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INTRODUCTTON

The National Institute for Ceccupational Safety and Health (NIGSH) 1s the
primary Pederal agency engaged 1n occupational safety and health ressarch
Located iu the Department of Health and llumap Services {(formerly DHEW), 1t was
established by the Occupational Safety and Health Act of 1970 This
legislation mandated NIGSH te conduct a number of research and esducation
pregrams separate from the standard setting and enforcement functions cariied
out by the Occupational Safety and Uealth Administcration (DSHA)Y in the
Departwment of ILabaor An lmpeortant area of WIGSH reszcarch deals with methods
for controlling occupational exposure to potential chemical and physical
hazards  The Engineering Centrol Technolegy Branch (ECTB) of the Division of
Physical Sciences and Fogineering (DESE) has been given the lead within HIOSH
to study the engineering aspects of health hazard prevention and control

Since 1976, ECTE has conducted a tumber of assessments of health bhazard
control technolegy on the basis of industry, common i1ndustrial process, or
specific contrel technigues Examples of these conpleted studies ineclude the
foundry mmdustry, variocus chemical mamufacturing or processing operations,
spray painting, and Lhe recirculation of exhaust air The objective of each
of these studies has besn to document and evaluate effective control
techinigues for potential health hazarvds in the industry or process of
1nterest, and to create a more general awarencss of the nezed for or
avallability of an effective system of hazard control measures

These studies i1nvolve & number of steps or phases Inittally, a series of
walk-through surveys 1s conducced to select plants or processes with effective
and petentially transferable control concepts or techniques Next, i1n-depth
surveys are conducted to determine both the conlrol parametars and the
effceriveness of these contrels  The reports from these in-depth surveys are
thon vsed ag a basis for preparing technilcal reports and Journal articles on
effective hazard contrel measures  Ultimalbely, the 'nformation from these
research activities buillds the data base of publiely avairlable information on
hazard econtrol technlques for use by health professionals who are responsible
for preventing occupational 1llpess and injury

This research study of control technelegy for Callium Arsenide processing was
prompted bBY a growing interest 1n silicont alternatives for the semilconductor
industry  For years, silicon had heen the primary semicoenducicr material for
integrated cilrcults Howewver, demands for higher speed devices for
copmunlcation and milltary purpeses lod to an anticipated surge 1n the gallium
arsenide technology  Gallium arsenide provides higher electron speeds, lower
power consumption, and higher radiation resistivity than z1li1con Beeause of
the i1ncreased demands for gallium arsenide and the fact that arsenic,
consldared a human carcinogen, 1s uged 1n the gallium arsenide production
process and also can dissocilate from gallium arscnide in the bedy, there 1s a
need to 1dent1{y what hazard controls are necessary  Slnce thls Lndustry i1s
growing, 1t will be useful te know 1f different or additienal controls are
necded 1n comparisen to silicon-based processes



FLANT AND PROGESS DESCRIPTION

FACTLITY DESCRIPTION

Morgan Semiconductor, a subsidiary of Ethyl Corporation since 1985, 19 a small
(20 employees) gallium arscnide crystal grower founded in 1974  Their product
1z sliced and polished wafers, which are supplied to gallium arsemde
optoelecttonles, mlcrowave, and 1ntegrated clrcuirt manufacturers In
addition, Morgan supplies sowme gallium arsenide wafers with epitaxial lavers
of gallium aluminum avsenide

Merpgan has two separate builldings, one for administrative purposes and the
other for production purposzes  Morgan employs the Liguid Encapsulated
.zochralski {LEC) and Horizontal Bridgeman {(HB) techniques for crystal

growing  Other aperations include ampoule loading, synthesis,

grinding/sawing, polishing, and epitaxy areas A layout of the plant 1s showm
in Figure 1

PROCESS DESCRIPTICN
Process Flow

At Morgan, galliunm arsenide (Gdds} 1s synthesized prieor te crystal growth In
the ampoule loading room, elemental arsenic and ligquid gallium are loaded 1nto
a vessel which 15 Lhen sealed The load reom operater transports the sealed
vessel to the synthesis room and places 1t 1t a synthesis furnace to be
heated After synthesis, the vessel 15 openad and the polyverystalline Gals
charge 1s removed The charge 1s then etched with a selutlon of ammoenium
hydrovxide, hydrogen percxide, and water and rinsed i1n deionized water Dxides
arc removed 1n the cuk-off room using a samdhlaster and the ends of the charge
are cut off with a saw priory te crystal growth

In the LEC process, the charge, along with boron oxide, 1s loaded into the
erystal puller crucible by an LEC operator  The puller 1& heated, melting the
Gaas and boron oxide  The boron oxide fleats on the melt and serves asz a
liquid encapsulant to prevent arsenic vapor from escaping The mel: chamher
15 pressurized with argon A seed crystal 1s lowered inte the crystal puller
and the desired single erystal GaAs 1s obtailned

The duties of an LEC operarer include monitoring the erystal pullers
approilmately every 5 minutes, leoading and eleaning the crystal pullers, and
general housekeeping  The floors 1n the LEC area are cleaned at the end of
each shift and the puller surfaces are wiped down

For the HB preocess, a synthesized polycrystalline Gass charge 1s broken up in
a glove box and lpaded with a zeed crystal of single crystal GaAs into a
quartz beoat, which 1s then placed 1n a quartz ampoule The ampoule 1z then
evacuated and sealed, loaded into an HE furnace, and selectively lieated at the
proper tempaerature gradicnis to 1mitiate single crystal growth
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The quartz boats from the HB process are cleaned with a diluted hydrofluoric
acld and then rinsed with delonlzed watoer Occagionally, a yuartz ampoule may
crack and vent i1n the HB furnace, the furnaces must then be ecleaned with a
high efficiency particulate arr (HEPA) filter vacuum clcaner once the hoat
cools dovn The furnace room may also have to be cleaned 1f the ampoules has
ventced ocutzide the furnace

