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-----1.0 t· 3STRACT 

A preliminary control technol~gy assessment survey was conducted by 

Battelle Columbus Laboratories at NEC Electronics U.S.A., Inc., Electron;lc 

Arrays Division, Mountain View, California, on January 13, 1982. The survey 

was conducted under a U.S. Environmental Protection Agency contract funded 

through an Interagency Agreement with the National Institute for Occupational 

Safety and Health. The facility ID~nufactures metal oxide semiconductor (MOS) 

integrated circuits. 

The process operations for integrated circuit fabrication are 

performed in a clean room environment. The Bupyly air is passed through 

roughing filters followed by bag filters and high efficiency particulate air 

(HEPA) filters. Process operations performed at Electrunic Arrays include: 

1) thermal oxidation of purchAsed, pre-doped silicon wafers; 2) photolithog­

raphy processes for defining circuit patterns, including photoresistapplica­

tion, substrate exposure, and photoresist development; 3) wet chemical etching 

and cleaning; 4) plasma etching; 5) doping, including diffusion and ion 

implantation; 6) low pressure chemical vapor deposition (LPCVD); 7) plasma­

enhanced chemical vapor deposition (PECVD); B) metalization by direct current 

(DC) sputtering; and 9) hydrogen annealing. 

Engine~ring controls used at the facility vary by process o?eration 

and process equipment. Several process operations a:e performed in sealed 

reaction chaobers which isolate th~ workers from the processes. The isolation 

technique is used in LPCVD, PECVD, plasma etching, ion implantation, and 

metalization. Shielding is used in ion implantation units to control X-ray 

radiation e~isslons, in plasza etching Ind PSCVD to control radtD frequency 

radiation e~issio~s, and in substrate exposure to control ultraviolet emis­

sions. Local exhaust venti1atio~ is used to rem0ve vapo~s, process gases and 

byproducts in diffusion f'.lc\aces used for the"ual oxidaelon, diffusion and 

Mydr~gen annealing, wee che~ical cleaning and etching, and phDtolitho~raphy. 

'-Dcal eX;laust ventilation is also USf'd for gas stora;;e cabinets. 

Several process operations are automated and controlled by micro­

processors, These ope~at ions include DC sput t ring, some photolithogr:lphy 

processes, plasma etchin~, io~ implantation, LPCVD, PECVD, and DC sputtering. 
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Continuous area monitoring of the wafer fabrication area is per­

formed by a Rexnor1® combustible gas detection system. Electronic Arrays is 

considering installIng a continuous phosphine monitoring system. Radiation 

film badges are used to monitor emissions and operator exposures to X-ray 

radiation from ion implantation units. ~~gnehelic gauges ~re used tc monitor 

local exhaust ventilation of wet chemical benches. 

Personal protective equipment is used by 0perators, maintenance and 

repair technicians, and chemical technicians to control worker exposures to 

chemical and physical agents. Operators are also required to wear product­

protective equipm<'nt to control product quality. Electronic Arrays has 

established a health and safety program that includes safety, wurker train­

ing, and industrial hygiene and is developing programs in the use of personal 

protective eqUipment, emergency response, and hazard reporting. No routine 

industrial hygiene measurement~ had previously been taken but the facility 

plans to monitor employee exposures to organic solvents, acids, noise, and 

radiation. 

A variety of process operations are used at the facility that should 

be (,onside •.. ' for detailed investigation. These include pl"s;c,a etching, ion 

implantatio~. LDSVD, and PEeVe. The effectiveness of the local exhaust Vt~ 

t1lation of the ne ...er wer chemical benches s:1ould be evaluated and compared to 

the other benches. 

Work practices that may affect emi 3ions or operrtor ex?osures to 

chemical and physical agents could not be 1dre~sed during the pre!iminary 

survey cue to time cons trair.t s; however t ~ ,e'/ should be ducul7Jented duri n~ a 

detailed survey. 
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2.0 INTRODUCTION 

A preliminary survey was conducted at NEC Electronics U.S.A •• Inc., 

Electronic Arrays Division, 550 East Middlefield Road, Mountain View, Cali­

fornia on January 13, 1982. The study was performed und~r U.S. Environmental 

Protection Agency C~ntract No. 68-03-3026 through an Interagency Agreement 

with the National Institute for Occupational Safety and Health. The survey was 

conducted by Battelle Columbus Laboratories. Mr. Paul E. Caplan, NIOSH 

Division of Physical Sciences and Engine~ring, accompanied the survey team. 

The followi~g individuals were contacted at Electronic Arrays: 

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

2. Russell Childs, Process Engineering Manager, 

3. Richard Bolmen. Safety Manager, and 

4. Wayne Ritter, Director, Human Resources. 

The study protocol was provided to the safety manager before the 

survey. During an opening conference with plant representatives, the study 

objectives and methods were described. Plant staff prOvided a detailed 

desc¥iption of the process operations performed at the facility as well as a 

general cescription of the wafer fabrication area, waste ~~~agemel1t system, 

ventilation system, a~d health and safety program. 

Following the opening conference, the facility was toured. A 

closing cO:1ference '''as held after cOGl?leting the tour. 

3.0 PLAn D:':SCRIPTIO~; 

3. 1 

Electronic Arrays ~as formed 1:1 1968 and Gle~ged ~it~ ~E~ :':le~tr0nics 

U.S •.~., Inc. in 1978. Product lines have l"cluced ",etae oxide se,"i'~0nductors 

(:~OS), memory products and r-ando::1 logic pr')ducts including read-only ,"(':!!ories 

(RO:'lS), ral1dom-access mer:lOries (RA'IS), er1sable progc,"clIoable read-only rner:Jo­

ties (EPRotlS), and cusco;:) lo£~i.c products. The facility curren:ly manufactures 

RU1S and RA.'lS. 
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The facility consists of three buildings: 1; a 27,000 square feet 

building of tilt-up concrete slab construction built in 1966; 2) a 16,000 

square feet building of tilt-up concrete slab construction built in 1~80; and 

3) a brick building constructed in 1961 with 40,000 square feet. Wafer 

fabrication is performed only in the first building. The remaining areas are 

used for testing and packaging, office space, engineering design, and sales. 

The facility employs 425 people with 276 individuals in the produc­

tion area and 149 in administrative and technical services. The production 

staff includes 76 men and 200 women and the administrative/t"chnical services 

staff is composed of 99 males and 50 females. The facility operates two 

shifts per day witt 226 production workers employed Oil the first shift and 50 

employed on the second shift. 

The plant has an emergency generator that supplies 45 kilowatts of 

power used for lighting. Electronic Arrays is planning to provide emergency 

power to operate the exhaust scrubbers during power failures. 

