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Processes and Related Hazards
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Semiconductor manufacturing for gallium arsenide devices includes four
main operations: (1) ingot growing, (2) wafer processing, (3) epitaxy, and (4)
device fabrication. The links below provide further information on the
various processes, related hazards, and controls for each of these main
operations. Additional links refer to various topics contained in the OSHA
Safety and Health Topics website. Information on this page is general;
actual processes will vary with each production facility. A complete hazard
inventory should be based on the hazard analysis of the actual process in
question.
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In the Gallium Arsenide ingot and wafer growth process, elemental forms of
gallium (Ga) and arsenic (As), plus small quantities of dopant material
(silicon, tellurium, or chromium) react at elevated temperatures to form
ingots of doped single crystal GaAs. Three generalized methods of ingot
production are used:

1. Horizontal Bridgeman (HB)
2. Gradient Freeze (GF)
3. Liquid Encapsulated Czochralski (LEC Cz)

The reaction of As vapor with Ga metal at elevated temperatures, in sealed
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quartz ampoules, form the bulk polycrystalline GaAs compound. Typically,
an As reservoir contained at one end of the ampoule is heated to
approximately 600°C. This generates approximately 1 atm of As vapor
pressure in the system, a prerequisite for obtaining stoichiometric GaAs.
The As vapor reacts with the Ga metal which is heated to approximately
1260°C and located at the other end of the ampoule in a quartz board. After
the reaction is complete, single-crystal growth begins by programmed
cooling (Gradient Freeze) or by physically moving either the ampoule or
furnace to provide proper temperature gradients for growth (Horizontal
Bridgeman). This indirect approach (Arsenic transport) for compounding and
growth of GaAs is used because of the high vapor pressure of As at its
melting point and at the melting point of GaAs, about 20 atm at 812°C, and
60 atm at 1238°C, respectively.

Another approach to the commercial production of bulk single-crystal GaAs
that is gaining favor is the liquid encapsulated Czochralski technique (LEC
Cz). A Cz crystal puller is loaded with chunk GaAs in a quartz ampoule with
an outer graphite receptor. The bulk GaAs melts at temperatures close to
1238°C, and the crystal is pulled in a pressurized atmosphere of
approximately 100 atm. A viscous glass, B203, completely encapsulates the
melt, which prevents melt dislocation when the dissociation vapor (As) is
less than or equal to the pressure of an inert gas (argon, typically) applied in
the puller chamber.

The following description delineates processing steps in use in LED
production facilities. The Horizontal Bridgeman (HB) and Gradient Freeze
(GF) methods of single-crystal gallium arsenide ingot growth are the
dominant techniques in use in LED production.

Charge Preparation

A long cylindrical quartz ampoule is loaded with elemental arsenic in chunk
form in a locally exhausted laminar flow hood. A smaller quartz boat is
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charged with liquid gallium, dopant, and a small GaAs single-crystal seed.
The quartz boat is then loaded into the other section of the quartz ampoule
already containing the elemental arsenic.
The following are potential hazards for charge preparation.

= Arsenic
Ampoule Load and Seal
First, the quartz ampoules are attached to an oil-diffusion vacuum pump
assembly. The system is evacuated and the ampoule is heated with a
hydrogen/oxygen torch. Finally the end of the ampoule is sealed, which
creates a charged and sealed quartz ampoule ready for furnace growth.

The following are potential hazards for ampoule load and seal.

=  Arsenic

= Flammable Gases, Fire

Flammable Gases, Fire

Potential Hazard
= DPossible ignition of flammable gases, resulting in fire and/or
explosion. Employees may also be exposed to gases above permissible

limits.