After LEC or HB crystal growth, the Gass 1ngot 1s annealed 1n & dilute arsenle
atmesphere furnace to relieve radiation induced stress 1o the crystal

lattice The crystal orrentation i1g then determined using potassium
hydroxide, &nd a solution of bromine and melhanecl The ends of the GaAs 1ngot
are cut off with an outer dizmeter (O D ) saw in the grinding/sawing room and
one gide of rhe ingot 1s ground flat, fe mark the crystal orientallon, usilng
an U T grinding machine  Epoxy and graphite are mounted to the flat side of
the 1ngot 1n order to mount 1t an automated saws used to slice the wafers

The wafers are then cleaned 1n the polishing room with acetie acid and the
epoxy and graphite are removed Finally, the wafers are beveled with an
edga-bevelar 1n the grindipg/sawing roem and sent back to the pelixhing room
to be polished with colloidal s1lica, deiomized water, bleach, and =
commexrcially available detergent An etching process follows AT ammonium
hydrexide, hydregen pereside, and water scolutilon 1s used for the etching
Process Finally, the wafer 1s ready to be packaged

Additionally, Morpan usec GaAs wafers as substrate material for the epitaxial
growth of thin layers of doped GadlAs with the propetr electrical
characteriscics  Before loading the wafer or wafers inte the cpitazxial
reaccor, a portable Matheson monifor 1: used to check for arsine The door 1s
cracked open ardd the monitor 1s emploved For approximately thrse mimuies  Tha
door 13 then fully opened and the reactor 1s chacked over once again with the
monl et The wafer or wafers are inserted intoe the reactor and the bhell jar
and base plate are vacuumed with a Nilfisk GS-JIF HEPA filter vacuum cleaner
After wvacuuming, the door 1s then closed A mixture of arsine pgas (10 percent
concentration}, trimethyl aluminum vapor, and trimethyl gallium vapor is
metered 1nto the reactor chamber with silane and/or diethyl zine gas dopants
The GanlAs 1s then formed with elther silicon or zine doping and a layer
deposited on the wafer

LEC Cleaning

The crystal pullers are cleoaned [ollowimg cach LEC preductien run  GCleaning
1s an intcegral part of the LEC process £1]1 internal surfaces of the pullers
are vacuumerd with the Ni1lfi1sk G5-81 HEPA filter vacuum c¢leaner and wiped using
tevwels {(Kay Dry absorhent wipes) with isopropyl alcehel  The erystal pulling
room 15 designated as a regulated area during cleaning operatlons

Twn pperators are 1n the LEC reom during cleaning—-one aperater deoes the
actual cleaning, while the sceond operator continues to monilor the operating
crystal pullers Just before the cleanlng operation begins, the doors of the
TEG room are closed and a s1gn 18 hung outside the deor indicating no one 1s
admitted without proper respiratory protectlve aquipment The operator who Ls
rleaning dons either a MSA half-face pressure demand supplied-air respirator
or a MSA full-face pressure demand supplied-alr respirator, while the other

s
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operator wears a half-face arr-purifying respirator {HSA Type H) air for the
supplied-air respirater 1s delivered from bottles through 1/2-1nch diauweter
hose at approximately 165 ps1 The operator also wears s disposable Tywvek
coverall with boorleLs, head covering, safety glasses, and rubber gloves while
cleaning

Cleaning of the puller begins by moving a cart with the tools and supplies
next to the puller Ten bolts are loosened with an atr-powered wrench to apen
the wvertical top portion of the puller  After the panel 1s opened by hand,
the vacuum 15 turned on and the inside of the panel 1s vacuumed using the
J-1nch diameter hose attachment  The inside walls of the vertical cavity and
the commecking rod inslde the caviiy containing a blackish-grey dust, are then
vacuumed  The cavity 1s semicircular, ahout 8 inches decp, 8 inches wide, and
about 2-1/2 feet high  After vacuuming the inside walls, Che cavity 15 wiped
using towels (Kay Dry absorbent wipes) with iscpropyl aleschol While wiping
the surfaces, the cperator leaves the wvacuum running and either lavs the
vacuam hose on the floor or puts the hese 1nto a garbage can previously placed
next to the puller

Mext, the operator lossens the center rod with a pliers, l1ffs ap che top
vertical part of the puller and rotates it out of the way, moves a garbuage
can under this top vertical section, and vacuumsg the underside of rhe
cilreular top of  the puller He then wipes the underside and viewing screcn
with 1sopropyl alcohel and throws the dirty towels inte the garbage can

Several inner liners [rom Lhe lower part of the puller are removed and
vacuamed 1nside and qut Several more liners and pgraphite parts including the
crucible are removed but not vacuumed, the crucihle 1z emptled 1nte the
garbage can and placed 1n a nitrogen-purged dry box  We obscrved that the
entire 1nside wall of the 2Z-foot high cylindrical section of the puller was
covered with dust  The aperator vacimms and wipes the inside wall and hottom
of the cylinder with 1=zopropyl alcohol Lastly, he scrubs the inside with
Scotch Brite pads, but lays the contaminated pad ovn the outside of the

puller The cutside of the pulier i1s net vacuumed or wiped  While cleaning
the bottom of the puller, the operator has to reach a full arm’s length 1nto
the cylinder so that his face 1s 1n the opening at the top of the ecylinder
mich of the time

The wacuum 1s then curned off and the operator puts the graphite parts and
liners hack 1ntoe the cylindrical part of the puller, and the thermeeouple is
cleaned, preased, and inserted back into the puller The operator takes off
his suit and respirator and lecaves the room  About 5 minutes after LEC puller
cleaning 1s finiched, other workers enter the room without respirators

Process Rooms

Both low-pressure erystal pullers and high-pressure erystal pullers were
located in the LEG reom  The low—pressure pullers were situaied on a hase and
the lower cylindrical portion of the puller was stainless steel, approximately
2 feer high It coutained a series of insulating linervs made aof graphite and
a boron niiride crucible This lower c¢ylindrical portion of the puller also



contained a orystal pull rotation rod and a thermoecouple The upper peorkion
of the puller was semicircular, about 8 inches deep, 8 1nches wide, and about
2-1/2 feet high A wviewing screen was provided for each puller, thus ecnabling
the operator to monitor all aspects of the crystal growth process

