who change argenic and antimony air filters and clean
sailicon dioxaide deppsits from the vapor-phase depositicn syatem.
and 5} alr line-supplied respirators for techniciens who change
the plasma stching eystem cold trap.

Medaical Program

The faciiity employs two nurseg full taife and one part time
ko provide health services on all three production shifts.,
Emergency care gervices and health education are provided by the
nurses. The facility alsoc has a physician on the premises on 4
part-time basis,

All perscnnel are reguired to undergo a preplacement medacal
examination and a peRricdic exsmination (every 1 to 2 years},.
Fabrication area workers and chemical mix operatora are required
t5> heve chest X-rays. Workers in areag where nolrse levels ars
greater tRan A5 dB{A} receive peariodic hearing examinations, and

Visicn testang 5 regquired for all employees. ALl fabricataon

32



area workers are required to have blood tests, including a full
bloocd profile. All workers in areas where arsenical compounds
are used must give urine samples to determine urinary arsenic
levels.

Housekeeping

Housekeeping and mainténance activities are a necessary part
of maintaining product quality. Specific housekeeping procedures
that were i1dentified by the plant as preventing worker exposures
to chemical agente include the use of a portable vacuum system to
clean areas where antimony trioxide powder i1s used. The system

15 used fer routine cleaning and to contrcl dry spills,

PHOTOLITHOGRAPHY

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 photoresist; 4) soft-baking; 5) wafer exposure by
projection mask alignment or contact prainting; 6) spin-on appli-
cation of a developer solut:ion, either potassium hydroxide or
n-butyl acetate and xylene; 7} hard-baking; and B8) wafer inspec-
tion. At Fairchild these operations are contained in tunnel-like
work areas. The two different tunnel designs cbserved during the
survey are presented in Figure 1, The lithographl¢ process
equiprent 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 i1n the air supply i1ntake to the photoresist application
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and substrate exposure stations 1n Type I tunnels and above all
process operatlions in Type I1 tunnels.

Type I Tunnels

Alr 15 removed from the room at the floor level through
¢$lots running the length ©of the side walls of the tunnel, which
act as return air plenums. The single HEPA filters above the
work stations deliver approxamately 1560 c¢fm of air downward onto
the process equipment at an average velocity of 80 fpm. The air
15 darected downward by clear plastic shields hanging from the
front edge of the units. The estimated gquantaity of air exitaing
the unit from the front work area is 2020 <¢fm {(average velocity
1s 105 fpm).

Type II Tunnels

Arr 1s supplied to the work station through vertical laminar
flow HEPA filter units located above all the process equipment.
The air is directed downward by clear plastic panels that hang
across the front ¢f the work area, BAir 1s removed from the
tunnel by return-alr slots located at three levels along the
opposite wall-—-6 inches above the floor, at a height of 4 feet,
and at the ceiling. Bach slot runs the length of the tunnel
along the side wall opposite the process eguipment. RAir also
leaves the tunnel through panels lccated at the base of the
emergency exit docor at the cleosed end of each tunpel, Thas air
exhausts 1nto a closed corridor that acts as a return-air plenum

servicing five photolithography tunnels,
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Approximately 4800 cfm of air 1s supplied to the Type II
tunnels through HEPA [i1lter units. Air velocity measured at the
face of the work area between the shield and the work surface 1is
200 fpm, with an estimated air flow of 6080 cfm. Return-air
removed from the tunnel by exhaust slots along the rear tunnel
wall 15 estimated to be 7960 cfm, whaich indicates that some a.ir
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
could not be calculated because the exhaust ducts were lnaccessi-
ble. Face velocity at the platform could neot be determined
bacause ¢f the nature of the enclosure and the effect that air

flow from the HEPA filter has con the measured flow.

Monitoring Results

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

Results of Monitoraing Conducted in Type I Photolithographac
Tunnels--

Two Type I tunnels were monitored using area sampling methods.
The results are presented in Table 1. The two tunnels are identi-

fied 1n Table 1 as Aisle B and Aisle C. Eight individual samples
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TABLE 1, SUMMARY QF AREA MONITORING FOR ORGANIC SUBSTANCES IN TWO TYPE I PHOTOLITHOGRAPHIC TUNNELS
- __H_egsured copcentrations
Job Charcoal Methy)
description Sample Sample Hexamethy1- n-butyl Lellosoclve Methyl ethyl
Monitoring or locatiaon duration valume disilizane Acetone acetate Yylepe acetate Lellpsolve ketone
method of monitor {n win) | (Titers) {ppm} {ppm} {ppm) | (ppm) {ppm) {ppm} (ppm)
Area Aisle B photp- 3 25 211 0.31 0 06 0 04 2 34 nif nd nd
hithographic 30l 18 7 014 003 o 07 . nd nd nd
operation
Afsle B photo- 2 35 29 4] nd 0 06 ¢ or 1.74 nd nd nd
Ttthographic 148 43,36 0 0A 006 0 o7 2.1% nad nd nd
gperatran
A1ste ¢ photo- 4 36 ¢l 07 005 g 05 4 85 nd nd ntd
lithographic 317 2] 3 a a9 0 as o D6 i.og nd nd nd
operation
Atsle ( photo- 22 21.5 0.22 01D 0.07 5.39 nd nd nd
1ithographic 33 95 n.03 01z Q.02 4 55 nd nad nd
operation

nd - No concentration of salvent was found above the detection Timit of the analytical method., DBetection limits achieved durimg this

analysts were

ketone - 1 ug

hexamethyldisitizane - 8 yg, acetone = 1 ug, n-buty! acetate - 1 ug, methyl cellosolve - I pg, and methy? ethy)



were taken during the survey of Type I photolithographic tunnels.
The duzation of these area samples ranged from a low of 2 hours
and 27 minutes, to a haigh of 3 hours and 48 minutes. The average
sample volume was approximately 28 liters.

Results of Monitoring Conducted in Type II Photolithographic
Tunnels—-

Two Type II tunnels were monitored by both area and perscnal
sampling methods. The results are presented in Tahle 2. The two
tunnels are identified in Table 2 as either Mod. 6 or Mcd. 4.

Area samples were taken only in one Type II tunnel {Mcd. )
between the wafer checking stations and the automated Wafer—TraﬁE}

and between the Wafer-TrakR

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

Personal samples were taken in both Type IT tupnels. The
samples were taken on four workers involved 1n wafer checking,
three workers performing mask alignment and exposure of wafers,
and one marntenance worker. Sample durations ranged in length

from 2 hours and 4 minutes to 5 heurs and 39 minutes.