Possible Solutions

OfEfEMmE TET 5, T0H%, Z0OA%ER— e, BEC R e ERLEINT
WAHRFET T NVDRIOY 7 v a AEAT D,

LIT OB, BRI B 1 D IER R & 0 £77,

e t&E
T NVFTREKROE IR

FP. OAET AN EMIERRELER ST TV T A, VAT A
PR LI, KE/BREZEN—F TT U PN ENMET 5, RBITT TV O
ZEIE L, FNREICH AT RIEBEAEE A RT VTNV ESER ST D,

T TV OLEE N O ENT BT DI ERY R fEBRIE TR D £ B Y TT,

® L&
® H[PAMET AL K

FIRPET A K

BTER) TG

® TAMET ADFIKIZE Y KKK SUTIEFEDIEET D ATREME,
FINTRRE LB DT ANELBEINDARENE DL & D,

AJRETR IR




= See Possible Solutions: Flammable Gases, Fire.

= Use appropriate equipment, safety devices, and work practices

associated with the hydrogen/oxygen torch.

Furnace Growth

The two dominant methods of single-crystal ingot growth (HB and GF) use
charged and sealed quartz ampoules in a high temperature furnace
enclosure which is vented to a wet scrubber system.

The HB system consists of a two zone furnace in which the sealed quartz
ampoule has separate temperature zones: the arsenic "cold" finger end at
610°C, and the quartz gallium/dopant/seed-crystal boat containing the melt
at 1240°C. The basic principle in HB involves traversing two heated zones
(one above the melting point of GaAs, and one below the melting point), over
a boat of GaAs to provide the precisely controlled freezing of molten GaAs.
The seed crystal, maintained at all times in the freeze zone, provides the
initial crystal starting structure defining direction and orientation of the
crystalline structure within the boat. Silicon-carbide liners called support
tubes, which allow the resistance heater assembly to mechanically move the
full distance of the ampoule, suspend the quartz boat and ampoule of
gallium and arsenic within the heater chamber. Additionally, the ampoule
rests on a table which must be raised and lowered during growth to provide
the proper interface of the GaAs melt with the seed crystal.

GF is the second ingot growth method in use. A high-temperature furnace
utilizing resistance heating is kept at 1200-1300°C, with 1237°C being the
melt/freeze point of GaAs. The total ingot growth process duration is three
days, comprised of the following steps:
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1. Furnace firing to temperature
GaAs synthesis
Seed melt

2
3
4. Cool down
5

The quartz ampoule is also raised and lowered during the growth process by
the use of a scissor-type manual jack.

The following are potential hazards for furnace growth.

=  Ampoule Explosion/Implosion

=  Arsenic
= Toxic Exhaust Gases

= Thermal Burns

Ampoule Explosion/Implosion
Potential Hazard
= Possible explosion or implosion of ampoules during ingot growth,
resulting in personnel injury and/or damage to equipment and
facilities.

Possible Solutions

= Identify and eliminate possible causes of explosion/implosion. Use a
Process Hazard Analysis (PHA) for identifying and controlling such
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hazards.

= Implement appropriate emergency procedures, including ventilation
and PPE controls in the event of an explosion/implosion.

Additional Information
OSHA Safety and Health Topics Page:

=  Process Safety Management

Ampoule Breakout

After the single-crystal GaAs ingot is grown within the sealed quartz
ampoule, the quartz boat containing the ingot, plus the seed crystal, is
removed from the ampoule, either by cutting off the sealed end of the
ampoule with a wet circular saw, or heating and cracking the ampoule with
a hydrogen/oxygen torch. The quartz ampoules are recycled by wet etching
the condensed arsenic on the interior surface with HCI/HNOS3 or
H2S04/H202.

The following are potential hazards for ampoule breakout.

= Flammable Gases, Fire

=  Arsenic

= Machinery

= Acid and Caustic Solutions
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Flammable Gases, Fire
Potential Hazard
= Possible ignition of flammable gases, resulting in fire and/or

explosion. Employees may also be exposed to gases above permissible
limits.

Possible Solutions

=  See Possible Solutions: Flammable Gases, Fire.

= Use appropriate equipment, safety devices, and work practices
associated with the hydrogen/oxygen torch.

Acid and Caustic Solutions
Potential Hazard
= Possible employee exposure to acid and caustic solutions used for
etching ampoules for recycling. Solutions of HCI, H2SO4, HNO3, and
H202 are commonly used.

Possible Solutions

= See Possible Solutions: Acid and Caustic.

