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U11: Semiconductor Materials and Processes

U11 covers processing, packaging, assembly, testing and
handling of the devices in U12 to U14, but note that
aspects of manufacture specific to certain devices can be
found in U12 and U14, under codes for LEDs, lasers, solar
cells, thick film and hybrid circuits. Liquid crystal layer
manufacture is included in U14-KO1A1. Chip carrier,
multilayer substrate circuit board and chip-on-substrate
technologies are coded under integrated circuit
packaging in U11-DO1A, and hybrid circuits in U14-H03
and U14-H04.

U11l-A

Materials

See U11-B03, U11-C01J, U12-B0O3C, U12-E01 and X12-
DO1C for chemical details of produced crystals, structures
and organic semiconductors.

U11-A01

Semiconductor materials, dopants

Includes preparation of semiconductor material from
precursors, refining and purification, new semiconductor
material. For solar cell material see also appropriate code
in U12-A02A2.

U11-A01A [1992]
Silicon
Silane, fluoride, chloride

U11-A01A1 [1997]
Porous silicon
(U11-A01A)
LED

U11-A01B [1992]

Alll-BV compounds
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride, arsinogalanes

U11-A01C [1992]
All-BVI compounds

Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-A01D [1992]

Group IV elements and their compounds (except
elemental silicon)

Silicon carbide, diamond, germanium

U11-A01F [1992]

Organic semiconductor materials

U11-A01M [1992]
Dopants
U11-A01X [1992]

Other semiconductor materials

Includes materials not covered by U11-A01A to U11-A01F
codes, e.g. AIV-BVI group, Al-BIII-CVI group, All-BIV-CV
group semiconductors.

Lead sulphide, lead telluride, chalcopyrite compounds,
copper indium sulphide, copper gallium selenide,
chalcogenide compounds, zinc tin arsenide, cadmium
germanium arsenide

U11-A02

Piezoelectric, electrostrictive, magnetostrictive
materials

Materials for transducers are also coded in V06-V.
Includes electrets of organic materials which exhibit
piezoelectric and pyroelectric properties. Also includes
Ferroelectric materials

Lead, titanate, zirconate, titanium, zirconium, bismuth,
permalloy, lead scandium tantalate, polyvinyl fluoride,
polyvinyl chloride, polyacrylonitride

U11-A03

Liquid crystal, electrochromic materials

U11-A03A [1992]

Liquid crystal material, compounds, additives
See also VO7-K10A.

Chiral, ester, phenyl, smectic, cholesteric, nematic,
twisted nematic, cyano, hydroxy, mesogenic, polymer
dispersed LC, PDLC, polymer network LC, halo-acetylene
derivates, phenyldioxanes, ferroelectric LC

U11-A03C [1992]

Electrochromic materials

For details regarding electrochromic display (structures,
circuits) see U14-K02 codes.

U11-A04

Magnetic materials
Magnetic materials in general are coded in V02-A.
Iron, garnet, alloy, oxide

U11-A05

Thick and thin film materials

Includes conductive pastes and inks, thick film resistive
compositions (see also VO1-A02C1). For general thick film
aspects see U14-H02.

Vehicle, solvent, frit, powder, paste
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U11-A05A [1987]

Screen print solders
Gold, silver, glass frit inks

U11-A05B [1987]

Substrate materials

Includes novel composite material, new materials for
multilayer ceramic substrate (see also U14-H03B1),
materials for other hybrid circuit substrate (see also U14-
HO3C). For general integrated circuit substrate see also
U11-DO1A.

U11-A06 [1983]

Resists for semiconductor device manufacture
(U11-A09)

Includes photosensitivity increasing substances. See V04-
RO1A for resists used in PCB manufacture. Apparatus for
coating, processing photoresist are covered by U11-
CO4A1 codes.

Photolithography, photosensitive, positive, negative

U11-A06A [1992]
Organic resist for semiconductor device
manufacture

Quinonediazides, phenol resin

U11-A06B [1992]

Inorganic resist
Germanium selenide, amorphous silicon

U11-A07 [1983]

Encapsulants, sealants
(U11-A09)

See V04-S01A for compounds used to encapsulate
complete modules, circuit boards etc.

Resin, epoxy, coating, powder, cure, harden, glass,
polythylene terephthalate
U11-A08 [1992]

Insulating, conductive materials

U11-A08A [1992]

Insulating materials for dielectric layer

Includes preparation of material from precursors, any
other aspect relating to layer structure or deposition
being covered by the appropriate codes U11-CO5A or
U11-CO5B.

410

U11-A08A1 [1992]

Organic insulating material for semiconductor
manufacture

(U11-A05A)

Polyquinoxalines, polyquinozalones, polybenzoxazoles,
polimide crosslinking agents

U11-A08A2 [1992]

Inorganic insulating material for semiconductor
manufacture

(U11-C05B5, U11-CO5B7)

Prior to 1992, coded in U11-A09 and/or U11-CO5B5, or
U11-C05B6, or U11-CO5B7.

U11-A08B [1992]

Conductive materials for semiconductor
manufacture

(U11-A09, U11-D03A1, U11-D03B)

Includes metals, alloys for e.g. electrodes, wires,
interconnections, lead frames. See also appropriate code
in U11-D to identify use of respective metal or alloy, e.g.
U11-DO3A1 for beam leads, U11-D03B for
interconnections, electrodes.

U11-A08B1 [2005]

Organic conductive materials for semiconductor
manufacture

U11-A08B2 [2005]
Inorganic conductive materials for semiconductor
manufacture
(U11-A09, U11-D03A1, U11-D03B)

U11-A09

Other materials for semiconductor manufacture
Includes resins not used as encapsulants or sealants.
Adhesives

U11-A10 [1992]

Abrasives, polishers, cleaners, etchants used in
semiconductor manufacture
(U11-A09)

Includes materials used in mechanical and/or chemical
treatment. Resist strippers are also coded here. See also
U11-CO6A1, U11-CO7A1, or U11-CO7B as appropriate.

U11-A11 [1992]

Developers for microlithography
(U11-A09, U11-C04A1)
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U11-A12 [1997]

Gases for semiconductor technology
(U11-A09)

For reactive processing gases see also U11-A13.
Argon, nitrogen, helium, ozone

U11-A13 [2005]
Precursors for deposition process in
semiconductor manufacture
(U11-A09)

Includes reactive gases, liquid and solid precursors.

U11-Al14 [2006]

Nano-structural materials

Use in conjunction with other U11-A codes to indicate
type of material. For conductive nano-structural materials
in general, see also X12 codes.

U11-A15 [1992]

Electroluminescent materials

(U11-A09, U14-))

Also includes other novel luminescent materials used in
semiconductor devices, e.g. phosphors,
photoluminescent and fluorescent materials. See U14-J
codes for electroluminescent devices and displays
(structure, circuits, manufacture).

U11-A15A [2002]

Inorganic electroluminescent materials

U11-A15B [2002]
Organic electroluminescent materials
Includes polymeric and organometallic complexes.
U11-Al6 [2007]

Immersion lithography fluid

See U11-C04K codes for immersion lithography apparatus
and method.

Ul1-B
Bulk crystal growth

Includes methods of growing monocrystals of silicon,
germanium and other homogeneous materials except
those covered by subclass U11-B03 below. See U11-C01J1
for epitaxy and U11-CO1H for liquid phase deposition on
substrate.

Single crystal, monocrystalline, polycrystalline

411

U11-B01 [1983]

Pulling from melt crystal growth for
semiconductor manufacture

Includes Czochralski method.

CZ pull, boules, liquid encapsulated Czochralski, LEC

U11-B02 [1987]

Zone refining, other

U11-B02A [1992]

Zone refining crystal growth for semiconductor
manufacture

Includes floating zone method.

Zone melting

U11-B02B [1997]
Crystal growth from melt in crucible
(U11-B02X)

Bridgman
U11-B02C [2002]

Spherical crystal growth methods

Includes e.g. droplet method. For spherical ICs see U13-
DO6.

U11-B02X [1992]

Other crystal growth methods for semiconductor
manufacture

Includes vertical, horizontal gradient freeze method,
floating fluidised bed method. For ribbon techniques,
edge defined film growth, see U11-B04.

U11-B03 [1987]

Characterised by crystal material and
crystallographic orientation

Includes chemical techniques rather than apparatus
details. This code is usually used in conjunction with
other codes, whenever crystallographic structure is
emphasised.

Oriented films

U11-BO3A [1992]
Bulk crystal growth of Alll-BV compounds

Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride
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U11-B03B [1992]

Bulk crystal growth of All-BVI compounds
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-B03C [1992]

Bulk crystal growth of AIV elements and their
compounds

Excludes elemental silicon.

Carbon, germanium, silicon carbide

U11-B03X [1992]

Bulk crystal growth of other semiconductor
compounds

Includes bulk growth of elemental silicon crystal, or bulk
growth of any other semiconductor material not
mentioned in U11-BO5 section.

U11-B04 [1987]

Ribbon techniques, pulling/casting from melt for
semiconductor device manufacture

Includes edge-defined film-fed crystal growth process,
forming dendritic web e.g. for photovoltaic applications.

EFG, monocrystal, polycrystal

U11-B05 [2002]
Apparatus details for crystal growth

U11-BO5A [2002]
Crucibles, crystal holders

U11-B05B [2002]
Crystal pulling mechanisms
Includes pulling-rods, pull-seeds etc.

U11-B05C [2002]

Heating/cooling arrangements for growth vessel,
crucible

412

U11-C

Substrate processing for semiconductor device
manufacture

In U11-C, each sub-group (-C01, -C02, -C03 etc.) covers a
distinct category of processing e.g. deposition, doping,
heat treatment etc. and is further divided to indicate
techniques used for a particular device or technology,
such as FET or gallium arsenide. For example, electrode
manufacture for gallium arsenide devices is coded in U11-
CO5E(-1 or -2) and U11-CO5F3; in another example,
forming smoothing insulating layer over interconnection
structure is coded in U11-CO5B9 and U11-CO5D1. Aspects
regarding processing apparatus are covered by U11-C09
codes.

Ul11-C01

Deposition of active materials (e.g.
semiconductors)

U11-CO1A to U11-CO1H are applied for deposition using
specified apparatus, with details about apparatus
covered by U11-C09 codes. U11-CO1J codes are used to
indicate details of substrates or the nature of deposited
active layers. Note that U11-C01J1 is used only when
epitaxy is emphasised as an important aspect of the
invention. For methods which imply epitaxial deposition
e.g. molecular beam epitaxy, liquid phase epitaxy, U11-
C01J1 is not used.

U11-CO1A

Physical deposition of semiconductor layer

U11-CO1A1 [1987]

Thermal evaporation for deposition of
semiconductor layer

Arc evaporation, thermal vacuum evaporation using e.g.
resistive heating, or inductive (RF) heating.

U11-CO1A2 [1987]

Molecular beam, atomic beam, ion beam
deposition of semiconductor layer

Includes cluster ion beam deposition. For reactive ion
beam deposition see U11-C01B.

MBE

U11-C01A3 [1997]

Sputtering deposition of semiconductor layer
(U11-CO1A9)
Includes deposition by glow/RF discharge, magnetron
sputtering. Prior to 1997 sputtering was covered in U11-
CO1A9.

U11-C01A9 [1987]

Other methods of physical deposition
Includes also laser ablation.
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U11-Co1B

Chemical vapour deposition of semiconductor
layer

For apparatus see U11-C09B and in case of plasma
enhanced CVD and electron cyclotron resonance CVD,
U11-C09C. Also includes reactive ion beam deposition
and seeded crystallisation deposition techniques. Prior to
199201 for PECVD see U11-C01A9 and U11-CO1B. Also
cover Vapour phase epitaxy (VPE).

CVD, low pressure, LPCVD, PECVD, photochemical, PhCVD,
atmospheric pressure, APCVD, ECRCVD, hot filament,
HFCVD, metal-organic, MOCVD, organometallic, OMCVD

U11-CoiB1 [1987]

Beam/mask assisted CVD of semiconductor layer

Using beam/mask defining areas of localised reactive
deposition.

Laser assisted, LACVD

U11-Co1C [1987]

Large surface area deposition

E.g. physical or chemical vapour deposition for solar cells
(see also U12-A02A3), semiconductor memories arrays
(see also U11-C18B5).

Roll to roll, continuously moving web, continuous belt

U11-C01D [1987]

Other methods of deposition of semiconductor
layer
(U11-C01X)

U11-CO1F [1992]

Langmuir Blodgett method
(U11-Cco1D)
Mono-molecular films

U11-CO1H [1992]

Liquid phase deposition of semiconductor layer
(U11-C01D)

Includes sliding or sloping position liquid phase epitaxy,
electrophoresis, atomised films, conversion of insulating
layer (e.g. oxide) into semiconductor by immersion into
solution.

LPE

U11-co1J [1987]

Nature/structure/material/composition of active
layers

When method of deposition is specified, U11-C01J codes
are used in conjunction with codes above (-C01A,-C01B,
etc.).
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u11-coli1 [1987]

Epitaxial growth of semiconductor layer

Only used when epitaxy is emphasised as essential for
method of deposition or structure described. For epitaxy
by seeded crystallisation see also U11-C01B and U11-
C01J8. This code is not used for methods of deposition
which imply epitaxy e.g. molecular beam epitaxy, liquid
phase epitaxy.

Single crystal layer, atomic layer epitaxy, ALE

U11-C01J2 [1987]

Semiconductor amorphous/polycrystalline film
Includes specific crystalline form e.g. HSG, spherical grain.
Thin film

U11-Co1J3 [1987]

Deposition of semiconductor layers other than
silicon

U11-CO1J3A [1992]

Deposition of Alll-BV compound layer
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-CO1J3B [1992]

Deposition of All-BVI compound layer
Includes complex ternary and quaternary compounds.
Mercury sulphide, cadmium mercury telluride, zinc

sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-C01J4 [1987]
Deposition of other inorganic semiconductor
material layers

U11-CO1J4A [1997]

Deposition of group IV element/compound layer
(U11-c014)
Silicon carbide, diamond, germanium

U11-C01J5 [1987]
Polymer, organic film structures
Macromolecular

U11-col1le [1987]

Heterojunction, superlattice structures, quantum
wells, wires, boxes manufacture
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U11-CO1J6A [2006]

Strained layers and their manufacture
Manufacture of strained layers to enhance material
properties such as charge-carrier mobility. For device
with strained layer structure see also U12-E01B1A.
Strained silicon, strained-layer super lattice, strained
layer, relaxed layer, SLS

U11-cO1J7* [1987-1996]

Other active layers, electroluminescent,
ferroelectric

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1996. Includes layers
e.g. for bubble memories, SAW devices. For
electroluminescent layer deposition see also U14-J01. For
ferroelectric layer deposition e.g. for capacitor
manufacture, see U11-C05G1B and U11-C05B codes.

U11-C01J8 [1987]

Characterised by substrate details

E.g. for solar cells, thin films, rugged, trenched substrate,
three-dimensional structures with layers built up to
include isolation regions. Includes deposition with lattice
adaptation on substrate being crystalline insulating
material or semiconductor material, also deposition on
substrate with particular geometry e.g. grooves, holes.
For selective, lateral epitaxy by seeded crystallisation see
also U11-C01B and U11-C0O1J1. Covers also separation of
epitaxial device layers (see also U11-C01J1) from
substrates on which they are grown (see also U11-
€04D1).

Sandwich wafer

U11-COLISA [1997]

Substrate bonding
(U11-CO1X)

Covers bonding of semiconductor layers to insulation or
semiconductor substrate, forming protection film on back
of wafer to prevent autodoping, (previously coded in
U11-C01X). For silicon on insulator structures see also
U11-CO8A6.

sol

U11-C01)8B [1997]

Preventing lattice mismatch
(U11-c01J8)
Includes forming buffer layer for lattice compatibility.

U11-C01X

Other aspects of deposition

Covers deposition using vibrating substrate, e.g. in liquid
phase deposition (see also U11-CO1H), etc.
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U11-C02

Doping for semiconductor device manufacture

For introducing impurities (dopant) during growth or
deposition of material, U11-C02 should be used in
conjunction with appropriate codes in U11-B or U11-C.
Codes in this sub-class should be used in conjunction
which each other. For example, ion implantation of
gallium arsenide layers for MESFET using beams oriented
at a certain angle is coded in U11-C02B2, U11-C02J1A and
U11-C02J6 (if structure of device is novel, or in order to
identify type of device, U12 codes will be also used).

U11-C02A

Diffusion, apparatus and associated techniques

U11-C02A1 [1987]

Diffusion apparatus

Electrical aspects of diffusion furnaces are also covered
by X25-C codes.

U11-C02A2 [1987]

Diffusion techniques, dopant layer structures

Used only if special conditions for dopant diffusion or
structures are emphasised, e.g. using masks for edge
diffusion or under slanted angle. Includes diffusion from
solid or gaseous phase dopant source in contact with
semiconductor surface.

U11-C02B

lon implantation, apparatus and associated
techniques
lon injection, ion bombardment

U11-C02B1 [1987]

lon implantation apparatus

For novel aspects of ion beam apparatus. see also VO5-
FO5A7C.

lon source, ion beam generator, focussing, deflection,
control, processing chamber

U11-C028B2 [1987]

lon implantation techniques

Used only if special ion implantation conditions are
emphasised, e.g. using masks, implantation at certain
angle between ion beam and surface plane or crystal
planes (to avoid channelling), etc.

Recoil implantation

U11-C02)

Doping aspects relating to substrate, structures,
layers, devices being processed
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U11-c02J1 [1987]

Doping non-silicon semiconductor substrate

U11-C02J1A [1992]

Doping Alll-BV compounds
Includes complex ternary and quaternary compounds

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-C02J1B [1992]

Doping All-BVI compounds
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-c02J1C [1992]
Doping AlIV elements and their compounds
Germanium, diamond, silicon carbide
U11-C02J1X [1992]

Doping other semiconductor materials

U11-€02J2 [1987]

Doping heterojunction structures

U11-C02J3 [1987]
Doping non-semiconductor layers, insulators,
polymers

Includes e.g. implanting wiring surface prior to patterning
in order to prevent formation of hillocks (see also U11-
C05D3, U11-D03B2).

Macromolecular

U11-c02J4 [1987]

Other techniques and apparatus

Includes doping aspects using wave or particle treatment.

Includes alloying of doping materials with semiconductor
body.
Radiation-enhanced diffusion

U11-C02J5 [1987]

Doping for bipolar device manufacture

Includes doping of electrode regions, formation of buried
layers.

Shallow junction

U11-C02J6 [1987]

Doping for FET manufacture

Includes doping of electrode regions e.g. using gate
electrode as mask for forming source and drain.

Channel stop implants, LDD
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U11-c02J7 [1987]

Doping for other semiconductor device
manufacture
Capacitor, LED, solar cells

U11-Co2X* [1988-1996]

Other doping

*This code is now discontinued, but remains searchable
and valid for records from 1988 to 1996. See U11-C02J4
from 1997 for alloying aspects.

U11-C03

Heat, electrical, radiation treatment of
semiconductor body; Apparatus

Codes from U11-C03B to U11-C03D, representing various
treatment techniques, are used in conjunction with U11-
C03J1 to U11-C03J3 codes for structures, and/or U11-
C03J8 codes for specific materials.

U11-CO3A [1987]

Heat, radiation, furnace treatment

Includes temperature control systems and apparatus for
semiconductor manufacture, or substrate in vacuum
processing apparatus, e.g. sputtering, CVD or etching
apparatus (see also appropriate codes in U11-C09).
Electrical aspects of furnaces are covered by X25-C codes.

Heater, temp, control, IR, lamp

U11-co3B [1987]
Electron/ion beam treatment of semiconductor
For apparatus, see also VO5-FO5A codes.

U11-C03C [1987]

Other type of treatment of semiconductor

Plasma, hydrogen plasma, electrical pulse, mechanical
pulse

U11-C03D [1992]
Laser treatment of semiconductor
(U11-C03C)

U11-CO3E [1997]

Radiation treatment of semiconductor
(U11-C03B, U11-C03C)

Includes bombardment with wave or particle radiation.
Radioactive pulse

U11-C03! [1987]

Nature of process/techniques, structure/material
being treated
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U11-c03J1 [1987]

Recrystallising semiconductor layer
(HO1L-021/324)

U11-C03J2 [1987]

Annealing, defect control, gettering of
semiconductor

U11-C03J2A [1992]

Annealing semiconductor layer
Rapid thermal annealing, RTA

U11-C03)2B [1992]

Gettering, defect control of semiconductor

Includes introducing internal imperfections, strained
layers and methods for external gettering e.g. honing,
sandblasting, backside damage. Covers also deep level
dopants for lifetime carrier control, killer dopant (see also
U11-C02 codes where doping techniques or structures
are novel).

Intrinsic gettering, bulk micro defects

U11-C03J3 [1987]

Blanket treatment of semiconductor

E.g. forming punch through implants to reduce short-
channel effects in submicron CMOS (see also U11-C02B2,
U11-C02J6).

U11-C03J4 [1987]
Heat/radiation treatment for very large surface
area
E.g. for solar cell.

U11-C03J5 [1987]

Beam treatment of localised areas on surface

U11-c03J6 [1987]

Semiconductor heat/radiation treatment using
masks, structures on substrate

U11-C03J7 [1987]

Producing localised depth profile, and other
structures by semiconductor treatment

Includes e.g. potential barrier diffusion region below
deep contact diffusion to suppress software errors
produced by radiation (see also appropriate U11-C02
codes and U14-A11), inhibiting dopant diffusion in
semiconductor (e.g. silicon) by using preamorphising
agent (e.g. germanium) to create shallow junction with
lateral containment (see also U11-C02 codes).