3.2 Chemical Storage 

Liquid chemicals are segregated as acids or organic solvents. Acids 

are segregated by type and storpd in boxes on wood pallets in a separate 

chemical storage area. The floor is diked to contain spills and has a drain 

that flows to the acid waste neutralization system. The room has an emerge~cy 

shower and eye wash station a:ld is vented by general exhaust ventilation. 

Organic solvents are stored in a separate room. The room is not 

diked and does not have a drain. The roo~ is vented by general exhaust ve~ti­

lation. A fire extinguisher is available in th~ r00m, but there is no emer­

gency shower or eye wash station. 

Chemicals are distributed to the wafer fabricatIon area by desig­

nated chemical :echrlicians ~si~g plastic ca~ts. 

3.3 

Gases USQd in wafer fabrication are supplied from cylinders and fron 

bulk house supplies. HydrOGen, oxygen, and liquid nitrogen house supplies are 
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distributed in stainless steel lines. The lines are welded in ne.., areas of 

the plant or they are connected by compression fittings in older fabrication 

areas. Nitrogen is supplied in copper lines. 

Gases supplied in cylinders are stored in ventilated cabint;lts in the 

..,afer fabrication area or the cylinders are stored in a secured, outdoor area. 

Electronic Ar: ,:.s ..,il1 be changing all cylinder storage to ventilated gas 

cabinets. Cylinder gases are distributed in stainless steel lines that are 

either ..,elded or joined by compression fittings. 

The regulator aosembly at the gas cabinet has a purge valve ..,ith 

bonnet and rupture disk that floods the cabinet ..,1th nitrogen. Some cylinder 

gas lines have solenoid valves that automatically shut off during a po..,er 

failure. The lines also have flow-limiting valves that automatically close 

the line if the gas flo.., exceeds a preset limit. 

Gas storage cabinets are ventilated at approximately 800 cfm through 

an 8-inch stainless steel exhaust duct. The takeoff is located at the top of 

the cabinet, and regulator assemblies are located in the gas cabinets. 

~itrogen supplied in cylinders is used for purging gas lines. Gas cabinets 

that contain silane cylinders have a burn box as part of the cabinet exhaust 

duct. The burn box allo..,s pyrophoric gases to burn before being vented. 

Gas cylinders are changed by maintenance workers. The cylinders are 

tested for leaks using a Snoop. leak detertion system. Personal protective 

equipment requirements for maintenance ..,orkers are presented in Section 5.3. 

Gases 1~ use, in addition to those ~oted above, are hydrogen 

chloride, acconia, argon, dichlorosilane, arSine, phosphi~c, boron trifluo­

ride, and freons (unspecified). 

3.4 Monitoring Svstern 

The facility uses a Rexnord® :uobllstible g~s d0c~ction syste~ f~~ 

monitoring hydrogen in the wafer fabricltion area. The syste~ cocsists of two 

electronic control modul2s with 8 channels per module capable of monitoring a 

total of 16 locations w',ere r·Ydrogen leaks roay occur. The syster:: is set to 

activate at 20 percent and 40 percent of the lower explosive limit (LEL) for 
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hydrogen. GaL detector sensors are placed in the diffusion furnace area on 

the ceiling, in the gas jungle at the furnaces, and in the diffusion furnace 

scavenger exhaust duct. Toxic gas monitoring systems were not used at the 

facility. Electronic Arrays is considering in~talling a continuous phosphine 

monitoring system in the future. 

3.5 Ventilation System 

The wafer fabrication area supply air is filtered through a bag 

filter followed by an activated charcoal filter and a high efficiency parti­

culate air (HEPA) filter. The air is delivered to the room either through 

ceiling diffusers or through vertical laminar flow HEPA filtration units at 

the work station. A total of 150,000 cfm of filtered air is supplied to the 

fabrication area with 75 percent of the air recirculated. Fabrication room 

air is recirculated through wall panels that act as a return air plenum. The 

air enters through t:1e wall at approximately floor level. The wafer fabrica­

tion area is maintained at positive pressure relative to the surrounding 

building. 

Local .. xhaust ventilation is provided by two exhaust systems 

handling 15,000 cfrn and 9,000 cfrn, respectively. Each exhaust system has a 

water scrubber with a demister. The system uses 8 to 10 gallons of water per 

minute. The scrubbers treat 1) vacuum pump exhausts containing toxic or pyro­

phoric gases as byproduct! from ion implantation a~d low pressure chemicbl 

vapor deposition; 2) diffusion furnace exhausts including furnace cabinet, 

source cabinet, and scavenger box exhdust; and 3) wet chemical etchi~g and 

cleaning ope~a~ion exhausts. 

Exhaust ducts are eithe~ polypropylene or s~ai~less steel and pass 

through the roof to connect with polypropylene tru~k lines that e~ter the 

scrubber systems. Scrubbed air is vented throu~h 36-~:1(:h di.7l~.e~er,.4 to 

6-feet tall stacks. 

The facility has ordered an e~Er;e~cy gene~ator to ru~ the scruh~er 

systems and emergency li~hcing duri~g po~~r failures. 
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Liquid wastes are each handled 

chromic acid waste. acids containing fluorides, photoresist .aste, phenol 

wAstes, and general organic solvent waite. 

Chromic acid wastes are collected from the point of ule and 

aspirated into an enclosed tank in a portable cart. From there, the waste 

acid il transferred into the original containers and stored in a trailer for 

periodic off-Site dispolal. 

Photoresist waste il collected in containers located in the photo­

lithography area. The chemical technician removes the container an~ transfers 

the waste to drums that are disposed off-site at ill hazardous waste landfill. 

The phenol-containing waste is also collected separately, and transferred into 

a l,500-&Illon storage tank located in a dik~d, fenced area at the rear of the 

plant property_ The waste is disposed off-site by a waste management firm at 

ill hazardous waste landfill. The diked area hAli an emergency lIhvwer. 

Acid wastes containir'6 hydrofluoriC acid are collected from the 

point of use in ill portable cart used specifically for acid wastes. The waste 

is pumped into the cart and tran~ferred to drums, and then transferred again 

into a 1,500-gallon storage tank. The tank is adjacent to the waste phenol 

tank 1n an enclosed, diked area at the rear of the plant property. The waste 

is disposed off-site by a waste manag~~ent :i~ at a hazardou~ waste landfill. 

Waste organic solvents, other than those containing chlorobenzene, 

are removed from the point of use by drains to an underground waste solvent 

tank. The waste solvents are reQoved by a waste manage~ent fir.n for off-site 

disposal. 

Acids not containing fluorides are removed from the point of use by 

drains to an acid neutralization system where the pH is co .. tinuously adjusted 

with a~~onia. 31owdo~~ from the air exhaus: sc~~bb~=5 is a:so t=ea:e~ i~ this 

system. 