Additional Information
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=  Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.

Ingot and Remelt Sandblasting/Cleaning

The single-crystal GaAs ingots and polycrystalline defects must be
sandblasted and cleaned to remove exterior oxides and contaminants. The
sandblasting is done in a glove-box type bead blaster utilizing either silicon
carbide or calcined alumina blasting media. Wet cleaning is done in wet
chemical baths provided with local exhaust ventilation and utilizing
HCI/HNO3 or alcohol rinses (isopropyl and/or methyl).

hazards for and remelt

The following are potential

sandblastin/cleaning.

ingot

=  Arsenic

=  Chemicals
Chemicals
Potential Hazard

= Possible employee exposure to chemicals used for cleaning. Acid
solutions of HCI/HNOS3 and isopropyl/methyl alcohol solutions are
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commonly used.
Possible Solutions

=  See Possible Solutions: Chemicals.

Additional Information

= QOccupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.
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Wafer Processing
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Ingot Evaluation and Machining

As in silicon ingot processing, the crystalline structure of the GaAs ingot is
determined by the use of an x-ray diffraction unit. The ends of the single-
crystal ingot are then cropped using a water-lubricated single-bladed
diamond saw, with various coolants added to the water.

The following are potential hazards of ingot evaluation and machining.
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= X-Ray Radiation

= Machinery
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= Possible employee exposure to gallium arsenide (arsenic). The GaAs
slurry presents a considerable dermal hazard, and there is potential
for an airborne hazard if the slurry becomes dry.

Possible Solutions

=  See Possible Solutions: Arsenic.
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Wafer Preparation

The gallium arsenide ingots are wax-mounted to a graphite beam and sawed
into individual wafers with the use an automatic inner diameter blade saw.
Lubricants used in this operation generate a gallium arsenide slurry, which
is collected, centrifuged, and recycled.

The wafers are then dismounted from the wax and graphite beam to prepare
for cleaning. Cleaning consists of sequentially dipping the wafers in wet
chemical baths containing methanol, de-ionized water, and an acid mixture
of sulfuric acid, hydrogen peroxide, and water, in a 5:1:1 concentration. A
visual inspection is also performed at this stage.
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After cleaning, the wafers are wax-mounted to a lapping machine. The
lapping machine operates at a set rotational speed and pressure and uses a
lapping slurry containing aluminum oxide, glycerin, and water. After
lapping, the wafers are dismounted on a hot plate, rinsed in a soap solution,
and wiped dry.

Finally, the wafers are physically mounted to a mechanical polishing
machine, and polished using a slurry consisting of sodium bicarbonate, 5

percent chlorine, water, and colloidal silica slurry.

The following are potential hazards of wafer preparation.

= Machinery
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Chemicals
Potential Hazard

= Possible employee exposure to chemicals used for cleaning. Common
chemicals include acids (H2SO4), caustics (H202), and methanol.

Possible Solutions

= See Possible Solutions: Chemicals.

Additional Information

= Occupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control

L EE

BFTEHG LI BRI
® EfICHEN EN DL FEME~OYPIRME DI TBoARENE, —xr b

WEIZITE (HpS04) . 7V VAl (H0p), AX ) —INEGEND,

A GEIRIRRAE

° [RIREZRFRIRR - AL B ) &5 HE,

BUNEHR
o (LEWEOEMAEFHICET IMEMET A NI 4 v KEREESEAL
%4 (DHHS). E oz L7t (NIOSH) Fl474 No. 81-123
(1981 4 1 A), ZL OHFELFWEICET L4 F74 O EKRE 2
i, 7 7 A IR - EROEE, R X BIRAME, ERT
=2V 7 AANRE#ER (PPE) KOVEHTIEICET 2 HERHEE 5T
BB il ST 5,

procedures.
Epitaxy TEZFT— (bOHERmERIC, BED L P thoftL N RS 2 8H%)
Introduction IZC®HIT

The single-crystal GaAs wafers are used as substrates for the growth of very
thin layers of the same or other III-V compounds having the desired
electronic or optical properties. The crystal structure of the grown layer
matches that of the substrate. Epitaxy is the process of growing thin films of
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crystals, in which the substrate determines the crystallinity and orientation
of the grown layer. A variety of epitaxial growth techniques are used in III-
IV display and device production. The two most common techniques are
Vapor Phase Epitaxy (VPE) and Liquid Phase Epitaxy (LPE).