U11-C03I8 [1992]

Heat/radiation treatment of non-silicon
semiconductor material

416

U11-C0O3J8A [1992]

Heat/radiation treating Alll-BV compounds
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-C03J8B [1992]

Heat/radiation treating All-BVI compounds
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury sulphide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-C03J8C [1992]
Heat/radiation treating AIV elements and their
compounds
Diamond, silicon carbide

U11-C03J8X [1992]

Heat/radiation treating of other semiconductor
materials

uU11-co4
Lithography (photo-, beam-, etc.), masks,
techniques, exposure and alignment

The following codes are no longer applied but remain
valid for records prior to 199201: U11-C04A2, U11-
CO04A3, U11-C04A4, U11-CO4A5, U11-Co4C1.

U11-CO4A [1983]
Resist processing, mask manufacture and
inspection, and exposure control in
microlithography
(GO3F-007)

U11-C04A1 [1987]
Cleaning, rinsing, spin coating, developing,
inspection for microlithography

From 1992 all cleaning processes not related to
microlithography are covered by U11-CO6A1B.

U11-CO4A1A [1992]

Wafer preparation for resist coating

Includes cleaning, rinsing, drying, baking, priming or
silylating.

U11-C04A1B [1992]

Wafer coating with resist for microlithography

Includes forming ‘charge-up’ preventing layer on top of
resist.

Spin coating
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U11-C04A1C [1992]

Developing, resist stripping (wet process) for
microlithography

For developer materials see U11-A11.

U11-C04A1D [1992]

Plasma oxidising or ashing for microlithography

Includes resist selective removal by e.g. laser, ion beam.
For apparatus, see U11-C0O9C.

U11-CO4A1E [1992]

Testing, measurement and Inspection of mask for
microlithography

For inspection of lithographic layers see also U11-FO1B
code. For all other measurement, testing or inspection for
microlithography see also U11-FO1 and S02/S03 codes as
appropriate.

U11-CO4A1F [2005]

Resist processing

Includes all post wafer coating processes to prepare resist
on wafer for lithographic exposure.

Hard bake, soft bake, surface treatment, hydrophilization,
solvent evaporation

U11-CO4A1H [1997]

Anti-reflective layers for microlithography
See also U11-CO4E1.

U11-C04A2* [1987-1991]

Optical masks

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U11-CO4E2.

Shielding layer

U11-C04A3* [1987-1991]

X-ray masks

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U11-CO4H2.

U11-C04A4* [1987-1991]

Other masks

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. Includes masks
e.g. for sputter apparatus. From 1992 see U11-C04F2,
U11-C04G2.
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U11-CO4A5* [1987-1991]

Electron/particle beam apparatus

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U11-CO4F1 for electron beam apparatus, and U11-C04G1
for ion beam apparatus.

U11-C04A6 [1987]

Control of exposure apparatus

From 1992 this code is used in conjunction with U11-
CO4E1 for control of optical exposure light source (e.g.
laser, lamp), or with U11-CO4F1 for control of electron
beam apparatus, or with U11-C04G1 for control of ion
beam apparatus, or with U11-C04H1 for control of X-ray
apparatus.

U11-CO04A7 [2005]

Other lithographic aspects for microlithography

Includes e.g. biological process. For Micro- and Nano
imprint lithography from 2005 see U11-C04J codes.

U11-C04B [1983]
Alignment
U11-C04B1 [1987]

Producing alignment marks on substrate, mask
and mark details

U11-C04B2 [1987]
Mark detection and position control signal
generation in microlithography

See also S02-A03 codes for optical systems, in particular
S02-A10D2 for checking of alignment.

Optical recognition, through-the-lens, TTL

U11-C04B3 [1987]

Alignment for beam equipment in
microlithography
(HO1L-021/027, GO3F-007/20)

U11-€04C [1983]

Exposure for microlithography

U11-€04C1* [1987-1991]

Exposure source details

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U11-C04 (-E1,-F1,-G1,-H1) codes, as appropriate for type
of exposure source used in lithographic process.
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U11-c04C2 [1987]

Focussing control for exposure apparatus

This code is used in conjunction with other U11-C04 (-E1,-
F1,-G1,-H1) codes, depending on type of exposure source
used, e.g. lens focussing in laser microlithographic system
is coded in U11-C04C2 and U11-CO4E1.

Optical system adjustment, lens positioning

U11-c04C3 [1987]

Vertical alignment and tilt control for exposure
apparatus
Through-the-lens, TTL

U11-co4aca [2002]

Reticle and stage drive mechanisms

This code is used in conjunction with other U11-C04 (-E1,-
F1,-G1,-H1) codes, depending on type of exposure source
used.

Step-and-repeat, wafer stepper scan.

U11-C04C5 [2005]

Vibration control and compensation for
microlithography
Includes e.g. reaction frames, balance mass, and mounts.

U11-C04D [1987]

Masking techniques for microlithography

Relates to lithographic structures on semiconductor or
active layer. Until 200701 includes e.g. lift-off, sequences
of masking and etching techniques to produce patterned
structures on integrated circuit, and masking techniques
used in non-microlithographic steps of semiconductor
manufacture. From 200701 see U11-C06C for all non-
microlithographic masking, along with other relevant
codes, e.g. U11-C05D3 for masking techniques applied to
interconnection manufacture, U11-C07D1 for masks used
in etching fine details, U11-C18D and U14-K01A1C for
masks used in optical filter manufacture. for LCD, etc.

Pattern transfer, Dissolving mask
U11-C04D1 [1987]
Conformal masks, lift-off techniques for
microlithography
U11-C04D2 [1987]

Non-mask fine line width production for
microlithography

Includes e.g. use of holograms, diffraction grating, phase
segregation of metals.

Two beam interference exposure

U11-CO4E [1992]

Photolithography for semiconductor manufacture

U11-CO4E1 [1992]

Apparatus and method for photolithography
(U11-C04C, U11-C04C1)

Includes exposure using optical and non-ionising
ultraviolet radiation (for exposure using ionising
ultraviolet radiation e.g. EUV see U11-C04H codes). For
control and focusing aspects see also U11-C04A6 and
U11-C04C2 respectively. Includes e.g. exposing peripheral
portion of wafer.

Laser, UV, lamp, stepper, light source, projection, dummy
wafer

U11-CO4E1A [2005]

Optical elements and systems for
photolithography

Includes individual lenses and mirrors as well as multiple
lens/mirror systems, and other non-electrical optical
elements for beam focus.

U11-CO4E2 [1992]

Optical masks for photolithography
(U11-Co4C2)

Includes mask repair, pellicle protection, case holders for
masks (see also U11-F02), mask inspection.

Phase shifting, photomask, reticle

U11-CO4F [1992]

Electron beam lithography for semiconductor
manufacture

U11-CO4F1 [1992]

Apparatus and method for electron beam
lithography

(U11-CO5A5, U11-C04C, U11-C04A6)

For control and focusing aspects see also U11-C04A6 and
U11-C04C2 respectively. Includes methods of avoiding
‘charge up’ of resist. See VO5-F codes for novel details of
apparatus and methods of apparatus monitoring,
operation and control.

Beam modulation, electrodes

U11-C04F2 [1992]

Masks for electron beam lithography
(U11-C04A4)

Also see VO5-F codes for novel electron beam lithography
masks.

Stencil mask

U11-C04G [1992]

lon beam lithography for semiconductor
manufacture
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U11-C04G1 [1992]

Apparatus and method for ion beam lithography

For control and focusing aspects see also U11-C04A6 and
U11-C04C2 respectively. See VO5-F codes for novel details
of apparatus and methods of apparatus monitoring,
operation and control.

U11-C04G2 [1992]

Masks for ion beam lithography
(U11-C04A4)

Also see V05-F codes for novel ion beam lithography
masks.

Stencil mask

U11-C04H [1992]

X-ray lithography for semiconductor manufacture

Roentgen

U11-C04H1 [1992]

Apparatus and method for X-ray lithography
(U11-C04C, U11-C04C1)

Includes exposure using X-ray, soft X-ray and ionising
ultraviolet radiation (for exposure using non-ionising
ultraviolet radiation e.g. DUV see U11-CO4E codes). For
control and confinement aspects see also U11-C04A6 and
U11-C04C2 respectively. See VO5-E and VO5-F codes for
novel details of apparatus and methods of monitoring,
operation and control.

Extreme ultraviolet, EUV
U11-C04H2 [1992]

X-ray masks
(U11-CO4A3)

Also see V05-E08 codes and VO5-F codes for novel X-ray,
soft X-ray and EUV lithography masks.

U11-co4J [2005]

Imprint lithography for semiconductor
manufacture
Includes use of stamps and presses to form pattern.
Soft lithography

U11-C04J1 [2005]

Stamp design and manufacture

U11-C04J2 [2005]

Process methods and control
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U11-C04K [2005]

Immersion Lithography

Includes all apparatus and methods for exposure through
a liquid. See other U11-C04 codes for type of exposure
source used. For immersion fluid composition see U11-
Al6.

U11-C04K1 [2007]

Fluid management apparatus

Includes all apparatus associated with handling,
processing and delivering fluids for immersion
lithography.

U11-C04K2 [2007]

Fluid management methods

Includes all methods and processes for fluid
manipulation, including measurement and monitoring
aspects (see also appropriate S02 and S03 codes)

U11-C05

Layer formation
Includes insulating, passivating and conductive layers.

U11-CO5A

Organic insulating layer formation

Prior to 1992 this code included new materials as well as
methods and structures related to organic insulating
layer. From 1992 see U11-A08A1 for new materials. See
also other relevant codes, e.g. U11-C05B9 when organic
layer is used for planarising interconnection structures,
U14-HO3A1 or U14-HO3A4B4 when used for packaging
mountings or multichip interconnect.

U11-C05A1 [1987]

Combined with organic materials

U11-C05B

Inorganic insulating layer deposition

U11-CO5B1 to U11-CO5B4 are used where apparatus and
associated techniques are emphasised (see also U11-C09
codes for apparatus details); U11-C05B5 to U11-CO5B8
are used for type of deposited material and substrate;
e.g. CVD of a silicon dioxide layer on gallium arsenide
substrate is coded in U11-C05B2, U11-CO5B7 and U11-
CO5B8. For novel materials see U11-A08A2.

U11-C05B1 [1983]

Chemical reaction of semiconductor substrate for
insulating layer formation
E.g. oxide, nitride.

Oxidation, thermal oxidation, anodic oxidation,
nitridation
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U11-C05B2 [1987]

Insulating layer deposition using
physical/chemical vapour apparatus

For apparatus details see also U11-C09 codes.

U11-c058B3 [1987]

Localised deposition of insulating layer

Includes e.g. deposition using beam induced CVD or
masks.

U11-C05B4 [1987]

Modifying materials deposited on substrate
(metallic oxides)

Includes e.g. oxidation of metallic layer (e.g. forming
alumina film by oxidation of aluminium layer).

U11-CO5B5 [1987]

Deposited inorganic nitrogen containing
insulating layers

Includes all nitrides of silicon and silicon oxide using
methods in U11-C05B1, U11-C05B2 or U11-CO5B3.
Silicate glasses and silicon oxides without nitride content
are covered by U11-C05B7.

U11-C05B6 [1987]

Chemically altered deposited layers
Alumina layer, metal nitrides, metal oxides, hafnium oxide

U11-C05B7 [1987]

Chemically altered semiconductor material and
other nitrogen free dielectric layers

Includes all silicate glasses and silicon oxides without
nitride content. Includes also fluoride type dielectric
layers. It also covers deposition of ferroelectric film e.g.
for capacitor dielectrics.

Phospho-silicate glass, PSG, BPSG, spin on glass, SOG,
calcium fluoride, barium strontium fluoride, calcium
strontium fluoride, silicon dioxide

U11-C05B8 [1987]

Non-silicon semiconductor substrate for
insulating layer deposition

U11-CO5B8A [1992]

Alll-BV compound substrate for insulating layer
deposition

Includes complex ternary and quaternary compounds.
Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

420

U11-CO5BSB [1992]

All-BVI compound substrate for insulating layer
deposition
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-C0O5B8C [1992]

AlV element/compound substrate for insulating
layer deposition

Silicon carbide, diamond

U11-CO5B8X [1992]

Other non-silicon substrate for insulating layer
deposition

U11-C05B9 [1987]

Characterised by sequence of steps to produce
insulating layer structure, shape

Includes e.g. dielectric layer applied over interconnection
structure (see also U11-C05D1), planarisation layers,
passivation films, patterning, etching dielectric layers
with metallic interconnection aspects (see also other
relevant codes e.g. U11-C05D1, U11-CO5D3). Also covers
layers to prevent soft errors (inside device, rather than
package adaptations). Includes post-treatment of
insulating layers.

U11-CO5B9A [1997]

Planarisation/protection
(U11-C05B9)

Includes e.g. dielectric layer applied over interconnect
structure (see also U11-C05D01), planarisation layers,
patterning etching dielectric layers with metallic
interconnect aspects (see other relevant codes e.g. U11-
C05D1, U11-C0O5D3). Also covers passivation films, films
for moisture protection, etching stop layers and films for
radiation protection.

Smoothing, field oxide

U11-CO5B9B [1997]

Insulating side wall formation
(U11-CO5B9)

Includes forming side wall spacers.

U11-C05B9C [1997]

Buried insulating film formation
(U11-CO5B9, U11-C0O8A1)

Buried layer
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U11-C05C

Electrode and interconnection layer formation

Includes methods of deposition of conductive layers. For
apparatus details see U11-C09 codes. From 1997, U11-
CO5C codes cover specific deposition methods for
superconductive films (see also U14-F02A). Prior to 1997
for superconductive film deposition see U11-C01 codes.

Silicide, polysilicon, metallisation

U11-CO5C1* [1983-1986]

Interconnections

*This code is now discontinued, but remains searchable
and valid for records from 1983 to 1986. See U11-C0O5D
from 1987.

U11-C05C2 [1987]

Physical deposition of conductive layer

E.g. sputter, thermal evaporation, electron beam
evaporation, etc. For apparatus see U11-C09A.

Magnetron sputter deposition, refractory metal silicide

U11-C05C3 [1987]

Reactive chemical deposition of conductive layer
For apparatus, see U11-C09B.
cvD

U11-C05C4* [1983-1986]

Electrodes

*This code is now discontinued, but remains searchable
and valid for records from 1983 to 1986. See U11-CO5E
from 1987.

Silicide
U11-C05C5 [1987]

Localised deposition of conductive layers,
selective deposition

Covers beam induced deposition or use of masks.
Anisotropic directional deposition

U11-C05C6 [1987]

Other methods of forming conductive layer

Includes electroplating, transformation of deposited
layer, (e.g. semiconductor into conductor, or insulator
into superconductor), deposition by solution process
(electroless by chemical reaction) etc. For doping aspects
related to permanent or temporary change of
conductivity, e.g. reduction of contact resistance, see also
U11-C02J3.

U11-C05C7 [1987]
Chemical, metallurgical details of conductive
layers, using CVD, sputter deposition

Includes pre or after-treatment of deposited layer or
substrate on which conductive layer is deposited.
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U11-C05C9 [1983]

Other aspects of conductive layer formation

From 198701 for formation of resistive layers and bumps
see U11-CO5G.

U11-C05D [1987]

Interconnections
(U11-co5C1)

U11-C05D1 [1987]

Nature of material

Mainly used for multilayer wiring insulating layers, e.g.
for smoothing surface topography. Covers use of
dielectric layers in multilayer interconnects both in
integrated circuit chips and in multichip modules.
Includes interlayer insulating film for mutually insulating
wires (including electrodes) arranged on same plane or
upper and lower wires. Includes shaping of insulator
around deposited interconnection (see also U11-C05B9).

U11-C05D2 [1987]

Multilayer metallisation manufacturing
techniques

Includes sequence of steps to result in multilayer
structure i.e. deposition, shaping in which the techniques
may be routine, but succession of steps or final structure
is novel. Covers metallic layer deposited simultaneously
over two differing apertures on two different levels.
Includes Damascene processes.

U11-c05D3 [1987]

Lateral/vertical interconnection manufacture

Includes lithographical aspects, etching, deposition for
shaping conductor, through holes to accommodate
contacts to devices and contacts between levels. For
opening, etching vias, windows into dielectric over region
to be contacted see also U11-C07D2. Also covers filling of
contact holes with conductive material or forming
conductive plugs in windows. For ‘back-side
metallisation’, vias, substrate through holes see also
other relevant codes, e.g. U11-C05G2, U11-D03B3, U11-
D03C3. For metallurgical aspects, e.g. electromigration,
diffusion barriers, low resistance interconnection, see
also U11-D03B2. Includes dual-damascene processes.

Buried interconnections, windows, contacts, step
coverage, runners

U11-C05D4 [1987]

Interconnections to semiconductor device
electrodes

Includes metallisation that facilitates electric current
conduction to and from semiconductor device (see also
U11-CO5E, U11-CO5F codes). For metallurgy related to
e.g. electromigration, low resistance interconnections,
see also U11-D03B2.
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U11-COSE [1987]

Electrode manufacture

(U11-cosc4)

Includes metallic, dielectric and doped semiconductor
regions that form electrode with or without electrical
connection thereto. For contacts to electrodes see also
U11-C05D4, for metallurgical aspects see also U11-
DO03B2. For electrode bump see U11-C05G2B and/or U11-
DO3B1. If electrode structure is novel see also U12-E02.

U11-CO5E1 [1987]

Ohmic, Schottky etc. electrode manufacture

For contacts to semiconductor device electrodes see also
U11-C05D4, for metallurgical aspects see also U11-
D03B2.

U11-CO5E2 [1987]

Geometric structure miniaturisation for electrode
manufacture

Includes e.g. submicron gate, T-shaped gate manufacture.

U11-CO5E3 [1992]

Self-alignment for electrode manufacture

Used e.g. for self-aligned silicon gate manufacture (see
also U11-CO5F1), self-aligned emitter-base contacts in
bipolar transistor (see also U11-CO5F2).

U11-CO5F [1987]
Electrode manufacture for specific device,
semiconductor substrate

U11-CO5F1 [1987]

Electrode manufacture for FET

U11-CO5F1A [2005]

Gate insulation layer manufacture

Includes forming insulated gate structures for all MOS
gated devices.

U11-CO5F2 [1987]

Electrode manufacture for bipolar device

Includes electrode manufacture for diodes, bipolar
transistors.

U11-CO5F2A [1992]

Electrode manufacture for bipolar device with
polysilicon emitter

U11-CO5F3 [1987]

Electrode manufacture for non-silicon
semiconductor

U11-COSF3A [1992]

Electrode manufacture for Alll-BV substrate
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-CO5F3B [1992]
Electrode manufacture for AIV substrate
Diamond, germanium, silicon carbide

U11-CO5F3D [1992]

Electrode manufacture for All-BVI substrate
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-CO5F3X [1992]
Electrode manufacture on other semiconductor
substrate

U11-CO5F4 [1987]
Electrode manufacture for heterojunction
Heterojunction gate

U11-CO5F5 [1987]

Electrode manufacture for thin film transistor

U11-CO5F6 [1987]

Electrode manufacture for other devices e.g.
SAW, CCD, semiconductor lasers, photovoltaic,
superconducting devices

This code is used in conjunction with other relevant codes
to identify type of device, e.g. U14-G for SAW, U13-A02
for CCD, U14-F for superconducting devices, etc. It also
includes electrode manufacture for resistors (see also
U11-CO5G1A), capacitors (see also U11-CO5G1B).

U11-C05G [1987]

Passive component manufacture

Includes formation of resistive layers, contact bumps,
fuses.

U11-C05G1

RLC component manufacture

U11-CO5G1A [1992]

Resistor manufacture
For details regarding resistor structure see also U12-C03.
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U11-C05G1B [1992]

Capacitor manufacture

For details regarding capacitor structure see also U12-C02
codes.

U11-C05G1C [1992]
Inductor manufacture
For details regarding inductor structure see also U12-C03.
U11-C05G2 [1987]
Fuses, contact bumps and pads, vias manufacture
for semiconductor device
U11-C05G2A [1992]

Fuses manufacture

Includes antifuse manufacture. See also U12-C04 for fuse
structure after 2002. Prior to 2002 see U11-D03B2A.

U11-C05G2B [1992]
Contact bumps, bonding pads manufacture
See also U11-D03B1 for metallurgical details.
U11-C05G2C [1992]

Vias, pillars, studs manufacture

See also U11-C05D3, U11-D03C3, U11-D03B9. Includes
e.g. back side metallisation (see also U11-D03B9) and
metallised vias through ceramic substrate for HF circuits.

‘plated through holes’, plug
U11-CO5X [1992]

Other aspects of layer formation

U11-C06

Mechanical treatment, surface chemical
treatment of semiconductor substrate and beam
lead manufacturing techniques

U11-CO6A [1987]

Mechanical and surface chemical treatment

U11-C06A1 [1992]

Cleaning, polishing or grinding
(U11-C04A1)

Prior to 1992 all cleaning processes are covered by U11-
CO4A1. From 1992 for cleaning processes relating to
microlithography see U11-C04A1A. For cleaning leads
after package encapsulation see U11-E02B. For materials
involved e.g. polishers, abrasives, etc. see also U11-A10.

U11-CO6A1A [1992]
Grinding, bevelling, lapping, polishing

U11-CO6A1B [1992]

Cleaning

(U11-C04A1)

Includes drying of wafer after cleaning process. Includes
dry cleaning e.g. electrostatic. It also covers native oxide
removal, but not etching of previously deposited
Insulating layer. Includes cleaning apparatus but excludes
cleaning of processing apparatus or package.

U11-CO6A1C [2002]

Process endpoint detection for cleaning, polishing
or grinding

U11-C06A2 [1992]

Cutting, dicing

Includes wafer production by crystal slicing or sawing,
also dice preparation from wafer by scribing, making
grooves, cracking, cleaving, breaking or cutting. For
‘sticky-back’ adhesive tape which holds wafer in place
while cutting it into separate dice see also U11-FO2A2.