Waste pump Oils are collected and stored in 55-gallon containers 

located in a trailer for periodic off-site dispos 1 by a waste management 

firm. The oil is disposed off-site by a waste management fir.n. The pump oils 

are changed approximately once per month. 
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The waste collection cart is polypropylene and is equipped with an 

electrical pump used to transfer wastes into and out of the tanks. The flow 

of the pump is reversed by a switch located in the cart. The operator must 

connect the pumps to an electrical outlet for operation. The cart has a fire 

extinguisher, acid neutralization materials, and spill pillows. 

4.0 PROCESS DtSCRIPTION 

The fabrication sequence used for metal oxide semiconductor inte­

grated circuit manufacture varies depending upon the specific type of device 

manufactured. Process operations seen at the facility are described below. 

The specific sequence in which the process operations are performed is not 

presented. A general processing sequence for MOS integrated circuits is pro­

vided by Colclaser (1980) and should be consulted for a mere detailed review 

of the fabrication process. Several process operations are employed more than 

once in the fabrication sequence and some equipment is used for more than one 

process operation. The silicon wafers used as substrates for device fabrica­

tion are purchased. 

MOS fabrication generally begins with the thermal oxidation of the 

silicon wafer. The wafers are oxidized at a high temperature (500 to 1000·C) 

in a diffusion furnace assembly using a pyrophoric water (i.e., hydrogen and 

oxygen) atmosphere. Hydrogen chloride gas is added to the gas stream for 

cleaning (i.e., gettering) sodium 10n contamination from both the gro~ing 

oxide and the furnace tube (Colclaser, 1980). The warers are loaded into 

carriers that are inserted into the diffusion furnace. The furnace tube is 

heated by electrical resistance to the operating temperature while the tube is 

purged with nitrogen. Hydrogen and oxygen are then introduced into the tube 

at a controlled rate. The furnace has hybrid control ~here processing 

parameters, such as gas flo~, are automatically controlled to preset limits 

but are oonitored and adjusted by the operator. Mass flo~ controllers (~UC) 

are used to assure a uniform flo~ rate of process gases into the furnace tube. 

The }!FC system has a digital reaaOGt and the flow is adjusted by the operator. 

Rotometers are also used to monitor gas flow and are monitored and adjusted by 

the operator. 
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Following thermal oxidation, the wafers are ready for photoli­

rhog"aphy including: 1) primer and photoresist coating, 2) pre- or soft­

bake, 3) mask alignment and exposure, 4) development, 5) post- or hard-bake, 

6) etching, and 7) photoresist stripping. The wafer is first coated with a 

primer by spin application using hexamethyldisilizane (H~u)S) in a xylene 

carrier. The negative photoresist, containing a proprietary mixture of 

organic polymers in a xylene carrier, is then spun onto the wafer and the 

coated wafer is baked in a resistance-heated oven. The operation is automated 

and only requires that the operator only load and unload cassettes. RHDS and 

photoresist spin application and wafer drying operations are performed in an 

in-line, cassette-to-cssse .. te unit. 

The mask pattern is transferred to the coated wafer by ultraviolet 

light (435 nm) using contact printing. The operator places a wafer on a stage 

and aligns the wafer with the mask. The wafer is clamped to the mask and 

exposed to ultraviolet light from a mercury lamp source located behind the 

mask. Masks are manufactured by an outside vendor to plant specification. 

The exposed wafers are developed by spin application of a xylene and 

n-butyl acetate solution onto the wafer surface. The developed wafers are 

hard-baked in a resistance-heated oven. The operation is performed in an 

automated, cassette-to-cassette system similar to that used for photoresist 

application. 

The exposed underlying layer may be etched USing either wet chemical 

etching or plasma etching techniques. Wet chemical etching is performed by 

immerSing the wafers in an etching solution. The methods include 1) hydro­

fluoric acid and ammonium fluoride for etching silicon dioxide, 2) phosphoric 

acid for etching silicon nitride, 3) hydrofluoric and nitric acid for etching 

polycrystalline silicon, and 4) nitric and phosphoric acid for etching alumi­

num. The wet chemical etc,hing operations are performed in tanks recessed in 

wells in polypropylene benches. Additional wet chemical operations include 

1) wafer cleaning with sulfuric acid and hydrogen peroxide, 2) mask cleaning 

with a Freon solvent, 3) photoresist stripping with a phenol, sulfonic acid, 

chlorobenzene, and unspecified aromatic solvent mixture, and 4) mask cleaning 

with chromic acid. 

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

by a radiO frequency power source operating at 13.56 ~rnz. The plasma gas 
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contains ions, free radicals, and free electrons that are reactive with the 

layer to be etched. The gas used for creating the plasma is selected based 

upon the individual layer to be etched. Gases includes carbon tetrafluoride 

and oxygen for etching silicon nitride and oxygen for stripping photoresist. 

The plasma is formed in a sealed reaction chamber at a pressure of 

approximately 0.1 to 20 torr created by an oil-sealed mechanical pump. 

Doping introduces impurities into the wafer, altering the electrical 

properties of the doped area. Wafers are doped at. various stages of the pro­

cessing sequence either by diffusion or ion implantation. Diffusion is accom­

plished by exposing the wafer to a high temperature atmosphere containing the 

dopant. The operation is performed in a diffusion furnace assembly using 

phosphine or phosphorus oxychloride. Phosphine is supplied as a cylinder gas 

stored in a ventilated cabinet. Phosphorus oxychloride is supplied in a 

liquid source bubbler. The operation is performed in a diffusion furnace 

similar to that used for thermal oxl.dation. 

Wafers are also doped using ion implantation. A source gas, either 

phosphine or boron trifluoride, is ionized and passed through an analyzing 

magnet where the desired ions are COllected, acceler~ted, and implanted into 

an individual wafer held in a vacuum chamber. The ion source, analyzing and 

accelerating chamber, and the wafer exposure station are operated at vacuum 

conditions of approximately 10-6 torr. This vacuum is maintained by one of 

two sets of pumps, either an oil sealed pump and a diffusion puop, or an 

oil-sealed pump and a cryogenic pump. The process operation sequence requires 

the operator to load a cassette into the load station of the ion implantation 

unit. Individual wafers are automatically removed from the cassette to a load 

lock chamber that is pumped to a vacuum with an oil-sealed mechanical pump. 

The wafer is transferred to the exposure chamber where the dopant ions are 

implanted. The dosage received by the wafer is automatically controlled. 7he 

implanted wafer is transferred through a second load lock chamber and into a 

cas set te. 