VPE uses a heated stream of gaseous elements or compounds that interact
at the surface of the substrate to form the crystalline layer. VPE is primarily
used in LED epitaxy. In LPE, the crystalline layer is formed by exposing the
substrate to a heated metallic solution saturated with the desired layer
components. This method is primarily used in microwave IC epitaxy.

In addition to VPE and LPE, vacuum epitaxy in the form of molecular beam
epitaxy (MBE) has developed as an extraordinarily versatile technique.
MBE of GaAs consists of an ultra-high vacuum system containing sources
for atomic or molecular beams of Ga and As and a heated substrate wafer.
The molecular beam sources are usually containers for liquid Ga or solid As.
The sources have an orifice that faces the substrate wafer. When the
container is heated, atoms of Ga or molecules of As effuse from the orifice.
For GaAs, growth usually takes place with a substrate temperature above
450 °C.

VPE is the primary method in use and is discussed in this section. There are
two major techniques of VPE, based on two different chemistries:

= The III-halogens (GaCls) and V-halogens (AsCls) or V-hydrogen
(AsHs and PHb).

= The III metal-organics and V-hydrogen, such as Gas(CHs) and AsHs.

The thermochemistries of these techniques are very different. The halogen
reactions are usually "hot" or "cold", in which the III-halogen is generated in
a hot zone by reaction of the III element with HCIl, and then diffuses to the
cold zone, where it reacts with the V species to form III-V material. The
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metal-organic chemistry is a hot wall process in which the III metal-organic
compound cracks or pyrolyzes away the organic group, and the remaining III
and hydride V react to form III-V.

Reactor Load and Unload

To begin, the degreased and polished wafers initially receive a pre-epitaxy
etch and cleaning step. This involves a sequential wet chemical dipping
operation using sulfuric acid, hydrogen peroxide, and water (5:1:1); a de-
ionized water rinse; and finally, an isopropyl alcohol clean/dry.

The primary technique in use for VPE in LED processing is the III-halogen
and V-hydrogen system. It involves a two-cycle process; first, growing the
epitaxial layer of GaAsP on the GaAs substrate, next, an etch cycle to clean
the quartz reactor chamber of impurities. During the epitaxial growth cycle,
the pre-cleansed GaAs wafers are loaded into a vertical quartz reactor
chamber containing an upper reservoir of elemental liquid gallium over
which anhydrous HCI gas is metered, forming GaCls. A V-hydrogen-hydride
gas mixture of 10%-AsHs and 5%-PHs/Hs carrier is also metered into the
reaction chamber with the addition of 50 ppm dimethyl telluride and 25 ppm
diethyl telluride gaseous dopants. The chemical species in the "hot zone" of
the quartz reactor react, and in the "cold zone" form the desired layer of
GaAsP on the wafer substrate as well as on the interior of the reactor
chamber. Effluents from the reactor are routed to a hydrogen torch system
for pyrolysis and vented to a wet scrubber system or other exhaust
conditioning system.

The etch cycle is performed at the end of the grow cycle and on new quartz
reactors to clean the interior surface of impurities. Undiluted hydrogen
chloride gas is metered into the chamber for periods of 5-15 minutes. The
effluents are vented to the wet scrubber system for neutralization. At the
end of both the growth and etch cycles, an extended nitrogen purge is used

EEWE oK %,
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to flush the reactor chamber of toxic and corrosive gases.
The following are potential hazards of reactor load and unload.