Grind, groove, slice, divide

U11-C06B [1987]

Beam lead device manufacturing techniques

See also U11-CO8A5 when beam lead technique is used as
isolation method between circuit elements. See also U11-
C05D4 or/and U11-D03A1 codes when metallisation
process is emphasised as main part of lead beam
technique. Also includes manufacture of other structures
on wafer usually assembled after dicing, e.g. lenses and
encapsulant structures.

U11-C06C [2007]

Masking techniques unrelated to
microlithography

Masks and masking techniques for general etching,
deposition or treatment, for semiconductor manufacture.
Before 2007 see U11-C04D for all masking, along with
other relevant codes, e.g. U11-C05D3 for masking
techniques applied to interconnection manufacture, U11-
C07D1 for masks used in etching fine details, U11-C18D
and U14-K01A1C for masks used in optical filter
manufacture for LCD, etc.

U11-co7

Etching; Chemical treatment for semiconductor
manufacture

Includes processes, e.g. dry, wet, beam etching to
produce patterned structures. Also covers nature of
material being etched and techniques to obtain intended
etched structure.

423



EPI Manual Codes 2022 — Part 2
U: Semiconductors and Electronic Circuitry

U11-CO7A [1983]

Dry etching

For microlithography, e.g. plasma ashing, see U11-
CO4A1D.

U11-C07A1 [1987]

Reactive vapour, plasma-assisted etching
techniques

Includes reactive ion etching, sputter etching and ion
milling, plasma etching, reactive ion beam etching. For
apparatus, see also U11-C09C. For etchant composition
see also U11-A10.

U11-C07A2 [1987]

Using optical or particle beam to induce localised
etching in ambient atmosphere of reactive gas

Includes e.g. selective laser induced etching (e.g. for
metal-interconnection etching, where laser beam cracks
oxide formed on metal surface prior to reactive etching).

U11-CO7A3 [1987]

Detecting dry etching completion

Includes instrumentation and control. See also
appropriate SO02-A codes.

Monitor, endpoint

U11-C07A4 [1987]

Laser or beam scribing, usually using air/inert
atmosphere

Used also for fuse cutting or melting by laser (see also
U11-D03B2), circuit trimming or repair (see also U11-
C19A). For apparatus see also VO5-FO5A1.

Pattern, surface, trim, laser zapping

U11-C07B [1987]

Other wet-etching

Includes apparatus used for wet etching. For etchant
composition see also U11-A10. For wet etching intended
as cleaning process see also U11-CO6A1B. For
microlithography see also U11-C04A1 codes.

Solution, tank, water, fluid, acid, spray etching, aerosol
Jjet, electrolytic etching

U11-C07B1 [1987]

Detecting wet etching completion

Includes instrumentation and control. See also S02-A
codes.

Monitor, endpoint

U11-C07C [1987]

Nature of materials being etched
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u11-co7c1 [1987]

Etching silicon

For polysilicon used as conductive layer, or in gate
manufacture see also U11-C07C2.

U11-C07C2 [1987]

Etching conducting layers

U11-C07C3 [1987]

Etching insulating layers

U11-C07C4 [1987]

Etching non-silicon semiconductor

U11-C07C4A [1992]

Etching Alll-BV compounds
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-C07C4B [1992]

Etching All-BVI compounds
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-C07C4C [1992]

Etching AIV elements and their compounds
Excludes elemental silicon.
Silicon carbide, diamond

U11-C07C4X [1992]

Etching other semiconductor material

U11-C07C5 [1987]
Etching thin film
Layer

U11-C07D [1987]

Etching techniques
Includes techniques for specific objectives.
U11-C07D1 [1987]

Etching to produce finer details

Includes use of sequence of etch and mask stages. For lift
off see also U11-C04D1.

U11-C07D2 [1987]

Etching to produce taper or structural profiles of
deposited layers on substrate
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U11-c07D3 [1987]

Planarisation by etching

Includes e.g. etching followed by smoothing layer (which
may be also covered by U11-CO5B9A).

Smoothing layer

U11-CO7D4 [1992]
Etching to produce trenches, grooves in
semiconductor substrate
(U11-Cc07D9)

U11-C07D9 [1987]
Other etching aspects

U11-C08

Isolating IC components

U11-CO8A [1987]

Methods for isolating IC components

U11-C08A1 [1987]

P-N junction for isolating IC components

From 1997 buried insulating layer is coded in U11-
CO5B9C.

Diode isolation, buried layer

U11-C08A2 [1987]

LOCOS or local substrate chemical reaction for
isolating IC components

Bird’s beak, sidewall masked isolation, SWAMI, sealed
interface local oxidation, SILO, selective polysilicon
oxidation, SEPOX

U11-C08A3 [1987]

Dielectric, polycrystalline silicon trench for
isolating IC components

Includes trench refilling with dielectric or e.g. polysilicon.
If used as sidewall isolation e.g. for SOl structures, P-N
junction structures, see also U11-C05B9B, U11-C08A6 and
U11-C08A1 codes as appropriate.

Buried oxide, BOX

U11-C08A4 [1987]

Dielectric isolation process (sacrificial substrate)
for isolating IC components
Dielectric islands, epitaxial passivated IC, EPIC

U11-CO8A5 [1987]

Other methods for isolating IC components

Includes proton bombardment, combination of above
methods. Includes air gaps for isolation.

U11-CO8A6 [1992]

Semiconductor on insulator
(U11-CO8AS5, U13-D)

Includes bonded wafers (see also U11-C01 and U11-
C01J8A), full isolation by porous oxidised silicon (FIPOS),
zone melted recrystallisation (ZMR), separation by silicon
implanted buried oxide layer (SIMOX). See also U11-C08C
for recrystallisation over insulating layers, selective
epitaxial growth.

SEG, epitaxial lateral overgrowth, ELO, SOI, silicon on
sapphire, SOS

U11-C08B [1987]

IC component isolation characterised by non-
silicon semiconductor substrate

U11-C0o8B1 [1992]

Isolating IC components on Alll-BV substrate
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium nitride, cubic boron nitride

U11-C08B2 [1992]

Isolating IC components on All-BVI substrate
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium mercury telluride, zinc
sulphide, mercury selenide, zinc selenide, cadmium
selenide, cadmium telluride, cadmium sulphide

U11-C08B3 [1992]

Isolating IC components on AIV
element/compound substrate

Silicon carbide, diamond

U11-C08B9 [1992]

Isolating IC component on other substrate
material

U11-C08C [1987]

Isolating IC component combined with
subsequent further semiconductor material
deposition

Includes recrystallisation of semiconductor over
insulating layers (see also U11-C03J1), 3-D structures (see
also U13-D05), selective epitaxial growth/epitaxial lateral
overgrowth.

SEG, ELO
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U11-c09 [1983]

Sputtering, vapour deposition, plasma etc.
apparatus for semiconductor processing

From 1997 vacuum apparatus for semiconductor
processing is covered by U11-C09Q. For electrical details
see also X25-A04 codes. For generic deposition process
masks use appropriate U11-C09 code with U11-C06C, and
for specific material deposition use U11-C0O6C with other
U11-C codes.

Chamber, vessel, gas, vacuum, holder, wafer boat

U11-C09A [1987]
Sputtering and other physical deposition
apparatus

Includes targets, power supply and control. Also covers
apparatus for thermal evaporation. See also V05-FO5C
codes.

Chamber, vessel, gas, vacuum, holder

U11-C09B [1987]

Chemical vapour deposition apparatus

For Plasma enhanced CVD apparatus, electron cyclotron
resonance CVD apparatus see also U11-C09C. Also cover
vapour phase epitaxy (VPE) apparatus.

CVD, PECVD, ECRCVD, vertical reactor

U11-C09B1 [2002]
Gas delivery head details for chemical vapour
deposition
Showerhead, gas flow

U11-€09C [1987]

Plasma, reactive ion apparatus

Includes dry etching apparatus (see also U11-C07A1), and
apparatus for plasma activated CVD (see also U11-C09B).
See also V05-FO5C codes.

Microwave, source, generator, PECVD, ECRCVD

U11-C09D [1992]

Molecular beam epitaxy apparatus
(U11-C09X, U11-C01A2)
Includes molecular beam and ion beam apparatus.

U11-CO9E [2002]

Sintering/curing furnaces

Details of furnaces used for ceramic sintering,
photoresist/other layer baking/drying, or encapsulant
curing. For all other heating methods and equipment for
semiconductor manufacture see U11-CO3A.
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U11-CO9F [1987]

Cleaning and maintenance of apparatus
Refers mainly to apparatus covered by U11-C09 codes.
Surface-trap, particle

U11-CO9F1 [2006]

Testing of manufacture apparatus

See also U11-C09 codes for type of apparatus being
tested.

Fault diagnosis

U11-C09G [2010]

Laser Treatment apparatus

Includes all laser treatment apparatus used for
manufacturing semiconductor devices. If used for heating
a semiconductor substrate or wafer then also see U11-
C03D.

U11-CO9M [1997]

Multi-chamber apparatus for semiconductor
processing
(U11-C09)

Includes self-contained apparatus with several rooms for
various processes e.g. cleaning, deposition, etching.

U11-c09Q [1997]

Vacuum equipment and pumps for semiconductor
processing

(U11-C09)

Prior to 1997, for vacuum equipment see U11-C09.
General pumps, vacuum, holder

U11-C09X [1987]

Other apparatus for semiconductor processing

U11-c10 [2005]

Prevention of charge build-up on wafer

Includes methods and apparatus for removing charge
build-up on wafer which can cause incorrect operation of
apparatus or damage to wafer during e.g. plasma
process, charged particle beam lithography and charged
particle beam microscopy. See also U11-FO1B1 and SO1
codes for monitoring of wafer charging.

Plasma damage
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u11-c11 [2005]

Pattern formation using scanning tunnelling
microscope

Includes e.g. patterning, localised deposition

and oxidation using scanning probe microscopes and
other analogous microscopy techniques. Use in
conjunction with other U11-C codes where applicable to
particular process (e.g. U11-C11 and U11-CO5CS5 for
localised deposition of conductive layer using SPM). Does
not include microscopy per se, see SO3-E02F codes and
U11-FO1B4 for application to semiconductor wafer
measurement. See VO5-F codes for novel apparatus and
methods of apparatus monitoring, operation and control.

Scanning probe microscope, SPM, scanning tunnelling
microscope, STM, atomic force microscope, AFM

U11-c12 [2006]

Self-assembly monolayers

Includes self-assembled monolayer deposition of all
material types for semiconductor manufacture.

SAM, viral deposition

U11-c13 [2007]

Nano scale structure formation and deposition

U11-c15 [1987]

General aspects of semiconductor manufacture

U11-C15A [1992]

Wafer identification, shaping

Includes wafer labelling and reading wafer markings.
Covers also shaping, bevelling wafer edges (see also U11-
CO6A1A). For marking IC package see U11-E02B. For
marking defective chips on wafer as result of testing
procedure see U11-FO1D.

Wafer tracking, optical character recognition, bar code

U11-C15B [1992]

Semiconductor plant and facilities

U11-C15B1 [1997]

Semiconductor equipment and clothing
(U11-C15B)

Includes systems for air conditioning, filtering, hazardous
gas leak monitor. Covers protective clothing and anti-
static materials used in clean room.

Air conditioning, filtering, environmental control, anti-
static systems, gas supply, hazardous gas leak monitor

U11-C158B3 [1997]

Water purification
(U11-C15B)
Water purification

U11-c15C [1992]

Semiconductor manufacture process control

For large scale process control, not for single processes.
See also T01-J07B2 for computerised control systems.

Production management

U11-C15D [2006]

Control and monitoring of single or specific
process/apparatus only

Includes automated fluid/gas control systems. See also
U11-FO1B and S02/S03 codes for film measurement. See
U11-C04 codes or U11-C0O3A for control of lithography or
temperature respectively. For process control of
complete production facility and multiple processing
stages see U11-C15C and T0O6 and TO1 codes.

Feedback

U11-C15Q [1997]
Waste reprocessing and disposal in
semiconductor processing
(U11-C15X)

Includes exhausts and exhaust management systems. For
vacuum pumps and systems associated with exhaust and
gas removal see also U11-C09Q. Prior to 1997 see U11-
C15X.

U11-C15X [1992]

Other semiconductor plant aspects

U11-c18 [1987]

Multistep processes for semiconductor device
manufacture

U11-C18A [1987]

Complete manufacture of transistor devices

This code is used for a sequence of steps with claims
encompassing several of the above sections. For
phototransistor manufacture see U11-C18B4. For BiCMOS
complete manufacture see U13-D03B2. For CMOS
manufacture see U13-D02A.

U11-C18A1 [1992]

Thin film transistor manufacture
(U11-C18)
For TFT manufacture for active matrix LCD see also U14-

HO1A and/or U14-K01A2B.
U11-C18A2 [1992]

Bipolar transistor manufacture

This code may be used in conjunction with U12-DO1A
codes to identify type of transistor.
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U11-C18A3 [1992]

Unipolar transistor manufacture

This code may be used in conjunction with U12-D02A to
U12-D02X codes to identify type of transistor.

FET

U11-C18B [1987]
Multistep processes for manufacture of electronic
devices other than transistors per se

Capacitor manufacture is covered by U11-C05G1B,
resistor manufacture by U11-C01G1A, inductor
manufacture by U11-CO5G1C. For Hall-effect device,
galvanomagnetic device manufacture, see U12-B01
codes.

U11-C18B1 [1992]

Complete manufacture of diode devices
Photodiode manufacture is covered by U11-C18B4.

U11-C188B2 [1992]

Complete manufacture of thyristor devices

U11-C18B3 [1992]

Complete manufacture of charge coupled devices

U11-C18B4 [1992]

Complete manufacture of optoelectronic devices

Includes manufacture of monolithic and thin film
photosensitive device e.g. photodiode, phototransistor,
light emitting diode, laser diode, integrated optics. Laser
diode manufacture is also covered by U12-A01B2. For
LED manufacture see also U12-A01A2.

OEIC

U11-C18B5 [1992]

Complete manufacture of memory
See also appropriate codes in U13-C, U13-D and/or U14.

U11-C18B9 [1992]

Complete manufacture of other devices

Includes manufacture of e.g. SAW devices (see also U14-
G), field emitting structures (see also U12-B03D),
superconductive devices (see also U14-F02B),
photovoltaic devices (see also U12-A02).

U11-C18C [1987]

Mechanical structures e.g. membranes etc.,
transducers manufacture

See also U12-BO3E or U12-B0O3F.
Pressure diaphragm, anisotropic, pressure
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U11-C18D [1987]

Optical filter, lens array manufacture

Includes e.g. filters for CCD, transparent conductive layers
for e.g. LCD, integrated optics. See also U14-HO1E for
thin-film spin-coated or dipped layers. Includes
pixel/colour filters, lithography for general imager/display
use.

U11-C19 [1992]

Trimming, circuit repair, safety circuits for
semiconductor device
(U11-C20)

U11-C19A [1992]

Circuit repair and redundant circuitry for
semiconductor device

Includes late stage tailoring, cutting fuses with laser,
focused ion beam (see also U11-C07A4), or opening
fusible links with high current. For circuit repair by
localised deposition see also U11-C05C5. For trimming
thin/thick film for hybrid circuit see U14-HO4B3B. For
repair of integrated circuits using redundant circuitry. For
memory redundancy see U14-DO1A.

Laser zapping

U11-C19B [1992]
Method of securing IC from unauthorised copying
and use

Includes narrow circuit cuts in metallised connections
lines, disordering lattice structure or changing the doping
level of a semiconductor region, by using e.g. laser or ion
beam. For package adaptations see U11-D01C4.

U11-C20

Other aspects of semiconductor manufacture

uU11-D
Packages, mountings and terminals for
semiconductor devices

Includes on-chip interconnection layout and metallurgical
details.

U11-D01

Containers, enclosures and housing for
semiconductor device
From 1997 sockets, connectors, holders for

semiconductor devices are coded in U11-D01Q and V04-
K02.
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U11-DO1A [1987] U11-DO1A5 [1987]

Integrated circuit packages and mountings
Includes substrates, mountings, e.g. ceramic, glass,
metallic, used in packaging. Multilayer circuit packages,
e.g. high density interconnect, are covered by U14-
HO3A1, U14-HO3A4, and also, where appropriate, U11-
D03C3 and/or U11-D03B codes. See also U14-H03C for
high grade ceramic substrate, e.g. aluminium nitride.
Multilayer ceramic substrates are also covered by U14-
HO3B codes for materials/structure.

U11-D01A1 [1987]

Lead frame or brazed type ceramic/resin
encapsulated/metallic packages

Includes packages for both through hole and surface
mounted devices (see also U11-D01A3). Prior to 199201
brazed type packages are covered by U11-DO1A9.

Case, dual in line package, DIP, single in line package, SIP,
zigzag in line, ZIP, CERDIP, CERQUAD, pin insertion type,
chip in tape, TAB, anodised aluminium, hollow package,
LOC, lead on chip

U11-DO1A3 [1987]

Leadless/Surface mounting for semiconductor
packages

Includes leadless with via holes, but leadless arrays with
stand-offs, e.g. pad grid arrays, are also covered by U11-
DO1A5. Prior to 199201 for chip carrier package see U11-
DO1A. For sockets for surface interconnect package to
board see U11-D01 and V04-B01 or V04-K02. For flip-chip
process and package see U11-E01C.

Surface mounted device, SMID, small outline integrated
circuit, SOIC, flat pack, chip carrier, plastic leaded chip
carrier, PLCC, gull-wing leads, TAB package, chip in tape,
plastic quad flat pack, PQFP, ball grid array, BGA

U11-DO1A3A [1997]
Chip on board packages

Includes direct attachment with protective polymer
overcoat (see also U14-HO3A3).

COB, glob top

U11-D01A4 [1992]

High frequency packages

(U11-DO1A9)

Includes packages for high speed IC with large number of
transmission and power lines. See also U14-H03C2 for
microstrip/stripline circuitry and/or U11-D03B9 for
metallurgical details. For terminals for high frequency
devices see U11-D03A6.

Microwave, MMIC package

High pin count packages
E.g. pin/pad grid arrays, and high ball count BGAs (see
also U11-D01A3).

Pad grid array, PGA, BGA

U11-DO1A6 [1992]

Multichip modules, high density packages
(U11-DO3D, U14-HO3C3)

For multichip PGA modules see also U11-D01A5. For high-
density package mountings, e.g. high density
interconnect, see U14-HO3A1 and/or U14-H03A4, with
manufacture covered by the appropriate subclasses in
U11-C0O5D, U11-D03B, U11-D03C, U14-HO4A. For hybrid
circuit package see also U14-H03C3.

MCM

U11-DO1A7 [1987]

Low profile card type packages for e.g. un-
encapsulated IC

Includes package for ‘smart’ card (see also T04-K). See
U14-HO1D for thin film aspects.

U11-DO1A8 [1987]

Wafer level packages

Includes chip packaging on wafer.

U11-DO1A9 [1987]

Other types of packages

Includes e.g. transistor outline (plug type) package and
bare chips (unpackaged).

TO package

U11-D01B [1987]

Discrete device package structure

Aspects regarding terminals for low/high power devices
are covered by U11-D03A4/U11-D03A5.

Seal

U11-D01B1 [1987]

Two terminal packages

For LED packages see U12-A01A4, for laser diode package
see U12-A01B3, for solar cell see U12-A02A1, for
photodiode package see U12-A02B3.

Diode

U11-D01B3 [1987]

Three or more terminal packages

Includes bridge rectifier. For phototransistor package see
U12-A02B3.

Transistor, bipolar, FET
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U11-D01C [1987]

Special package adaptations
Includes package getters.

U11-D01C1 [1987]

Window structures e.g. for image sensors, ROM’s

Glass, pick-up, light, transparent, translucent, UV
erasable memory

U11-D01C2 [1992]

Package protection against radiation
Includes protection against e.g. light, alpha radiation, etc.

U11-D01C3 [1992]

Package protection against electrostatic discharge
(U11-D03C1)

See X25-S for general applications for static electricity
prevention.

U11-D01C4 [1992]

Package protection from inspection and reverse
engineering
(U11-D01C9)

Includes e.g. security coatings and/or other adaptation to
prevent unauthorised reproduction of the integrated
circuit.

U11-D01C5 [1997]

Electromagnetic shielding for semiconductor
packages
(U11-DO1C9)

U11-D01C6 [1997]

Thermal protection for semiconductor packages
(U11-D01C9)

U11-D01C9 [1987]

Other special package adaptations

Includes e.g. special moisture barrier, protection against
short-circuit. For fire retardant barriers. Hermetic seal
structures (for sealing process see also U11-E02A2)

U11-D01Q [1997]

Sockets, connectors and holders

(U11-D01)

Previously coded in U11-D01. For conversion sockets.
Sockets, connectors, holders for semiconductor devices
are also coded in V04-K02. See also appropriate package
code.
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U11-D02

Cooling, heating and ventilating arrangements for
semiconductor packages

See V04-T03 codes for cooling/heating of electronic
equipment in general.

Fin, heat sink, block, radiate, coolant, liquid
U11-D02A [1987]
High power thyristor, transistor, rectifier cooling
arrangements
U11-D02A1 [1987]

Stacks, installations cooling

U11-D02B [1987]

Medium power transistor modules and heat sinks

Includes materials that facilitate heat transfer.
U11-D02B1 [1987]

Internal cooling structures on chip or within

package

Includes permanent, non-removable heat sinks.
U11-D02B2 [1987]

External heat sink mounted on package

Includes mainly detachable heat sinks.
U11-D02C [1987]

Cryogenic - for photodetector or superconductor
electronics

Search with U14-F for superconductor aspects. See X25-V
for electrical aspects of cryogenic system per se.