Work Practices

The work practices and activities of workers invelved in
photolaithographic operations vary accerding kc whether the opera-
tions are being performed in a Type I or Type II tunnel. This
difference 1s directly related to the process technology being

used in each of the +unnels.
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TABLE 2. SUMMARY OF PERSONAL AND AREA MONITORING FOR ORGANIC SUBSTANCES IN
TWO TYPE 11 PHOTOLITHOGRAPHIC TUNNELS

MedSured cuncentrationsg
Job I
description Sampie Szmple Hexamethyl- n-butyl teNosalve Methyi
man1toring or location duration vo l ume disilizane Acetone acetate Xylene acelate Cellosalve
et ot of monitor thmwn) | {liters) {ppm) (Ppn) {ppa) {pom] {ppal (pem}
Personal Wafer checking in 21 17 4 nd 035 [\ k] G ad nd
ned 6, MZO aisle 2w 188 nd Qa7 nd 00t nd nd
Tine-we1ghted Sverage concentration o 06 oo o0l
Wafer checking 1n 3 a9 31 ng nd 0 a1 G 08 nd nd
mod B, W20 aisle £ 46 34 nd 0 59 0 02 D15 nd nd
Time-we1gNted Average concentratlon 028 o om Q12
Alignment and ex- 2% TEh ~d 0 0s 003 0 13 0 04 Ad
pasure of wafers in 4 07 36 0 ng c 20 0 009 nd nd
Mod 6, M20 3isle
Time~ac1ghted averdge Concentration 015 0 o2 a1l o a
Al1gnment and ax- 518 129 & nd nd g G oa ﬂ nd md
posure of wafers n E 14 128 O nd 178 am 0 10 om nd
mod B, M20 a1xle
Time—wsighted average concentration D & am 009 <0 0y
Ares Wafer checking 116 116 nd i ad 021 nd g
station Mod 6,
D arsie
Aligament and en- 120 15 3 nd 039 nd 0 Of nd nd
pature station 10
Mod &, M20 avsle
Personal Wafer chack:ing in igl 739 nd na oM bhos nd ng
Mod 5, M4 aisle 5 1B 1280 nd 0 02 gm 034 nd nd
Tine-weighted nverage comcentration Qm om 0 z4
Nafer checking 1R 248 331 »d 0 o7 0 a8 id 15 nd ad
M b, BLA 37s%e 3N a8 1 ™ G015 a4ay 150 nd nd
Timk e ighted average concentration 012 008 11 nd i
Al1grment and ea- 118 174 ad o0 G ar nd
posure of wafers in 2 3% 16 1 ad nd G 05 D10 nd nd
Mod 4, MI4 aaslE
Time-waighted average concentration 00 b o2 J I
Maintenance 1n 728 28 23 nd 2 53 002 0 3 * nd nd
Mod 4, HMLE aisle 2 05 21 6% nd 125 ] 0 33 nd nd
—
Time=weighted average concentration 1 56 [ ] D 3%

nd - Mo goncentration of solvent was fourd Jbove the detectian 1imit of the sAalytical mthod Detection limits achreved during

this analysis were  hexamethyldisi11zang - 8 pg, acetons = | pg, n-butyd acetats - 1 g, methyt cellasolve - 1 ug, and
wethyl pthel kerone - 1 g
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In Type I tunnels the area 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 i1n Type I photolithographic tunnels do not remain posi-
tioned in front of the photoresist application station for long
perrods of time. 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 egquipment, observes 1ts
operation to assure that the desired treatment of the wafers 1is
bheing ach:eved, and then leaves the area to attend to other tasks
within the tunhnel. The worker will return periodically ta observe
the process operation and finally to assist i1n the load-out of
wafers from the baking oven.

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

The alignment and exposure workers remain seated at their

work stations for most of the workday. Short excursions from
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their seated work activities oocur when 1t 1p necessary to load
wafers intn the WafﬂruTrafE)system or check on 1ts operaticn.

The wafer checkers alss remain seated at their work stations

roughout most of the workday. Some excursions are made to load
or unload wafers, Yo check on the operation of the Hafer-TraéE
EY8Atem, Or on occasion, to leave the tunnel o transfer wafers to
the plasma etechang staticn,

The maintenance worker moaitored during this survey remainsd
in a Type IT tunne. for mest of the sampling pericd. The maints-
nance activity was limited ta the Hafer-TraﬁE]systam; the mainte-
nance worker had partially dlsaséembled zhe Hafer-TraﬁEisystem to
observe, <lean, and adjust the eguipment,

Figure I 1s a diagram showing the pasition of photolitho-
graphle workers. the locataon of area and personal samplers; and

the range 0f worker movement during normal work actavities,

KET CHEMICAL STRTIONS

Wet chemical stations are used at Fairchaid ta clean wafers,
to etch or strip deposited layers, or ko clezn components of
cartain process equipmant {(see wafer-etching section undes Flant
Procees Descraiption)., Wet chemical stataons that were evaluated
during the in-depth survey ancluded l} ventilated stainlesa steel
benches for cleaning photoiithography equipment parks with xylene,
and 2) ventilated plastis banches with recessed wells for cleaning,
etching, or stripping wafers by i1mmers:cn 1n an acid soloution,

The Mylene rcleaning station 15 a stainless gteel bench in a

laboratory-type hood, The exhaust hosd 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 to decrease the open-face area
of the bench., The cpen-face area is 500 1n.2 with the shield
down, the average face velocity 18 83 fpm, and the estimated
volumetric flow rate 1is 290 cfm. Measurements obtained with the
shield up resulted 1n an open-face area of 1356 ln.z and an
average face velocity of 44 fpm.

The xylene cleaning bench 1s vented by two slots (17 x 1.75
in.} located at the rear of the bench. The average slot velocaty
ranged between 750 and 975 fpm for a combined estimated volumetric
air flow of 360 cfm, A solvent well in the bench surface con-
tained a tank of xylene at room temperature (22°C)., Althcough a
set of slots were located around the perimeter of the well to
control solvent vapor emissions, nod air flow was detected,

Etching, cleaning, or stripping of wafers 1e achieved by
immersing the wafers in an appropriate solution, The operations
are performed in plastic benches with local exhaust ventilation
provided by slots across the rear of the bench, around each
solution tank perimeter, and through a perforated deck that as
vented to an exhaust plenum below the work aurface. The basic
design of the wet chemical bench 18 shown in Figure 3, with
variations of the bench design as indicated. Measurements taken
at the bench include face velecity, slot velocity, tank slot
velocity, and air wvelocity at the perforated deck.

Dimensions of both acid and solvent benches and local exhaust
ventilation were obtained and the air flow was estimated in cubac
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 STATTIONS

Face Ar Slat AT Tank slot | Awr
velacity £low velacity flom velocity  flow
Bench type (frm) (ctm) {fpm} {(cfm) {fpm) (cfm) Agents
Clegning station 8o 50 150-975 | 200-360| Neg, 0 Xylene
Acid cleanTng 120 1470 1190-3100 4380 170 110 HF
0 &0 HzSﬂq,szO2
105 100 HHG3IHE1
Metal etching 110 1240 |' 62%-1500 214 10 30 HF
100 40 HF
90 80 | HgPO,/HNO,
100 80 H3PD4IHNG3
Acid cleanming 165 1180 7a0-1580 60 an 30 HF
50 4] HESUdeNU3
BQ a0 HHD3JHC1
Acad c]ean1ng. 130 730 700-1450 390 5Q 0 HF
55 30 L NH,DR/MD,
50 ap HF
Acd cleaning’ 140 1280 | 1350-1500 | 900 85 100 W20/ M0
70 100 Ha50, /¥, G
27-47 e
Actd Cleaning 120 1400 | 1380-2000 | 320 55 ap wno3’ 2204
120 110 Hf
125 BD HNQ:{HEI

 —
Additional Tocal exhaust ventilatron provided by an exhaust plenum below a perforated deck with an
average face velocity of 150 fpm and a1r flow of 70 cfm

+ Additional local exhaust ventilation provided by an exhaust plenum between perforated deck along the
frant sdge of the bench with an average face velocity of 190 ofm and atr flow rate of 60 cfm.
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Monitoring Results

Three chemical substancee ware monitored at wet chemical
stations during the survey cof the Fairehild antegrated circuit
fabrication facality: hydroflucric acad, sulfuric acid, and
nitric arsid. Fercsonal sampling methods were used toc monitor for
hydraofluctic and sulfuraec acids. Area monitoraing was conducted
only on wet chemical statlons where nikric acid was used. ‘The
area source monitoring for nitric acad was performed both 1hside
and outglde of the hooded acid baths in an attempt to estimate
the hood efficiency of the wet chemical statiaon,

Table 4 presents the results of tha personal sampling for
both hydrofiweric and sulfuric acid. Personal tacritoring of
workeys for exposufre to hydrofluoric and zulfuric acids was
conducted on four employees, Persconal samples for nydroflooric
-321d weéra taken on a worxer involved in wafer a“ching and on a
chemical handler.