At various steps in the processing sequence, a thin film is depos­

ited in the wafer surface by chemical vapor deposition (CVD) in which the 

solid products of a vapor phase chemical reaction are deposited on the 

substrate. The film is deposited either by low··pressure chemical vapor 

deposition (LPCVD) or by plasma-enhanced chemical vapor depOSition (PECVD). 



LPcvn is used to deposit 1) 8111eon nitride by the reaction of dIehlorosl1ane 

and ammonia. 2) polyerY8tallin. silicon by the reaetion of silane, and 3) 

phosphorus-doped s111con dioxide by the reaction of silane, phosphine, and

oxygen. Hydrogen chloride gal i. used •• a pretreatment durinl polycrystal­

line silicon deposition. The operation is performed in a .e.led diffusion 

furnace tube evacuated to approximately 0.4 to 3.0 torr (Baron and Zele:, 

1978). The procea. operatIon require. the operator to load carrlers 

eontalning wafer8 into the furnaee. The furnace door i8 cl~sed and the 

sequonce and operating parameten are cO(ltrolled by microprocessor. 

Plasma-enhanced chemical vapor d~poll1tion (PECVD) is alto us~d to

depoll1t silicon nitride by the reaction of sUane and ammonia. The plasmIlI is 

created by introducing the gases In a 13.56 ~iz radio frequency field. The 

operation ia performed under vacuum conditions in a sealed chamber at approx1~

mately 0.2 to 1.0 torr. The operators place the wafers onto a metal platen 

that is loaded into the deposit10n chamber. The chamber is sealed and the 

process is initiated by pushbutton. The process operating parameters are 

automatically controlled. 

An aluminum layer is deposited on the wafer surface by direct 

rent (DC) sputtering. The metal is deposited on the wafer surface in a 

reaction chamber that is mainta1ned at a vacuum of approximately 10-7 torr 

by an oil-sealed mechanical pump and a d1ffusion pump. The operator places

the wafers on a ~etal platen that is loaded into the load lock chamber. The

operator initiates the process sequence by push-button control. The chamber 

is evacuated, the platen is transferred to the deposition chamber. and alumi­

num is sputtered onto the wafer surface. 

Hydrogen alloying is performed after metalization to repair radia­

tion defects caused by the metalization process. The wafers are heated in a 

50 percent or 100 percent hydrogen atmosphere. The operation is per:ormed in

a diffusion furnace assembly similar to that used for thermal oxidation. 

Process operations, such as photolithography, doping, metalization. 

and chemical vapor deposition, may be repeated several times during ~afer 

fabrication. Between these proceSSing steps, wafers may be cleaned using a 

solution of sulfuric acid and hydrogen peroxide. The cleaning operations 

performed in wet chemical benches similar to those previously described. 
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5.1 Industrial Hygiene 

A full-time safety manager is employed with responsibility for 

industrial bygiene and safety. Additional assiscance il available from the 

plant'a insurance carrier. The facility has also employed Stanford Research 

Institute (SRI) as conlultants on fire safety and to perform air sampling. 

Larry Fluer, Inc., bas also consulted in the ar~d of gas ,afety. 

Industrial hygiene monitoring in the past has been conduct~d by 

these consultants as needed. No routine industrial hygiene measurements are 

taken. The safety and industrial hygiene manager is planning a program in 

1982 to monitor employee exposures to organic solvents, aCids, noise, and 

radiation. 

Measurements of the fabrication ar~a local exhaust ventilation 

systems have been conducted by facili~y maintenance. This responsibility is 

being transferred to the safety/industrial hYliene program, and will include 

hi-annual measurements and certification of systems. The measurements have 

been performed USing velometers or with inclined manometers permanently 

installed at specific work stations. 

F1lm badges are used to monitor emissions and operator exposures to 

X-ray radiation from the 10n implantation unit. 

5.2 Educa'tion and Training 

Training progra:ns have been developed in the are2.S of worker safety 

and materials handling. Programs that are being develof,ed include personal 

protective equipment use, e:nergency response procedures, and hazard reportin3 

procedures. The company policy and procedure ~anual addresses these areas. 

A safety committee at Electronic Arrays ~eets monthly to discuss 

specific topics such as identification of hazards. The committee consists of 

production workers and supervisory personnel. 

New employees are trained by the supervisor in chemical handling 

procedures and use of personal protective equipment. 



5.3 Rnp1ntoL"lI end Other Personal Prol:o..:t'he Equieillent: 

All worklilrll 1n th: wahl' fabrication area an required to vela'!:' 

safety glasses. Workers performing speeif1c tasks are required to use 

appropr1ate add1tional personal protective equipment. Chemical mix operators, 

who are respons1ble for mixing and distributing chemicals into the fabrication 

area and for transferring waste., are required to wear aeid-resistant aprons 

with gloves, sleevelets, face shields, and safety ilalses. Faee shields are 

also requlred for any operator where chemicals present II splash hazard. 

Techn1cians performing maintenance operations are re~uired to use 

addit10nal protective equipment. Technicians changing gas bottles from the 

ion 1mplantat10n unit and servicing equ1pment on toxic gas lines use self­

contained breathing apparatus (SCBA). A particulate respirator (uns?ecified 

size and type) is worn by technic1ans who bead-blast arsenic deposits from 

parts in the ion implantation unit. Heat-protective gloves, aprons, and face 

shields are worn by maintenance technic1ans handling and cleaning quartz 

furnace tubes. 

Product-protective equipment used by the operators to prevent con­

tamination in the fabrication area includes coveralls, shoes or shoe covers, 

and gloves. 

Emergency showers, eye wash stat10ns, breathing oxygen. a.1d SCSA are 

available throughout the plant. 

5.4 Medical 

The facility does not employ a full- or part-eime nurse or 

physician. Medical serv1ces at the plant are limited to first aid and cardio­

pulmonary resuscitation (CPR) provided by trained employ~es. Approximately 10 

percent of the general workforce and 50 percent of the super-/isars are 

trained. Emergency medical care 1s provided by Peninsula Industrial ~!edical 

Clinic, Sunnyvale, California and by EI Camino Hospital, Mountain View, 

California. 

The facility does not require preplacement or periodiC medical 

examinations of any employees. No routine biological mon1toring is performed. 
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5.5 Housekeeaing ~nd Maintenance 

Housekeeping and maintenance activities are necessary p~rt6 of 

maintaining product quality. Specific housekeeping procedures which were 

identified by the plant to prevent worker exposures to chemical agents include 

a central vacuum system in the photolithography area used for cleaning. The 

system is part of the local exhaust ventilation system. 