The high-pressure pullers were segregated, hut not isclated from the rest of
the room, by a polyvinyl chloride (BEVC) screen  High— and low—pressure
pullers have the same basic cemponents, however, for the high-pressure
pullers, the thermal controal 1s more complex In addition, the pressure 1n a
high-pressure system 1s about an order of magnitude greater than in the
low-pressure enviroowent  The high-pressure pullers were wenltored remotely
from a computer control console located on the other side of the PVC screen

There were several HB erystal growth furnaces in two parallel rows in the HB
room  Ventilarion consisted of cetling fans that exbaust air through the roof
To the oulside There was nu local exhaust ventilation

Two wet chemical stations and a glove box werce located 1n the ampouls lovad
room Local exhaust ventilallon was employed for the wet chemical stations
and the gleve box  The glove box was used for leading the elemental arsenic
and liguid gallium into gquartz ampoules

Equipment in the synthesis room consistad of vertical synthesis furnaccs, and
amnealing furnacoces Argon gas ¢yvlinders are also stored 1n the synthesls
raom  Each vertical [urnace is approximately 7 feet high by 2-1/2 feet
square  Each of the wvertical furnaces 15 equipped with a 4-i1nch flexible

duct which enters a central plenun ducted te the roof Exhaust air frem the
vertical furnaces 1s not treated (1w collector) and 1s discharged 2 feet shove
the rool line The horizontal ingot annealing [urnaces age approwimately &
feet high, 1-1/2 feet wvide, and 8 feet long These serve as multipurpose
furnaces and contain three layered, horizontal sections  The top level 1s
used for bake ocut, the second lewvel 13 used for annealing, and the third lewvel
1s used [or storage of the thermoccuples

Automated, 1nside diameter (I D ) saws and an outer diameter (0 D ) grinder
were located 1n the front reom of the grinding/sawing room  The saws wors
equipped with local exhaust ventilation and the grinder was enclosed with
local exhaust venrilacion  Exhaust arx for each of the saws and the grinder
was discharged rhrough 3-inch diameter flexible pipes To an exhaust fan, thaen
through the ruooef hy a single straight exhaust duct  Thoere was no collector orx
serubber A make-up air supply opening was located in the ceiling near the
center of the foom

The back room of the grinding/sawing area was separated from the front room by
double doors It contained 2-inch and 3-i1nch wafer edge bevelers without
local exhaust wventilatiloen, an enclosed grinder without loecal exhaust
ventilation, and am 0 D saw, a grinder, and a saw cach with local exhaust
ventilation The © D zaw was enclesed, but the dever was opecn during much of
the survey  Exhaust air from the 0 D saw and the grinder were discharged
through 4-ineh flexible ducts and air from the saw was discharged through a
3-11ch duct to the voof The total exhaust airflow for the grinding/sawing



area was 3,600 cubic fuet per minute (cfm) A wet chemical statilon was also
located 1n the back room of the grinding/sawing area

& Pictorous abrasive cut-off gaw, a wat vapor hone, and a sandblast unit wers
empluyed 1n the cut-ofl reom The Pictorous saw was used to remove the ends
of the synthecsized charge before crystal growth  This was a web process The
wet vapor hone and sandblast unii were used lnkterchangeably to remeve oxides
from the synthesized charge before crystal growth

The polish room consisted malnly of two 24~1nch double-side pelishers and two
single-side polishers A wet chemical statlon was also located in this room
for hypechlorite use

Two epitaxial reactors (Spire and Canbridge} were cmployed in the Glass 100
{100 particles or less per cubic feet of air) epitaxial clean room  The
Cambridge was down for maintetance during the survey The Spire consisted of
a gquarfz bell jar reaction chamber sitting on a base plate, a nmitregen-filled
glove box for leoading, unleading, and handling of wafers, an 1nsrrumentation
monitering panel, a cabinet housing gas lines and stainless steel contalners
for trimethyl alumimum and trimethyl gallium within a vented negatlve pressute
enclozure, and a computer terminal through which the eoperator could control,
monitor, and document all aspects of the growth process

EVALUATIOR CRITERILA

Arsenic requires stringoent controls to minimize exposures to the currenc USHA
permissible exposure limait (PEL) of 10 upg/m?, the OSHA action level of

5 pg/m’, and rhe NIOSH recommended exposure limit (REL} of 2 ug/w’ (ce1ling)
The plant must establish regulated areas 1in cazes where 1norganic arsenlc
exposures exceed the permissible exposure limit These regulated areas must
be demarcated and scgregated from the rest of the workplace, access must be
limited Lo authorized persons, and appropriate regpirators must be worn L.z 4
Chronic exposure to arsenic may cause malaise, fatigue, peripheral nsuropathy,
snd perforation of the nasal septum  Arsenic 1is also suspected of causing
skin and respiratory tract cancer *

The 0SHA PEL for arsine 1s 200 pg/m®, the NIGSH REL for arsine 1s the same as
the NIOSH REL for arsenic '+ Arsine 1s an extremely toxic gas that can
produce maszive hemolvsis and renal failure, and exposures as low as 10 ppm
have caused cowms and death  Early effects from an exposure are characterized
by giddinesa, headache, shivering, and abdominal pain ® Arsine has a slight
garlic odor which 1s only detrectable above safe levels *

tither commonly used materi1als at Morgan include s1lane, trimethyl aluminam,
trimethyl gallium, and diethyl zinc S31lane, trimethyl pallium, trimschyl
aluminum, and diethyl zinc are pyrophoric and, therefore, present a fire and
explosion hagzard ° Little i1s known about Chelr texiclty

Hydrochlorie, hydrofluorie, and nitric acids are alse employed i1n Gahs waler
productian  The NIDSH REL/0SHA PEL 1s 7,000 ug/m?® {)l5-minute ceiling) for
HECL, 2,500 gg/m® (TWA) For HF, and 5,000 pg/m? (TWA) for HNO, ® These acids
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may cause burning and scarving of the skin and mucous membranes Chronic
wnhulation may cause bronchitls and pulmonary sdema *

amorphous s1lica 1s usually considered te be of low tonicity, howewer 1 LE
1s ¢contawinated with crystalline silica, pulmenary fibruvsis of che lungs may
result ® The OSHA PEL for amorphous silica is 80 mg/m® divided by the percent
grlica (TWA} The OSHA PEL for resparable crystalline silica s 10 mg/m’
divided by the percent si1lica plus two (TWA), the NTOSH REL 1s 50 ug/m* for
respirable crystalline silica 5.7