Two of the nmitric acid samples were taken just inside the
plastic shieid located on the hooded wet chemical station and twe
samples were taken outside the plastic shield, The rasults of
the area gampling effort to detect nmitric acid concentrations
proved unsuccessful because all of the analyses showed nitric
acid tg be below the detaction limit (500 yugq) cf‘the RIOSHE Refw
e€renge Method {S§318}.

Work Practices

The jobs of the two workers {the operator and tha chemical

handler} monitored for exposure to hydrafluoric acid are markedly
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TAELE 4.

s

SUMMARY OF PERSONAL MONITORING FOR WYDROFLUDRIC AND SULFURIC ACIDS AT WET CHEMICAL STATIONS

LY

I Time-weighted
Sample Samp'te Measured ayarage
Monitoring diratron volume cuncentrataun corcentraton
Chemical agent me thod Job description  ({E:mn) {Yrters) {ug/n?} {ug/m?}
Hydrofluoric acid Personal Wafer ztching 1.0z 65.7 19.8
0.45 9.7 14,7
1:01 64.7 9.3 14.6
Chem:ical handltng 1:08 7.4 28.46
0:59 52.0 i2.4
1:01 64.0 1Z2.5 17.6
Suifursc acd Personai Photoresist etching| 1:25 204.0 1870
1.29 213.6 st 0.0%
1:38 199.9 <9t
217 273.5 64"
1.29 181.6 <off D.D

by

i bl

E i

AT

gt

o

" Measured concentration determined as {sample - fieid hlank}/csample voiume.

+

Analytical results helow detectian Twmit of {8 ug.



different,. Thelr exposures represent both controllsé and uncon-
trolled zituaticns. The operatgr inyvolwed in wafer ctehang

apaends only a small portion of the workday at the wet chemical
scatlion {estimated by the cperator to be 20 perzcent}. The remain-
der of this indivicdual's time 15 spent at stations cpposite the
wet chemigal station. The work performaed at the wet chemical
staticn consists of loading and unioading wafer vassettes from
etching and deionized water batha.

The chemical handler epends a portion of time at the chemircal
wet stations f(estimated hy the operator to be S0 percent) and the
othar half 1s spent transferring acid containers to and from
storagqe, The chemical handlier loads or raplen;shes etchant baths
with acid, an activity that often involves tesks {i.e., pouring}
that require reaching inside the hooded wet station. This weork
act:vity has the potential to disrupt air flow to the exhaust
slots and ko cause 3cme release pf acid fumes ta the workplacse
air.

Twa photcresist etehing workers were monitored for exposure
te sulfuric acid. The photoresist etching is performed in the
photolithography tunnels as part of the wet chemical operationm.
The diagrams presented in Figure 4 summarize these work activie

ties.

DIFFUSICN FURNACE ASSEMBLIES
Diffusion furnaces operating at atmospheric pressure are
used for 1) thermal oxidation of the wafers; and 23} dopang of

walfersa, whaich involves the use of boron trichloride, phasphorus
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tribromide, phosphorus oxychloride, antimony trioxide, boron
nitride, arsine, and diborane. The diffusion furnace assemblies
consist of a furnace cabinet containing the furnace tubes and
heating elements, & clean station where wafers are manually or
automatically leaded :into the furnace, a source c¢abinet, and a
control console. The source cabinet 1s enclosed and vented by a
local exhaust. A ventilated scavenger box positioned at the
furnace tube end provides control of gas and particulate emas-
sions from the tube opening, The furnace cabinet 13 also en-
closed and ventilated. Several variations of this basic diffu-
sion furnace design that were observed throughout Fairrchild's
facility are described in the fellowing subsections. Figure S
presents the basic components of a diffusicon furnace and its
assoclated work stations,

Work Practices

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

During the in-depth survey it was noted that one worker was

responsible for a single bank of diffusion furnaces (r.e., four
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diffusion tubes). In zome cases, however, more than one process
worker was perinrmang tzeks in the vizainity of the diffusicn
Furnace tubes. For this reascn, the sampling results may reflact
workplace exposures for other workers in the fabrication area,
The employer respongible for a kank of diffusion furnaces spant a
majority of the workday at two primary work stations: 1} the
loading station, where wafer boats were locaded in and gut gf the
tube furnaces; or 2} at the adjacent clean station, wheres incoming
wafera ware removed f[rom cassettes and trensferred to boats or
finished wafers were remsved From the boats and transferred back
into casseitea. The operators freguently lesave these primary
work stations, but unly for short peracds of time. Diffusion
furpace operators perindically leave the furnace area to obtain
new gquantities of wafer; or kg tranzfer fin:shed wafers to a
holding station, It wags also common to fee the uorkér appreach
the furnace control panzl and make adjustmenti. Figure & pra-
sents a pictorial diagram 0f a d_ffusion furnace work area, the
location of work stations, end the placemernt ¢f both area and
personal moniters,

Thraa«inch Diffugian Purnaces

Forty diffugion tubes are arranged in 10 banks of 4 tubes
aach, The banks are located parallel to furnmace loading stations
and positioned under vertical lamanar flow REPA filters. The
fnrmace cabinets and saurce cabinet are encicsed 1n a separate
room, which also contains ventilated gas storage cabinets and a

ventilated chamical aink for fi1lling liguid source bubblers.
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Access to the room 18 from the fabrication area through a door
normally kept closed during operaticn. Employees are not re-
guired to enter the source cabinet room during normal operations.

The results of ventilation measurements taken near the 3-
inch di1ffusion furnaces are summarized 1n Tzable 5.