Maintenance activities were not identified for each process o~ra­

tion at the facility. General maintenance activities include monthly draining 

and replacement of pump.oils from oi)-sealed mechanical pumps. Pum~5 asso­

ciated with the LPCVD unit incorporate a continuous 011 filtration system to 

increase the useful life of the oil. The oils drain by gravity into a waste 

container and are handled as hazardous waste ac described in Section 3.6. 

Pump oil spills are cleaned up with a Freon solvent. 

Diffusion furnace quartz tubes are removed from the furnace assembly. 

and cleaned with an acid .olution on weekly to monthly schedules. The 

operation is described in Section 7.3. 

Scheduled maintenance of the ion i~plantation unit is ~rformed by 

facility maintenance technicians. Maintenance operations include bead­

blasting of the ion source. Pump oils are routinely changed as described 

above. The plant also has a service contract with a vendor to provide all 

other maintenance of the unit. 

6.0 SAHPLE DATA FRO}! PRELH!INARY OR PREVIOUS PLA.'lT SURVEYS 

Sampling for chemical and physical agents released by process 

operations was not performed during the preliminary survey nor were llIeaS;Jre­

ments made of exhaust ventilation for process operations. 



7.0 

A variety of control strategies is used at Electronic Arrays to 

cvntrol emislions and worker exposures. These control strategies include 

local and seneral exhaust ventilation, procesl isolation, process and 

environmental monitoring, and personal proteetive equipment. Devices or work 

stations that contain toxie materials considered potentially of immediate 

danger to life and health are all controlled by local exhaust ventilation and 

monitoring systems. Specifie engineering control strategie. for indiVidual 

proceu operations are described below. ~!onitoring systellls lire described in 

Section 3.4 and briefly described below for the ~'Jct:1f1c procus operation 

that is monitored. General personal 'Jrotect i "~ eouipment requirements are 

deseribed in Section 5.3 and specific requL, J£;'::3 for <lome procut> operations 

are described below. 

\lork practices which affect emissions or operator exposures to 

chemical and physical agents are dependent upon the degree of process 

automation. Automated process controls limit the time that operators are 

working with the equipment. The operators manually load and unload wafers. 

initiate the processing sequence by push-button controls. and perform routine 

cleaning operations. The operator is free to perform other tasks sueh as wet 

chemical cleaning and etching or the operation of other automated units. The 

operator is not required to be at a particular unit for an entire work shift. 

Therefore, any exposures to chemical or physical agents would be for short 

ti.me periods throughout the shift. 

Specific descriptions are given below for control strategies 

employed for thermal OXidation, photolithography, wet chemical cleaning and 

etching, plasma etching, diffusion, ion implantation, low pressure ehemical 

vapor deposition (LPCVD), plasma-enhanced chemical vapor depOSition (PECVD), 

hydrogen annealing, and metali~ation. For some operations, siQilar equi?ce~t 

is used to perform a variety of operations. For example, similar diffusion 

furnace assemblies are used f')r thermal oxidation, diffusion, and hydroge~ 

alloying. 
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7.1 Thermal Oxidation 

A diffusion furnace assembly is used to oxidize purchased silicon 

wafe~5. The operation is performed by exposing the wafers to a pyrophor1c 

(hydrogen and oxygen) environment in the fu~n.ce tube. 

The diffusion furnac assembly consists of: 1). load station where 

carriers containing wafers are loaded and unloaded in the furnace tube; 2) • 

furnace cabinet containing the furnace tubes and electrical resistance heat 

source~ 3) a source cabinet that encloses the furnace tube end; and 4) an 

electrical cabinet containing the system controls. Process gases enter the 

furnace tube through gas supply lines that connect to the furnace through the 

source cabinet. The furnace cabinet acts as a protective barrier against the 

hot contact surfaces of the furnace tube. Processing gases include hydrogen, 

nitrogen, oxygen, and hydrogen chloride. Hydrogen chloride 1s added to the 

gas stream to clean or getter sodium ion contamination from both the growing 

oxide and the furnace tube (Colclaser, 1980). 

The diffusion furnace assembly is ventilated at thre~ sites: 1) the 

source cabinet, 2) the furnace cabinet, and 3) the furnace tube loading end at 

the load station. The source cabinet encloses the gas assemblies and the ends 

of the furnace 'tubes and is vented by a local exhaust duct at the top of the 

cabinet to the plant scrubber system. The furnace cabinet is vented for 

temperature control by an exhaust duct at the top to the plant scrubber 

system. The furnace tube opening is vented by a scavenger box that encloses 

the opening to the plant scrubber system. 

Nitrogen, hydrogen, and oxygen are supplied from house supplies 

described in Section 3.3. Hydrogen chloride gas is supplied in cylinders 

stored in a ventilated gas cabinet also described in Section 3.3. The cabinet 

is vented at 800 cfm through by an 8-inch stainless steel duct off the top. 

The oferation is performed ~y placing wafers in carriers that are 

loaded into the furnace. The tube temperature is increasec ~~he specific 

temperature depends on the operation perfor~ed) and purged with nitrogen 

followed by introduction of the process gases. After coopletion of the 

process sequence. the operator removes the carriers. The furnace operating 

parameters, including tube temperature and gas flow. are preset. The operator 

must readjust these parameters as needed. 



MonUorin, .yatllltllll PUI'Uultin tb~ aru 
(hydrosen) lIIonltorlni .YIIIUIBducrib,d in 

mounted 11'1 the ,as jun,11. on the clil!n,. and 11'1 
perlllonal protective equipment requirements 81'0 outlined 11'1 
tlona1 equipment include. hot work ,lov•• for handlin, hot quartlwar ••

The photolithozraphy procell may be ropeated .everal times 

proc••sing sequence. The photolithography proce'l con,ll11ts of four 
IIIt.pe: 1) lubstrate preparation, 2) lubltrate exposure. 3) 

developing. and 4) photorelilt strippini. Following wafer developinl. the

exposed underlyins layer may be etched uI1nl either a wet chemical etehins 

plasma etchins operation. described in Sections 7.3 and 7.4. respectively.

The photorlUlhlt stripping operation 1111 also performed either by wet 

etching. Photomasks used for substrate exposure are

to plant specifications by an olltside vendor. 

7.2.1 ~rate Preparation. Silicon wafers 

vendorsi. The 'lperations performed in substrate preparation include 

deionized water wash and nitrogen blow-dry, 2) spin-on application of 

ilizane (ffiIDS), 3) spin-on application of a negative 

c081:ed wafer in a resistance-heated oven. 

performed consecutively in an in-line. cassette-to-calsette unit 

are automated with microprocessor controls. 

The operator loads a cassette containing wafl!!rs into thl!! unit.

