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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-K01A1. Chip carrier, 
multilayer substrate circuit board and chip-on-substrate 
technologies are coded under integrated circuit 
packaging in U11-D01A, and hybrid circuits in U14-H03 
and U14-H04.  

U11-A  

Materials 

See U11-B03, U11-C01J, U12-B03C, U12-E01 and X12-
D01C 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] 

AIII-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] 

AII-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, AI-BIII-CVI group, AII-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 V07-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 V01-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-
H03C). For general integrated circuit substrate see also 
U11-D01A.  

U11-A06 [1983] 

Resists for semiconductor device manufacture 

(U11-A09) 

Includes photosensitivity increasing substances. See V04-
R01A for resists used in PCB manufacture. Apparatus for 
coating, processing photoresist are covered by U11-
C04A1 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-C05A or 
U11-C05B.  

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-C05B7) 

Prior to 1992, coded in U11-A09 and/or U11-C05B5, or 
U11-C05B6, or U11-C05B7.  

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-D03A1 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-C06A1, U11-C07A1, or U11-C07B 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-A14 [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-J) 

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-A16 [2007] 

Immersion lithography fluid 

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

U11-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-C01H for liquid phase deposition on 
substrate. 

Single crystal, monocrystalline, polycrystalline  

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-
D06. 

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-B03A [1992] 

Bulk crystal growth of AIII-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 AII-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-B05 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-B05A [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 

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-
C05E(-1 or -2) and U11-C05F3; in another example, 
forming smoothing insulating layer over interconnection 
structure is coded in U11-C05B9 and U11-C05D1. Aspects 
regarding processing apparatus are covered by U11-C09 
codes.  

U11-C01  

Deposition of active materials (e.g. 
semiconductors) 

U11-C01A to U11-C01H are applied for deposition using 
specified apparatus, with details about apparatus 
covered by U11-C09 codes. U11-C01J 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-C01A 

Physical deposition of semiconductor layer 

U11-C01A1 [1987] 

Thermal evaporation for deposition of 
semiconductor layer 

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

U11-C01A2 [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-C01A9) 

Includes deposition by glow/RF discharge, magnetron 
sputtering. Prior to 1997 sputtering was covered in U11-
C01A9.  

U11-C01A9 [1987] 

Other methods of physical deposition 

Includes also laser ablation.  
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U11-C01B 

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-C01B. 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-C01B1 [1987] 

Beam/mask assisted CVD of semiconductor layer 

Using beam/mask defining areas of localised reactive 
deposition. 

Laser assisted, LACVD  

U11-C01C [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-C01F [1992] 

Langmuir Blodgett method 

(U11-C01D) 

Mono-molecular films  

U11-C01H [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-C01J [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.).  

U11-C01J1 [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-C01J3 [1987] 

Deposition of semiconductor layers other than 
silicon  

U11-C01J3A [1992] 

Deposition of AIII-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-C01J3B [1992] 

Deposition of AII-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-C01J4A [1997] 

Deposition of group IV element/compound layer 

(U11-C01J4) 

Silicon carbide, diamond, germanium  

U11-C01J5 [1987] 

Polymer, organic film structures 

Macromolecular  

U11-C01J6 [1987] 

Heterojunction, superlattice structures, quantum 
wells, wires, boxes manufacture 
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U11-C01J6A [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-C01J7* [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-C01J1. Covers also separation of 
epitaxial device layers (see also U11-C01J1) from 
substrates on which they are grown (see also U11-
C04D1). 

Sandwich wafer  

U11-C01J8A [1997] 

Substrate bonding 

(U11-C01X) 

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-C08A6. 

SOI  

U11-C01J8B [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-C01H), etc.  

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  

Ion implantation, apparatus and associated 
techniques 

Ion injection, ion bombardment  

U11-C02B1 [1987] 

Ion implantation apparatus 

For novel aspects of ion beam appts. see also V05-
F05A7C. 

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

U11-C02B2 [1987] 

Ion 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-C02J  

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 AIII-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 AII-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 AIV elements and their compounds 

Germanium, diamond, silicon carbide  

U11-C02J1X [1992] 

Doping other semiconductor materials  

U11-C02J2 [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  

U11-C02J7 [1987] 

Doping for other semiconductor device 
manufacture 

Capacitor, LED, solar cells  

U11-C02X* [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-C03A [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-C03B [1987] 

Electron/ion beam treatment of semiconductor 

For apparatus, see also V05-F05A 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-C03E [1997] 

Radiation treatment of semiconductor 

(U11-C03B, U11-C03C) 

Includes bombardment with wave or particle radiation.  