=  Chemicals

=  Flammable Gases, Fire

BUSERDE— R RO »u— BT 2BIERNRERMEIIL T O LB 0 T,

o {LFME
® AIBMME A K

® . MK O RN A

==

=  Toxic, Irritative, and Corrosive Gases ¢ Ex

= Arsenic
Chemicals ==y
Potential Hazard B EHG L TEBRE

= DPossible employee exposure to chemicals used for pre-cleaning.
Common chemicals include acids (H2SOas), caustics (H202), and
isopropyl alcohol.

Possible Solutions

= See Possible Solutions: Chemicals.

Additional Information

=  QOccupational Health Guidelines for Chemical Hazards. US
Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control

® HLBNEF T SN DL IE~DOPIE DI BED I ReME, —fkAy7Z2
EFEEIIEER (Hp80,) . 7 VAI (Hp05) . A Y TS —LVing
b,

ATRE R AERE
o  [LFWMHEIBT D TRE R R ) 22,
BNER

® [LEWEMEIRA EMICBET OMERAET A N T4 v KEREE SRS
(DHHS) . [E 7% @ % 2 A %87 (NIOSH) 474 No. 81-123
(1981 £ 1 H), L OFENEMEICET 204 R7A4 O HKRE
i, 7 7 A I ERY - ERRORRME, (RS X BIBVE, BT
=2V 7 EAR#ER (PPE) KOVEBLFIRICE S 2 HEEFEHEEZ ST
B s mn s s h T s,

16




procedures.

Flammable Gases, Fire
Potential Hazard

= Possible ignition of flammable gases, resulting in fire and/or
explosion. Possible exposure to gases above permissible limits.

Possible Solutions

=  See Possible Solutions: Flammable Gases, Fire.

= Provide PPE as appropriate to prevent contact with gases. [29 CFR
1910 Subpart I]

= Use gas monitoring systems with automatic shut-offs and alarm
systems, as appropriate.

= Design and use specialized processing, material handling, and
storage equipment for gases. Consider both normal use and
emergency scenarios.
Additional Information

OSHA Safety and Health Topics Pages:

= Compressed Gas and Equipment

RIRRMETT R | kK

TETER) R IEBRIE

L TW‘@#]“Z@%IK’J:D)(“‘&U\/X ITIER D FEAT D AlaetE, FFRIRE
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® AL DHMAEN T2, WU E AHRER (PPE) Z#{#t7 5, [29
CFR 1910 Subpart I]

® [OENEWIEERENT & W AL AT A OEH T AT A E U5 2
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R B DGO TV A EEBETDH &,
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OSHA ZaffE by 7 =Y
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»  Personal Protective Equipment (PPE)

o {HAHRESR (PPE)

Toxic, Irritative, and Corrosive Gases
Potential Hazard

= Possible employee exposure to toxic, irritative, and corrosive gases,
including HCI, AsHs, and PHs.

Possible Solutions

=  See Possible Solutions: Toxic, Irritative, and Corrosive Gases and

Liquids.
Additional Information
= QOccupational Health Guidelines for Chemical Hazards. US

Department of Health and Human Services (DHHS), National
Institute for Occupational Safety and Health (NIOSH) Publication
No. 81-123, (1981, January). Provides a table of contents of
guidelines for many hazardous chemicals. The files provide technical
chemical information, including chemical and physical properties,
health effects, exposure limits, and recommendations for medical
monitoring, personal protective equipment (PPE), and control
procedures.

Reactor Cleaning

After each growth cycle, the VPE reactors must be opened, the wafers
removed, and the lower portion of the reactor physically cleaned. The EPI
operator performs the cleaning process by scraping the lower quartz reactor
and the base plate using a metal tool. The operator collects the particulate
material (mixture of GaAs, GaAsP, arsenic oxides, phosphorous oxides, and

BEANAR, R 2 B V&R R

BRTEH) I BRI

® WiEH N HCL, AsHs, PH3 DO mA A, RIPNEH A K OVE BT A2
XS BEEINDAREMENH Y 97,
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F1, ZOT7 7 AL, LSRR RO ERMNE ., fE~DFE X< E
A, EREE=2V 7, MAMREL (PPE) KOVEETIRICEET 54
HREE, L WEICEET 2R E R i STV ET,

AN e
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%%%Eﬂhm\&$@\tiﬁm%\UVMM%&U%Lﬂb%MtKﬁ

18




entrapped hydride gases) in a metal container positioned below the vertical
reactor, and uses a high-efficiency vacuum for the final cleanup.