Cryostat

U11-D02D [1987]

Cooling for surface mounted chip assemblies,
modules, chip on substrate

U11-D02D1 [1992]

Cooling arrangements with heat transfer by fluid
means

U11-D02D2 [1992]
Cooling arrangements with Peltier element
U11-DO2E [2007]
Heating arrangements for semiconductor package
Testing using X-rays
U11-D03

Lead-frames, terminals, interconnections, wiring
layout
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U11-D03A [1983]

Lead and terminal arrangements

U11-D03A1 [1987]
Lead frames; Carrier tapes (structure,
manufacture)

U11-DO3A1A [1992]

Lead frames

For transporting, handling lead frames see also U11-F0O2A.

Materials, e.g. metallic alloys, are also covered by U11-
AO08B and U11-D03B. Includes manufacture, although if
particular aspects of manufacture are emphasised, other
relevant codes may be used, e.g. U11-C05C6 for
electroplating.

U11-D0O3A1B [1992]

Carrier tapes

Includes leads in insulating substrates, e.g. tapes for TAB;
multilayer metal beam tape e.g. for area array TAB. Also
covers editing or cutting to remove defective pattern
units from TAB tape and to rearrange remaining desired
portions. For carrier tapes for transporting
semiconductor device packages see U11-FO2A4.

ATAB

U11-D03A2 [1987]

Connection details between lead frame and chip
terminals

Includes wire and gang bonding (see also U11-E01A, U11-
EO1B respectively). For bonding pads, bump terminals,
e.g. raised pad on bonding tape, see also U11-D03B1.

U11-D03A3 [1987]

Details of other types of terminals for IC packages

Includes aspects regarding shape of leads, pins. For
forming leads after encapsulation see U11-E02B.

Jleads, gull-wing leads

U11-D03A4 [1987]

Terminals for low/medium power diodes and
transistors

U11-DO3A5 [1987]

Terminals for higher power
diodes/transistors/thyristors

U11-D03A6 [1987]

Terminals for high frequency devices
Microwave
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U11-D03A9 [1987]

Other types of connection to chips

For solder preforms see also U14-HO3A2 (hybrid circuits).
See also V04-A06 for direct connections to PCBs using
conductive adhesives, and V04-A11 for direct connection
using anisotropic connectors.

U11-D03B [1983]

Metallurgical connections, materials, structure,
details of interconnections on or within chip,
bonding pads, wire bonds

U11-D03B1 [1987]

Terminals to chip, bonding pads, wire bonds,
bonding wire, bump terminals

Includes flip chip pads (see also U11-E01C). For complete
manufacture of contact bumps or bonding pads see U11-
CO05G2B.

Ball limiting metallurgy, BLM, top surface metallurgy,
TSM

U11-D03B2 [1987]

Metallurgical aspects of interconnections within
chip, packaging

Includes forming of diffusion barrier, e.g. titanium nitride,
titanium tungsten, to prevent spiking, methods and
structure to prevent electromigration, e.g. slits in bent
wiring section etc. Also includes metallurgical aspects
related to electrodes. Covers structure which ensures
minimum resistance interconnections, also air-bridges,
fuses (for fuse manufacture, see U11-C05G2A).

Electromigration, air bridges

U11-DO3B2A* [1997-2001]

Fuses, antifuses
(U11-D03B2)
*This code is now discontinued, but remains searchable

and valid for records from 1997 to 2001. See U12-C04
from 200201. For manufacture of fuse see U11-C05G2A.

U11-D03B3 [1987]

Metallurgy, solder, conductive adhesive
connecting chip base to substrate or lead-frame

Includes forming conductor patterns on ceramic, glass
based packaging, joints or bonds in multilayer packages
between metallised components such as pins, leads or
heat sinks and ceramic substrates. Covers joining metal-
ceramics when, e.g. attaching lids to ceramic package
(see also U11-E02A2). Also includes adhesives for die
bonding (see also U11-E02A3).

Plated heat sink, eutectic alloying, self-soldering, solder
reflow, solder mask
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U11-D03B9 [1987]

Other metallurgical aspects

Includes high frequency monolithic signal transmission
lines (see also U14-HO3C2 and, where appropriate, U11-
D03C1, U11-D03C3), wafer scale and thin film circuit
multilayer interconnection. Also covers back-side
metallisation for MMIC.

Microstrip

U11-D03C [1987]

Integrated circuit wiring details

Includes layout, logic, signal transfer and multichip
interconnection details. See also corresponding U13 and
U14 codes where appropriate.

Cell

U11-D03C1 [1987]

Power supply, grounding details, wiring layout

Includes analogue wiring, capacitors or other passive
components, protection fuses fixed inside package, I/0
pad layout, wiring reconfiguration, wafer test pad wiring
layout e.g. for built-in testing (see also U11-F01D2). For
design aspects regarding wiring layout see U11-G.

U11-DO3C1A [1997]

Wiring layout, power supply
(U11-D03C1)

Includes analogue wiring, 1/0 pad layout, wiring
reconfiguration, wafer test pad wiring layout e.g. for
built-in testing (see also U11-FO1D2). For design aspects
regarding wiring layout see U11-G.

U11-D03C1B [1997]

Passive elements within package
(U11-D03C1)

Includes by-pass capacitors or other passive components,
protection fuses fixed inside package.

Decoupling capacitor

U11-D03C2 [1987]
High density digital wiring

Includes wiring for gate arrays (see also U13-C04D).
Master-slice

U11-D03C3 [1987]

Power/signal transfer

Includes e.g. opto-electronic, inductive, capacitive, feed-
through arrangements for high speed devices. For
multichip high-density interconnect see also U14-H03A1
and/or U14-HO3A4.

U11-D03C3A [1997]

Noise reduction

For noise reduction interconnections, and removal of
cross talk, coupling/decoupling capacitance.

Cross talk, Parasitic capacitance

U11-D03C3B [1997]

3-D interconnection, chip on chip

Includes e.g. opto-electronic, inductive, and capacitive
feed through arrangements for high speed devices. For
multi-chip high density interconnect see also U14-and/or
U14-HO3A4. Also includes interconnects for spherical ICs.

U11-D03D [1987]

Other metallurgical aspects of lead frames

U11-E

Assembly for semiconductor package

U11-E01

Attaching leads to semiconductor package

U11-E01A [1983]

Wire bonding for semiconductor package

For wire material see also U11-A08B and U11-D03B1.
Includes e.g. thermosonic and thermocompression
bonding.

Capillary

U11-E01B [1987]

Tape automated bonding for semiconductor
package

Includes inner and/or outer lead bonding by, e.g.
thermosonics, thermocompression, laser bonding. Also
covers beam lead bonding. For carrier tape structure and
manufacture, see U11-D0O3A1B.

TAB, Bread-board, ILB, OLB, gang bonding

U11-E01C [1992]

Flip chip technology for semiconductor package

Contact bump manufacture is covered by U11-C05G2B.
For metallurgical aspects relating to bumps, e.g. ball
limiting and/or top surface metallurgy, see also U11-
DO3B1.

Controlled collapse bonding, CCB, controlled collapse chip
connection, C4, face down
U11-E01X [1987]

Other methods for attaching leads to package

Covers e.g. cleaning aspects related to lead attaching,
fitting PGA pins, etc.
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U11-E02

Mounting; Encapsulating; Filling

U11-E02A [1987]

Encapsulation
For non resin or metallic encapsulation.
Seal, glass, glaze

U11-E02A1 [1987]

Resin encapsulation

Includes mould design, manufacture, materials. Also
covers coatings to protect stress sensitive areas, e.g.
wires or die during encapsulation. If mentioned covers
are meant to improve radiation immunity, see also U11-
DO1C2. For encapsulant materials see U11-A07.

Transfer moulding

U11-E02A2 [1987]
Package assembly. Attaching covers, joining
dissimilar materials

Includes CERDIP technology to ensure hermetic seal
ceramic packages. For joining metal-ceramic interfaces
see also U11-D03B3.

Alignment, airtight seal, hollow package
U11-E02A3 [1987]
Handling chip, die bonding

Includes die attachment to appropriate mount media,

e.g. paddle of lead frame or refractory ceramic packages.

If die attach pad is novel, e.g. for reducing die stress in
semiconductor die assembly, see also U11-D03A1. For
metallurgical aspects of eutectic, solder or polymer die
bonding see also U11-D03B3. For positioning aspects see
also U11-F02B.

Wafer, slice

U11-E02A9 [1987]

Other encapsulation details

Includes e.g. positioning of chip in rapport with
predeterminable stress factors to reduce voltage offsets,
marking TAB before encapsulation, forming lens on
package, etc. Also includes use of phosphor within
package encapsulant e.g. for white light LED (see also
U12-A01A4A).

U11-E02B [1987]

Processes undertaken after encapsulation

Includes opening package for internal inspection and
package repairs.

U11-E02B1 [1997]

Shaping and trimming leads
(U11-E02B)

Includes isolation of leads and paddle from each other
and frame, i.e. lead frame trimming, lead forming. Also
covers forming shorting bar protection to prevent lead
deformation during transport, lead cladding or solder
application to outer leads.

Cut, bend, press, shape, soldering barrier, chip carrier ring

U11-E02B3 [1997]

Cleaning and marking package

(U11-E02B)

Includes cleaning, deburring and marking package.
Mark, deflashing, deburring

U11-F

Measuring; Positioning for semiconductor
technology

U11-Fo1 [1983]

Measuring; Testing (including sorting) for
semiconductor technology

See also S01-G01, S01-G02, for testing electrical
properties. For checking store/memory operation see
also U14-D. Measurement of non-electrical properties,
e.g. dimensions, flaw detection etc., is also coded in S02
and S03 as appropriate.

U11-FO1A [1983]

Measuring material properties for semiconductor
manufacture

U11-FO1A1 [1992]

Doping and carrier transport related
measurements

Includes measuring doping level, concentration, minority
carrier lifetime, carrier mobility, semiconductor wafer
conductivity. See also S03-E02 codes.

Deep level

U11-FO1A2 [1992]

Measuring level and nature of defects in
semiconductor material

Includes measurements related to e.g. stacking faults,
dislocations, inherent stress in material.

Oxidation-induced stacking fault, OSF

U11-FO1A3 [1992]

Surface topography measurements for
semiconductor processing

See also S02-A codes.

Flatness, curvature, profile, smoothness
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U11-FO1A4 [1992]

Measurements of physical parameters, e.g.
temperature for semiconductor processing

Includes measurements for various processes in
semiconductor manufacture, e.g. annealing, deposition.
See also S03-B, S03-A codes.

U11-FO1A5 [1997]

Chemical composition measurement for
semiconductor processing

Bragg diffraction testing for semiconductor wafer. Also
includes impurity analysis.

Spectroscopy

U11-FO1A9 [1992]

Other measurements for semiconductor
processing

Includes energy bandgap measurement. Covers also
dielectric test (e.g. measuring relative dielectric
constant). For crystal structure.

U11-FO1B [1983]

Film parameter measurement for semiconductor
processing

U11-FO1B1 [1987]

Measuring during semiconductor manufacturing
process, within reaction vessels
In situ

U11-FO1B2 [1987]

Measuring using beam scanning

Includes measurements related to point defects, e.g.
dust on wafer surface. For optical inspection in general
see SO03-E04 codes, In particular, SO3-E04F codes cover
optical techniques for flaw detection or contamination.
For Electron beam microscopy see also U11-FO1B4 and
VO05-F01 codes as appropriate. See also V05 codes for
novel electron beam methods and apparatus aspects.

U11-FO1B3 [1987]

Measuring using image recognition
See T04-D codes also.

Pattern, memory, compare, discriminate

U11-FO1B4 [1997]

Optical or electron microscopy for semiconductor
processing
(U11-FO1B9)
Includes visual inspection. For electron microscopy at film

level. For electron microscopes per se see also S03-E06B1
and VO05-F01 codes.
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U11-FO1B5 [1997]
Film thickness measurement for semiconductor
processing
(U11-FO1B)

Includes measuring thickness of deposited layer, profile
of semiconductor structure. (See also S02-A02 codes).
Prior to 199701 see U11-FO1B.

U11-FO1B9 [1987]

Other measuring/testing aspects for
semiconductor processing

U11-FO1C [1983]

Semiconductor device testing

Includes measurements on individual semiconductor
chips, after separation from wafer and/or individual
module package. Measurements at internal circuit nodes
for wafers are covered by U11-FO1D. If details regarding
type of testing are emphasised, see appropriate code in
U11-F01C and U11-FO1G. For on-chip testing, e.g. built-in
test, see U11-FO1D2, U13-C07, U21-CO3D.

Known good die

U11-Fo1c1 [1987]

Probes, connector apparatus for semiconductor
device testing

Includes probe heads, contact parts, e.g. clips, sockets,
liquid or conductive rubber contacts, connection to
mount, strip line. See also S01-G02B5 and S01-HO03 codes.
Probes for testing semiconductors mounted on PCB’s are
coded in VO4-RO06 codes.

Burn in board, prober

U11-FO1C3 [1987]

Testing integrated circuits

Includes measurement on encapsulated chip, or die prior
to encapsulation, the IC being regarded as a functional
block (see also SO1-G02B codes). Covers also automated
testing by using off-chip random pattern generators (see
also U11-FO1D2B).

“Stuck at” fault testing, IDDQ, quiescent current, DUT

U11-FO1C5 [1987]

Testing diodes, transistors, solar cells, CCD, others

Includes semiconductor laser testing (see also VO8-A04A,
V08-A06) and memory testing (see also U14-D codes).

U11-FO1D [1983]

Testing circuits on wafer

Includes testing performed on individual device at wafer
level, marking defective chips on wafers. Also covers
built-in testing (U11-FO1D2). For testing at interval circuit
nodes see S01-GO1A1 or S01-G01C1; for checking device
as functional block see S01-G02B1.
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U11-F01D1 [1987]

Probes, contacts, signal transfer methods for
testing circuits on wafer

Includes wafer prober, probe card. See also S01-G02B1
and S01-H03 codes. For probes for testing
semiconductors mounted on PCB’s are coded in V04-R06
codes.

U11-FO1D2 [1987]

Circuitry on chip to aid testing

See also U13-C07 and/or U21-C03D for digital/logic circuit
aspects. For computer processing details see also T01-
GO02A2B.

Built-in self-test, BIST

U11-FO1D2A [1992]

Scan based testing method for integrated circuits
(U11-FO1D, U13-C07)

Includes level sensitive scan design.

LSSD, scan path, set/scan logic

U11-FO1D2B [1992]

Signature analysis and random pattern generation
for testing integrated circuits
(U13-C07, U21-C03D)

For off-chip random pattern generators see also U11-
FO1C3.

U11-FO1D3 [1987]

Separate electronic testing apparatus for testing
semiconductor devices, ICs, etc
Includes all apparatus for testing of semiconductor

devices, separate or at substrate level, includes apparatus
for testing of e.g. LED/OLED displays, solar panels etc.

U11-FO1E [1987]

Testing circuit packages, chip carriers and
multilayer circuit boards

Includes e.g. bonding strength test, detection of
abnormal bonding, air-tightness test, moisture resistance
of encapsulation, lead or bump inspection. For automatic
visual inspection see also T04-D07 codes.

Pin
U11-FO1F [1987]

Hybrid circuit testing

Includes also testing matrix array, for LCD (see also U14-
KO1A8). For hybrid circuits testing see also U14-H04B9.

U11-FO1G [1992]

Characterised by type of tests being carried out

This code is usually applied with one of above U11-FO1
codes depending on device being tested. Includes life
test, ageing, e.g. acceleration test, burn-in test, fatigue
test, also mechanical strength test, e.g. vibration, impact
test, moisture resistance, e.g. pressure cooker test,
thermal impact test (see also appropriate codes in SO1,
S02, S03).

U11-F02 [1983]

Handling components

U11-FO2A [1983]

Wafer/chip holders and conveyors

Includes e.g. lead frame transfer, transport (see also U11-
DO03A1 codes).

U11-F02A1 [1987]

Wafer holders and conveyors for storage,
transport

Includes transfer from processing station to another. Also
includes transfer and storage of LCD parts during LCD
panel manufacture and assembly, also U14-KO1A1K.

Carry, position, feed, support, tweezers, SMIF, standard
mechanical interface, pod

U11-FO2A1A [1992]

Wafer protection during transport and storage

Includes covering wafer with cling film, oxide layer for
protection during wafer handling.

U11-F02A2 [1987]

Jig holders for handling wafers within processing
apparatus

Includes also clamping mechanism with temperature
regulated platen (see also U11-C09 codes).

Chuck, table, vacuum, hold down, susceptor, electrostatic

U11-FO2A3 [1987]
Chip die handling

Includes carrier tapes for die transport.

U11-FO2A4 [1987]

Holders and transport for IC packages,
encapsulated devices

Includes carrier lines to e.g. test devices (see also U11-
FO1C), integrated circuit magazine, sockets to prevent
lead deformation during transport, carrier tapes. For
transporting packages and storage of devices.
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U11-FO2B [1983]
Positioning for semiconductor device
manufacture
Includes detecting, positioning, of wafer orientation flat.
Orient, angle, align, rotate, stage, control, notch

U11-G [1987]
Integrated circuit design including wiring layout,
use of CAD etc.

Includes geometrical layout of components, e.g. standard
cell, custom LSI, semi-custom input/output layout,
automatic routing. See also T01-J15A2. See also U11-
C15C for computer simulation of manufacture process.
For computer simulation of semiconductor device
operation see also U11-FO1.

Pattern, LSI, connect, computer aided design
U11-GOo1 [2002]
Integrated circuit design using CAD

U11-G02 [2002]

Automated component/interconnect layout
design

Includes software packages. For software simulation see
T01-J15 and U11-C15C codes.

VHDL

U11-Go3 [2002]

Circuit simulation and/or fault-finding techniques
Includes software simulations.

U11-G09 [2002]
Other IC design aspects

U11-H [2007]

End of life-cycle product recycling

Includes: old displays, LCDs or any U11 to U14 product
recycling that has reached the end of its life-cycle.
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U12: Discrete Devices

This section deals with individual semiconductor devices
for use either as discrete device per se, or as an element
of an integrated circuit. U12 codes are also used for
inventions involving manufacture (together with U11
codes) to define as far as possible the nature of the
device being manufactured. From 9201 U12-Q code has
been introduced to indicate devices used in integrated
circuit embodiments.

U12-A

Opto-electronic devices

U12-A01
Light emitting devices with jump or surface
barrier
Including packages, arrays and electronic drive circuitry.

U12-A01A
Light emitting diodes

U12-A01A1 [1987]

Semiconductor structure of individual LED

Covers chip layer structure of LED. See U12-A01A4 for
LED package structure.

U12-A01A1A [1992]

LED with AllI-BV compound layers
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium indium phosphide, gallium
phosphide, gallium aluminium arsenide, indium
phosphide

U12-A01A1B [1992]
LED with All-BVI compound layers

Includes complex ternary and quaternary compounds.
Cadmium telluride, cadmium sulphide, zinc sulphide,
mercury selenide, cadmium selenide, cadmium mercury
telluride

U12-A01A1C [1992]

LED with AIV element/compound (except
elemental silicon) layers
Diamond, silicon carbide

U12-A01A1D [1997]
LED with indirect bandgap semiconductor
Silicon, germanium

U12-A01A1E [2006]

LEDs with Organic Materials
(U12-A01A1X)
OLED

U12-A01A1X [1992]

LED with other type of semiconductor

From 2006 see U12-A01AL1E for polymeric and organic
LEDs, see also U12-B03C for general organic device
aspects.

Lead sulphide

U12-A01A2 [1987]

LED manufacture

Includes manufacture of single LED device of LED display,
or more specific aspects e.g. polarizing/optical film,
electrodes, arrays of LEDs. If deposition/etching
techniques are emphasised, see also U11-C01/U11-C07
codes.

LED, OLED, QLED display manufacture

U12-A01A3 [1987]

Monolithic or hybrid circuit LED arrays
Display, optical print head

U12-A01A4 [1987]

Package construction for LED
See also U11-D01B1.
Resin, seal, lens

U12-A01A4A [2005]

Packages for white LEDs

Covers package aspects for white LEDs, including
phosphors for white LEDs.

U12-A01A4B [2006]

Packages for coloured LEDs

Covers package aspects for red, green or blue and other
non-white LEDs, including phosphors for coloured, non-
white LEDs.

U12-A01A5 [1987]

Drive circuitry for LED
See also under application.
Switch, control, modulator

U12-A01A5A [1992]

Drive circuit for individual LED

U12-A01A5B [1992]

Drive circuit for LED array

U12-A01A6 [1987]

Arrays of encapsulated LEDs
Display, optical print head
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U12-A01A7 [2007]

Light emitting diode displays

For display drivers see also U12-A01A5 codes. For
monolithic and un-encapsulated LED array displays see
also U12-A01A3, and for encapsulated LED array displays
see also U12-A01A6.

LED display, OLED display

U12-A01B

Semiconductor lasers

See V08-A04A also. For testing of semiconductor laser
see U11-FO1C5.

U12-A01B1 [1987]

Semiconductor details of laser body

Includes p-n junction lasers. For manufacture of laser
electrodes see U11-CO5F6 and V08-A01B also.

Ohmic contact, Schottky barrier layer, PN-junction,
homojunction laser

U12-A01B1A [1992]

Heterojunction semiconductor laser

Includes carrier confinement structures e.g. inverted rib,
ridge waveguide, etched mesa, buried heterostructure,
channelled substrate buried heterostructure, constricted
mesa. For quantum well, superlattice lasers U12-A01B1B
takes precedence.

U12-A01B1B [1992]

Quantum well semiconductor laser
Includes superlattice aspects.

Vertical-cavity surface-emitting, stripe confinement,
double heterojunction

U12-A01B1J [1992]

Semiconductor laser arrays
(U12-A01B1, U13-D04)

U12-A01B2 [1987]

Laser diode manufacture

Use instead of U12-A01B1 if emphasis is on manufacture
rather than semiconductor body details. See also
appropriate codes in U11 if particular aspects of e.g.
deposition, etching, isolation, electrode manufacture are
emphasised. Excludes any packaging aspects.