METHODOLOGY
ATR SAMPT.ING AND ANALYSIS

Personal and area samples for arsenic and gallium were collected on 37 mm
diameter cellulese ester & pm pore si1ze filters The f1lters were
pretreated with sodium carbounate and glycercl and dried by drawing sufficient
#1Y valume Chreugh them to break the inaitial pressure drop prior to the
condues of the survey

Two sampliug traine were used for the collection of arsente and gallium as
shown i1n Table 1 The first train consisted of a treated filter in serics with
a chareoal tube and a DuPont P-2500 pump operated at o flow rate of
approximately 0 5 litervs per minute {(Lpm} This Lype of sampling train was
employed hecause 1n the presence of heated arseniec zources, arsenic trioxide
TApors of velatilized arsenlc material may he prescenl in the air, monituring
sotely with cooventional Lilters would undercstimate total arsenic exposures
The charcoal tubes econsisted of 400 mg of activated coconut-based charcoal an

Table | Samphog and Analytcel Methods

Flow Rate
Sample Train {Lpin) Analyte Analytica] Mcthod

Mller 17 Arsenus, Gallium Graphite Furnace AA According to
NIOSH Method 7901

Filter and Charcoal Tube LS Arsenic, Gallium Craphilc Furnace AA Accordung o
NIOSE Methed 7901 (filter) Graphute
Furnace AA According to NIQSH
Method 6001 (ube)

Prehlter and Charvoal Tubse 01 Arsine, Arsvmo Graptntc Furnace AA According to

NIOSH Method 7901 (filier) Graphiie
Furnace AA Accarding v NIOSH
Method 8001 (be)




the main section and 200 mg of activated charcoal in the backup section  The
larger (400 mg/200 mg) charceal tube was used i1nstead of the 100 mg/50 mg
charcoal tube provided for in NTOSH Method 6001 * For personal samplas, the
charcoal tube was placed i1n a sorbent tube holder in series with a treated
f1lter  The rube holders were pretested for leaks prior te the voenduct of the
survey  The ocher sampling train for arsenic and gallium consisted of a
treated [1lter and a DuPont P-4000 pump eoperated at a flow rate of
approximately 1 7 Lpm

Arsine vapors were collected uging A coconub-based charcoal tube (400 wg/200
mg) with a treated prefilcer (37 mm, 0 8 pm)  Arsine personal and area
samples were taken in the epiltaxy area at a flow rate of approximately 0 1 Lpm
using DuPont P-200 pumps  The prefilter was analyzed for arsenic and gallium,
and a number of the samples were also analyzed for aluminum and zine Several
samples collected at a [low rate of 1 7 Lpm on treated filters were also
analyzed for aluminum and zine in addition to arsenie and gallium For
samples analyzed for sll four metals, detection limics were 0 2 upp/falter Tor
arsenic, O 07 pg/filter for gallium, 9 pg/filter for aluminum, and O 2
pg/friliver for zine  Tamits of uantitation were O 50 pp/frlter for arsemnic,

0 23 pg/frleer for galliuwn, 30 pg/frleer for aluminum, sand O 61 gg/filter Lor
zine On samples that were only analyzed for arsenic and gallium, limits of
detection ranged from 0 Q2 to O 05 pg/filter for arsenic and O 02 to 0 04
pgs/fileer for gallium  Laimits of quantitation ranged from 4 05 to O L4
sg/filter for arsenic and 0 035 to 0 11 pg/firlter for gallium  Limts of
detection for charcoal tubes analyzed for arsenie ranged from 0 01 ta 0 (2

peitube

Sampling duration was based on the adsorptive capacity of the tubes for the
contamlnant to be sampled  Approxiwate full-shift samples were taken for the
filrer cassottes, however, when this was not possible or practical, shorter
samples (4 to 3 hours) were taken Additionally, short-term sampling for
Aarsenic and gallium was performed specifically for the duration of the LEG
cleaning operation The charcoal tubes were changed every 2 to 3 hours in
order te aveld breakthrough

Alr sampling was alspo perfommed for si1lica and various acids S1li1ca was
collected on 37 mm 5 pm pore size pelyvinyl chleoride (PVGC) filters preceded by
10 mallimeter nyloen cyclones at a flow rate of 1 7 Lpm using MSA Model G pumps
for persecnal and area =zamples For personal samples, filter cassettes and
cyclones were attached to the workers Tyvek suit as close to the breathing
Zone as practical  Samples were taken for approximately « full shafr

Mineral acid tubes (400 mg/200 mg) were used to sample for nitrie,
hydrochloric, and hydrefluoric acids 1o the ampoule loading reom with DuPont
P-2500 pumpzs at a flow rate of approximately © 5 Lpm for the collection of
aclds

All f1lter samples for arsenic and gallium were analyzed by graphite furnace
&4 1n aceordance with NIOSH Method 7901 ¥ The graphite furnace was

determined more apprepriate for the desired sensitivity than the ICP methed
for these metals Filter zamples in the polishing room were also analyzed for
aluminum and zinc by flame AA 1n acceordance with NIOSH Method 7301



Chareeoal tubes werc analyezed by NLOSHN Method 60018 for arsine NIOSH Methed
75007 was used for the analysis of the PVC filters for quartz, cristobalite,
and tridymite NTOSH Method 7903% was employed for the analysis of the
mineral acid tubeay -