HEPA filters located over the furnace tube copenings provide
a clean air curtain that prevents particulates from settling on
the wafers, The HEPA filter air flow varied from low wvelccitles
(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 arcund 1010 cfm,

During the in-depth survey, it was noted that some diffusion
processes regulre the operator te pull the wafer carriers from
the furnace quickly. During this gquick pull operation, tube
furnace gases may escape or be emitted from the wafers. When
this occurs, the air flow from the HEPA filters may ceontribute %o
the dispersion of doping agents into the surrcounding workplace
air,

Access to each furnace tube is through a vented scavenger
box. A stainless steel deoor 1s present on the front of each
scavenger box at the J-inch assemblies. This door 15 usually
closed during operation, and the cleosed box forms a 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 alse provided through a
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TABLE 5. SUMMARY OF YENTILATION MEASUREMENTS TAKEN AT 3-INCH DIFFUSION FURNACES
HEPA filter Scavenger box _ Saurcge cabinet
Average Air Average Air Average Ar
velocity flow velacity flow velocity fliow
(fpm) (cfm) {fpm) (c fm) (fpm) {cfm} Agent{s)
3-1nch Diffusion
Furnaces 1 and 2 B4 1610 190 12 1520 I30 AsH,
200 11
500 36
430 28
160 10
KL1H 23
280, 18
500 55
3-inch Diffgsiun ] .
Furmaces J and L | a Z6D 17 1 t B,H-y H,y N,. O
280 19 27 Tgr T2 72
260 17
300 Fdj]
350 23
gia 33
460 30
160 11
J-inch Diffusion *
Furngces 9 and 10 + t 244 32 t ¥ Pﬂl"3. Pﬂﬂla. HZ'
Hys Oy
460 &0
424 55
390 81
ta 40
534 I
429 54
370 | 4B

L]
Reasurement ghtained at duct takeoff fyom scavenger box

a velocity of 124 fpm and an estmated air flow of 87 cfm

¥ Measurements were not taken
* Additional exhausts 1aclyde 380 cfm (L1012 fpm) and 430 cfm (1132 fpm} from two slots in the furnace

Measurements at the scavenger surface indicated



double panel an 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 & to 37 cfm, with air velocities
of 160 to 530 fpm, respectively.

Open-faced hoods (10 1n. x 5 1n,) are often leocated at the
base of the furnace tube-loading stations=, The open~face hoods
are used to control chloride emissions from furnace end caps when
the furnace 1s using phosphorus oxychloride as a doping agent,
The end caps are removed from the tubes and placed in front of
the hoods., Although not presented in Takle 5, average face
velocities of the hoods were measured at 1010 to 1140 fpm, with
estimated volumetric air flow rates of 380 to 430 <fm.

Two diffusicon furnace stacks containing four tubes each are
used for diffuysicn with boron trichloride. The boron trichloride
15 supplied from lecture bottles that are stored adjacent to the
unit in a partially enclosed, ventilated cahinet located between
the diffusion furnace stacks. The cabinet contalns gas supply
lines, regulator assemblies, and floor controllers for the diffu-
sion furnaces, It is vented by two 4~inch diameter ducts. Air
valocities of 3200 and 1710 fpm measured at the duct openings
rasulted 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 one cabinet was 2750 fpm, which

resulted 1n an estimated flow rate of 240 cfm,
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The front end of the furnace, which i1ncludes the control
panel display and wafer loading staticon, 1s located in the clean
room fabrication area. Aeccess 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 differs slightly
from the furnaces just described. The primary difference is in
the design of the source cabinet. A small source furnace 15 con-
nected to each of the larger tube furnaces. Antimony trioxade is
loaded conto a hand-held small paddle .at the lcading station
before being transferred into the souzce furnace, The antimony
diffusion furnaces are combined i1n banks of three tubes. Access
to each tube was possible through loading stations at the rear of
the assembly. A clear plastac docr (27 in. % 41 in.) 1s opened
when measured dopant has to be added to the scource furnace. The
paddle 1s used to introduce the powdered antimony trioxide into
the source furnace, which 15 located in an enclosed, ventilated
scurce cabinet. Access to the source furnace 13 through a loading
station at the back of the diffusion furnace assembly. The
source furnace work station 1s ventilated by a 17 an. by 15 in.
duct. The duct opening, which i1s directly parallel to the working
surface, provides the source cabinet with general exhaust venti-
lation.

The ventalation characteristics of two source cabinet loading

stations were assessed., The face velocity at one loading station
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wag 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
was 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 esgti-
mated flow rate was 160 ¢fm. The low face velocity and flow rate
of the second loading station were due to a less-than-effective
enclosure of the source cabinet, which resulted in leakage of zir
1nto the systenm.

As in the case of all diffusion furnaces, wafera are loaded
into the furnace tube opening oppesite the source cabinet. These
forward furnace tube openings are also ventilated by scavenger
boxes., The scavenger boxes act as exhaust plenums with two
exhaust takecffs, One takeoff 1s permanently cpen, and the other
1s 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 €5 cfm, When the access door 1s closed, air enters
the scavenger box through a circular slot in the docor. The
average air velocity measurements taken from five furnace tubes
on which the doors of the scavenger boxes were clased ranged from
60 to 131 fpm and estimated flow rates ranged from cnly 2 to 5
cfm.

It 1s believyad that the scavenger hox face velocities can be
affacted by the air movements from the wvertical laminar flow EEPA
filter located over the loading station. The air velocity measured
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at the face cf one of the two REPR falters was 124 fpm ané the
estimated alr flow rate was 1330 =fm. “he values were 111 fpm
and an estymated air flow nf 1190 «fm on the other. Yentilation
maasurements taken at an antamony diffusion furnace bank are
summarized in Table 5,

Four~1nch Biffusian Furnaces

The d-anck diffusion furnaces do not vary greatly from
3~inch furnaces in terms of assembly layout, Some differences
ex15st an the enclosure characteristica of the gas "jungle”™ cabi-
net {one with a maze of lines}, source cabinet, or the furhace
tubes; however, theee different configqurasions dc not appear to
affect the function of the @xhaust ventilation systems. BAs a
rule the d-ineh furnace assemblies are designed to have higher
scavanger box and source cabinet exhauwst fiow ratea than eather
the Jwinch or antamony duffusdion furnaces. One sigqnaficant
difference associated with oame of the 4-inch furnaces is ths
absence of a deor on tke scavenger box. The ventilatioh Measure-
ments for the d-inch diffusion furnaces are presented in Table 7.

Monltaring BesnlEg

Tke work areae assoclated wath the diffusion furnace opera-
tiaons ware monitored Eor diborane, arsine, arsgnic tricxide, and
antimony. The selection of a monitoring technigque {personal
vaersus areal to be used abt a particular furnace assembly during
the in«depth murvey was influencad greatly by practicasl con-
si1deratrons, Horazontal surfaces were not always available far

locating area monitors. In many cages, locating sampling pumps
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TABLE &. SUMMARY OF VENTEILATION WEASUREMENTS TAKEM AT AN ANTIMONY DIFFUSION FURNACE
HEPA filter Scavesnger box Seurce rabinet
Velocity [ Flow Yelocity | Flow Velocity | Flow
Furnace type { fpm} {cfm} {fum) {cfm) { frm} {cfm) Agenit{s}
Antimomy Jdiffusion furnace| 124 13 Eﬂi 2 4T face 360 Sb203
6o, 3 557 slot | 160
131 5 4¢ rear 140
111 1190 60, ? 81 face | ®20 5h,0,
123; 7 490 stot | 140
o 3 103 back | 340 _
4
Door closed.
* boor cpen.
TABLE 7. SUMMARY DF VENTILATION MEASUREMENTS ON 4-INCH DIFFUSION FURNACES
REPA fylter Scayvenger box Source cabinet
Four-inch diffusion ¥eiocity| Fiow Velocity Flow Yelocity Flow
furnace {fpm} | [cfm) {fpm) {cfm) {fpm) {ctm) Agent{s}
¥*
Bank D 184 3030 18 43 t - HE’ NE’ 02
*33‘r 24 + - Hps Mes B
A g+ Mg+ Uy
Bank L 178 2530 175 98 t - BN, HE* HE* 02
126 7 t - BN, Hyy Ny, O,
| 4
300 16B 2675 130 328§t 4o+ HZ‘ ﬁE