The following are potential hazards of reactor cleaning.

= Arsenic

= Toxic, Irritative, and Corrosive Gases and Liquids

L ADIREY) 2RI L., EhERE2E 2 W TRERIRTEF 2TV £
RIGZRGEE OBTERI R fERIEIIRD LB Y TY,

® L&

o M, HINKME R ONE RO A A Ui

Device Fabrication

B OB

Nitride Deposition

A high-temperature chemical vapor deposition (CVD) of silicon nitride
(SisN4) is performed, using a standard diffusion furnace. The gaseous
sources are silane (SiH4) and ammonia (NH3) with a nitrogen carrier gas.
(See Silicon Device Manufacturing - Device Fabrication - Deposition)

The following are potential hazards of nitride deposition.

= Electricity

= Flammable, Explosive, and Pyrophoric Gases

= Toxic, Irritative, and Corrosive Gases

» Radiofrequency (RF) and Infrared (IR) Radiation

= Thermal Burns

ZLYHR

R 2 IEHOF 2 0T, @il bR E (CVD) 5Ty U 2 o E kY

(SisN4) Z M L E 3, AL, 7 (SiH4) &7 =7 (NH3)
T, FX VT HRAFEHRTT, (VU arTs o 280E - 75 280E - iz
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= Reaction-Product Residues

o SULERM DI

Toxic, Irritative, and Corrosive Gases
Potential Hazard

= Possible employee exposure to toxic, irritative, and corrosive gases,
including SiH4 and NHa.

Possible Solutions

= See Possible Solutions: Toxic, Irritative, and Corrosive Gases.

Photolithography

The standard photoresist, aligning, exposure, developing and stripping
process is used as in silicon device processing. (See Silicon Device
Manufacturing - Device Fabrication)

Wet Etching

Various mixtures of wet chemical acid solutions are used in plastic baths in
locally exhausted etch stations, some provided with laminar HEPA filtered
supply systems which are vertically mounted. The primary acids in use are
H2SO4, HF, HCl and H3POs. As in silicon processing, H202 is used with
H2S04 and NH4+OH to provide a caustic etch. A cyanide solution (sodium or
potassium) is also used for etching aluminum. (See Silicon Device
Manufacturing - Device Fabrication - Etching)

A, RBHE R OV et 2

BTER) 25 BRI
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The following are potential hazards of wet etching.

= Acids and Caustics

7y Ty F U T OELEN Gk O LB Y T,

o MEUHHENH

Toxic, Irritative, and Corrosive Gases
Potential Hazard

= Possible employee exposure to toxic, irritative, and corrosive gases,
including SiH4 and NHa.

Possible Solutions

=  See Possible Solutions: Toxic, Irritative, and Corrosive Gases.

Photolithography

The standard photoresist, aligning, exposure, developing and stripping
process is used as in silicon device processing. (See Silicon Device
Manufacturing - Device Fabrication)

Wet Etching

Various mixtures of wet chemical acid solutions are used in plastic baths in
locally exhausted etch stations, some provided with laminar HEPA filtered
supply systems which are vertically mounted. The primary acids in use are
H2SO4, HF, HCl and H3sPOs. As in silicon processing, H202 is used with
H2S04 and NH4OH to provide a caustic etch. A cyanide solution (sodium or
potassium) is also used for etching aluminum. (See Silicon Device
Manufacturing - Device Fabrication - Etching)

The following are potential hazards of wet etching.
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=  Acids and Caustics

7y Ty F U T OELEN Gk O LB Y T,

o K UNTEME

Metals and Solvents
Potential Hazard
= Possible employee exposure to metals and solvents during evaporator
cleaning, bell jar cleaning, and maintenance operations. Typical
metal exposures include gold and silver. Methanol is a popular
cleaning solvent.