Wipe Samples

Wipe camples were also taken to measure arsenic surface centaminatlon

Wearing pelyethylens gloves, an investlgator removed a Whatman 42, 7 «m

{1 B-1nch} drameter filter from the bhox The filter was molstened with

0 4 milliliters of triple distilled delopized water using a pilpulite  Areas of
100 cw® og 500 cm® were wiped with the moistened filter Plexiglas® templates
or masking tape were empleyerld to measure aff the areas  The filter was folded
m half with the suposed side 1n and folded again to form a 0% angle 1n the
center of che filecer It was placed, angle first, in a clean glass wvial and
capped In order to detzrmine the depree ol wvariability Lu a measuremcnt,
slde-by-side replicate wipe samples were taken for sewveral of the 1nitial
wipes In addition, for several samples, the same area was wipoed a4 second
time with another filter paper 1n order to determine a collection efficiency

Wipe samples were collecred in the LEC, grindilng/sawing, and HB areas These
samples were analyzed in accordance with NIOSH Method 7900 10

OBSERVATIONS

During the sampling survey, effective work practices and use aof personal
protective equipment were documented, 1t partlecular during the LEC cleaning
operation Additionglly, control configurations and productpion equipment were
sketched and discussed

CONTROL TECHNOLOGY
FEINCIFLES OF OGONTROL

Cecupatlonal exposures can be controlled by the applicatioen of a number of
well-known principles, including engineering measures, work practices,
persomal protection, and monitoring  These principles may he applied at or
near the harard source, To the general workpluace environment, or at the point
of ocoupational exposure te indiwviduals  Contrels applied at the source of
the hazard, i1necluding engineering measures (material substiturion,
process/equipment modtfication, 1solatlon or automatien, local ventilation)
and work practlces, ate generally the prefertred and most effeclive means of
control both 1n terms of ocecupatianal and environmental concerns Controls
which may be applied to hazards that have escaped 1uto the workplaco
envireormment include dilution ventilatiom, dust suppresslon, and housekeepiug
Control measutres may also be applied near i1ndividual workers, 1ncluding the
use of remote contrel rooms, 1sclation beeths, supplied-air cabs, work
practices, and personal protective cogulpment

In general, a system comprised of the above contrel measures 18 required tg
provide worker protection under normal apetrating conditilons as well as under
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conditions of process upset, failure, and/or maintenance  Praocess and
workplace monitoring devices, personal exposure monitering, and medical
nonltoring are 1mpottant mechanisme for providing feedback concerning
effectiveness of the controls 1n use Ongoing monitoring and malntenance of
controls to ensure proper use and operating conditions, and the education and
commirenment of both workers and management to cccewpational health are also
umportant ingredicnts of an effective control system

These principles of vontrol apply to all situations, bat thelr optimm
applicatlion varices from casc teo case The application of these principles are
discuszsed helow

RESULTS /DISCUSSION
Arsenia Alr Samples

Personal arscnlc results for five galliup arsenide process areas are presented
Table 2  These areas inelude LEC, HB, grinding/sawing, cut-off room, and

laad room  In the LEC, except during cleaning, the average exposure was 4 8
pe/u? There was no difference 1n average arsenlc ewposures between the two
LEC operators on the day shift based on 4 days of sampling In the
grinding/sawing area, arsenlc eaposures averaged 5 3 ,ug”z’]llj 5lightly higher
levels were found in the ampoule load room area, averaging 7 3 pg/m®, one of
the four samples was above the 0SHA PEL of 10 pg/m* Higher exposures,
averaging 24 pg/m?, were found in the HB room and extremcly high levels

Table 2 Personal Exposures to Total Arsemi by Process

Average
Sampie
Nu of Daration Anthinehic Mean Genmetric Range
Area Waorked Samples {irun) (/™ Mean {ugfm?) (uztm™
LEC 10 254 48 42 1482
Honzontal Bridgeman 4 295 24 12 4 4-75
Ginnding/Sawing 4 312 53 48 21312
Cut-Off Raom™ 3 190 390 810 550-1,500
Anmpoule Loading 4 239 73 64 3414
0O5HA FEL 10 pgfm’
NIXSH REL 3 ugim’

®Fullace wr-supplied resprrator worn
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averaging 890 pg/m’* were measured In the cut-off Toom One worker was sampled
for 3 eonsecutive days in the cut-off voom  This worker spent about 3 hours
each day in the cut-ofF reom His lowest exposure was 550 pg/m' and the
highest was almost 1,500 pg/m’ His average B-hour TWA exposurc was 340

#E/m* The worker wore an air-supplied resgpirator, but had he not worn
personal protectlve equipment, his exposuraes would have heen more than 30
times the OSHA PEL for arsenlc

Average personal arsenic exposures ware above the NIDSH REL of 2 pg/m* 1n all
fLve process arcas shown 1n Table 2 In the grinding/sawing, HB, and load
roowy, all personal samples were above the NIOSH REL S81ince all fiwve process
areas had personal arsenlc exXposures ahove the NIOSH BEL as well as the 0OSHA
sction level, these areas necd to be regularly monilered Prudent praciice
indicated that efforts should alse be made te 1mprove englneering controls

Average area arsenic levels for four process areas are shown i1n Table 3 In
grinding/sawlng, the average area atrsenle concentration (5 3 pe/m’) was the
same as the average arsenic concentration for the personal samples (5 3 g/m)
The average area arsenic concentration was 4 1 gg/m”® 1w cthe synthesis room (a
regulated area, as defined esrlier) Bacause workers only occasionally
entered this room, no personal samples were taken there  The average arsenlc
concentratien 1n the synthesis rooem was below the OSHA action level but ghbove
the NIOSIL REI., all area samples 1inn this room were below the 0SHA PFEL  Because
workers spend Llittle vime 1n the synthests room and the highest area arsenlc
concentral lon was & pg/m°, 1t may net be necessary te regulate this room
during routine pperation

Table 3 Arca Sample Total Arsetue Concentrations (By Process)

Average
Sample Anthmetic Geometne
Na of Durabon Mean Mean
Roorm Saraples (un (pg/m®) (pfn’}  Range (uafm)

LEC I 279 40 36 1375
Honzontal Bridgeman 4 3pn i1 25 1 0-60
Grinding/Savang 4 359 53 42 1710
Synthesis o 320 41 40 2760
Other™ 12 371 14 13 021