*®

Measurements taken with fwrnace tube loading ernd doars open.
T Measurement not taken.



near the furnade *uhe areas would have interfered with normal
wark actavities, It was oftem possible to accomplish personal

sampling Wwith less dasturbance to the work activiiles,

Daiborana~-~

Personal samplaing wéas conducted 6n an smpployee responsible
for both J- and 4-inch diffugion furnaces, AreE mONltoring was
canducted both at 3-inch furnaces equipped with ncavenger box
doors and 4=inch diffusion fyrmaces without doors. Samplers were
set at distances of 12 and 24 inches from the opening of the 3-
Lnch furnace scavenger box cpenings, A single sampie was taken
at a distance of 10 feat from the dmlncg diffusion furnaze, Tha

results of the samplang and analysis of worker sxposure to dibow

rane are presented in Table 8,

Arsenic Triodide--—

Two personal samples were taken on an enployee respensible
for the operation ©f a bank of 3«inch diffusion furnacs= using
arsine gaz as @ dopant. In addition t2 the personal samples,
arsa monitaring was conducted on four occasions at a stationary
location 24 inches from the opening of the furnace scavenger
boxes. The results of both the persoral and area monitoring are
presented i1n Table 9. Arsenac trioxide concentrations on all tha
filter samples praved to be below the minimal detection limit of

0.035 g,

al
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TABLE 6. SUMMARY OF PERSOMAL AND AREA MONITORING FOR DiBOHANE

Time-weighted average

Sample Sampie Keasured
Monitaring Job description duration valume |concentratior concentration
methad or location of @onitor (hr:min} 1 {1iters) (wg/mi}* {ug/m?)
Personal Loading, unlgading of 3- and 4-inch 2:09 140.6 32.7
diborane d:ffusion furnaces 2:46 180,9 <1.4% 4.4
Loading, wnloading of 3- and 4-:nch 2101 131.9 <}.9%
dibarane diffuston furances 2:98 183,1 <i. 4t
Arez 12 inches from opening of J-inch 1;00 66.6 147.1
diborane diffusion furnace 2:12 132.0 30.3
1:16 196.0 i3.g ¢ 39.19
10 {eet from opening af 4-inch i:14 82,1 2.0

diborane diffusion furnace

bbb

oot

! Measured concentration determined as (sampie - field blank)/sample voiume,
¥ Analytical resuits were below the detection Iimit of 0.25 ug.
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TABLE 9, SUMMARY OF PERSONSL AND AREA MOMITORING FOR ARSEMIC TRIOXIOE

Sample Sampie Measured Time weighted average
Monitoring Job descrsption duratton volume | concentration concentration
method or tocabyon of monttor {hr:min} i {ifters] (ug/mB) ™ {lig/m?}
Personal Operatton of 3-inch diffusicn 602 716.8 <00}
furnace 5304 2,0 | <0.30)
7:13 863.3 <0.04 «0.CE
Area 24 inches from opening of 3-tnch: 6:51 B45.7 fnqnni
diffuston furpace scavenmger box b:4h 767.5 <0.05

wr
Measured concentratiron determined as (sample - fiald waste}/sample volume.

1 Analytical results were below the detection Timit af 0.035 ug.



Antimony--

Three personal samples were taken on an employee responsible
for the operaticn of an antimany diffusion furnace, Two area
samplas were taken at locations midway between the twa diffusion
furnace tube banks. %The resvlts of both the perscnal and area
monltoring are presented in Table 10. Antaimany concentrations on
all the filter samples were below the minimal detection limit of

gau Dgg

ION IMPLANTATION

Two mator types af ron implanters are commonly used within
the clectronics indupiry: cassette~-type implanters gnd pallet-
type implantars. Figqure 7 presSents a basic 1llustration of both
types, Although Fairchild has beth types of implanters, only the
pallet«Ltype implanter was cperating during the survey,

Scheduled preventive maintenance of the ronm 1mplantation
unit includeg pericdic cleaning of the 1on source, changing of
the beam manaipuimtor, and periodic replacement of the vacuum pump
olls, The 1on source 1s located within a sealed source chamber
maintained at pressures below atmospharic. When 1t .5 pecessary
tc access the fop source, the chamber is purged and backfilled to
atmnspheric preasurs before 1t 15 opened, During the opening the
chamber is vented by a duct lecated above the 1on source. Thae
average face velocity at tha duct was 15300 f£pm, ard the estimated
air flow was 120 cfm. During maintenance, the 1on source 1s
remavad ane taken to a laboratory~type. ventilated cleaning

bench. Thais stainless stea2l hench has an open face of 7.42 ft2
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TABLE 10, SUMMARY OF PERSOWAL ANC AREA WONITORENG FOR AKTIMONY

Sampie Semplie ¥easurad Time-werghted average
Monttoring Job description curation votume |eoncentration concentration

method or tocatyon of monitor {hrimin) | {I1ters) (ug/ma)¥ {pg/m?}
Personal Piffuzton furnace operation B:02 716.8 <12.51

6:00 362.0 <24*9+

T:13 BA3,3 <10 2
Area Dver controi panel between d1ffu- 6:51 845.7 <1l EI

sion tube banks 65:45 767.5 <11 7 <i1.2

¥ Measured concentration determined as {szmple « field Dlank}/sample volume.

¥ Anaiytical resullts were below the detecttan limt of 9.0 pg,

at
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Fygure 7. Cassgita- and pallet-type ion implanters.
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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 alr flow was 1280 cfm. The slot face
velocity was 1463 fpm, and the estimated air flow was 1490 cim.

Gases uged for i1on implantation are stored in a ventilated
gas cabinet located within a lead-lined cabinet that encloses the
1on source and gas cabinet. The gas cabinet 1d vented by a
6.5-1nch duct. Average velocity measured at the duct face was
2680 fpm and the estimated air flow was 570 cfm. Measurements
were taken with the cabinet door open, The door, which 1s 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-radiatioh
emissions from high energy sources within the 1on implanter. A
Geiger-Muller survey meter with a thin window probe was used to
1dentirfy "hot spots" or areas of X-ray emission above background.
After the detection of "hot spote," 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 monitoraing
for X-radiation are presented in Takble 11.