Etch, cladding layer

U12-A01B3 [1987]

Packages for semiconductor lasers

For particular aspects of packaging which may be also
applicable to other semiconductor devices, see also U11-
D codes. Includes impedance matching, terminals. For
connection to optical fibber see also U12-A01C.

Bond, mount, cap, cover, glass, interconnect
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U12-A01B3A [1992]

Cooling arrangements for semiconductor laser
package
See also appropriate codes in U11-D02 and V08-A05.

U12-A01B4 [1987]

Electronic drive circuitry for individual
semiconductor laser
See also V08-A02A.

U12-A01B6 [1992]
Semiconductor laser characterised by type of
semiconductor material

This code does not apply to semiconductor lasers using
conventional materials belonging to Alll-BV group. It
includes e.g. heterojunction with beryllium carbon
nitride, boron nitride, cadmium telluride layers.

Chalcopyrite, zinc blend crystal

U12-A01C [1987]
Optical fiber connections to LEDs, lasers or
photoreceivers

When the connection to optical fiber implies package
alterations see also appropriate code i.e. U12-A01A4 for
LED, U12-A01B3 for laser, U12-A02B3 for photoreceiver.
See also V07-G10C.

Couple, align, waveguide, photocoupler
U12-A01X

Other aspects of light emitting devices

U12-A02

Radiation sensitive devices

U12-A02A

Radiation sensitive devices for energy conversion
See X15 also for solar power generation.
Photovoltaic, solar cell

U12-A02A1 [1983]

Single solar cell

Prior to 1997 all packaging aspects of individual solar cells
were covered by this code, from 1997 they are covered
by U12-A02A4E.

U12-A02A2 [1987]

Semiconductor materials and structures for solar
cells

E.g. for monocrystalline, amorphous and heterojunction
structures. For thin film solar cells see also U12-B03B.
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U12-A02A2A [1992]

Solar cells with All-BVI compounds

U12-A02A28B [1992]

Solar cell with Alll-BV compounds

U12-A02A2C [1992]

Solar cell with AIV compounds
Excludes elemental silicon.

U12-A02A2D [2006]

Solar cells with organic materials
Excludes elemental silicon.

U12-A02A2E [1997]
Solar cell with chalcogenide/chalcopyrite
compounds
(U12-A02A2X)

Includes materials not covered by U12-A02A2A to U12-
A02A2C codes, e.g. Al-BII-CVI, All-BIV-CV, All-BIV-CVI
group semiconductors. For heterojunctions with e.g.
copper indium selenide/cadmium sulphide films or
copper indium selenide/cadmium sulphide films see also
U12-E01 codes.

Copper indium sulphide, copper gallium selenide, copper
indium selenide, lead sulphide

U12-A02A2F [1992]

Solar cell with amorphous, polycrystalline
semiconductor
Hydrogenated a-Si

U12-A02A2Q [1992]
Solar cell structure
For tandem solar cells see U12-A02A4C.

Back surface field, textured cell, V-groove multijunction

U12-A02A2X [1992]

Other semiconductor materials for solar cells

From 2006 see U12-A02A2D for devices using polymeric
and organic layers. Includes perovskite material for solar
cells.

U12-A02A3 [1987]

Characterised by solar cell manufacture

Includes manufacture of single or assembly of solar cells
and manufacturing apparatus. If material manufacturing
details are emphasized use U12-A02A2 section. See also
U11-C18B9 for photovoltaic devices manufacture.

U12-A02A4 [1987]

Solar cell substrate, electrode and packaging

U12-A02A4A [1992]

Solar cell electrodes

Include electrode structure and material. For
manufacture see U11-CO5F6. For thin film transparent
conductive layer details see also U14-HO1E.

U12-A02A4B [1992]

Solar cell substrate details

U12-A02A4C [1992]

Multijunction tandem solar cells

Includes both mechanically stacked cells (held together
by an adhesive or bonding techniques), and
monolithically integrated multijunction cells.

U12-A02A4D [1992]

Covering layers for solar cells

Includes e.g. passivating, anti-reflection film, back surface
layers. Also resin layers and/or adhesive layers as part of
protection film/barrier layer only.

U12-A02A4E [1997]

Packaging aspects for solar cells
(U12-A02A1)

U12-A02A5 [1983]

Assemblies of solar cells
(U12-A02A5, U12-A02A6)

Microlithography for forming interconnections.
Monolithic integration. Solar battery. Also includes frame
assembly, installation of solar panels, supporting of solar
power generation module.

Solar battery

U12-A02A6* [1987-1996]

Assemblies of cells on separate substrates

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1996. From 1997 all
aspects regarding solar cell assemblies are covered by
U12-A02A5.

U12-A02A7 [1992]

Power transfer, circuitry arrangements for solar
cells

(U12-A02A9)

Control, voltage/current regulator, charge

U12-A02A8 [2005]

Dye sensitised solar cells
See also X15 codes as appropriate.
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U12-A02A9 [1987]
Other radiation sensitive devices for energy
conversion

Includes e.g. hybrid systems (wind-photovoltaic,
thermophotovoltaic, etc.). For photoelectrochemical cells
after 2005 see U12-A02A8.

U12-A02B

Photoreceiver for controlling current flow
Optical, IR, light, photoelectric, photodetector, avalanche

U12-A02B1 [1987]

Photoresistor, photoconductor

U12-A02B2 [1987]

Phototransistor, photodiode
Infrared light, optical, photoelectric

U12-A02B2A [1992]

Photodiode

Includes p-n junction diode, p-i-n diode, metal-
semiconductor diode (Schottky barrier), heterojunction
diode, avalanche photodiode.

APD, PD, PIN

U12-A02B2B [1992]

Phototransistor
Includes bipolar and field effect phototransistor.
FET

U12-A02B2C [1992]

Photothyristor
(U12-A02B, U12-A02B2, U12-D01B)
Light activated thyristor

U12-A02B3 [1987]

Package details for photoreceiver

Includes packages for devices in U12-A02B1 and U12-
A02B2. For specific packaging aspects which may be also
applicable to other semiconductor devices, see also U11-
D codes.

Window, cap

U12-A02B4 [1987]

Electronic circuits for photodiodes and
phototransistors

See also under application, e.g. for opto-receiver
amplifiers in general see U24-G01AS5, and for such
amplifiers in optical communication systems see also
WO02-C04A3B.

Bias, current, amplify, demodulate

U12-A02B5 [1992]

Photoreceiver characterised by material
(U12-A02B)

U12-A02B5A [1992]

Photoreceiver with All-BVI compounds
Includes complex ternary and quaternary compounds.

Cadmium sulphide, cadmium telluride, mercury selenide,
cadmium mercury telluride, zinc sulphide, mercury zinc
selenium telluride

U12-A02B5B [1992]

Photoreceiver with Alll-BV compounds
Includes complex ternary and quaternary compounds.

Gallium indium arsenide, gallium arsenide phosphide,
gallium arsenide, gallium phosphide, indium arsenide

U12-A02B5C [1992]
Photoreceiver with amorphous, polycrystalline
semiconductor
Hydrogenated a-Si

U12-A02B5D [1997]

Photoreceiver with AIV elements and their
compounds

(U12-A02B5X)

Diamond, silicon carbide, germanium

U12-A02B5E [2006]

Photoreceiver with organic materials
(U12-A02B5X)

U12-A02B5X [1992]

Photoreceiver with other semiconductor
materials

Includes materials not covered by U12-A02B5A to U12-
A02B5D codes, e.g. Al-BIII-CVI group and All-BIV-CV group
semiconductors.

Chalcopyrite compounds, copper indium sulphide, copper
gallium selenide, chalcogenide compounds, zinc tin
arsenide, cadmium germanium arsenide, lead sulphide,
bacteriorhodopsin

U12-A02C

Structurally combined with light emitter

U12-A02C1 [1987]

Optocouplers, optoisolators
Includes structure, packaging aspects.
Light, LED, photodiode, phototransistor, photocoupler
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U12-A02C2 [1987]

Light path emerging from package

E.g. for reflective light barrier, rotary encoder. (See also
S03-C09, U21-A03J/W05-D01 codes respectively).

Light switch, photointerrupter, reflection switch

U12-A02C3 [1987]

Semiconductor light transmitting and receiving
device

Includes light amplifiers, modulators (see also V07-K01A,
V07-K01C1).

U12-A03 [1992]

Devices sensitive to X-ray, gamma ray, particle
and ions

(U12-A02B, U12-B03X)

See S03-G02B2G for radiation intensity measurement

using semiconductor sensors or S03-E06H5A for
semiconductor x-ray imaging detectors.

U12-B

Hall-, Ovshinsky- and Gunn-effect devices;
Dielectric triodes and other devices not catered
for elsewhere in U12

U12-801 [1987]

Hall-effect, magnetoresistive or spintronic devices

U12-B01A [1992]

Hall effect devices

Includes materials, manufacture and structure of device.

U12-B01B [1992]

Magnetoresistive or spintronic devices

Covers manufacture or structure of all magnetoresistive
devices. Includes spintronic devices that involve giant
magnetoresistance. Also covers spin detection in
ferromagnetic semiconductor sources.

Giant magnetoresistive (GMR) device, spintronic device

U12-B02 [1987]

Ovshinsky devices. Bulk negative differential
resistance (NDR) devices
For negative resistance FET see U12-D02J1.

U12-B02A [1992]

Gunn-effect devices
Includes Transferred-Electron Devices.
TED
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U12-B03 [1987]

Other devices and thick/thin film and organic
semiconductor devices
See also U14-H codes for film circuits.

U12-B0O3A [1987]

Thin/thick film transistors (inorganic)

Covers materials and structural details of individual
device rather than array or layout details. Includes
coplanar type, stagger structure TFT.

Reverse staggered

U12-B03B [1987]

Thick/thin film devices (inorganic) other than
transistors

Includes e.g. thin film solar cells (see also U12-A02 or
U12-A02A2Q).

U12-B03C [1987]

Organic devices

Excludes chemical or pressure-sensitive transducers (see
U12-BO3E). For LEDs, Solar cells and photoreceivers with
organic layers see U12-A01A1E, U12-A02A2D and U12-
A2B5E respectively.

Bacteriorhodopsin

U12-B03D [1992]

Cold cathode field emission devices

(U12-B03X)

See also V05 codes. Covers micro-scale, or smaller,
devices created using IC manufacturing processes. For
complete manufacture see also U11-C18B9, or relevant
U11-C codes for specific processes.

FED

U12-BO3E [1992]

Semiconductor transducers
(U12-B03X)

See also appropriate codes in S02, SO3 and V06 classes.
For non-semiconductor piezoelectric
elements/transducers see V06 codes only. Includes e.g.
pressure sensitive (see also S02-F04B3), piezoresistive,
and chemical sensors. For manufacture see also U11-
C18cC.

CHEMEFET, ISFET

U12-BO3F [1992]
Microstructural or nanostructural devices or
systems
(U12-B03X)

For manufacture, see also U11-C18C codes. See X25-L01A
and X25-L03A codes for microvalves and micropumps
respectively, and V06-MO06G codes for micromotors.
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U12-BO3F1 [2002]
Microstructures
See S03-HO2A for micrometre scale instrumentation.
U12-BO3F1A [2002]
Microstructural devices
Includes individual MEMs devices
U12-BO3F1B [2002]

Microstructural systems

Includes assemblies of MEMs devices, and MEMs
systems.

U12-BO3F1C [2006]

Micromachine packages

See also V06 codes. For package details see also U11-D
codes and for packaging processes see also U11-E codes.

U12-BO3F2 [2002]

Nanostructures
See S03-HO2B for nanometer scale instrumentation.

U12-BO3F2A [2002]

Nanostructural devices

U12-BO3F2B [2002]

Nanostructural systems

U12-B03X [1987]

Other discrete devices
From Jan 2002 see U12-B03F2 codes for nanotechnology.

U12-C

Other two terminal devices (incl. resistors,
capacitors)

Resistors and capacitors not implemented in
semiconductor form are covered by V01 codes.

U12-co1 [1983]

Diodes (incl. rectifier assemblies)

The following codes are no longer applied but they
remain valid for records prior to 9201: U12-C0O1A, U12-
CO1B. For complete manufacture of diode devices see
U11-C18B1. For Gunn diodes see U12-B02A. For variable
capacitance diode, see U12-C02B. For Shockley diode and
two terminal semiconductor controlled rectifier (SCR) see
U12-D01B4.

U12-CO1A* [1987-1991]

Diodes - low, medium power

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U12-C01C to U12-C0O1X codes.
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U12-Co1B* [1987-1991]

Diodes - high power

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U12-C01C to U12-CO1X codes.

U12-€01C [1992]

Rectifier diodes
Includes Schottky, planar, p-i-n diodes.

PIN, PN, hot carrier diode, hot electron diode, Schottky
barrier

U12-C01D [1992]

Breakdown diodes
Includes Zener, avalanche diodes.
Avalanche breakdown, voltage reference

U12-CO1E [1992]

IMPATT and related transit time diodes

(U12-B, U12-B02)

Includes barrier junction injection and transit time diode,
trapped plasma avalanche triggered transit diode, double
velocity transit time diode, mixed tunnelling avalanche
transit time.

BARRITT, TRAPPATT, DOVETT, MITATT

U12-C01G [1992]

Tunnel diodes
(U12-C, U12-B)
Includes metal-insulator-semiconductor tunnel diode,

metal-insulator-metal tunnel diode, Esaki diode, but also
quantum effect diodes, e.g. resonant tunnelling diodes.

MIS, MIM, RTD

U12-CO1X [1992]
Other types of diode

U12-c02 [1987]
Capacitors
U12-C02A [1987]

Metal-insulator-semiconductor capacitors e.g.
MOS

U12-C02A1 [1987]

For memories e.g. dynamic RAM

U12-C02B [1992]

p-n junction capacitors

Includes variable capacitance diodes, e.g. varactors. See
V01-B02B1 for discrete diode embodiments.
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U12-c02C [1992]

Metal-insulator-metal capacitors

When used as LCD driving element in active matrix see
also U14-HO1A and U14-KO1A2A.

MIM

U12-CO2F [1997]

Ferroelectric capacitor for integrated circuits
(U12-C0o2X)

For capacitors used in ferroelectric memories see also
U14-A03F.

U12-C02X [1992]
Other types of capacitor

U12-co3 [1987]

Resistors, inductors
Includes resistors with PN junction.

U12-CO3A [2002]

Resistors
Includes PN junction structure aspects.

U12-C03B [2002]

Inductors

Includes structure of inductive aspects of monolithic
microwave integrated circuits (MMIC) (see also U14-
HO3C2 codes). For telecommunications aspects see W01
codes.

U12-co4 [2002]

Fuses

For all structural aspects of fuses/antifuses including
memory redundancy circuits (see also U14-D0O1A). Before
Jan 2002 see U11-D03B2A for structural aspects. For fuse
manufacture see U11-CO5G2A.

u12-D

Electrically controllable semiconductor devices

Codes in this section are used on their own for novel
device structures, but also together with U11 codes to
identify type of device whose manufacture is covered by
U11 codes. For example, electrode manufacture for SOI
insulated gate field effect transistor is coded in U11-
CO5F1 and U12-D02A4. For thin film transistor see U12-
BO3A and appropriate U12-D codes according to type of
transistor.

U12-D01

Bipolar devices

U12-DO1A

Bipolar transistors
Bipolar junction, Darlington transistor
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U12-D01A1 [1992]

MOS gated bipolar transistor
Includes insulated gate bipolar transistor
IGBT, conductivity modulation MOS

U12-D01A2 [1992]

Heterojunction bipolar transistor

See also U12-E01 for details regarding materials,
structures of the heterostructure.

U12-D01A3 [1992]

Hot electron bipolar transistor

This code takes precedence over U12-D01A2, e.g. for HBT
with heterostructures. For hot electron unipolar
transistors see U12-D02J.

Auger transistor

U12-DO1A4 [1992]

Bipolar transistor with tunnelling mechanism
Includes resonant tunnelling bipolar transistor.
RTBT

U12-D01A5 [1992]
Bipolar transistor with semiconductor on
insulator substrate
(U11-CO8A5, U13-D, U12-D01A)

For manufacturing aspects regarding silicon-on-insulator
structures see U11-CO8A6.

Sol
U12-D01A9 [1992]

Other types of bipolar transistor

Covers aspects such as lateral/vertical collector diffused
isolation structure.

U12-D01B

Thyristors

For light activated thyristors see U12-A02B2C.
U12-D01B1 [1992]

Field controlled thyristor (FCT)
For MOS gated control turn-off see also U12-D01B3.
MCT

U12-D01B2 [1992]

Bidirectional thyristors

Includes triacs (triode ac switch), diacs (diode as ac
switch).
Bilateral diode switch, diac, bilateral triode switch, triac

U12-D01B3 [1992]

Gate turn-off thyristor
GTO
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U12-D01B4 [1997]

Semiconductor controlled rectifier
(U12-D01B9)

Prior to 1997 for SCR see U12-DO1B. For bilateral devices
see U12-D01B2. Includes Shockley diodes.

Forward blocking, reverse blocking

U12-D01BS [1997]

Static induction thyristor
(U12-D01B9)
Static induced thyristor

U12-D01B9 [1992]

Other types of thyristor

Includes silicon unilateral/bilateral switch. From 1997 see
U11-D01B4 for Shockley diodes and U11-DO1BS5 for static
induced thyristors.

U12-D02

Unipolar devices

U12-D02A

IGFETs

Also includes device in which insulator is made of
material other than oxide e.g. nitride, and gate electrode
is made of material other than metal, e.g. polysilicon. See
also S03 codes for FETs used as sensors.

MOSFET, MISFET, CHEMFET, ISFET

U12-D02A1 [1983]

FET with floating gate

For memories using floating gate FETs see U13-C04A,
U13-C04B2, U14-A03B7 codes.

U12-D02A2 [1992]

FET with metal-insulator-silicon oxide-silicon
(MI0S) structure for memories

Includes metal-nitride-oxide-semiconductor type. For
memories using this type of transistor see U13-C04 codes
and/or U14-A03B7.

MNOS

U12-D02A3 [1992]

FET with lightly doped drain
(U11-C02J6, U12-D02A)
LDD

U12-D02A4 [1992]

FET with semiconductor on insulator substrate
(U11-CO8AS5, U12-D02A, U13-D)

For manufacturing aspects regarding silicon-on-insulator
structures see U11-CO8A6.

sol
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U12-D02A5 [1992]

IGFET with heterostructure
HIGFET, SISFET, heterostructure MISFET

U12-D02A7 [1997]

Ferroelectric transistor
(U12-D02A9)

U12-D02A9 [1992]

Other IGFETs

Includes vertical MOS, trench, U-shaped grooved MOS,
double diffused MOS, trench type MOSFET, Schottky
barrier source and drain MOS. Also includes
magnetoelectric FET, Spin-FET, Magnetic-FET MAGFET.
For superconductive FET see also U14-FO2B. From Jan
2006 see U12-D0O2E for multigate MOSFETs.

VMOS, UMOS, DMOS, DIMOS

U12-D02B [1992]

FET with pn-junction or Schottky barrier diode
gate

(U12-D02X)

MESFET, JFET, dual-gate MESFET

U12-D02C [1992]

Transistor with static field regions
(U12-D02X)

Includes static induction transistor, permeable base
transistor.

SIT, PBT

U12-D02D [1992]

FET with quantum well, wire
(U12-D02X, U12-E01)

Includes doped channel hetero-MISFET (see also U12-
D02A5), semiconductor gate heterostructure FET (see
also U12-D02A5), double heterostructure FET. See also
U12-E01 codes for details regarding materials, structures
of the heterostructure.

U12-D02D1 [1997]

One-dimensional charge carrier FET
(U12-D02D)
Quantum wire FET

U12-D02D2 [1997]

High electron mobility transistor
(U12-D02D)
Includes Modulation doped FET, Two dimensional

electron gas FET, Separately doped FET, Quantum well
FET, Two dimensional hole gas FET.

SQWFET, HEMT, MODFET, TEGFET, 2DHGFET, SISFET,
DHFET, HFET, doped channel heterojunction
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U12-DO2E [2006]

Multi-gate Unipolar transistors

Used in conjunction with other U12-D02 codes where
necessary to indicate the type of device, e.g. for Dual-
gate MESFET see also U12-D02B.

Double-gated MOS, FINFET

U12-D02)J [1992]

Hot electron transistor (HET)
(U12-DO1A, U12-D02X)

Includes metal base transistor, planar doped barrier
transistor.

PDB

U12-D02J1 [1992]

Real space transfer transistor

Includes negative resistance FET, charge injection
transistor.

NERFET, CHINT, delta doping

U12-D02J2 [1992]

FET with tunnelling mechanism

Includes resonant tunnelling hot electron unipolar
transistor, resonant tunnelling gate field effect transistor,
ballistic transistor, tunnelling hot electron transfer
amplifier, MIMIM structure tunnel transistor.

RHET, RT-FET, THETA

U12-D02K [1992]

Quantum interference devices
(U12-D02X)

Covers devices whose operation is based on wave
phenomena (e.g. electrons in two parallel high-mobility
channels are made to interfere constructively).

U12-D02X

Other unipolar devices

U12-E
General

U12-E01

Semiconductor bodies

Heterojunction

U12-E01A [1992]

Semiconductor body characterised by materials

U12-E01A1 [1992]

Semiconductor body with Alll-BV compound
layers
Includes complex ternary and quaternary compounds.

Gallium arsenide, gallium phosphide, indium phosphide,
gallium aluminium arsenide, gallium indium arsenide,
gallium indium phosphide, gallium nitride, cubic boron
nitride

U12-E01A2 [1992]

Semiconductor body with All-BVI compound
layers
Includes complex ternary and quaternary compounds.