@ These samples were collected 20 to 60 feet from GaAs produchon roomes  Excludes samples collected at
01 Lpm
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Average personal and area sample argenic concentrations werc comparable i1n the
LEG (during routine operatien) and grimdiing/sawing areas Because personal
exposuras were not puch higher rhan area concentrationms, Lhis suggests that
the personal exposure level 1s due to the general background levels i1n the
area, not from a specific emissicns source o work practlce Therefore, the
use of i1mproved ventilation tov minimize emissions and good housekeeping rather
than i1mprovements in work practices might he a better initial approach for
lowering arsenlc levels Tn the lead room, personal concentrarinns were much
dbove area arsenlc concentrablons Higher personal exposures were possibly
the rezult of work practices, thus improved work practices should be
lnvestigated 1n order to lower the exposure levels here  The area sample
results fram the HBE room averaged 3 1 ug/m*, or one-eighth the average
personal sample concentration of 24 pg/m’ But the high personal exposure fox
arsenic was due to one very high personal sample (75 pg/m?) Therefore, tho
higher mean arsenic expesures 1n the HB room may have bcen waused by an
unusudl event or a nonroutina work practlice of activity by the operator on
that day  Should this high expoasure be repeated, «florts sheould be made ro
1dentify and eliminate the exposure source

Area arsenle samples collected in hreakrooms and effices, 20 to 60 fecl from
the process rooms, showed average eoncencrations of L 4 ug/m Thas lewvel
indicates eross—coniamination between production and nonproduction areas and
may have resulted from gemeral airflow patterns whenever doors to the LEC
grinding/sawing and herizontal Bridgeman rooms are lafit open A separate
ventilation system for the breakrcom and effice areas and less traffic into
and out of production areas should help reduce arsenie levels found in
nonpreductlion areas

Personal samples collected on the cleaming operator during LEC puller cleaming
averaged 1,070 pg/m® (Table 4) and ranged from 250 pg/m® to 2,700 pg/m’

During the survey, a typical LEG puller cleaning took 45 to Y90 minutes and a
total of Five LEC puller cleanings were sampled ovar 3 days  The cleaning
oparator wore an alr-supplied resplLrator During the LEC cleaning, &4 secomnd
operatar, wearing a half-mask air-purifying respirator, momitored the crystal
pullers but did not clean His potentlal perscnal exposures averaged 12 pg/m?
during cleaning

Area samples collected 1n the LEC room during cleaning averaged 31 ug/m® of
arsenlc  Area arsenic concentrations during LEC ecleaning varied little among
sample locations, but were slightly higher near the puller being cleaned

Area samples taken during LEC cleaning in the hall ocutside the LEC room
averaged 7 4 pug/m*  Other samples were collected away from process areas in
rooms or hallways where the presence of arsenic in the air was not expected,
unless reeiveulated by the bullding ventilation system or a nonprocess (e g
ocutside) source of arsenle existed A sample concentration taken in the
breakroom {aboul 25 feet from the LEC room) during cleaning was 0 2 ug/m’
total arsenic

In LEC cleaning, extremely high exposures resulted for the LEC eperator
performing the cleaning This aperator woete an altr-supplied vespirator with
elther a half-mask or full-mask which should reduce his expesure to an
acceptable level  These high arsenmic levels averaged greater than
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Table 4  Tatal Arseme Concentrations During LEC Cleamung

Average
Sample
No of Durabon Anthmehc GCenmetna Hiange:
Sammle Type Samples {rmn} Mean (pg/m")  Mean {pg'm*) (gt
Operutor who 15 cleamog™ 5 71 1870 F60 250-2,700
{personal samples)
Operatar not cleamng™ but 5 79 12 12 73-19
1 m room during leemng
{personal samples)
Area Samples during 20 g0 3l 14 14-11Q
cleamng
Samples it hall during LEC 2 71 T4 65 3p-11
clesmng
Sample 1n break room 1 317 02 -- -

during LEC clearung and
LEC operation

® Arr-supphed respirator worn
1 Alrpuriying resparaor worn

1,000 pg/m’, contrasted with the noncleaning operator whose average exposure
was 12 pg/m® {7 3 to 19 pe/w®) arsemic  This two orders of magnitudce
differance indicates that the greatest exposure to the cleaning operator came
from wiping and vacuuming techniques and other job tasks, rather than general
room levels during cleaning Fecause of these high arsenic levels, the LEC
room should remain a regulated area after cleaning for an extended peried and
tests should be rum to determine when levels have dropped sufficiently 1n
otder ta reenter the room without personal protective equipment

Arsenic levels measured 1n the hall outside the LEC room during cleaning
averaged 7 4 ug/m?®, compared to 0 2 pg/m® in the break area  This indicates
arsenic dust or fume was released into the halls from the LEC room during and
imeediately after LEC ecrystal puller cleaning Workers frequently woni in and
out of the LEC room during cleaning which probably contributes to the release
of arscnice info the hall

Our sample results showed that Ln some process areas a large amount of arsenic
passed through the filter and was collected on the charcoal tube  The
percentage of arsenic (in the total sample} colleected on the chareeoal tubes
ranged from O te 79 percent Thesc results were based onh Z8 personal and

43 area samples collected using a filter followed by a charcoal tube {any
samples wheve erther the charceal tube value or the filter value weve
detectable were included ) The arithmetic mean percentage of arsenlc collected
on the charececal tubes in the LEC, grinding/sawing, and synthesis room and

14



during 1.EC cleaning are presented in Figure 2 Seven area samples in the
synthes1s room showed that an average 60 percent of the arsenic was op the
charcoal tubes In grinding/sawving, 46 percent of the arscnic was collected
on the charcoal tube, and in LEC, during regular operations, 31 percent of the
arsenic was found on the tubes During LEC cleaning, however, ounly 2 percent
of the arsenic was collacted on the charcoal tubes In the HBE area, the
percentage of arsemic on the charceal tube was 16 The fraction of arsenle on
the charcoal tubes was almest the same for personal and area samples for the
d4dMe process area

Samples for wvapor phase arsenic collected in the epitaxial area (Table 5)
were, cxeept for ome sample, below the detectzon limit of 1 3 pg/m’ This 1s
below the NIOSH REL of 2 ug/m* for arsentc  Arsenic was also not deCectad on
the filters of the samples collected in epitaxy  These results indicate
current controls for arsine/arsenlc 1n epitaxy are preventing routineg axposutre
to alrborne arsenic and arsine