IndiVidual wahrs are automatically rem( ''!d Md proceued in the sequence 

cribed above. The wafers are transferred to a spin platfor~ where the wafer. 

rotated and washed. The wafers are transported to a second cassette 

are removed and placed in a nitrogen-purged The cassette 

into the in-line unit where individual transferred to

HJ.IDS 



rui.1: 11 iii lI1ixtuu of proptbtary 

Clu'fhr and n"bl.lcyl acetau Ol:l::ol\1en. 


Ire ",••d tOllpplyn•••Uvllllnl:! 

an tranllfernd throulh fA !:"IUt11I:al'u::e-hnud 

1111)' al.o b. baked in a .oparate n1tro'Qn~purlllld oven. 


the foom 4l:m08phlllrlll. 

The spin platform. are vented by .1ther iii co~n U4~;n~l. 


adjacent platforms or by individual eKhauatl 

common plenum is III hinitlC:I hood that .oclo... 

by. II flexible duct .t one end of the plenum. 

exhaust to a duct at the ba.1II 


is enclosed by • clear pla.tic .hield. A contalner 


below the unit to collect liquid photore.1lt walt••• 

vertted to the IiIxhauliit: ventilation system. All local exhaust froll 

photoUthoi1."llphy un 1s treated by a watn lu:rubber before rd4ulIlilll to 

No monitoring 	Iystems for evsluating .mi~lionl or operator ex:poIIUf'••

agents are present in thlll area. 

room is lit podtiv. pressure to the remainder of the wafer fabrication 

prusur\lt is moni tored by an inclined manometer mountilld in tM 

protective equipment requirements are described in SlII.ction 

safety glasses and product-protective equipment. There 1a 

'",~UUlll $Ylltelll at the end of each aisle in the photolithography area to 

facilitate cleaning of the area. 

7.2.2 	 Substrate Exposure. A mask pattern 1s transferred to 

the mask image with ultr.violet 

contact printing. The operator removes a wafer from a 

on the stage of the unit. The mask is aligned and 

lamp source producing ultraviolet light at 

to transfer the lIIuk pattern. The hmp 

is vented for tempeut:\itecontrol. 

Un located on the floor below the. unit 
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Thl prQclu 11 an op...tOI:' luted at the ~I\'t. 

QPlfaeor placl. the waflf on the ItA,1 and tbe aa.k 

tnroulh a split-field binocular The vafef In4 &&sk 
and rotated into position where th. water 1s to the 

w.ter 18 f,mQved and the process il 

of th. 

dinct: vhwing. HQwvlr. SOIilI blue WlUi vidble on ttll 

while in a Itandby mode. Th. extent of expo.~fe 11 not known. 

intenalty and untformity of the mercury ~on'tor.d 

lamp is chanlld ,whenevef the mt~5uremtnt. exceed preset 11m11:1Ii. 

The personal protective are d.lcri~d 1n 

Section 5.3 and includlt equiPMl'lt. Ho 

monitoring system. are present for .ml~11Qnl or operator .xpoaure.

to chemical or phYi1cal agenta. 

7.2.3 P~otcre'lst-eoated waf~r' that have

been exposed to spin a~plic.t1on of the 

developer sclution. The operation 11 in process equi~nt liailar 

to that described in Section 7.2.1. A proprietary .ixture of xylene and 

n-butyl acetate or a mixture of aromatic and aliphatic 

bons ia used to develop the exposed wafer. The waste drains to the

solvent drain Iystem and into the solvent Itorage tank. 

Engineerlng controls for the unit are identlc31 to those 

described in Section 7.2.1. The spin plat!or~i are enclosed and ventilated. 

The developer solution is supplied from a reservoir stored 1n the CAbinet of 

the unit. The operation is automated requir1n~ only that o?eratofS load and 

unload cassettes. 

No monitoring systems were obllerved for evaluati 

!Hor exposures to chemical or physical agent!. ~nerlOl ?<I::"J${)nlill protecth'e 

equipment requirements for the fabrication area are described in S~ction 5.3. 

7.3 Wet Chemical 0peratianl 

Wet chemical operal:ionll performed at the include: l) 

silicon dioxide with a hydrofluoric acid aiiJ ammoniUIli fluodJe 1I01ution; 
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2) photoresist stripping with a solution containing either chromic acid or 

phenol, sulfonic acid, chlorobenzene, and unspecified aromatic solvents; 3) 

photomask cleaning with chromic acid followed by a Freon solution; 4) wafer 

cleaning with sulfuric acid and hydrog~n peroxide or ammonium hydroxide and 

hydrogen peroxide; 5) metal etching with phosphoric acid or nitric acid; 6) 

polycrystalline silicon etching with hydrofluoric and nitric acid, and 7) 

furnace tube cleaning with hydrofluoric acid. 

The wet chemical operations are performed in two different types of 

plastic benches. The older wet chemical stations consist of tanks that are 

recessed into the bench top. Local exhaust ventilation is supplied by slots 

located across the rear panel of the station. The newer wet chemical stations

consist of tanks that are recessed in wells inside the bench. Local exhaust 

ventilation of the tank is provided by perimeter slots on all four sides of 

each individual tank. A spill plenum is incorporated into the bench beneath 

the tanks and is vented to control acid condensation. A curved plastic shield 

covers the well containing the tank. The shield is open in the center to 

allow access to the tanks. The shield enclosing the well provides an area of 

approximately 8 to 10 inches above the tanks that is ,vented and at negative 

pressure with respect to the room. The exhaust plenum behind the station is 

baffled to act 'as a demister. The bench controls are located at eye level and 

are covered with a flexible, replaceable plastic shield that can be easily 

cleaned. ~ magnehelic gauge is mounted on the control panel for each unit to 

monitor exhaust from the station. Lids are placed over heated acid tanks to 

controi evaporation of the acid. 

Diffusion furnace tubes are cleaned with h;drofluoric acid i~ a 

vertical tube washing station. The tube is placed in the station, the access 

door is closed and the acid is sprayed into the tube. The tube is rinsed with 

water and dried with nitrogen. The access door is interlocked with a control 

unit to prevent opening during operation. 

Acids are stored in tanks below the benches and some are pumped in a 

fill-and-dump fashion as required by the equipment. The acids are recir­

culated through a filter to increase the useful life of the acid. Deionized 

water rinses are also performed by filling a tank, rinsing the wafers, and 

draining the water. A spin drier, adjacent to the work station, is used to 

dry the wafers. Acid wastes are handled as described in Section 3.6. 