Mercury sulphide, cadmium sulphide, zinc sulphide,
mercury selenide, zinc selenide, cadmium selenide,
cadmium telluride, cadmium mercury telluride

U12-E01A3 [1992]
Semiconductor body with group IV
element/compound (except elemental silicon)
layers
Includes silicon-germanium layers.

Silicon carbide, diamond, germanium

U12-E01A4 [1997]
Semiconductor body with
chalcogenide/chalcopyrite compounds

For solar cells, see U12-A02A2E. Includes semiconductors
such as Al-BII-CVI, All-BIV-CV, All-BIV-CVI, etc.

Copper indium sulphide, copper gallium selenide, copper
indium selenide

U12-E01A5 [1997]

Silicon-on-insulator structure
(U12-E01A, U12-E01A9)

For SOI manufacture, see U11-CO8A6. This code is used
for discrete device with SOI substrate. For integrated
circuit with SOl substrate see U13-D07.

N

U12-E01A9 [1992]

Semiconductor bodies characterised by other
materials

U12-E01B [1992]

Characterised by semiconductor structure

U12-E01B1 [1992]

Semiconductor body with heterojunctions
U12-E01B2 code takes precedence.
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U12-E01B1A [2006]

Device with strained layer structure

Includes strained channel to enhance charge-carrier
mobility. For strained layer super lattice see also U12-
EO1B2.

Strained silicon, strained layer, relaxed layer, SLS

U12-E01B2 [1992]

Semiconductor body with quantum wire, wells,
superlattice
SQW, multi-quantum well, MQW

U12-E02

Electrodes for semiconductor devices

Includes ohmic electrodes, Schottky barrier electrodes
and metal-insulator-semiconductor electrodes. Also
includes novel gate structures. For electrode manufacture
see U11-CO5E and U11-CO5F codes.

Schottky, ohmic

ul12-Q [1992]

Device intended to be used as part of integrated
circuit

This code is used for individual devices intended to be
used as elements of an integrated circuit. For example, a
floating gate transistor for an EPROM is coded in U12-
DO02A1, U12-Q, U14-A03B7 and, if integration aspects are
important, in U13-CO4A.
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U13: Integrated Circuits U13-A01F [1997]

U13-B/C codes in this section are not used for circuitry
which is routinely integrated e.g. logic gates, low power
amplifiers etc. for which codes indicating the form of
implementation in the appropriate sections of U21-U25
should be used. See U14-HO01 for thin film circuitry e.g.
for memories, display devices and large area contact
image pick-up devices. For individual devices intended to
be used in an integrated circuit see U12-Q and the more
specific U12 code indicating the type of device (e.g. U12-
D02A1 for floating gate IGFET, U12-C02A1 for capacitors
used in DRAMs).

U13-A

Charge transfer devices; Radiation
sensors/detectors

Includes most types of solid state image sensors e.g.
charge coupled devices, MOS. For video cameras see
W04-MO01.

U13-A01 [1983]
IC radiation sensors, e.g. imagers characterised by
detecting element

For complete manufacture see U11-C18B4. For Line
image sensors (thin film) see U14-HO1B. For CMOS image
sensor structure and manufacture see also U13-D02A.

Image pick-up, matrix, row, column, photoelectric

U13-A01A [1987]

IC radiation sensor with photodiode,
photoconductor
For individual device see U12-A02B2A. Includes MOS

imagers.
U13-A01B [1987]

IC radiation sensor with phototransistor
For individual device see U12-A02B2B.
Vertical, horizontal transistor

U13-A01B1 [1987]

IC radiation sensor with static induction transistor
(SIT)

U13-A01D [1997]

Packaging aspects of IC radiation sensor
(U13-A01X)

Specific package aspects for individual photodiode,
phototransistor are covered by U12-A01B3.

Optical elements for IC radiation sensor
(U13-A01X)

Includes optical filters, lenses. For complete optical filter
manufacture see U11-C18D. For package window
structures see U13-A01D and U11-D01C1.

Filter, lens

U13-A01G [2002]
Wavelength conversion layers for IC radiation
sensors

Includes phosphors coated onto photodiode-based MOS
imagers which fluoresce under X-ray radiation (see SO5
codes for medical applications).

U13-A01H [2006]

Circuits, drivers for IC radiation sensors

U13-A01X [1987]

Other aspects of IC radiation sensors
Includes focal plane array constructional details.
Smear, blooming

U13-A02 [1983]

Charge transfer devices

Includes acoustic charge transport devices, (see also U14-
G if SAW driving employed). For complete manufacture
see U11-C18B3. For CTD used as shift registers see U14-
A01B. See also W04-MO01 codes for area imagers, and
S06-DO05 codes for linear imagers. Includes any aspect
regarding discrete CCD and also integrated CCD for
imagers (see also W04-MO01B).

Read, shift, register, clock
U13-A02A [1992]

Charge transfer device structure

Includes charge coupled devices, bucket brigade devices,
charge injection devices.

Surface channel, SCCD, buried channel, BCCD, fill and spill,
CCD, BBD, CID

U13-A02B [1992]

Circuits, drivers for CCD

U13-A02C [1992]
Packaging aspects of CCD
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U13-A02D [2006]

Optical elements for CCD imagers

Includes optical filters, lenses that are inside, or part of,
the package. For complete optical filter manufacture see
U11-C18D. For package window structures see U13-A02C
and U11-D01C1.

U13-A02X [1992]

Other aspects of CCD
Smear, blooming

U13-B

Analogue circuits

Mainly used for A-D and D-A converters (see also U21-A
codes), but includes also modulators, demodulators,
mixers and active filters which are integrated and do not
have a specific code breakdown indicating IC details. Prior
to 1997 for analogue and digital circuits integrated on
same semiconductor chip see U13-B and U13-C; from
1997 for analogue/digital integration on same
semiconductor substrate see U13-C09.

U13-B01

Analogue circuits with bipolar devices

For semiconductor structure see U13-D01 codes.
U13-BO1A* [1987-1991]

With FET elements
*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U13-B03.

U13-B02

Analogue circuits with FETs
For semiconductor structure see U13-D02 codes.

U13-B02A [1987]
Analogue circuits with MOSFETs
CMOS

U13-B02B [1987]

Analogue circuits with MESFET, JFET

U13-B02C* [1987-1991]

FET with bipolar transistor

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 1991. From 1992 see
U13-B03.
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U13-B03 [1992]
Analogue circuits with combined FET and bipolar
devices
(U13-B0O1A, U13-B02C)

Includes e.g. Bi-FET operational amplifier. For
semiconductor structure see U13-D03 codes.

BiCMOS

U13-804 [1992]

Analogue circuits with diodes and/or capacitors
and/or resistors

(U13-B0O1A, U13-B02C)

For semiconductor structures see U13-DO1B.

U13-B09 [1987]

Other aspects for analogue circuits

Includes custom analogue array.

U13-C

Digital circuits

Binary
U13-Co1

Digital circuits with bipolar devices

For semiconductor structures see U13-D01 codes.
U13-CO1A [1992]

Digital circuits with diodes, capacitors, resistors

For semiconductor structures see U13-DO1B.
U13-C02

Digital circuits with FETs
For semiconductor structures see U13-D02.
Buffer, compound

U13-C02A [1987]
Digital circuits with MOSFETs
CMOS

U13-C02B [1987]

Digital circuits with MESFET, JFET

U13-€02C [1992]

Digital circuit with FET and diodes, capacitors,
resistors

For semiconductor structures see U13-D03A.
U13-C0o3 [1987]

Digital circuits with combined bipolar and FET
For semiconductor structures see U13-D03B.
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U13-c04 [1987]

Digital circuits with repetitive structures

E.g. matrix layout for read-only memories, programmable
logic arrays, random access memories, gate arrays (for
wiring and layout details see also U21-CO1E and/or U11-
G).

U13-CO4A [1987]

Read only memory (non-electrically alterable)

Includes read only memory, programmable read only
memory, erasable programmable read only memory,
matrix layout. For more specific memory aspects see
U14-A03B7, U14-A06C (for EPROM), U14-A06B1 (for
PROM), U14-A06B5 (for ROM). For complete memory
manufacture see also U11-C18B5.

Mask ROM

U13-C04A1 [1997]
Electrically-programmable ROM
(U13-C04A)
EPROM

U13-co4B [1987]

For RAMs and electrically alterable ROMs

Includes matrix layout. For complete memory
manufacture see also U11-C18B5.

U13-C04B1 [1992]

Dynamic/static RAMs
Random access

U13-C04B1A [1992]

Dynamic RAM

Includes single transistor-single capacitor cell, three
transistor cell. For specific aspects regarding capacitor
manufacture, see U11-CO5G1B, for capacitor structure
see U12-C02A1. Prior to 1992 for transistor-capacitor
DRAM structure, see U13-D03; after 1991 see also U13-
DO3A. For data refreshing, see U14-A03B4A.

U13-C04B1B [1992]

Static RAM

For bipolar static RAM, E/R static RAM, flip flop, see also
e.g. U14-A03A or U14-A03B1 codes.

Pseudo-static RAM, PSRAM

U13-C04B2 [1992]

Electrically erasable (alterable) PROM

For specific transistor structure see e.g. U12-D02A1, U12-
D02A2 as appropriate. See also U14-A03B7 for memory
details.

EEPROM, E2PROM, EAROM, FLASH EPROM

U13-c04c [1987]

Integrated circuit Programmable Logic Devices

Includes field programmable logic devices, programmable
logic arrays, programmable array logic, logic cell arrays.
See also U21-CO1E for circuitry for PLD e.g. power
controller, sense amplifiers etc.

FPLA, PLA, PAL, fixed OR array, FOA, programmable
interconnect, user configurable arrays

U13-C04D [1987]

Full custom or semi-custom integrated circuit
arrays

Includes application specific integrated circuits e.g. gate
arrays, master slice, uncommitted logic arrays,
configurable gate arrays.

Sea of gates, channel-less, channel type gate array, logic
array, ASIC, basic cell, ULA

U13-C05 [1987]

Computer integrated circuit aspects. Single chip
computer
See also T01-MO5.

Microcomputer, microprocessor, one chip, system on chip,
soc

U13-C06 [1997]

Large scale IC, Ultra large IC, wafer scale digital
circuit aspects

Covers circuit and logic aspects only, for constructional
details see U13-D codes.

Cellular, VLSI, ULSI, LSI

U13-c07 [1987]

On-chip testing circuits

Includes scan based testing, pattern generation (See also
U11-FO1D2A, U11-FO1D2B). For computer aspects of shift
path maintenance techniques, see T01-G02A1 also.
Includes analogue test/trimming and multiple usage of
terminals.

Scan testing

U13-c08 [1997]

Circuit trimming

For physical circuit repair see U11-C19A. For trimming
thin/thick film for hybrid circuits see U14-HO4B3B.

U13-C09 [1997]

Analogue/digital integration on same
semiconductor chip

(U13-B, U13-C)

Prior to 199701, see U13-B and U13-C.
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U13-D

Integrated circuit structures

Prior to 1992, for integration on all insulating (e.g. SOI)
substrates see U11-CO8AS5 and U13-D. From 1992 for
integrated circuits on insulating substrates see U13-D07.

U13-D01

Integrated circuit structure with bipolar devices

U13-DO1A [1992]

Integrated circuit structure with complementary
bipolar devices
Includes NPN-PNP structures.

U13-D01B [1992]

Integrated circuit structure with diodes, passive
components

Includes bipolar transistor-diode, diode-diode, capacitor,
resistor integration.

U13-D02
Integrated circuit structure with FET
Field effect

U13-D02A [1983]

CMOS integrated circuit structure
Includes manufacture.
Complementary metal oxide semiconductor
U13-D03 [1983]
Combined FET and bipolar integrated circuit
structure
U13-DO3A [1992]

FET in combination with diodes and/or capacitors
and/or resistors

For one-transistor DRAM cell see also U14-A03B4. For
transistors, diodes, used as protective elements e.g. for
MOS devices see also U13-E01.

U13-D03B [1992]

Bipolar-FET transistor integrated circuit structures
Includes BiCMOS, BIFET structures.

U13-D03B1 [1992]

Integrated circuit characterised by novel structure

U13-D03B2 [1992]

Integrated circuit characterised by novel method
for structure manufacture

U13-D04 [1987]

Integrated circuit structure in combination with
other elements

Includes integration with e.g. SAW devices, piezo-electric,
thermoelectric, Hall effect devices.

U13-D04A [1992]

Opto-electronic integrated circuits

For optoelectronics using integrated optical waveguides
see also VO7-FO1AS.

OEIC

U13-D04B [2005]

Lab-On-Chip (LOC)

Includes DNA microarrays or biochips using
semiconductor based technology. For instrumentation
details see also S03-HO1 codes. For MEMs aspects see
V06, and U12-B0O3F codes for micro- and nano-structural
electronic or MEMs aspects. For glass microarray or non-
semiconductor fluorescence based techniques see SO3
codes only.

Microfluidic, microarray, DNA chip, biochip, Gene ChipTM

U13-D05 [1987]

Three-dimensional, wafer-scale integration

Includes constructional details of master-slice circuitry.
See also U11-D01A8 (packages) and U11-D03C3 (chip-on-
chip). For 3-D structure manufactured by semiconductor
recrystallisation over insulating substrates see also U11-
C08C, U11-C03J1. For wafer scale circuitry see U13-C06.

Laminate

U13-D06 [2002]

Spherical integrated circuit structures

Includes spherical sensor circuits for in-situ monitoring of
body functions (see also SO5 codes for medical
applications).

U13-D07 [1992]

Integrated circuit with semiconductor on insulator
structure

For semiconductor on insulator manufacture see U11-
CO8AG6. For bipolar and field effect transistor on insulating
substrate see U12-D01A5 and U12-D02A4 respectively.

S0I, SOG, SOS
U13-D08 [1997]

Radiation hardened integrated circuits
Rad hard
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U13-D09 [2006]

Integrated circuit with strained structures

Includes CMOS with strained channel structure to
enhance charge-carrier mobility (see also U13-D02A),
lattice mismatch and bandgap engineering.

Strain

U13-E [1987]

Circuitry in general

U13-E01 [1992]
Electrical and thermal protection of integrated
circuit

Includes protection against transient condition, reverse
battery condition, electrostatic discharge. For fuses see
U11-D03B2. For logic circuit aspects see U21-A03A2. For
general low power electronic circuit protection see U24-F
codes. For electrostatic, electromagnetic, thermal
protection implemented as IC package adaptation see
U11-D01C codes.

Latch-up prevention

U13-E02 [1992]
Power supply, substrate biasing of integrated
circuit

For supply grounding see U11-D03C1. For amplifier
protection see U24-G03C. For logic circuit aspects see
U21-C03A2.

Charge pumps
U13-E03 [1997]

Input/output circuitry for integrated circuit

Includes input/output circuitry on integrated circuit chip.
For layout design see U11-G.

Buffer

U13-E04 [2002]
Clocking and synchronisation circuitry for
integrated circuits
Includes on chip real-time clocks.

U13-E09 [1992]

Other general aspects IC of circuitry
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U14: Memories, Film and Hybrid Circuits

U14-A

Digital static stores

Dynamic recording is in T0O3 and WO04. Storage systems
for digital computing are in TO1-H.

U14-A01

Shift stores (serial access)

U14-A01A

Magnetic devices

For magnetic film/core memories, see U14-A04 codes.
U14-A01A1 [1983]

Bubble memories (non-volatile)

Includes Bloch line memory, but when used as RAM see
U14-A04A.

U14-A01B

Charge transfer devices

Includes serpentine, serial parallel serial (SPS) structure,
recirculating shift registers. Any aspect regarding CTD
structure, packaging is covered by U13-A02 codes.

U14-A01X

Other types of shift store memories
For FIFO aspects see U14-A08B1 also.
Inverter, LIFO

U14-A02

Memories using (electro-, magneto-) optical
elements

U14-A02A [1992]

Memories using electro-optical or magneto-
optical elements

U14-A02B [1992]
Memories using optical storage elements

U14-A02B1 [1992]

Optical memories with interference, diffraction
patterns

Includes e.g. holograms.
U14-A02B9 [1992]

Other types of optical memories

U14-A03

Memories using electric elements
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U14-A03A

Memories with bipolar devices
Includes memories with diodes and thyristors.

U14-A03A1 [1992]

Memories with bipolar transistors

Covers memories using bipolar transistors as main
constituents. Includes ECL RAMs (bipolar static RAM), ECL
and Schottky TTL PROMs (programmed by blowing fusible
links, see also U14-A06B1). For static RAM structures
and/or complete manufacture see also U13-C04B1B
and/or U11-C18B5.

SRAM

U14-A03B
Memories with FETs (NMOS, CMOS)

U14-A03B1 [1983]

Memories with FET in bistable cell configuration

Includes flip-flop, enhancement/resistance, six transistor
cell static RAM (see also U13-C04B1B). For complete
memory manufacture see also U11-C18B5.

(E/R)SRAM, (4T-2R)SRAM, random access

U14-A03B4 [1983]

Memories with capacitor store

(U14-A03X)

Includes planar, trench, stacked capacitor dynamic RAM.
For structure and manufacture see U13-C04B1A, U13-
D03 and U11-C18B5. If only capacitor manufacture
and/or structure emphasised see U11-CO5G1B and/or
U12-CO2A1.

DRAM, random access

U14-A03B4A [1992]

Data refreshing for memories
(U14-A20)

Includes both internal and external refresh for dynamic
RAM, pseudo-static RAM.

U14-A03B5 [1992]

Memories with FET-bipolar integration
(U14-A03A, U14-A03B)

For bipolar static RAM with e.g. CMOS circuitry, i.e.
BiCMOS static RAM, see also U14-A03A and/or U13-
C04B1B, U13-D03B codes if structure and manufacture
are important. For BICMOS dynamic RAM see also U14-
A03B4 and/or U13-C04B1A, U13-D03B codes if structure
and manufacture are important. Complete memory
manufacture is covered by U11-C18BS5.

BIMOS, SRAM, DRAM
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U14-A03B7 [1983]

Memories with adjustable threshold MOS
transistor
(U14-A03X)

Covers electrically programmable read-only memory,
electrically erasable programmable read-only memory,
electrically bulk erasable programmable read only
memory. Includes variations of floating gate type e.g.
floating gate tunnel oxide, textured polysilicon, split gate,
floating gate avalanche MOS, stacked gate avalanche
injection MOS, as well as variations of silicon-nitride-
oxide-silicon type e.g. silicon-oxide-oxide-silicon, metal-
nitride-oxide-silicon. For more specific details regarding
floating gate MOS transistor or MIOS type transistor see
also U12-D02A1, U12-D02A2 respectively. For matrix
layout see U13-C04A1 for EPROMs, and U13-C04B2 for
EEPROMs.

EPROM, EEPROM, E2PROM, FLASH EEPROM, FLOTOX,
FAMOS, SAMOS, SNOS, SONOS, MNOS, Fowler-Nordheim
tunnelling, hot carrier injection

U14-A03B9 [1987]

Memories with combined ROM and RAM memory
cells

Includes e.g. non-volatile RAM in which SRAM array is
duplicated (shadowed) by an equivalent EEPROM.

NOVRAM, shadow RAM

U14-A03F [1992]

Memories with ferroelectric elements
(U14-A03X)

Includes e.g. non-volatile variable resistive EEPROMs,
non-volatile ferroelectric RAMs, ferroelectric capacitor
memories (see also U14-A03B4).

‘Cross point arrays’

U14-A03G [1992]

Memories with superconductive elements
(U14-A03X)

See also U14-F02B.

Josephson, superconducting

U14-A03H [2006]
Programmable conductor RAM (PCRAM)

Includes chalcogenide memories, phase change ovonic
unified memories, phase change memories, and
programmable resistor memories, resistive memories.

oum

U14-A03X

Other types of memories with electric elements

Includes e.g. memories based on electrochemical cell,
organic films etc. For variable resistance memories see
U14-A03H from 2006.

U14-A04

Memories with magnetic elements

U14-A04A [1992]

Memories with magnetic thin films

Includes crosstie random access memory, Bloch line
memory element used for non-volatile RAM.

CRAM, magnetoresistive RAM

U14-A04A1 [2006]

Using giant magnetoresistance effect

E.g. using ferromagnetic layers separated by metallic
layer. Includes pseudo spin valve MRAM devices.

GMR, spin valve, spin transistor, pseudo spin valve,
PSVMRAM
U14-A04A2 [2006]

Using tunnel magnetoresistance effect

E.g. using ferromagnetic layers separated by electrically
insulating layer. Includes magnetic tunnel junction or
tunnelling magneto-resistance MRAM devices.

TMR, spin tunnel transistor, tunnel junction, MJT
U14-A04X

Memories with core stores

Includes ring shaped ferrite cores.
U14-A05

Associative memories
Includes content addressable memory.
CAM

U14-A06

(Semi-)permanent (non-volatile) ROM

U14-A06A* [1983-1986]

Electrically alterable semiconductor stores

*This code is now discontinued, but remains searchable
and valid for records from 1983 to 1986. From 1987 see
U14-A03B7.
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U14-A06B [1983]

Non-reprogrammable stores (fixed-program
memory)

Includes one-time programmable or ‘one shot’ EPROMS
(without guard window to allow UV erasure).

OoTP

U14-A06B1 [1987]

Non-reprogrammable memories using diodes or
fuses

Includes PROM based on e.g. bipolar transistors (ECL or
Schottky TTL) which are programmed by blowing fusible
links.

Zener-zap

U14-A06B5 [1987]

Mask programmable, ion implantation
programmable ROM

Includes ROM custom programmed during manufacture,
obtained both with bipolar or MOS technology, by using
e.g. contact window method, diffusion layer method, or
ion implantation. For details of manufacture, see
appropriate codes in U11 and for structure see also U13-
D codes and/or U13-CO4A.

U14-A06C [1987]

Non-electrically (e.g. UV) erasable ROM
Includes EPROM which can be programmed by user. See

also U13-C04A and/or, prior to 1992, U13-C04B, U14-
AO03B7, as appropriate.