Possible Solutions

= See Possible Solutions: Solvents

= gsubstitution of water for methanol as a cleaning solvent, when
feasible.

Additional Information

=  Toxic Metals. OSHA Safety and Health Topics Page.
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Alloying

A final alloying step is performed in a low-temperature diffusion furnace,
utilizing a nitrogen inert atmosphere. (See Silicon Device Manufacturing -
Metallization - Alloying and Annealing)

GE X4

AL 72 B AL TR, EBRANEETHE X2 AW IKIBIEEE T3,
(VY arvFRAf 28 g - A2 A P—ay - B8R OT =—/ (REjkE
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Backlapping

Backlapping is done to remove deposited materials (GaAsP, SisNy, etc.) from
the backside of the wafer. The wafers are wax-mounted to a lapper plate and
wet-lapped with a colloidal silica slurry. Then the wax is removed by wet-
stripping the wafers in an organic stripper containing phenol, sulfonic acid,
and chlorobenzenes in a locally exhausted wet chemical etch station. The
wafers then receive a final cleaning. (See Silicon Device Manufacturing -
Metallization - Backlapping and Backside Metallization)

The following are potential hazards of backlapping.
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Potential Hazard BETER) 2 I BRI
= DPossible employee exposure to chemicals used for wet chemical |@ W v NI BhxoF o FEHINAIIEFWE~DOWEREDITL &
etching. Common chemicals include phenol, sulfonic acid, and DOA[REM:, — A7 bR CIT, 7=/ —b, AR UEE RN e
chlorobenzenes. RUBVERDH Y FT
Possible Solutions A BE RS
» See Possible Solutions: Chemicals ®  HREMEIE - ALEME A 2R
Final Test BT A b

As 1in silicon device processing, the completed LED circuits are computer-
tested and marked.
(See Silicon Device Manufacturing - Non-Fabrication Processing)

VU arTF AL 2A0RE TR R, 58k L7z LED BIEiX=a 2 —% T
FARNESH, =BT ET,
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Definitions

TER

Alloying:

The process of forming a low-resistance contact between the aluminum
metal and silicon substrate on a metallized semiconductor wafer. See
Metallization - Alloying and Annealing.

A&t

AL TARINIEEEERTZNAN—EDOT VI =T bhe@e vl a il O
RO R 2B T 5 7 nt X, AZ2 T4 8= ar - @8R TT =—
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Annealing:

T==Ur7:
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The process of combining hydrogen with uncommitted atoms at or near the
silicon-silicon dioxide interface on a metallized semiconductor wafer. See
Metallization - Alloying and Annealing.

ARTAV =V a SRR = O 3Ty ) 3 R X
TEDEFICBNT, KBERBERFLHESELTnkER, AXT4E—
va v -Gk OT == T OEESR,

Backlapping:

of mechanically thinning the backside of a finished
See Metallization - Backlapping and Backside

The process
semiconductor wafer.
Metallization.

APV A/

SER LT R T =N — D H I A RIS T 7 ek R, AXTAE—Y
3V Nyl TyEVTROERAL T, E—va B,

Backside metallization:

The process of depositing a metal layer on the backside of a finished wafer.
See Metallization - Backlapping and Backside Metallization.

BEAZFAB—Tar:
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Chip:

he final integrated semiconductor circuit. See Non-Fabrication Processing.
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Crystal pulling:

The process of forming a crystal ingot; a seed crystal of silicon is attached to
a rod and "pulled" out of a silicon melt to form an ingot. See Substrate
Manufacture - Single Crystal Ingot Growth.
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fEmA Ty NEERT D7 et R, VU arOffEihEaEIc i i, vV
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Czochralski method:

The crystal pulling method used to form crystal ingots. See Substrate
Manufacture - Single Crystal Ingot Growth

Fa SN AXT—IE

ffnA ~ 2y FORRITAW SN H5EMG]1 & BT, ERRGE - BHfRA =

v NORREESI,

Chemical vapor deposition:

The process of applying a thin film to a substrate using a controlled chemical

{LERAEE
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reaction. See Device Fabrication - Deposition.