Arsine and arsenic traicxide emissions were monitored duraing
the normal operation of the equipment and during specifi¢ mainte-
nance activities. Personal monitors were placed on one worker
during the operation of an 1on 1mplanter that ihcorporated a

pallet=type wafer-loading station. An area source monitor was
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TABLE 11. RESULTS OF MONITORING FOR X-RAOIATION FROM ICN IMFLANTERS

T

Total Weekly
Equipmant type Locaticn of badge dose {mrems; |dose {mrems)
Vartan B0w10 Wafer loading station Hag.? -
fwark envirormgnt)
Beam window Heg.+ -
(1nterior of eguipment §
Inside shielding around 140 26
100 F0UTCe
{4nterior of gquipgment)
Qutside shielding around 70 13
ion source .
{work environment)
Variar Df-4 Wafar Ipading staticn Neg.+ -
{work envirorment}
Observation wirndow pn I‘xleg,Jr -
sh1eided source cabinet
near contro} panel
(work enyirorment}
instde shielding around Heg*% -
10M SQuUrce
{interior of equipment)

e e,

" Weekly dose » toial dose x 7d/37d,

¥ Less than the detactyon timit ofF 10 mrams,
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alsc 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 wotrk exposures during
normal operation of the 1on implanter, three types of maintenance
activitlies associated with this equipment were monitored for
exposure to arsine. An area sample was taken above the i1on
source 1n the open source chamber during removal of the ion
source unit. This sample was taken from a relatively small,
confined space in front of the worker. Although the concentra-
tion measured undoubtedly contributes to the workers' area expo-
sure, the magnitude 0f the workers' actual exposure can only be
inferred from these results. )

A similar area sample was taken in the shielded cabainet over
the receptacle for the beam manipulator, and these results are
also presented in Table 12. As i1n the case of the lon source,
concentrations monitored during the removal of the receptacle
reflect neither a personal nor area concentration, but they do
indicate the general severity of the exposure problem.

Sampling for arsenic trioxide was performed at a laboratory
hood used for cleaning the 1on source apparatus. The results of
the sampling for arsenic trioxide are presented 1n Table 12,

Work Practices

Although the work characteristics and practices of ion

1mplantation workers do not vary greatly with the type of dopant
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TABLE 12. SUMMARY OF PERSONAL AND AREA MONITORING FOR ARSENIC {as arsine gas)
Time-weighted
Sample Sample Measured average
Monitoring Job description duration | volume c0ncentratgan cancentration
method or location of monitor {h:min} |[{11ters) (pg/m?} (pg/m?)
Personal Loading station wafers from 1¢n 1:40 14.6 <2.4nt
implanter 2:31 22.1 1.85 1.11
Area Opening at loading station of 2:25 14.9 1.27
ion implanter 4:45 29.4 <1.19+ 0.43
Sampling at manjpulator 2:00 28.8 14,361.0 Not applicable
Sampling above fon source 0:53 21.7 51.2 Not applicable
Opening of laboratory hood used 727 916.4 <{. 04+ <0 04
for 10n source cleaning
* Measured concentration determined as (sample - field blank)/sample velume,

U Analytical results were below the detection limit of 0.035 pg.



being used, employees' work practices are affected by the physical
state of the dopant source. Sources can be 1n gaseous, ligquid,

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

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

and the changing of source mater:al.

The work practices can be divided into two categories:
operational and maintenance. Operational work practices consist
of egquipment startup, operat:ion, and shutdown. The transfer of
wafers to and from the wafer load-1in station 15 an example of an
operational work practice. FlguFe 8 depicts work practices for
amplanters with two types of load«in stations--casgssette=type
load-in stations and pallet-type stations. In the cassette-type
station, the operator must load and remove a cagsette of 25
wafers; in pallet-type stations, the operator manually places 50
tndividual wafers on two cirrcular holders or pallets.

Maintenance or source change actaivities are often performed
by the equipment operators ©r ehdineers responsible for the ion
amplantation portion of the process, Maintenance activitiles
anclude changing of the source, replacement of pump ol1ls, and
general mechanical repairs. For source changes a worker must
wear either a self-contained breathing apparatus or a full-face

air-iine respilrator. An ancillary maintenance activity not

71



CASSETTE-TYRE IMPLANTER

SURLE oL

BaNEL @

®

BALLETTYPE IMPLANTER '
] FALLET .¥YPE
LAAE STAYICH

&

CONTEOL PAMEL

FRIMARY WORK 3YATION, LOCATIIN OF MORKER
OURING MOST OF THE GPERAT AN

PRIMARY WORK STATICH, LOCATION OF WORKER
WITH LINE RESPIRATOR [AR]SC MAINTIRANCE
ACTINITY OR SOURCE (HANGE

SECTMCARY wDRY STATIOWS, MOVEMENT D¥
HORIER DURING PROCESS OPERATIONS

TDENTIFICATION F WOREERS EQUIPPED WITH
PERGOMAL S iTDRS

(®) TOENTIFIEATION OF AREA MONITOR LOCATIONS

bt
=
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presented 1n Figure 8 involves the breakdown and bead-blasting of
the i1on source removed from the implanter. This actaivity
requires the worker to transfer the ion socurce to a container or
glove box for transport to an enclosed bead-blasting operation.
The transfer 13 performed in the wvicinity of the 1on rmplanter

under protection of a supplied-alr respirator.

RADIQ-FREQUENCY RADIATICN SCURCES

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

The batech processes dedicated to plasma etching/ashang
operations use 13.56-MHz RF scurces at 200 to BOO watta. The RF
sources for plasma etching are operated intermittently for 5 to
65 minutes, depending cn the equipment and process requirements,

Radio-frequency sputtering 13 performed in both batech and
continuous processes, The batch operations use 13,.56-~MHz RF
sources at 350 to 1500 watts. The continuous operations use
13.56 MHz RF scurces at 250 watts. The RF power sources uded 1n
batch sputtering operate continucusly. In the continuous RF
sputtering process, the RF source 15 oh for 30 seconds during
each 70-seccnd cycle, and the cycle is repeated continuocusly over
the entire period that the equipment operates.

Radro-frequency radiation 18 also used during the plasma
etching step 1n the DC sputterang process. The system operates
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TABLE 13. SUMMARY OF RADIO-FREQUENCY RADIATION EMISSIONS FROM RF SOLRCES
USER N THE MARUFACTURING OF INTEGRATED CIRCUITS
Operattng Max fmum ~ Max{mum Ma % ¥ rum
Equipment manufaclurer power duration of electric field ] magnetic Tield
and model Frequensy {watts} RF emissions {¥YZ/m*} {A2/m?}
LFE Corp.

PFS/PDS/PDE 1002 13,56 MHz <00 and 400 26.9 min 500 0,04
LFE Corp,

PES/PIIS/POE 1002 13,56 Mz Jnd 6.0 and 5.2 min 400 0.07
LFE Corp. PI¥: 504 13,56 MHz 500 65 min %00 0.02
LFE Corp. PDS 514 11,56 MHz 520 65 min Hone 0.05
LFE Corp. PDS 504 13.56 MHz 550 25 min Ngme 0.405
LFE Corp, PDS 504 13.56 MHz 500 25 min None 0.05
LFE Corp. PDS 504 }3.56 MHr 500 45 min None .07
LFE Corp. PDS 54 13.56 Moz 504 45 min 300 0.03
LFE Corp, POS 504 13.56 ML 04 75 min Nong D.o7
LFE Corp. FDS 504 13,56 YH2 SNa 20 min 20 d.08
LFE Corp, System RDOO 13.56 Miz 100 5 min' 500 D.D%
LFE Corp, System 8000 13,56 Miz 100 5 mint 1000 .42
ASM Amertca, Inc.

Micon Bi1 450 kHz o 100 min Hone ¥

{continued}
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TARLE 13 fcontinued)

Cperating M x i fim Ma x e Max 1mum
Equipment manyfarturer power duration of electr:c freld | magnetic field
and mode Frequency {watks} WF emissions (V2 im2) (A% /m*}
ASM America, Inc. 4

MNican §1l 450 kHr 400 10 man 4004 ¥
Orytek, Inc. Mode! j00* ]  13.56 Muz 850 Cont{nuays 500" 0.37%
Yarian Assoctates, Inc, +

Model 3180 13.50 MHr 250 160 ser None None
Yarian Associates, inc.