U14-A06X [1987]

Other non-volatile memories

U14-A07

Reading/writing

Includes data-in/data-out (I/O) control circuits, /O signal
interface, bit line control e.g. precharge and equalisation
circuitry, voltage boosters, clocking circuits for read/write
operations, safety circuits to prevent inadvertent
reading/writing, initialisation circuits. Prior to 1992, some
aspects regarding circuitry for reading/writing were
covered by U14-A20.

U14-A07A [1983]

Reading, sensing circuits

Includes reading methods, sense amplifiers and
associated circuitry e.g. sense reference voltage
generator, charge pump circuits for providing current to
sense amplifiers.

U14-A07B [1992]

Programming, erasing circuits

Includes voltage boosters for e.g. erasing/programming
EEPROMs.

U14-A07C [1997]

Clocking circuits, synchronisation
(U14-A07)

General aspects of digital circuit synchronisation are
covered by U22-H.

Time skewing

U14-A08

Address selection; Transmission of information
between stores

For shift aspects of FIFO stores see U14-A01X also.
Includes address, decoders and associated circuits, word
line control circuits, timing circuits for address selection,
two dimensional and multiplexed addressing. Prior to
1992 some aspects regarding circuitry for addressing
were covered by U14-A20.

U14-A08A [1983]

Address-selection

Includes e.g. page mode and static column mode
operation, chip selection circuitry.

Row address strobe, RAS, column address strobe, CAS

U14-A08B [1983]

Transmission of information between stores

Serial transmission, cache memory

U14-A08B1 [1992]

Multiport memories

Includes both random access memories and sequential
memories (for the latter see also U14-A01X). Prior to
1992, first in-first out aspects are covered by U14-A08
and, for shift stores, by U14-A01X.

FIFO, dual port RAM, dual port burst access memory,
BAM

U14-A09 [1992]

Power supply for memories
(U14-A20)
Includes power back-up and data preservation aspects.

U14-A10 [1992]

Packages for memories
(U14-A20)

For specific aspects of packaging see appropriate
subclasses in U11-D, U11-E. Includes special adaptations
e.g. small battery provided inside package.
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U14-A11 [1992]

Software error prevention modifications
(U14-A20)

Includes e.g. method to prevent errors introduced by
radiation (see also U11-D01C2 for package adaptations).

U14-A20

Other memory circuits

U14-B

Electric analogue stores
Sample-and-hold arrangements are coded in U21-B03.

Analogue memory

U14-B01

Multilevel memory
Includes digital memory functionality with cells holding

more than two voltage levels (not strictly digital)
U14-B02 [2002]

With elements simulating neuronal cells

For complex neuronal configurations see T01-EQ5B
and/or T02-A04A5.
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U14-D01B [1997]
Testing memory operation using internal circuit
(U14-D01)
Self-test, built-in circuit

U14-D02 [1987]

Testing memory using error correction codes

Includes two dimensional codes e.g. Hamming codes,
horizontal and vertical parity, BCH codes and
multidimensional codes.

U14-D03 [1987]
Testing memory using external circuit or
apparatus
E.g. for testing bubble memories.

U14-D09 [1987]

Other memory testing aspects

u14-c
General layout aspects regarding memories;
Interconnection arrangements

Core, matrix, plate, unit, frame

U14-co1 [1992]

Interconnecting storage elements
(U14-A20)

Include power/signal transmission line layout relating to
bit and word lines. See also appropriate codes in U11-
€05, U11-D03, U11-G.

Open bit line architecture, folded bit line architecture

Ui14-D

Checking store operation, redundancy

U14-D01 [1987]

Memory built-in self test, redundancy

Includes detecting defective memory elements and
replacing them with redundant memory elements.

U14-DO1A [1987]

Redundant arrangements, fuses

Includes redundant memory cells used to replace
defective cells of main memory array and associated
techniques e.g. cutting the fuse with laser beam.

U14-E
Thermoelectric/magnetic devices
Peltier effect, Seebeck effect

U14-E01 [1987]

Radiation pyroelectric detector

Includes image sensors. See also S03-A03 and S03-A01B
codes.

U14-E01A [1992]

Pyroelectric device characterised by material
(U11-A02, U14-E)
For pyroelectric materials see also U11-A02.

U14-E01B [1992]

Structure of pyroelectric device
See also S03-A03 for pyrometry in general.
Dielectric bolometer, pyroelectric sensor

U14-E01C [1992]

Pyroelectric device manufacture

U14-E02 [1992]

Thermomagnetic devices

(U14-E)

Includes devices using Nernst-Ettinghausen effect. Covers
manufacture.

U14-E05 [1987]

Power generation, cooling, temperature sensors

Includes devices with junction of dissimilar materials
exhibiting Seebeck, Peltier effect.
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U14-E05A [1992]
Characterised by function of thermoelectric
device

U14-E05A1 [1992]

Power generating thermoelectric device
Thermopiles
U14-E05A2 [1992]

Heat extracting thermoelectric devices

Heat pumps, cooling, Peltier, electrocaloric effect, thin
film perovskite PZT

U14-E05A3 [1992]
Thermoelectric sensors
(U14-E09)
See also S03-BO1A.
Thermocouple

U14-E05B [1992]

Thermoelectric device characterised by material
(U14-E)
Bismuth telluride (with antimony)

U14-E05C [1992]

Thermoelectric device manufacture

U14-E09 [1987]

Other aspects regarding thermoelectric devices

Ul14-F

Superconductive devices
Josephson

U14-FO1 [1992]

Materials for superconductive devices

Includes novel compositions (chemical and crystalline
structures), and their manufacture and processing to
improve characteristics, (e.g. grinding, mixing, pressing,
sintering etc.). Materials, devices and equipment
specifically for heavy/power electrical use are covered by
X12-C05, X11-HO5, X12-D06 codes. Materials for
unspecified uses are covered by U14 and X12-D06B
codes. For testing aspects see also U11-FO1 codes.

U14-FO1A [1992]
Superconductive metal alloys and their
manufacture

U14-FO1A1 [1992]

Superconductive alloy manufacture and
processing
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U14-FO1A5 [1992]

Novel superconductive metal alloys

U14-FO1B [1992]

Non-metal superconductive materials and their
manufacture

U14-FO1B1 [1992]
Manufacture and processing of ceramic
superconductive materials

Milling, mixing, calcination, sintering, cold/hot pressing

U14-FO1B5 [1992]

Superconductive oxide novel materials

U14-FO1B7 [1997]

Other superconductive materials
(U14-FO1B)

For materials not covered by U14-FO1A5 and U14-FO1B5,
e.g. for superconductive organic material.

U14-F02 [1992]

Superconductive device, circuits

These codes imply use of oxide materials unless specified
by presence of U14-FO2H code.

U14-FO2A [1992]

Superconductive thin/thick film

Includes deposition, patterning, metallurgical details,
patterned layers. For techniques of deposition or etching
see also U11-CO5C codes U11-C01 or U11-CO7 codes, for
apparatus see also U11-C09 codes. See also U14-H02 for
thick film.

U14-F02B [1992]

Superconductive devices

For manufacture of complete device see also U11-C18B9;
for specific aspects e.g. electrode manufacture, see also
U11 codes e.g. U11-CO5F6. For superconductive FET see
also U12-DO1A9.

Josephson tunnel junction, SQUID

U14-F02C [1992]

Circuits using superconductive devices
(U21-A03G, U21-CO1X)
For logic circuits see also U21-CO1F. For analogue to

digital converters using superconductive elements see
U21-A03G.
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U14-FO2H [1992]

Superconductive devices, circuits using metal
alloys

This code is used in conjunction with U14-F02 codes to
indicate use of alloy material rather than oxide for
particular circuit, device.

U14-G

Acoustic wave devices

For surface acoustic wave generator, see also VO6-VO1E1.

For acoustic charge transport device using SAW see also
U13-A02A.

Elastic, surface, SAW

U14-H
Film and hybrid circuits, multilayer substrates, IC
chip mounting
See V04-R also for details applicable to PCB manufacture.

U14-HO1
Thin film

U14-HO1A [1987]

Thin film two dimensional arrays e.g. for
memories, LCDs, ELDs

Used for layout and manufacturing aspects. Use U12-
BO3A for semiconductor physics, material and
heterostructure details. For LCD see also U14-K01A2
codes; for electroluminescent displays see also U14-J
codes.

Display, matrix

U14-H01B [1987]

Thin film transducers, printers, line image sensors

For facsimile applications see S06-DO5 also. Used for
sensor arrays not having sufficient semiconductor body
details for inclusion in U12-A02B. For thermal printer
heads/materials see S06-HO3 or for thermal ink jet
printer see S06-G01. Does not include thin film magnetic
heads, for which see T03-A03E.

U14-Ho1C [1987]

Thin film circuits, amplifiers, filters

For thin film capacitors, resistors with emphasis on
semiconductor body see U12-B03B and U12-C02 or U12-
CO03 as appropriate.

U14-HO1D [1987]

Thin film packages, interconnections
See also U11-D codes.

U14-HO1E [1987]

Thin film transparent conductive layers

See U11-C18D also for sputtered optical layers. Includes
pixel/colour filters, lithography, and general imager-
display use.

Indium tin oxide, ITO, lead oxide, zinc oxide

U14-HO1E1 [2015]

Transparent conductive oxides

Includes indium tin oxide (ITO), zinc oxide compounds
etc.

U14-HO1E2 [2015]

Transparent conducting polymers

Includes polythiophenes, e.g. Poly(3,4-
ethylenedioxythiophene) (PEDOT), Poly(4,4-
dioctylcyclopentadithiophene) etc.

U14-HO1E3 [2015]

Metal compositions

Includes metal halides, such as silver halide, copper
iodine. Can be used in conjunction with U14-HO1E1 for
example film containing indium oxide (ITO) and copper
iodide.

U14-HO1E4 [2015]

Nanowire transparent conductive films

Includes use of carbon, silver or copper nanowires or
nanotubes or nano-particles as transparent conductive
films.

U14-HO1E5 [2015]

Mesh structured films
Includes copper mesh, silver mesh, metal mesh PET

U14-HO1F [1987]

General thin film layer details

Includes e.g. insulating, conductive, lithography, multi-
layer structures (e.g. for chip-carrier boards), using thin-
film deposition (see also U11-C and U11-D codes).

U14-H02
Thick film

For material composition of thick films see U11-A05
codes.

U14-HO03
Hybrid circuits

From 2009 IC chip mountings have been transferred to
U14-HO5. See also V04-R and V04-Q codes.
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U14-HO3A* [1987-2008]

Mountings for unpackaged IC chips onto substrate
(ceramic, polymer, dielectric)

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes.

U14-HO3A1* [1987-2008]

Un-encapsulated IC chip mounting arrangement
(ceramic, multilayer ceramic, polymer,
semiconductor substrate)

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. Used for chip carrier
which implies subsequent encapsulation of device once
mounted (for encapsulation see U14-H03A3). See also
U11-DO01 for package details. For general chip carrier
substrate aspects see U11-D0O1A. For high density
multilayer interconnect see U14-H03A4. Multilayer
ceramic boards are also covered by U14-H0O3B for
structure/material, and by U14-HO4A3 for manufacture.

U14-HO3A2* [1987-2008]

Other chip to substrate connection

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-H03D to U14-HO3H codes. For solder preforms see
also U11-D03A9 (semiconductor mountings and
terminals). Prior to 1992 this code included flip chip
technology, (from 1992 see U11-E01C).

U14-HO3A3* [1987-2008]

Encapsulation details for individual chip mounted
on substrate

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. For general aspects
regarding multi-chip module, see U11-D01A6 or, for
hybrid circuit packages see U14-H03C3.

U14-HO3A4* [1987-2008]

Interconnections between several chips on
substrate

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO03D to U14-HO3H codes. Includes use of e.g. wire
bonding between chips on same substrate (which may
also include semiconductor, e.g. silicon). Covers
Advanced VLSI packaging, high density interconnect. Also
includes optical contactless connection for
communication between chips (see also U11-D03C3).

AVP, HDI, high density multi-chip interconnect, HDMI
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U14-HO3A4A* [1992-2008]

Thick film modules using e.g. ceramic dielectric

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. See also relevant codes in
U11 class, e.g. U11-D03B9, U11-D03C3 and/or other
relevant codes in U14 class, e.g. U14-H03A1, U14-HO2,
U14-HO03B, U14-HO4A3.

U14-HO3A4B* [1992-2008]

Thin film modules using e.g. polymer dielectric

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. See also relevant codes in
U11 class e.g. U11-CO5A, U11-C05D2, U11-C05D3, U11-
DO03B9, U11-D03C3 and/or relevant codes in U14 class,
e.g. U14-HO1D, U14-HO1F, U14-HO3A1.

Polyimide thermoset, KAPTON

U14-HO3B* [1987-2008]

Multilayer ceramic wiring boards

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. For chip carriers see also
U11-DO1A, for un-encapsulated IC mountings see also
U14-HO3AL. For high density multilayer interconnect see
U14-HO3A4.

U14-HO3B1* [1987-2008]

Details of materials/structures for multilayer
ceramic substrates
*This code is now discontinued, but remains searchable

and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes.

U14-H03B2* [1987-2008]

Other details associated with chip mounted on
multilayer ceramic substrate

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. Includes e.g. recess to
facilitate enclosure of chip, terminals, capacitors included
in the multilayer board (see also U11-D03C1) etc.

U14-HO3C* [1987-2008]

Hybrid circuits (general)

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3G. Includes substrates not covered elsewhere in
U14-HO03. See also U11-A05B for material aspects, and
U11-DO1A for chip carrier.

Aluminium nitride, silicon carbide
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U14-HO3C1* [1987-2008]

Alignment of chips in array

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. E.g. for line image sensor,
facsimile, photoelectric reader.

Facsimile, reader, photoelectric

U14-H03C2* [1987-2008]

Analogue circuitry - transistor and transmission
line details

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO03D to U14-HO3H codes. See WO02-A also for
microstrip/stripline circuitry.

Triplate

U14-HO3C2A* [1997-2008]

High frequency integrated circuits
(U14-Ho3C2)

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
code U14-HO3H for high frequency circuits. Includes
monolithic microwave integrated circuits. For package
aspects see U11-D01A4. For integrated circuit structures
see also U13-D codes.

MMIC

U14-H03C3* [1987-2008]

Hybrid circuit packages and terminals

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-HO3D to U14-HO3H codes. For multi-chip modules
see also U11-D0O1A6.

Lead, Pin

U14-HO3D [2009]
Hybrid circuits using thick films

U14-HO3E [2009]
Hybrid circuits using thin films

U14-HO3F [2009]
Substrates for hybrid circuits

U14-HO3F1 [2009]

Ceramic substrates

Includes any details of ceramic substrates to do with
hybrid circuits.
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U14-HO3F2 [2009]

Other substrates types

Includes all substrates other than ceramic substrates
associated with hybrid circuits.

U14-HO3G [2009]

Hybrid circuits(general)

Covers general hybrid circuit aspects that are not covered
in above HO3 codes. Replaces retired code, HO3C.

U14-HO3H [2009]

High frequency integrated circuits
(U14-H03C2A)

Covers all high frequency integrated circuits. Includes
high frequency ICs for RFID tags and other RF devices.

MMIC, RFID
U14-H0o4

Hybrid and thick film circuit manufacture

U14-HO4A [1983]

Film and substrate processing for hybrid circuits

U14-H04A1 [1987]

Screen printing; Thick film layer processing
Includes ceramic ‘wafer’ dicing.
Squeegee, print, bake

U14-H04A2 [1987]

Electroplating, vapour beam deposition,
sputtering processes to apply conductive layers to
ceramic or hybrid substrates

For metallurgical aspects regarding conductor patterns
on ceramic substrate see also U11-D03B3.

U14-HO04A3 [1987]
Ceramic circuit board manufacture (For hybrid
circuits only)

U14-HO4A4 [2009]
Trimming of thin/thick film components
(U14-H04B3B)

U14-HO04A9 [1987]

Other hybrid circuit manufacturing aspects

U14-Ho4B [1983]

Hybrid circuit assembling

Includes all aspects of hybrid circuit assembling and
manufacture, previously coded before 2009 in U14-
HO04B1 to U14-H04B9.



EPI Manual Codes 2022 — Part 2
U: Semiconductors and Electronic Circuitry

U14-H04B1* [1987-2008]

Hybrid circuit packaging

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-H04B which now includes all aspects of hybrid circuit
assembling and manufacture. Coating with resin, sealing
package.

U14-H04B2* [1987-2008]

Applying terminals for hybrid circuits

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-H04B which now includes all aspects of hybrid circuit
assembling and manufacture. Includes e.g. connector for
hybrid circuit (see also V04-K02 and V04-B01).

U14-H04B3* [1987-2008]

Mounting components onto substrate; Trimming
of layer components

*This code is now discontinued, but remains searchable
and valid for records from 1987 to 2008. From 2009 see
U14-H04B which now includes all aspects of hybrid circuit
assembling and manufacture.

U14-HO04B3A* [1992-2008]

Bonding, mounting components on hybrid circuit
substrate

*This code is now discontinued, but remains searchable
and valid for records from 1992 to 2008. From 2009 see
U14-H04B which now includes all aspects of hybrid circuit
assembling and manufacture.

U14-H04B3B* [1992-2008]

Trimming of thin/thick film components

*This code is now discontinued, but remains searchable
and valid for records from 1992 to 2008. From 2009 see
U14-HO4A4.

U14-H04B9* [1992-2008]

Other hybrid circuit assembling aspects

*This code is now discontinued, but remains searchable
and valid for records from 1992 to 2008. From 2009 see
U14-H04B which now includes all aspects of hybrid circuit
assembling and manufacture. Includes e.g. demounting
defective components in multi-chip modules (see also
U11-E02B). For testing aspects see also U11-FO1F.

U14-HO5 [2009]

Hybrid circuit package and/or terminal
arrangements
(U14-H03)

Includes mountings of chips on substrates, leads,
terminals, sockets, holders and packaging.
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U14-)

Electroluminescent light sources
For electroluminescent materials see U11-A15. See also
X26-J only if device is used for illumination purposes.
Excludes devices covered by U12-A01.

U14-j01 [1992]

Electroluminescent source manufacture

U14-J01A [2005]

Manufacture for electroluminescent displays

Includes all methods of manufacture for
electroluminescent displays.

U14-J01B [2005]

Equipment for manufacture of electroluminescent
devices or displays

Includes all equipment for both electroluminescent
devices or displays.

U14-J02 [1992]
Electroluminescent display structure
ELD

U14-J02A [1992]

With electrode details of electroluminescent
display

For thin film transparent conductive layer on glass
substrate see also U14-HO1E. From 2002 use with U14-
J02D codes to indicate material aspects of structure.

Indium tin oxide, ITO

U14-1028B [1992]

Module details and sealing arrangements of
electroluminescent display
Includes connections to external electrodes or PCBs.

U14-102C [2005]

EL display optical components
For complete filter manufacture see also U11-C18D.

U14-102D [2002]

Inorganic/organic electroluminescent displays

U14-102D1 [2002]

Inorganic electroluminescent displays
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U14-J02D2 [2002]

Organic or polymeric electroluminescent displays

Includes structures with polymeric and organometallic
complexes.

U14-J02E [2005]
Switching elements for active matrix
electroluminescent displays
Includes two and three terminal switching arrays

U14-J03 [1992]

Circuits and drivers for electroluminescent devices

From 2002 use with U14-J02D codes to indicate material
aspects of structure.

U14-J03A [2007]

Circuits and drivers for electroluminescent
displays

U14-J03B [2007]

Circuits and drivers for other electroluminescent
devices

U14-104 [2005]

Testing aspects of Electroluminescent displays

Testing for active matrix see also U11-FO1F and U11-FO1D
codes. For module testing see also S01-G01A3 and V04-
Q02A2.

U14-105 [2007]

Electroluminescent device structure

For electroluminescent devices other than displays.

U14-J05A [2007]

Electrode details for electroluminescent devices

U14-105B [2007]

Module/Package details and sealing
arrangements of electroluminescent devices

U14-J05C [2007]

Optical elements for electroluminescent devices

U14-105D1 [2007]

Inorganic electroluminescent device

U14-J05D2 [2007]

Organic electroluminescent device

U14-K

Passive displays
Refers to displays modifying light generated elsewhere.

U14-K01 [1983]

Liquid crystal displays

For materials see U11-A03A, VO7-K10A. For light valves,
shutters, light spatial modulator see V07-K01A2. Testing
aspects of active matrix are also covered by U11-FO1F.
For storage effect see U14-A02A.

LCD

U14-KO1A [1983]

Cells, constructional details, and circuits of LCD

U14-K01A1 [1987]

Transparent conductive films, alignment layers,
spacers of LCD

U14-K01A1A [1992]

LCD alignment layer
(U11-A09, U14-K01A1)

Includes films and materials used for alignment, cloths for
rubbing the alignment coating, etc.

Orientation

U14-K01A1B [1992]
Transparent conductive films, and electrodes of
LCD

Includes electrode details for passive LCD, i.e. with
parallel conductive tracks. See also U14-HO1E for
transparent conductive film.

U14-K01A1C [1992]

LCD optical components

Includes filters, polarisers, phase retarders. For complete
filter manufacture see also U11-C18D.

U14-KO1A1D [1992]

Spacers used in LCD
(U14-KO1A, U14-K01A2)

U14-K01A1G [1992]

Characterised by specific electro- or magneto-
optical effect of LC material

Includes field induced birefringence, guest-host effect,
dynamic scattering, etc. For optical addressing (thermally
induced phase transitions) see V07-K01A2.

Field induced phase change, cholesteric, twisted nematic,
orientation, plechroic dye
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U14-K01A1J [1992]

LCD manufacture
(U14-K01, U14-K01A)

Include e.g. filling the cell with LC material. For
manufacture of switching elements for driving active
matrix see U14-K01A2 codes.