Radioactive pulse 

U11-C03J [1987] 

Nature of process/techniques, structure/material 
being treated  
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U11-C03J1 [1987] 

Recrystallising semiconductor layer 

(H01L-021/324)  

U11-C03J2 [1987] 

Annealing, defect control, gettering of 
semiconductor  

U11-C03J2A [1992] 

Annealing semiconductor layer 

Rapid thermal annealing, RTA  

U11-C03J2B [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-C03J8 [1992] 

Heat/radiation treatment of non-silicon 
semiconductor material  

U11-C03J8A [1992] 

Heat/radiation treating AIII-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 AII-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  

U11-C04  

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-
C04A3, U11-C04A4, U11-C04A5, U11-C04C1.  

U11-C04A [1983] 

Resist processing, mask manufacture and 
inspection, and exposure control in 
microlithography 

(G03F-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-C06A1B.  

U11-C04A1A [1992] 

Wafer preparation for resist coating 

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

U11-C04A1B [1992] 

Wafer coating with resist for microlithography 

LƴŎƭǳŘŜǎ ŦƻǊƳƛƴƎ ΨŎƘŀǊƎŜ-ǳǇΩ ǇǊŜǾŜƴǘƛƴƎ ƭŀȅŜǊ ƻƴ ǘƻǇ ƻŦ 
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-C09C.  

U11-C04A1E [1992] 

Testing, measurement and Inspection of mask for 
microlithography 

For inspection of lithographic layers see also U11-F01B 
code. For all other measurement, testing or inspection for 
microlithography see also U11-F01 and S02/S03 codes as 
appropriate. 

U11-C04A1F [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-C04A1H [1997] 

Anti-reflective layers for microlithography 

See also U11-C04E1.  

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-C04E2. 

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-C04H2. 

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.  

U11-C04A5* [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-C04F1 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-
C04E1 for control of optical exposure light source (e.g. 
laser, lamp), or with U11-C04F1 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-C04A7 [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 

(H01L-021/027, G03F-007/20)  

U11-C04C [1983] 

Exposure for microlithography 

U11-C04C1* [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-C04E1. 

Optical system adjustment, lens positioning  

U11-C04C3 [1987] 

Vertical alignment and tilt control for exposure 
apparatus 

Through-the-lens, TTL  

U11-C04C4 [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-C04E [1992] 

Photolithography for semiconductor manufacture 

U11-C04E1 [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-C04E1A [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-C04E2 [1992] 

Optical masks for photolithography 

(U11-C04C2) 

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

Phase shifting, photomask, reticle  

U11-C04F [1992] 

Electron beam lithography for semiconductor 
manufacture 

U11-C04F1 [1992] 

Apparatus and method for electron beam 
lithography 

(U11-C05A5, U11-C04C, U11-C04A6) 

For control and focusing aspects see also U11-C04A6 and 
U11-C04C2 respectively. Includes methods of avoiding 
ΨŎƘŀǊƎŜ ǳǇΩ ƻŦ ǊŜǎƛǎǘΦ {ŜŜ ±лр-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 V05-F codes for novel electron beam lithography 
masks. 

Stencil mask 

U11-C04G [1992] 

Ion 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 V05-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-C04E codes). For 
control and confinement aspects see also U11-C04A6 and 
U11-C04C2 respectively. See V05-E and V05-F codes for 
novel details of apparatus and methods of monitoring, 
operation and control. 

Extreme ultraviolet, EUV 

U11-C04H2 [1992] 

X-ray masks 

(U11-C04A3) 

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

U11-C04J [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 

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-
A16. 

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-C05A  

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-H03A1 or U14-H03A4B4 when used for packaging 
mountings or multichip interconnect.  

U11-C05A1 [1987] 

Combined with organic materials  

U11-C05B  

Inorganic insulating layer deposition 

U11-C05B1 to U11-C05B4 are used where apparatus and 
associated techniques are emphasised (see also U11-C09 
codes for apparatus details); U11-C05B5 to U11-C05B8 
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-C05B7 and U11-
C05B8. 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-C05B3 [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-C05B5 [1987] 

Deposited inorganic nitrogen containing 
insulating layers 

Includes all nitrides of silicon and silicon oxide using 
methods in U11-C05B1, U11-C05B2 or U11-C05B3. 
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-C05B8A [1992] 

AIII-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  

U11-C05B8B [1992] 

AII-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-C05B8C [1992] 

AIV element/compound substrate for insulating 
layer deposition 

Silicon carbide, diamond  

U11-C05B8X [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-C05D3). Also covers 
layers to prevent soft errors (inside device, rather than 
package adaptations). Includes post-treatment of 
insulating layers. 

U11-C05B9A [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-C05D3). Also covers passivation films, films 
for moisture protection, etching stop layers and films for 
radiation protection. 

Smoothing, field oxide  

U11-C05B9B [1997] 

Insulating side wall formation 

(U11-C05B9)  

Includes forming side wall spacers. 