Medel 3100 $3,56 MbT 250 160 sect 300 Nane
Perkin Elmer PE 3400 13.56 MMz 350 5 minT 400 n.qg:
Perkin Elmer PE 3400 13.56 MHr 500 5 min® &H) G.Q08
Perdkin Elmer PE 300" 13.56 MH:z 1500 22.% min 250 9.2

[ §
perkin Eimer PE 4400" 13.56 MHz 1500 1.5 min 52000 7.2
Perkin Elmer PE 4400 13,56 MHz 100D 1.5 min™ 1560 t
Perkin Elmer PE 4230° 13,56 MHz 1500 76.4 min 2500 25,0

S e
hith

* Source has potential to cause an exposure 1in extess of the ACGIH TLV for magnetic field strengths at

13 56 MMz,

T Waximum duration of pperation during any & minute pertod.

¥ Probe canneot measure magnetic fields at 3%0 kHz
Measuyrements with access docrs open.
* Radio frequency used in plasma etch step of O sputtering operation.

f

t

Measurements not obtained.



with a 13.65-MHz RY source at 1500 watts for 1.5 minutes during a
17-minute process cycle.

Radio-freguency radiation emissicns (magnetic and electrac
fields) were found along 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 peorts. Initial measurements of these
emissions or leakage were made at 10 ¢m (6 inches) from the
enclosure cabinets. JOnce elevated RF measurements were identi-
fied, additicnal measurements were made at éreater distances from
the emission source. A level of .26 A?'Im2 RE magnetic field was
noted at 30 cm (12 inches) from ome RF sputtering system, which
decreased to below the detection level at 61 em (24 ainches).

This leakage, which was measured in front of the operator's
viewling port, appeared to be due to a screw missing from the
Cabinet assembly and not from leakage through the qlaqs port.
The RF radiation measured at the screw holes was 7.0 Pzz,~’rt|2 when
the process equipment was operating 1n the blas sputtering mode
and 3.2 ILL'ZI'I'H2 when 1t was operating in the etching mede. The
difference 1n measured RF emissions is due to the application of
a portion of the elegtrical energy from the cathode to the anode
supperting the wafers. The operator may be exposed to either of
these levels for cnly braief periods (<1 minute) while observing
the operation through the viewing port.

The automation c¢f the process equipment results in limaited

operator exposure to RF radiation. Operators are regulred to
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ioad wafers or cassettes i1nto the process equipment. The opera-
tor then initiates the operation by dial or push-button control
and may remain at the equipment for short periode (-1 minutel} to
chsarve the operation with the RF power on. The operator i1s at
other work stations in the area during the rest cof the process
cycle.

Plasma-enhanced chemical vapor deposition 1s performed as a
batch operation, which uses a 450-kHz RF source at power levels
of 300 to 400 watts, and as a continuous cassette-to-cassette
cperation, which uses a 13.56-MHz RF source at 100 watts. The RF
source 1n the batch operation i1s on 24 to 27 minutes for deposi-
tien and 100 minutes during a process etch cycle that i1s performed
once every l0 runs. During the continuous process operation
mode, the RF source 1s on for 115 seceonds during a 145-second

cycle,

GAS HANDLING SYSTEM

Toxic, corrosive, pyrophoric, and flammable process gases
are supplied in cylinders, which are stored 1n ventilated gas
cabinets. The cabinets contain two to four cylinders, secured by
straps. The gas piping system {see Figure 9) for each cylinder
15 mounted above the cylinders. The cakinets are vented by 14 to
£ inch diameter galvanized steel ducts that exit the top of the
cabinets., The cabinets used at thais facility generally are not
equipped with air supply vents. Table 14 summarizes the average
velocity and estimated volumetric air flow for each gas cabinet

duct. Estimated average air velocitiea ranged from 930 to 2130
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TABLE 14, SUMMARY OF AIR FLOW CHARACTERISTICS OF VENTILATED GAS
CYLINDER STORAGE CABINETS

Averagqe YoTlumetric
Duct diameter, | velocity,” flow rate,

Gas 1nches fom cfm
S1H4 6 1980 390
Hzﬂ & 2060 600
CF4;'02 5 2700 370
BZHE 6 3130 620
HH4 & 2880 570
S1H4 & 2010 390
PH3, S'|H4 6 1510 300
AsH3 8 1460 510
BEHS 6 _2930 590
HCY, AsH, 6 930 1807
HC1, AsH3 6 2800 550
HC1, A5H3 6 2480 490
AsHq 6 2480 350"
BC1, control 4 3200 280
cabinet
BC1,, control 4 1710 150
caﬂ1net
H2{02 source lab 4 3380 300
.ﬂ.sH3 saurce lab 1 1820 130

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

t Damper part1ally closed.
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feet per minute, which result in estimated zir volumetrie f£lows
of 180 to 620 cubic feet par mifAute, The lowest velocitien and
volumetric f£low rates were from gas cabinets that had partially

closed dampars in the ventilation ducts.

GAS DISTRIBUTION SYSTZM

A general diragram of the gas piping sysatem used at this fa-

cility 15 presented 1n Figqura 9. A regulator assembly 1s attached

ko the process gas cylinder, and a nitrogen purge line enters the
azgenbly just prior to the regomlatar, Gas 15 distribuated from
the ragulator throngh a SwagﬂlahR flexible hose ta 3/16-1nch
stainless steel line, The final cantral of the‘prccesa gas
gTsgurs just prior to whaere tha stainless steel lines coangct to
+the process equaipment, Gas from the cylainders 1s controlied at
the process equapment through a manually controlled Hhiceyn
valve, The stainlezs steel line 1s protected from pverpres-
surization by a relisf valve that exhausts to a 3/8~anch staain-
less stezl vent, A sgzond Whlteyﬂ valve allows gas to exhzust
from the system to a 3/8-ipch stainless steel vent,

House nitrogen 1s used as a purge gas, The gas 13 distrib~
uted through 3/8~inch copper or atainless steel lines, and 1t
passeg through a nltroéen requlater, a thteya'valva, and two
check valves before 1t enters the praocess gam system in front of
the process gas regulator,

A variation of the above gystem included the nse of “"pirg~
tarlse® in place of the flexible hoge. A "pig-teil”™ 15 a circular

corl of stairlegs 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 tc the external plant

atmosphere.
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CONCLUSIONS

The results of the in~depth survey lead to the following
conclusions, which correspond to eac¢h work activity or process
operation discussed in the control technology section of this

report.

CHEMICAL HANDLING

HMost cf the chemical-handling tasas performed at the Fairw
child facality involve the movement of process chemicals £rom
storage or holding areas i1nto the circuirt fabricatian procesg
avrga. Toxic or hazardousi gases used at Falrchild were tranew-
ferred from ccompressed gas cylinders to process machanery through
2 gas handling pystem. Thia system 15 an example of “good”
contemporary engineering design. It incorporates 1) exhausted
gas cabinets for safe storage of gas cylinders, 2) flow-limating
and emargency shuroff valves, and 3} welded stalnless steel lines
that contain a minimum of compressicon fittings, Worker exXposuree
to leaks and gas releases during cylindey changing cperaticns are
further controlled through the pnaed air line-ssupplied respiratars,

Worker expcsures during the tranefer af liquad chemicals are
controlled through the use of persoral protective eguipment,
Chemical handlers {chemical technicians} are provided with per=

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

cabinets with automatic sprainkler systems.