U14-KO1A1K [2005]

Equipment for manufacture of LCDs

Includes all equipment for manufacture of LCD, including
substrate handling equipment, etching, lithography etc.
See also U11 codes for individual processes and
equipment.

U14-K01A1L [2007]

LCD repair and correction
See also U14-K01A8 for LCD testing aspects.

U14-K01A2 [1987]
Other constructional details, coating, and optical
layers of LCD

Includes manufacture and structural details regarding
switching elements for driving active matrix display. Also
covers antireflective coatings.

U14-K01A2A [1992]

For two terminal switching elements of LCD

Includes diodes, MIM elements, varistors. For thin film
aspects see also U14-HO1A. See also other appropriate
codes in U11 and U12 e.g. U11-C05G1, U11-C18B1, U12-
C01, U12-C03.

U14-K01A2B [1992]

For three terminal switching elements of LCD

Includes thin film transistor (TFT) aspects. See also U14-
HO1A and where appropriate, U11-C18A1, U12-B03A,
U12-D02A.

U14-K01A2C [1997]

Plasma addressed LCD
(U14-K01A2, U14-K01A1B)
See also VO5-A01A7.

U14-K01A2D [1997]

LC cells integral with photoconducting,
ferroelectric layer
Prior to 1997 see also U14-K01A1G, V07-KO1A, V07-K05.

U14-K01A2E [2007]

Coatings for LCD

Covers all protective coatings, includes anti-reflective
films coating for LCDs
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U14-K01A3 [1987]

Circuits, drivers of LCD

Includes mainly drive circuitry integral with LCD or
circuitry which depends on specific characteristics of
LCD., e.g. feedback control for detection of ambient light
and control of light valve. More general aspects of drive
circuitry are covered by T04-H03C2 or W03-A08B codes.
See also under application.

U14-K01A4 [1987]

LCD associated with mountings, PCB connectors.
Module details

Includes back-lighting aspects (see also W05-E05B).

U14-K01A4A [1997]

Modular details of LCD
(U14-K01A4)
Includes sealing aspects.

U14-K01A4B [1997]

Connections of LCD to external electrodes or PCB
(U14-K01A4)

See also V04 codes. Includes connections from electrodes
to cell terminals.

U14-K01A4C [1997]

LCD illumination arrangements
(U14-K01A4)

Includes internal and reflection type LCD illumination.
From 2007, also see X26-U04A1 for backlighting and
backlight circuitry including ambient environment
detection and feedback control. See W05-EO5B1 and
relevant X26 codes prior to 2007.

U14-K01A5 [1997]

LCD substrate details
(U14-KO1A, U14-K01A2)

For production and processing aspects of substrate. See
U11 codes also. For active matrix aspects see U14-K01A2
codes.

Glass

U14-K01A8 [1997]

Testing aspects of LCD

(U14-K01A)

For testing of liquid crystal materials see also S02-J04A3;
for active matrix testing see also S02-J04A3A and U11-
FO1F and/or U11-FO1D codes. For module testing see also
S01-GO1A3 and V04-Q02A2.

Probe
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U14-K02 [1992]

Electrochromic displays
(U14-K09)

For building and vehicle windows using electrochromic
layers see X25-U01 and X22-J codes respectively.

U14-K02A [1992]
Constructional details and manufacture of
electrochromic display
(U14-K09)

U14-K02A1 [1997]

Structural arrangements for electrochromic
display

(U14-K02A)

Includes spacers, gaskets, electrodes.

U14-K02A2 [1997]
Electrochromic display manufacture
(U14-K02A)

For materials see U11-A03C only.

U14-K02B [1992]
Circuits, drivers of electrochromic display
(U14-K09)

U14-K03 [1992]

Electrophoretic displays
(U14-K09)

Includes materials, constructional details. For
electrostatic ball displays see appropriate W05-E08
codes.

U14-KO3A [2005]

Constructional details and manufacture of
electrophoretic displays

U14-K03A1 [2005]
Structural arrangements for electrophoretic
displays

U14-K03A2 [2005]

Electrophoretic display manufacture

U14-K03B [2005]

Circuits, drivers of electrophoretic displays
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U14-K04 [1992]

Electro-optic displays based on ceramics or
electro-optical crystal exhibiting Kerr or Pockells
effect

(U14-K09)
For optical shutters see V07-G15 and VO7-KO1A.
PLZT

U14-K05 [2014]

Electrowetting displays
Includes manufacture, structure, drive circuits etc.

U14-K09 [1983]

Other passive displays

Includes electronic paper, can be used in conjunction
with any other U14-K codes. For electronic paper in
general see also W0O5-E10.

Magnetophoretic

u14-L [2021]

Non-display switchable glass panels

Includes electronic switching glass panels used for non-
display purposes, e.g. for privacy, or light dimming in
places such as building windows, privacy screens, vehicle
windows, dimming mirrors etc.

Smart glass, Electrolytic PDLC Film, Electrochromic glass,
LCD Glass
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U21: Logic Circuits, Electronic Switching and Coding

U21-A

Coding, decoding
Encode, compress, predict

U21-A01* [1980-1991]

Pulse code modulation

*This code is discontinued from 1992. In addition to U21
codes, inventions involving PCM may be assigned the
following codes depending on applications and their
precise nature:

(1) W02-C06 for general transmission systems using PCM
(2) W02-F07 codes for PCM TV transmission systems
(3) S06-K07A4D for facsimile coding and compression

(4) WO04-FO1F codes for video recording using
compression coding

(5) W04-GO1F for audio signal recording coding and
compression

(6) W04-P0O1A codes for video signal coding
(7) WO04-V05G codes for speech signal coding
(8) W04-V10 codes for coding of audio signals in general

U21-A02

D/A conversion
Search with U21-A04A for sigma-delta type.

U21-A02A [1987]
Digital-to-analogue converters
DAC

U21-A02A1 [1992]
Binary-weighted D/A converters
Weighted resistor

U21-A02A2 [1992]
Ladder-type D/A converters
R-2R ladder

U21-A02A3 [1992]

D/A converters with intermediate conversion to
time or frequency of pulses

U21-A02A4 [2006]

Resistor string

U21-A02A5 [2007]

Switched capacitor D/A converters

U21-A02A9 [1992]
Other D/A converters

Includes e.g. multiplying D/A converter.

U21-A02B [1987]

Broader system details, testing of D/A converters

U21-A02B1 [1997]
Broader system details
(U21-A02B)

U21-A02B1A [2005]

Input/output circuitry

U21-A02B1B [2006]

Voltage reference circuits

Also see relevant U24 codes for novel voltage reference
circuits.

U21-A02B1C [2005]

Clock arrangements

U21-A02B1X [2005]
Other details

U21-A02B2 [1997]
Testing and calibrating

(U21-A02B, U21-A03F1)

Prior to 1997 testing and calibrating for DAC was covered
by U21-A02B and U21-A03F1.

DC offset, auto-zero

U21-A02B3* [1997-2004]

Noise reduction and error correction
(U21-A02B, U21-A03F3)

*This code is now discontinued and from 2005 noise
reduction and error correction for DACs is covered by
U21-A02B7G. Prior to 1997 noise reduction for DAC was
covered by U21-A02B and U21-A03F3.

U21-A02B7 [2005]

Improvements to DA converter performance

U21-A02B7A [2005]

Increased resolution

U21-A02B7C [2005]

Increased conversion speed

U21-A02B7E [2005]

Increased range

Covers increase in number of bits or other change in
representation of data, or on analog side by increasing
dynamic range, output voltage swing, etc.
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U21-A02B7G [2005]

Noise reduction and error correction

U21-A02B7) [2006]

Reducing power consumption

U21-A02B7L [2006]

Size reduction

U21-A02B7N [2012]

Increased accuracy or precision

Prior to 2012 see U21-A02B7G or U21-A02B7X depending
on emphasis.

U21-A02B7X [2005]

Other DA converter performance improvement

U21-A03

A/D conversion
Search with U21-A04A for sigma-delta type.
ADC

U21-A03A

A/D converters with conversion to
duration/frequency

Includes counter ramp (counting) converter when type of
conversion is emphasised, otherwise coded in U21-A03B
as a converter with feedback. Also includes integrating
type e.g. dual slope or ratiometric converter. Search U21-
AO03X also prior to 1983.

Tracking, servo converter

U21-A03B

A/D converters using D/A converter (feedback
type)

Includes successive approximation type.

SAR, serial comparator

U21-A03B1 [2006]
SAR

Successive approximation type converters.

U21-A03B3 [2006]
Pipeline
U21-A03B5 [2007]

Switched capacitor A/D converters

U21-A03B9 [2006]
Other feedback types

U21-A03C [1987]
Flash A/D converters
Parallel comparator, simultaneous ADC
U21-A03E [1987]
Interpolating A/D converters, hybrid
arrangements combining different converters
Includes serial-parallel type (see also U21-A03B).
U21-A03F [1987]

Testing and calibrating, broader system details

U21-A03F1 [1992]
Testing and calibrating

DC offset, auto-zero

U21-A03F3* [1992-2004]

Noise reduction and error correction

*This code is now discontinued and from 2005 noise
reduction and error correction for ADCs is covered by
U21-A03F7G.

U21-A03F5 [1992]

Broader system details

U21-A03F5A [2005]

Input/output circuitry

Includes scaling and gain control arrangements, see U24-
C codes for novel amplifier/gain control aspects.

U21-A03F5B [2006]

Voltage reference circuits

U21-A03F5C [2005]

Clock arrangements

U21-A03F5X [2005]
Other details

U21-A03F6 [2005]

Sampling

This code covers sampling arrangements and wider
sampling aspects. See U21-B03 for novel sample and hold
arrangements and U21-A04A for sigma delta converters.

U21-A03F6A [2005]

Novel sampling circuit

This code covers all novel sampling arrangements. See
other U21-A03F6 codes for sampling function aspect.

U21-A03F6B [2005]

Oversampling
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U21-A03F6C [2005]

Undersampling

U21-A03F6D [2005]

Sample modification

Modification of digital samples in DSP is covered by U22-
GO03B1 codes ('Re-sampling').

U21-A03F6X [2005]
Other sampling functions

U21-A03F7 [2005]
Improvements to AD converter performance

U21-A03F7A [2005]

Increased resolution

U21-A03F7C [2005]

Increased conversion speed

U21-A03F7E [2005]

Increased range

U21-A03F7G [2005]

Noise reduction and error correction

U21-A03F7) [2006]

Reducing power consumption

U21-A03F7L [2006]

Size reduction

U21-A03F7N [2012]

Increased accuracy or precision
Prior to 2012 see U21-A03F7G or U21-A03F7X depending

on emphasis.
U21-A03F7X [2005]

Other AD converter performance improvement

U21-A03G [1987]
A/D converters implemented using other
technology

Includes use of e.g. SAW, optical, Josephson junction
devices (for superconductive devices, circuits, see also
U14-F02 codes).

U21-A03H [1992]

Reversible converters
(U21-A02B, U21-A03F)
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U21-A03J [1992]

Position encoders
(U21-A03X)

For absolute encoders for which displacement directly
generates unique digital value U21-A03J5 is assigned with
other U21-A03J codes as appropriate. See also S02-K03

U21-A03J1 [1992]

Optical position encoders
(U21-A03X)
Rotary encoders, shaft angle, moire fringes

U21-A03J2 [1992]
Magnetic or inductive position encoders
(U21-A03X)

U21-A03J5 [2002]

Absolute position encoders

This code is assigned with other U21-A03J codes as
appropriate, depending on technology, and refers to
encoders with a unique relation between position and
output code. Such types were indicated by the additional
assignment of W05-D01 codes (now discontinued) prior
to 2002.

Gray code, disc, scale, track.

U21-A03J9 [1992]

Other types of position encoders
(U21-A03X)

Includes electric type e.g. capacitive, brush
arrangements.

Wiping contact, potentiometer
U21-A03X

Other aspects of A/D conversion

U21-A04

Delta and differential modulation
For testing aspects see also U21-A03F1.

U21-A04A [1992]

Delta-sigma converters

Includes oversampled converter architectures. Where
sampling is novel see U21-A03F6 and also see U21-
A02/A03 codes as appropriate.

Sigma-delta, continuously variable slope delta, CVSD,
delta modulator, oversampling

U21-A04B [1992]

Differential modulation
Adaptive differential PCM, ADPCM
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U21-A05 U21-A05B [1987]

Code conversion

See W01-A02 also for application of code conversion to
data transmission in general. Coding of audio and video
signals is not included and is covered by W04-PO1A codes
(video signals), W04-V05G codes (speech signals) and
W04-V10 codes (audio signals in general). Coding for
error detection and correction in general is covered by
U21-A06 codes.

Bit structure, character interval, format, mapping,
recoding

U21-A05A

Static code converters

U21-A05A1 [1987]

Parallel code conversion. Conversion to or from
(non-) weighted or stochastic codes

Includes decimal code, binary coded decimal code,
conversion from or to n out of m codes, to or from one
out of m codes, conversion to or from floating point
codes, conversion to or from Gray codes.

BCD

U21-A05A2 [1987]

Compression, expansion, suppression of
redundancy

This code is used in a general way to represent 'coding’,
e.g. for data compression. It is assigned alone or in
conjunction with other codes - e.g. for audio or video
coding, or coding for data transmission - if U21-A05A2
codes can highlight additional detail e.g. if using U21-
AO5A2A enables 'variable length coding' to be
highlighted. When specific codes exist for the type of
coding involved in an invention and U21-A05A2 codes do
not provide additional focus, they are not assigned.
Specific codes for particular coding applications are : S06-
KO7A4D for document imaging and copying; T01-DO02 for
computer data coding; T01-J10D for image compression;
T03-P01B for compression of recorded data; W01-A02A
for data transmission; W04-FO1F for video signal
recording coding, W04-GO1F for audio signal recording
coding, W04-P01A codes for video signal coding, W04-
VO5G for speech coding; W04-V10 for general audio
coding.

U21-A05A2A [1992]

Conversion to or from variable length codes

Shannon-Fano code, Huffman code, Morse code

U21-A05A2B [1992]

Conversion to or from run length codes

Parallel/series and series/parallel conversion

Series-in parallel-out register, SIPO, series-in series-out
register, SISO, parallel-in series-out register, PISO, serial-
parallel, parallel-serial

U21-A05C [1987]

Series transmission code. Manchester, biphase
level coding

Includes conversion to or from representation by three or
more level pulses.

NRZ

U21-A05D [1987]

Coding associated with computer keyboard or
printers. Language scripts

For key scanning and coding aspects see also T04-FO1A5.
For keyboard interfacing see also T01-C codes.

U21-A05D1 [1987]

Language script coding techniques

Includes coding for dealing with e.g. Chinese, Arabic
characters. Search with W01-C01B8M for application to
coding for telephone keys.

Kaniji, Kana, Arabic characters

U21-A06

Error detection and correction

U21-A06 codes are assigned for error
detection/correction in general, and to provide specific
details of error correction coding in conjunction with
codes in other classes, such as with T03-PO1A for data
recording error correction. For applications specific to
telecommunications alone, W01-A01B codes are applied
instead.

U21-A06A [2005]

Using block codes

Covers error detection/correction coding where a
predetermined number of check bits are joined to a
predetermined number of information bits.

U21-A06A1 [2005]

Cyclic redundancy check

U21-A06A2 [2005]
Parity bit
U21-A06A3 [2005]

Hamming codes

U21-A06A4 [2005]

Reed Solomon coding
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U21-A06A9 [2005]
Other block codes
U21-A06C [2005]

Using convolutional codes

Covers error detection/correction coding where the
coded sequence is algorithmically achieved through the
use of current data bits plus some of the previous data
bits from the incoming stream.

U21-A06C1 [2005]
Viterbi coding

U21-A06C2 [2005]

Turbo coding

U21-A06C3 [2005]

Trellis coding

U21-A06C9 [2005]

Other convolutional codes

U21-A06E [2005]

Using Interleaving techniques

Covers error detection/correction arrangements where
the data structure is re-organised to reduce errors.

U21-A06G [2006]

Using multiple coding techniques

This code covers error correction/detection using either
multiple (two or more) block or convolutional codes or a
combination of block and convolutional. The coding types
of the combination are applied in addition to this code.
Please note, this code is only applied where the
combination is the novel aspect and not where multiple
coding techniques are merely listed as separate
possibilities.

U21-A06G1 [2014]

Multiple codes used together

Covers the simultaneous use of two or more error-
detecting or error-correcting codes, e.g. either multiple
block or multiple convolutional codes or a combination of
block and convolutional codes, used together.

U21-A06G5 [2014]

Multiple codes used separately (i.e. one at a time)

Covers the separate use of two or more error-detecting
or error-correcting codes, e.g. either multiple block or
multiple convolutional codes or a combination of block
and convolutional codes, used at different times.

U21-A06X [2005]

Other error detection/correction
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U21-B

Electronic switching or gating

Purely mechanical and electromechanical switches using
moving metallic contacts are covered in VO3 and X13.
Note that mechanical details of actuating elements and
the like for electronic switches in which part of the switch
moves (e.g. as denoted by U21-B02C2) are also covered
in VO3 (e.g. by V03-B and V03-C codes) when necessary.
Electronic switching without any physical movement is
covered in U21 only.

U21-B01
Electronic switching or gating characterised by
switching device

U21-BO1A
Switching using bipolar transistors and diodes
Includes Darlington configuration.

U21-B01A1 [2006]
Switching using IGBTs

U21-B01B

Switching using field effect transistors

U21-B01C

Switching using thyristors, triacs etc.

Note that U21-BO2H (novel bi-directional switching
arrangements) is not routinely applied with this code for
devices such as triacs which are inherently bi-directional.

Gate turn-off, GTO
U21-B01D [1987]

Compound switches (FET/bipolar, thyristor/FET),
other semiconductor switches

U21-B01D1 [1992]
Switching using transformer coupling
(U21-B01D)

U21-BO1E [1992]

Using optoelectronic devices
(U21-BO1X)
Opto-coupler
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U21-B01P [2009]

Switching using phase-change devices
(U21-B01X)

This code is intended for electronic switching
arrangements using devices with phase-change
properties, e.g. based on materials such as chalcogenides.
Logic circuits applying this technology are covered by
U21-CO1P. Phase-change memories are covered by U14-
AO3H and optical recording materials based on phase-
change effects are covered by T03-B01B codes.

Amorphous, chalcogen, crystalline, selenide, sulfide,
telluride

U21-BO1T [2006]

Using nano-tubes

Other U21-B01 codes are applied where applicable, only
electronic switches are coded here, if electromechanical
see V03 and if solely optical see VO7.

U21-B01X

Other devices

Includes switches using Hall effect devices (when used for
proximity switches see U21-B02C), superconductive
devices (see U14-FO2B also), gas or vacuum tubes, etc.

U21-B02

Circuit details

U21-B02A

Controlling switching point/instant

U21-B02A1 [1987]

Introducing delay before switching using capacitor
and transistors

U21-B02A2 [1987]

Introducing delay before switching using digital
counter, timer, computer modules

U21-B02A3 [1987]

Providing predetermined threshold before
switching and switching at zero-crossing

See U22-DO7A for circuits delivering a pulse in response
to zero-crossing and U22-A04D5 for comparators in
general.

U21-B02B

Affecting states; Power-on resetting

Includes storing actual state of switch when supply
voltage fails.

Reset
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U21-802C [1983]

Proximity/touch switches
See T04-F01 also for computer keyboard switches.

U21-B02C1 [1987]

Capacitive/inductive/resistive not requiring
displacement of switch element

This code covers ‘touch’ switches operating without any
movement of the switch or switch parts and includes
electronic switching aspects of touch screens and the like,
which in general are also coded as T04-FO2A2. Capacitive,
inductive, magnetic or resistive electronic ‘touch’
switches in which part of the switch moves during
operation are covered by U21-B02C2.

U21-B02C2 [1987]

Inductive/capacitive/resistive responding to
physical displacement of plate or magnetic flux
element

U21-B02C3 [1987]

Using optical or other switching elements
See S03-C08 codes.
Light barrier

U21-B02D [1987]

Accelerating switching speed, reducing power
consumption, ensuring fully conductive state,
increasing max. current or voltage

(U21-B02X)
Includes also modifications for improving heat
dissipation.

U21-B02D1 [1987]

Using series/parallel switches to distribute
current/voltage
U21-BO2E [1987]

Switch protection
(U21-B02X)

See U24-F for protection of electronic circuits in general.

U21-BO2F [1992]

Eliminating interference voltages or currents, or
other sources of noise

(U21-B02X)

U21-B02G [1992]

Compensating variations of physical values e.g.
temperature

(U21-B02X)
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U21-B02H [2006]

Bidirectional switching

This code covers novel bi-directional switching
arrangements and is not routinely applied for devices
such as triacs which are inherently bi-directional

U21-B02)J [2006]
Switch testing

U21-B02X

Other aspects of electronic switching

U21-B03

Sample-and-hold arrangements

U21-B05 [1987]

Applications of electronic switching circuits

U21-B0O5A [1987]

Analogue switching

Transmission gate, multiplexer/demultiplexer, signal
selector

U21-B05B [1987]

Very high power/speed switching
Includes power-pulse techniques.

U21-B05C [1987]

Power converters and power switching

For low and very high power converters see separately
U24-D and X12-J codes.

Semiconductor relay

U21-B05D [1987]

Logic

This code is used to indicate the application of electronic
switching to logic circuitry and is applied for novel
electronic switching inventions which can be used in logic
circuits. Details of logic circuits themselves are covered by
U21-C codes which can be assigned in addition to U21-
BO5D when an electronic switching invention includes
specific details of those circuits. In general, since it is
understood that logic circuits involve switching,
inventions presented as novel logic circuits are not also
assigned U21-B codes.

U21-BOSE [1992]

Signal switching
(U21-BO5X)

Includes digital telecommunications,
multiplexing/demultiplexing aspects