No monitoring systems for evaluating emissions or operator 

to chemical agents are present in the area. rersonal protective 

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

7.4 Plasma Etching 

Plasma etching is a chemical etching method using a plasma gas con­

taining ions. free electrons, and free radicals to remove a specific material 

or layer from the wafer surface. The plasma is created by ionizing a gas 

Tadio fre~uency field at 13.56 MHz. The gases and types of react~rs used 

depend upon the layer to be etched. Two different plasma etching units 

used for stripping photoresist and etching silicon nitride. Both units 

barrel-type reaction chambers (Douglas, 1981). Photoresist is stripped using 

an oxygen plasma. Silicon nitride is etched using a carbon tetrafluoride!

oxygen plasma. The gases are supplied from cylinders stored in a ventilated

gas cabinet l~cated in a service chase. A detailed description of plasma 

etching technologies is provided by O'Neill (1981) and Bersin (1976) and 

should be consulted for additional information. 

Plasma etching is performed in a reaction chamber with the pressure 

negative to the room pressure. The vacuum is approximately 0.1 to 20 torr

which is maintained by an oil-sealed mechanical pump. The plasma gases, 

taining the volatile species formed by the plasma ions reacting with the 

strate. are exhausted from the unit by the pump. The pump exhaust is vented 

to the scrubber system, and the pumps are located in the service chase. 

oils are drained and replaced approximately once a monch. The waste is 

handled as described in Section 3.6. 

No monitoring systems are present for evaluating emissions or opera­

tor exposures to chemical or phYSical agents. Personal protective equipment 

requirements are described in Section 5.3. 

7.5 Diffusion 

Diffusion introduces impurities. called dopants, into the wafer 

surface that alter the electrical properties of the substrate. The 
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is performed in an atmospheric pressure diffusion furnace assembly similar to

that described in Section 7.1. The wafers are heated' to a high temperature

(approximately 600 to 1200 0 C depending upon the dopant source used) and the

dopant is introduced into the furnace tube. The dopants used at Electronic

Arrays include phosphorus oxychloride (POCI) supplied in liquid source

bubblers and phosphine (PH)) supplied in gas cylinders. 

The bubblers are placed in a cooling flask set in the source cabinet

of the furnace and connected to the furnace tube. Nitrogen is bubbled 

the liquid, and enters the furnace tube where it comes in contact with the 

heated wafers. Phosphine is supplied in cylinders and stored outside of the

plant in an enclosed area described in Section 3.3. The facility plans to

convert the phosphine storage to ventilated cabinets that will be located 

inside the building. 

Engineering controls present in the diffusion operation are outlined

in Section 7.1 for the diffusion furnace assemblies. The diffusion furnace 

room has an inclined manometer at the entrance to measure room pressure in 

relation to the outside areas. The room is maintained at positive pressure. 

The diffusion furnace area has a combustible gas monitoring system 

for detecting hydrogen. The system is described in Section 3.4. No moni­

toring systems 'are used for evaluating emissions or operator exposures to 

phosphine. Personal protective equipment requirements for operators in the 

diffusion furnace area are described in Section 5.3 and include safety glases

and product-protective equipment. 

The liquid source bubblers are supplied by the manufacturer with a 

disposal kit. The used bubbler is placed in the original shipping container

which contains vermiculite. 

7.6 Ion Implantation 

Ion implantation is used to introduce dopants into the wafer 

surface. The impurities are ions created by a confined electric discharge

sustained by a dopant gas. The ion beam is drawn from the arc 

extraction electrode and directed toward the analyzing magnet. The magnet

~~solves and focuses the ion beam and selects only the desired 
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wafer implantation. The selected ions are targeted through an acceleration

chamber and focused to produce a uniform dose to the substrate. 


implantation is performed in a sealed chamber at 


mately 10-6 torr. The ion implantation unit operates at a power of 100 KeV. 

Boron trifluoride and phosphine are used as the dopant source 

The gases are contained in small cylinders or lecture bottles that are 

in a ventilated cabinet within the ion implantation unit. 

The power source, ion source, and analyzing magnet are contained 

a lead-shielded cabinet for the control of X-ray radiation emissions. 

cabinet is located within a second lead-lined enclosure, which, in turn, 

electrically grounded with its' access interlocked to the power supply. A 

glass window is present in the outer cabinet near the control console to 

the operator to view gauges within the cabinet. Any effect that the window 

may have on the effectiveness of X-ray shielding is unknown. The unit has 

emergency power shutoff controls that can be activated by the operator. 

Three independent vacuum systems are used to maintain vacuum condi~ 

t10ns and are (1) an oil-sealed mechanical pump that evacuates the load 

chambers, (2) an oil-sealed mechanical pump and oil diffusion pump that 

evacuate the target chamber. and (3) an oil-sealed mechanical pump and oil 

diffusion pump that evacuate the ion source chamber. The pump exhausts are

vented to the scrubber system described in Section 3.5. 

Scheduled maintenance of the unit requires removal of the ion source

to clean off deposits by nead-blasting. Maintenance is also provided by an 

outside fin.> under a se4vic:,:: cemtract. 

Radiation film badges are used f')r monitoring emissions and operator

exposures to X-ray ral1ation. The badges are worn by the operators and are 

also mounted on the unit. No other monitoring systems are used for evaluating

emissions or operator exposures to chemical or physical agents. Personal 

protective equipme!'lt requirements include safety glasses. Additional 

requirements for workers changing lecture bottles are described in Section 

5.3. 
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7.7 Chemical Vapor Deposition 

Chemical vapor deposition (CYD) is the process of depositing a 

by a chemical reaction or pyrolytic decomposition in the gas phase. Low 

sure chemical vapor deposition (LPCYD) is used to deposit silicon nitride,

polycrystalline silicon, and phosphorus-doped silicon dioxide. Plasma­

enhanced chemical vapor deposition (PECVD) is used to deposit silicon nitride. 

Both operations are described below. 

7.7.1 ~2w Pressure Chemical Vapor Deposition. Low pressure 

chemical vapor deposition is performed in a diffusion furnace assembly similar

to that described in Section 7.1 but operated at low pressure (approximately 

0.1 to 3.0 torr). The LPCYD furnace consists of a furnace tube with mechani­

cally sealed doors, gas control enclosure, gas flow control, electronic 

control, and vacuum pumps. The process operation is controlled by ~ micro­

processor using feedback control loops and programmed "recipes". The system 

controls the furnace temperature profile, gas flow, vacuu~ pumping anu 

purg1.ng, and process sequence. The furnace tube vacuum is maintained by an 

oil-sealed mechanical pump that is located in the source cabinet. The pump 

exhaust is vented to the wet scrubber system described in Section 3.5. 

Process gases include 1) dichlorosilane and ammonia for silicon 

nitride depOSition, 2) silane and hydrogen chloride for polycrystalline 

silicon deposition, and 3) phosphine, Silane, and oxygen for phosphorus-doped 

silicon dioxide deposition. Process gases are stored in a ventilated storage 

cabinet described in Section 3.3. 