PROCESS COHNTROLS

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

Photolaithography

Worker exposures to organic substances from photolithographic
operations in both the Type I {old technology) and the Type II
(new technology) tunnels proved to be less than the TLV's for
these substances (see Tablea 1 and 2). Area menitoring in Type I

tunnels detected acetone, n-hutyl acetate, and xylene at levels
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equal to or less than 5§ percent of their respactive TLV's,
Although Cellosclve acetate, methyl Cellosolve, and methyl ethyl
ketone were used in the process, they were not detectsd durarng
the in-flapth survey. Hexamethyld:silizene {for which a TLY has
nct yei been established) was detected at levels between 0.03 and
0.3 ppm., No personal monitering was condocted in the Type I
photolithographic tuanels,

rea and personal mupitoraing in Type 11 tunnels detected
acetone, n-batyl acetate, xylen2, end Cellosclve acetate at
lavals less than 1 percent of their respective TLV's. Hexamethyl-
disilizane, methyl Cezllosalwe, and methyl ethyl ketocrne were nok
detectad dnring either the area or persohal sampling.

Although neither photolithographie operations {Types I o2
11} presented av exposurs hazard to the fabraication workers, the
newer process eguipment in the type II tunnael {i.e., the kafer
Trak® System! appedrs toc provide a fivefold redugtion in work-
place exposure,

Wet Chemical Stations

HWorker exposures to hydroflucric, sulfuric, end nitric acids
Wwere monltored at the weat chemical wafer etrking stations, which
use a "laboratory type” chemical bench design. Thie type of
design includes a plastig splash zhield, local exhaust slcta
acrosa the rear of the bench, slots arcund the perimeter coi eack
s2liytion tank, and a perforated deck serviced by ar exhaust
pilenam below the work surface, Tha workers involved in wafer

etching at these benches and the chemical harndlers rasponsible
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for replenisbing the acid tanke were exposed to aerosol levels
representicg less than 1 percent of the TLV's for hydroflurric
and salfuaric acid {see Table 4!, Ko nitric acid was Fetected at
the wet chemical stations where nitric acid eclutinons were used.

Diffumicon Furhaces

Diffusion furnace oparators and their work areas were moni-
tored for dihorane, arsenic tricxicée, and antimeny. A majority
of the diffusion furnace banks srudied incorporated the use of
Eour ventilation contrel measares: 1) ventilataien of the enclosed
source cabinetg, I} ventilaticn of the fornace tube bank and gas
gupply line *s3ungle,* 3} ventailated scavenger boxes eguipped with
closing dcors, and 4} cpen~faced hoods located at the base of the
furnace tuabe ilpading stationg. The 4=inch furnaces were the
gLngle exception; although verntalated, tha scavenger bhoxeg on
these furusces had ne dcors,

Emiesions of boron compounds (possibly diborane}! were cdetected
in personal and area samples tzken at the 3~ and d4~inch 2i1ffusion
furnaces using daborane. The resulte of personal samples taken
on furnace opierators ranged between zero and 14 percent [(14.4%
ugfmS} oFf the diberane TLV. Ar area wonltor located 12 imches
Erom the cpening of a Jd-:nch furnace was used to collect three
airr semples {see Table B}, Assuming that the boron compounds
collected were diborane contents of 2,7, 4,0, and 3.8 ug, respec~
tively, were found in 1536, 132, and 67 liters of collscted azr.
Another arega monitor, located 1o feet from the ppening of a
4~1nch furnace, collected 6.8 yq of dibaorane from em B2-l1ter
gample of air. Tha results of the sampliing effort adentifred the
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potentaal for the emission of diborane.” The results also sug-
gest that the variation in scavenger box design between the
3-i1nch and 4-anch furnaces does not affect the level of dopant or
process gases escapling in the workplace.

Scavenger box face velocities were measured at values as low
as 60 fpm. It 1s possible that under some circumstances the
removal of wafer boats comblned with the downdraft cof air from
poverhead HEPA filters could reduce the effectiveness of the
scavenger box exhaust.

A similar concern arises about air velocities measured at
socurce cabinets. Readings as low as 47 fpm were observed on
diffusion furnace source cabinets containing toxic dopants.
Persconal and area samples taken at furnaces using arsenic trai-
oxide or antimony dopants failed to detect eirther arsenic or
antimony in the workplace air {see Tables 9% and 10):

Ion Implantation

Ion i1mplantation operators and maintenance personnel were

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

At Pairchild's request, another set ¢f diborane samples were
analyzed to verlfy the presence of borcn (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 focund for the discrep-
ancy. It 1s suggested that any person having & particular con-
cern about diborane exposures in the fabraicaticn arsa should

cenduct independent sampling to verify the presance or absence
of diborane.
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The 10onh generating mechanisms of i1mplanters are housed 1in &
lead-shielded cabinet. This shielding provides protection against
the emission of harmful levels of X-ray generated during the
application of high-voltage electrical energy to the 1omn source.
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
locaticn cutside the shielding a total dose of 70 mrem {approxi-
mately 13 mrem/week) was detected. Another dosimeter placed in
the same location, but just 1nside the shielding, registered a
total dose of 140 mrem {(2pproximately 26 mrem/week).

The dosimetry data aindicate that the shielding greatly
attenuates the level of X-ray emissions thaF reach the workplace.
At the point of greatest potential exposure {close to the ion
source, but outside the protective shielding) the attenuation was
limited to 50 percent.

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

Maintenance personnel 1nvolved in the removal of i1on sources
or the repair of graphite components (i.e., beam manipulation}
are confronted with large em:ission= of arsenic (presumed to be 1n
the form of arsine gas). During one sampling period area monitors
located over the graphite receptor of the i1on scurce and the beam

manipulator collected 413 and 1.1 ug of arsane, respectavely.
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Th.s sampling effort was the first veraification nf saspected
arsenic axposures during sourse maintepance efforks. As an
established precauktion, Fairchild's maintenanee personnel are
required ¢o wesr full-face airiine-supplied reepiratocrs during
maintenance activitles, As an additional protective measure, the
1pbn scurses are gulckly traunsferred upon remcval to zir~tight
glocve boxes for malntenance oy repair. This precautian is
designed to prevent the sugpected "aut-gassing” of arcsenlc

or arsenic compounds from grephite material compenents,

Radio Freguency [AF} Sources

Radip-fraquency or mlcrowav# radiation emlssions ware detec—
ted near most RF geperating sourses (Table 13). Several of the
metaliizatlon urlks profucad magnetle hear~field energy levels
that ¢puld result in expcsuree above the TLV for 13.56 Mz scurces,
The work nabita cof Pairchild employees, howaver, prevented any '
such exposurzes. Their work regimen prevents them from spending
any more thasd 1 or 2 minutes near enough to the equipment ta be
exposed to the levels meastred duoring the in-depth survey, In
contratt tg the expeosure potential ta magnetic~field emiasions,
only one source had the pogtential for overexpcosure to electrical
field energy,

Emissions due to thg magnetis and gleetrical fields far 450~

kHz sources were beleow the racommended TLV's,
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