Deposition:

A general term used to describe the addition of material layers on a
semiconductor wafer. See Device Fabrication - Deposition.

PR Y mon— BRI BE 2809 % 2 L e+ — e lGE, 73 il
- MR OIS M,

Die:

An individual device or chip cut from a semiconductor wafer. See Non-
Fabrication Processing - Die Separation.
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Diffusion:

A doping process; a high-temperature furnace is used to diffuse an applied
layer of dopant into the wafer surface. See Device Fabrication - Doping
(Junction Formation).

LK
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Doping:

The process of introducing impurity elements (dopants) into a semiconductor
wafer to form regions of differing electrical conductivity. The two most
common doping processes are diffusion and ion implantation. See Device
Fabrication - Doping (Junction Formation).
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Epitaxy:

A specific chemical vapor deposition process used to form a thin elemental
crystal layer on top of an identical substrate crystal. See Device Fabrication

- Deposition.

TEEZF—

[] — D Bt i B IR SE 2 TR T D T2 DIV b D R B R
MR 7 nt 2, T3 280G - RO IHZ 2R,

Etching:

The process of removing silicon dioxide layers, accomplished by "wet

TyFUT
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etching" with chemicals or by "dry etching" with ionized gases. See Device
Fabrication - Etching.

T XFA A AT AEZH N RIA 2y TF o7 IZXoTiThbvET, 7
NA A - =y F U T DIHZBR L TL S0,

Evaporation:

A process used to deposit conducting metal layers on a substrate. Heat is
used to evaporate a metal source which then condenses on the cooler wafer
surface. See Metallization - Metal Deposition.
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Ingot:

A polycrystalline silicon cylinder formed by crystal pulling. See Substrate
Manufacture - Single Crystal Ingot Growth.
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Lapping:

The process of mechanically grinding the surface of a sliced wafer. See
Substrate Manufacture - Wafer Preparation.
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Lead frame:

The die attachment surface and lead attachment points that a die or chip is
attached to prior to wire bonding and packaging. See Non-Fabrication

Processing - Die Attach and Bonding.
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Oxidation:

The process of oxidizing the wafer surface to form a thin layer of silicon
dioxide. See Device Fabrication - Oxidation.
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Photolithography:

The process of creating patterns on a silicon substrate. The main steps of the
process include photoresist application, mask alignment, photoexposure,

T+ NIVITTT 4
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developing, and etching the portions of the substrate that are unprotected by
the resist. See Device Fabrication

DA, ~ AT DT T4 A b, B, B, LTV A RNTREINLTWY
RWENE D=y F o 7T, T, AREOIE A S,

Photomask:

A mask that delineates the pattern applied to a substrate during
photolithography. See Device Fabrication -Mask Alignment and

Photoexposure.
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T4 NI VT T 4 TRTERICEBHAIND Y — 2l T b~ A7, T
A ARG -~ R TTTA A NEBNESHL TS ZEW,

Photoresist:

A photosensitive material applied to a wafer and exposed to a device pattern
during photolithography. See Device Fabrication - Photoresist Application.
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Polycrystalline silicon:

An amorphous form of silicon with randomly oriented crystals, used to
produce silicon ingots. See Substrate Manufacture - Polycrystalline Silicon
Production.
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Quartzite:

Silica sand used as a raw material to produce metallurgical grade silicon.
See Substrate Manufacture - Polycrystalline Silicon Production.
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Reactive ion etching:

An etching process that uses physical sputtering and chemically reactive
species to remove metal layers. See Metallization - Metal Etch.
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Silicon:

A semimetallic element used to create a wafer. See Substrate Manufacture.
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Silyation:

The process of introducing silicon atoms into the surface of an organic
photoresist in order to harden the photoresist. See Metallization - Silyation.
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Sputtering:

The process of depositing a metal layer onto a wafer by bombarding a target
metal material with an argon plasma. The metal is dislodged and deposited
on the wafer. See Metallization - Metal Deposition.
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Walfer:

A silicon disc used to form the substrate of a semiconductor device. See
Substrate Manufacture - Wafer Preparation.
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