The process operation requires the operator to load wafers onto 

carriers that are inserted into the furnace. The operator initiates the 

operation by push-button control. Following deposition of the desired layer, 

the operator removes the carriers from the furnace. 

Engineering. controls include local exhaust ventilation of the source

cabinet containing the gas manifolds and gas flow controllers. The cabinet is

vented through a duct off the top of the unit. A part of the source cabinet 

houses the vacuum pump and is also vented through the local exhaust duct at

the top of the cabinet.

http:purg1.ng
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The process tube is sealed with a stainless steel door that is

interlocked by the microprocessor control unit to the vacuum pump to prevent

operation of the pump while open. A pressure interlock prevents reactive 

gases from flowing if the system malfunctions. The process gas mass flow 

controllers are, in turn, centrally controlled by the system microprocessor

unit. 

A continuous pump oil filtration system is located outside of the 

cabinet. The filtration system is placed in a tray to contain oil spills. 

The waste pump oil is drained into a 5-gallon container. Handling of the 

waste is de"scribed in Section 3.6. Oil spills are cleaned up with a freon 

solvent. 

Monitoring systems, present in the diffusion furnace area where the 

LPCVD units are located, consist of a combustible gas monitoring system 

described in Section 3.4. Personal protective equipment requirements include 

safety glasses and heat-protective gloves. 

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

with a Freon solvent. 

7.7.2 Plasma-Enhanced Chemical Vapor Deposition. Plasma-enhanced 

chemical vapor deposition is used to deposit silicon nitride. The operation 

is performed at reduced pressure in a reaction chamber in which a plasma is 

formed using a radio frequency power source of unknown frequency and power. 

The operator places wafers on a metal platen with a vacuum wand. A 

metal handle is attached to the platen and it is loaded into the reaction 

chamber. The operator initiates the process sequence by push-button control. 

The lid of the chamber is closed and the chamber is evacuated by an oil sealed

mechanical puop. A radio frequency field is established between the metal 

platen and an electrode located above the wafers. The process gases are 

introduced into the chamber, forming a plasma and deposicing silicon nitride. 

Process gases used include silane and ammonia. The gases are stored in a 

ventilated cabinet described in Section 3.3. 

Engineering controls are integral to the process operation and 

equipment. These include: 1) the use of a sealed reaction chamber that 

isolates the worker from the process, 2) operation of the reaction chamber 
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a low pressure that Is negative to the room, and 3) ventilation of the 

reactive byproducts from the chamber by the pump_ The pump exhaust is 

to the scrubber system described in Section 3.5. 

No monitoring systems are present for evaluating 

tor exposures to chemical or physical agents. Personal protective equipment

for operators includes safety glasses. Additional requirements for changing

cylinders are described in Section 5.3. 

7.8 Hydrogen Annealing 

Wafers are heated in a hydrogen atmosphere to correct radiation 

defects formed during metalization. The operation, known as hydrogen 

annealing is performed in an atmospheric pressure diffusion furnace assembly

described in Section 7.1. The process gases used include 100 percent hydrogen

or 50 percent hydrogen and 50 percent nitrogen. The engineering controls and

personal protective equipment requirements are identical to those described i

Section 7.1 for diffusion furnace assemblies used in thermal oxidation. 

Monitoring systems present in the diffusion furnace room include a 

combustible gas monitor described in Section 3.4. Combustible gas detectors

are located in 'the ventilation duct of the furnace and on the room ceiling. 

Scheduled maintenance activities include weekly or monthly removal of the 

furnace tube for cleaning with hydrofluoric acid. The furnace tube cleaning

operation is described in Section 7.3. 

7.9 Metalization 

Aluminum is deposited on the wafer surface as an electrical contact. 

The metal is deposited by direct current (DC) sputtering in a sealed reaction 

chamber at very low pr,essure (approximately 10-7torr). The wafers are 

placed on a metal platen by the operator. The platen is placed in a load 

chamber in the equipment. The operator then initiates the operation 

by ?ushbutton. The load lock lid is automatically closed and the chamber ·is 

evacuated by an oil-sealed mechanical pump to a pre-set pressure. 

is automatically transferred to the sputtering chamber where metal 
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occurs. The sputtering chamber is operated at a pressure of approximately

10-7 torr by an oil diffusion pump. After metal deposition the platen is 

transferred back to the load lock chamber and removed. A Freon cooling system

is used to cool valves and to trap water vapor in the reaction chamber. 

Engineering controls, integral to the process operation and 

equipment, include isolation of the process from the worker in a sealed 

reaction chamber and operation of the chamber at a pressure lower than room 

pressure. The pump exhausts are vented directly to the external plant 

atmosphere. No monitoring systems were present for evaluating emissions or 

operator exposures to chemical or physical agents. Personal protective 

equipment includes safety glasses. Handling of waste pump oils is dtscribed 

in Section 3.6. Work practices that may affect emissions or operator 

exposures to chemical or physical agents were not observed. However. there 

appeared to be little potential for operator exposures. 

8.0 CONCLUSIONS AND RECO~~NDATIONS 

The fabrication of integrated circuits at Electronic Arrays is 

representative pf the present state-of-the-art in wafer processing. Process 

operations observed that may also be indicative of future processing trends 

include plasma-enhanced chemical vapor deposition, low pressure chemical vapor 

deposition, ion implantation, and automation of some photolithography 

processes. Specific observations and recommendations are outlined below. 

1. 	 The effectiveness of the local exhaust ventilation on the newer 

wet chemical benches should be evaluated and compared to the 

older benches. The design of the newer benches differs· 

substantially from the older benches. 

2. 	 The potential for exposure to reflected ultraviolet light from 

the contact printing operation should be evaluated. Work 

practices. such as the removal of safety glasses during wafer 

alignmant. should also be observed and their effects on operator

exposures determined. 

3. 	 The effectiveness of radio frequency shielding in PECVD and

plasma etching equipment should be determined. 



4. 	 The effectiveness of X-ray radiation shielding provided by .the

cabinets in the ion implantation unit should be determined. The

effect of the observation window 

should be evaluated. 

5. 	 Preplacement medical examinations and periodic examinations 

should be established. especially fcr those individuals working

with toxic agents such as chromic acid. 

A variety of process operations are used at the facility that should be 

considered for detailed investigation. These include plasma etching, ion

implantation. LPCVD, and PECVD. The effectiveness of the local exhaust 

ventilation of the newer wet chemical benches should be evaluated and compared

to the other benches. Work practices that may affect emissions or operator

exposures to chemical and physical agents could not be addressed during the

preliminary survey due to time constraints; however, they should be documented

during a detailed survey. 
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