Tuble & Aar Sample Rcsults for Epitaxy Produchon

Arsine Arseme
Anthmete Arithmetic
Mo of Wean Ne of Mean

Samples (pg/m™ Samples (ugim*
Personal Samples 7 <13 4 <41
Arcy sumples in epilasy 7 <13 3 <43
ronm
Samples cutside emtaxy 7 <11 4 <hi2
OSHA PEL L0
NIOSH REL 2

NOTE  Arsine sample duration averaged about 3 hours
Arsemc sample duration averaged aboul 5 hours

Arsenlce Wipe Samples

Wipe samples for arsenic were cellected on variocus surlaces 1n the LEC,
grinding/sawing, Horizoental Bridgeman, and ampaule lcading rooms These
sample resules, 1o micrograms of arsenic per 100 square centimeters

(pg/100 cm®), are presented in Table & The highest arsenic levels weare found
on the top of the bage of an LEC puller 1,300 pg/100 cm befors LEC cleaning
and 710 pg/l00 em after cleaning  Arsenic surface contamination averaged a
relatively hiigh 330 pg/100 cm on the contrel conscle of an LEC puller The
lowest arsenilc surface contaminatlon in the LEC room was measured on the top
of a table next te a puller (4 7 pg/100 em?} and on the top of a table 1n the
wrddle of the room (1 % pg/l00 cm?)
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Table 6 Wipe Samples Resulks for Arsene

Arveme Surtfacc

Number of Sample Area Contamnation
Process Sammple Location Samples {cm?) (ued100 cor)
LEC Control <onsnle for LHEC puller 2 100 330
Table top at LEC puller 2 S00 47
Tahle tor 10 muddle of room 1 500 19
Flosar 1n front of LEC puller 2 500 3
Nurogen purge diy box (putside 1 100 gt}
surtace)
LEC Cleamng Tap of LEC puller hase bafore 1 100 1,500
cleamng {repeat 1607
Top of LEC puller has. after [ 100 710
cleanng {repeat 1100
CGrindig/Savwang Door betwecn sawing and 2 500 33
grinding areas
Saw ol pan 1 100 g8
Skurting on saw 13 100 580
Hamzomtal Bridgeman Top of heat shield on HE furnace 1 100G 76
Load Room {ampoules) Table top I 100 230
Balanue table 1 100 420
Top of wet bonch hood L G0 35

In the grinding/sawing area, relatively high arsenic surface contaminakbion
(580 pg/100 em®) was found on the skirting arcund the saw Arscnle on the o1l
pan surface was 88 pg/100 o A leszer amount of arsenie (33 pp/100 cn®) was
measured on an 1nside door in grinding/sawing, however, this 1s a relatively
large amount of arscnac for a surface not directly affected by the process

One wipe zample, Laken i1n the HE room on the top of the IIB furnace haat
shield, showed 76 ug/l00 cm® of arsenic In the ampcule leading room
relatively high arsenic surface contamination (420 pg/100 cn®) was measurcd on
the balance table i1n the ampoule loading room and 230 pg/l00 e’ were found
on another tabhle 1n this room  Arsenic on the top of the hood for the wet
bench was 36 pg/l00 cm®  Arscnic on the wet bench hoed probably came froem
airbotrne arsenic dust, whereas arsenic on the table tops prabably wesulted
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from operator activtbies such as loading the ampoules Blank wipe samples
collected at this plani. werc below the detection limit of 0 2 pug/100 cm?

Gallium Air Samples

Galliwn air sample concentraticns are presented in Appendix &, Tahle A-L
Personal sample gallium concentratiens are summarized in Tahle 7 for five Gaas
process areas and the LEC cleaning operatien  All persomnal TWA galliwm
concentratlons were 2 pg/m* or lass in the LEC and ampoule load room, and less
than 5 ug/m* 1n the grinding/sawing area (One of four personal samples in the
HE room was ahove 5 up/m®, this sample showed a gallium cencentratlen of

B6 ppg/m* (the arsepni¢ concentration for this sample was 75 pg/m®) Higher
average sxposures for gallium were found during LEC cleaning (45 po/mty and 1n
the cut-off room (820 ug/m') There 1z ne OSHA PEL or NIOSH REL for gallium,
however, NIGSH recomnends that worker exposure to gallium arsenide he
controlled to the NIOSH REL for inorganic arsenic of 2 ug/m® (ceiling)

Table 7 Personal xposures to Gallam by Process

Average
Sample
No of Durabion Anthmeti: Mean Geometre Range
Areas Worled Samples {ipn} (Lg/m® Mean {ugim’) (pginr)
LEC 10 254 07 048 0216
Hornzontal Bridgeman 4 295 23 406 0 786
Grndipg/Sawing 4 312 21 17 08241
Cul-Oft Roomt™ 3 190 320 720 470-1,.500
Ampoule Loading 4 23a 15 15 0320
LEC Cleamng® 5 71 45 a3 13-58

“ Arrsupplied respicator wom

In general, the amount of gallium was less than that of arsenic for the same
filter, however, this depended greatly on the proccss area sampled as
demenstrated 1n Figura 3 In the LEC during roullne operatlons, gallilum
concentrations averaged 15 percent of the arsemic concentrations, and during
LEC cleaning gallium averaged 9 percent of the arsenic concentrations  On the
octher hand, in the gtinding/sawing area gallium averaged 82 percent and in the
cut-olf room 97 percent of the arszenic concentration The almost one toe oue
galliam te arsenic ratio was sXxpected for the latter two process areas, sinee
the starting material fer the grinding/sawing and cut-off room operations 1
gallium arsemide, and these two precesses do not invelve the use ef elemental
arsenic or heating of melting as in the LEC process
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luwrganic Acid Results

Five arca samples for hydrogen chleride, hydregen fluoride, and nitric acid
(Table A-2) were collected in the ampoule load room near the wet bench over a
3-day period Average concentrations are shown in Table 8  Generally, two
consecutive 4-hour samples werc taken cach day  Hydrogen fluoride and nitric
acid concentrations were well below the 0SHA PEL and the NIOSH REL, however,
hydrogen chloride concentrations ranged up to 11,000 pg/mB, which 15 higher
than the 0SHA PEL and NIOSH REL of 7,000 upg/m* (reiling) These data indicate
lacal exhaust ventilalion at the wet bench may not be adeguate for the contrel
of hydrogen chloride emissions

Tabl: 8 Inurpame Acid Concenteaiion i
Ampoule Load Room by Weat Bench®™

Sample Location Parameter HCI™ HF HNO,
Ne of Samples 5 5 5
Ampoule load Anthmene moan {sg/m’) 21,500 L1 400
room ncar wet
bench
Standard Deviaton (ugfn®) 4,100 65 630
Range 230-10,700 5 7-24 26-1,%00
Ave sample duration 237 237 237
{omnutey)
0OSHA PEL (pe/m™ F.000 (eechng) 2,500 (TWA) 5,000 {TWa)
NIOSH RTIL. {pgfm') 7,000 (cethng) 2,300 (TWA) 5,000 (TWA)

“' Blank corrected
® palauvely high hlank values were found tor HCI (7-17 pg)

Free S1lica Exposure

Fersonal snd area samples for respirable free =1lica (see Appendix A, Table
A-3) were callected 11 the palishing room over 4 days  Personal samples were
collected for an average of 5 hours per day The NIOSH EEL for resplrable
free s1lica 1s a Cime-welghted average concentration of 30 g /m? Personal
sanples for quartz and tridymite were below the detection limit of 20 ug/w?,
three of four personal samples for cristebalite were below rthe detection limit
of 30 pg/m* with one sample at the detecticn limit These levels indicate
free silica exposures in the polishing room were satisfactorily controlled
Ares respirable free si1lica concentratiens 1n the polishing room ware
approximately the same as the pearsonal sample concentratiouns
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CONCLUSIONS AND RECOMMENDATIONS

Arsenlc eXposures are a potential problem 1n gallium arsenide production
at this plant Five preocess areas evaluated showed personal axposguras
above the NIOSH REL of 2 pg/w’ and the OSHA actien level of 5 pg/m?, and
three areas showed potential exposures above the 0SHA PEL of 10 ug/w’

As a yesult of these enposures, we recotmend that the current rndustrial
hyglrene program with the fellewing cemponents should be continued
environmental monitoring, medical survelllance, posting of exposure
areas, personal protactive equipment and work clothing, employee
training, work practices, sanltatien practices, and recordkeeping

Extremcly high levels of arsenic were found in the cut-off room
Although the operator wore an air-supplied regpirator, such high levels
(greater than 1,000 up/m®) are scill a major convern and should he
reduced by better design of the enclosures for the sandblaster and saws
and 1mproved ventilation  Exhaust from the cut-off raom should be
Lreated befere discharge to the atmosphere

There was almost ne difference in arsenic exposures between the two-day
shift LEC operators On the other hand, arsenic evpesures among the LEC
cleaning operators varied hy as much as an order of magnitude  This
difference may have been due to varieus degrees of difficulty in eleaning
certain LEC pullers as well as differences in the work practicas of
individuals

Persanal and area arsenlc concentrations during routine LEC operations
d1d not vary greabtly from day to day, but were lowesi un Thursday and
highest on Friday During LEC cieaning, personal arzenic roncentrations
were similar on 2ll 3 days, howewver, area arsenic concentrabilons were
much higher on Thursday and Friday than on Wednesday

All arsine/arsenic exposures (collected on charenal tubes) 1n epitaxy
were below the detectilon limit of the sampling amd analyTical method

High levels of arsenic were found during the LEC cleaning operation
flr-supplied respirators with eicher a half-mask cr full-mask should
conlkilnue to be worn in this area during LREC reactor cleaning

The 1LEC cleaning operators’ average exposure was approximately 100 times
the average arsenic exposure of the noncleaning operator This indicates
that the specifie joh tasks involved in reactor cleaning are a major
factor 1nfluencing exposures The LEL cleaning operatorys® eXposuve
should be reduced by controlling emisslon sources durtng cleaning A
major seurce of emissions 12 the wiping of the inside walls of the
puliers Other potential sources 1nclude unboliing the LEG crystal
puller using an alrr-powered wrench, and dropping the LEC vacuum hose on
the flowr or in 2 garbage can during cleaning  Wel wiping, applying
local exhaust ventilation while wiping and remaoving graphite liners and
other internal parts, and wet wiping the contaminated sectien of the
vacuum hose baetween each use should reduce emizgions of arsenac The
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feasibility of transferring liners and internal paris aof the erystal
puller to a ventllated hood or of 1melating 1ndividual pullers should he
investigacted Additionally, the LEC room should remain a regulated area
for & longer time following LEC erystal puller cleaming, and egress and
access to the LEC room during cleaming and “"clearing" sheuld he strictly
limited

In the synthesis reoom, 60 percent of the arsenmic was collected on a
charcoal tube fullowing a filter In several process aresas. a largs
portien of the arsenic 1n a sauple were collected on charcoal tubes
following the filter This represents arsenlc that would not be
collected using the traditional filier-only sampling method for arsanic

Relatively high levels of arsenie surface contamination were found on top
of the base of an LEC puller, on the contrel conscle ol an LEC puller, on
the skircing around a saw (In the prainding/sawing room), and on the top
of two tables in the ampoule load room The lowest arseniec surface
contaminatlion was measured on the tops of seversl tableg in the LEC

room  These lLowest levels are twe to three orders of magnitude lower
than the arsenic levels on the surfaces of the LEGC pullers and puller
console

Area hydrogen chloride air cencentrations in the ampoule leoading room
were high enough (one arvea sample was highar than the OSHA PEL for HCL)
to warrant increased ventilation at the wet bench Nitrie acid and
hydroflaoric acid emissions were well controlled in the ampouls loading
Eaom

Respirable [ree =zi1lica levels were well conttrolled 1n the polishing reom
incdicating low poteunilal for excess free silica exposures in this area
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