U11-C05B9C [1997] 

Buried insulating film formation 

(U11-C05B9, U11-C08A1) 

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-
C05C 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-C05C1* [1983-1986] 

Interconnections 

*This code is now discontinued, but remains searchable 
and valid for records from 1983 to 1986. See U11-C05D 
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-C05E 
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.  

U11-C05C9 [1983] 

Other aspects of conductive layer formation 

From 198701 for formation of resistive layers and bumps 
see U11-C05G. 

U11-C05D [1987] 

Interconnections 

(U11-C05C1)  

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 
ŎƻƴŘǳŎǘƛǾŜ ǇƭǳƎǎ ƛƴ ǿƛƴŘƻǿǎΦ CƻǊ ΨōŀŎƪ-side 
ƳŜǘŀƭƭƛǎŀǘƛƻƴΩΣ ǾƛŀǎΣ ǎǳōǎǘǊŀǘŜ ǘƘǊough 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-C05E, U11-C05F codes). For metallurgy related to 
e.g. electromigration, low resistance interconnections, 
see also U11-D03B2. 
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U11-C05E [1987] 

Electrode manufacture 

(U11-C05C4) 

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-
D03B2. For electrode bump see U11-C05G2B and/or U11-
D03B1. If electrode structure is novel see also U12-E02.  

U11-C05E1 [1987] 

Ohmic, Schottky etc. electrode manufacture 

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

U11-C05E2 [1987] 

Geometric structure miniaturisation for electrode 
manufacture 

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

U11-C05E3 [1992] 

Self-alignment for electrode manufacture 

Used e.g. for self-aligned silicon gate manufacture (see 
also U11-C05F1), self-aligned emitter-base contacts in 
bipolar transistor (see also U11-C05F2).  

U11-C05F [1987] 

Electrode manufacture for specific device, 
semiconductor substrate  

U11-C05F1 [1987] 

Electrode manufacture for FET 

U11-C05F1A [2005] 

Gate insulation layer manufacture 

Includes forming insulated gate structures for all MOS 
gated devices. 

U11-C05F2 [1987] 

Electrode manufacture for bipolar device 

Includes electrode manufacture for diodes, bipolar 
transistors.  

U11-C05F2A [1992] 

Electrode manufacture for bipolar device with 
polysilicon emitter 

U11-C05F3 [1987] 

Electrode manufacture for non-silicon 
semiconductor 

U11-C05F3A [1992] 

Electrode manufacture for AIII-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-C05F3B [1992] 

Electrode manufacture for AIV substrate 

Diamond, germanium, silicon carbide  

U11-C05F3D [1992] 

Electrode manufacture for AII-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-C05F3X [1992] 

Electrode manufacture on other semiconductor 
substrate 

U11-C05F4 [1987] 

Electrode manufacture for heterojunction 

Heterojunction gate  

U11-C05F5 [1987] 

Electrode manufacture for thin film transistor 

U11-C05F6 [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-C05G1A), capacitors (see also U11-C05G1B).  

U11-C05G [1987] 

Passive component manufacture 

Includes formation of resistive layers, contact bumps, 
fuses.  

U11-C05G1  

RLC component manufacture 

U11-C05G1A [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. 

ΨǇƭŀǘŜŘ ǘƘǊƻǳƎƘ ƘƻƭŜǎΩΣ ǇƭǳƎ  

U11-C05X [1992] 

Other aspects of layer formation 

U11-C06  

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

U11-C06A [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-
C04A1. 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-C06A1A [1992] 

Grinding, bevelling, lapping, polishing 

U11-C06A1B [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-C06A1C [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 
ΨǎǘƛŎƪȅ-ōŀŎƪΩ ŀŘƘŜǎƛǾŜ ǘŀǇŜ ǿƘƛŎƘ ƘƻƭŘǎ ǿŀŦŜǊ ƛƴ ǇƭŀŎŜ 
while cutting it into separate dice see also U11-F02A2. 

Grind, groove, slice, divide  

U11-C06B [1987] 

Beam lead device manufacturing techniques 

See also U11-C08A5 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-C07 

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. 
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U11-C07A [1983] 

Dry etching 

For microlithography, e.g. plasma ashing, see U11-
C04A1D. 

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-C07A3 [1987] 

Detecting dry etching completion 

Includes instrumentation and control. See also 
appropriate S02-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 V05-F05A1. 

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-C06A1B. For 
microlithography see also U11-C04A1 codes. 

Solution, tank, water, fluid, acid, spray etching, aerosol 
jet, 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  

U11-C07C1 [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 AIII-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 AII-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-C05B9A). 

Smoothing layer  

U11-C07D4 [1992] 

Etching to produce trenches, grooves in 
semiconductor substrate 

(U11-C07D9)  

U11-C07D9 [1987] 

Other etching aspects  

U11-C08  

Isolating IC components  

U11-C08A [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-
C05B9C. 

Diode isolation, buried layer  

U11-C08A2 [1987] 

LOCOS or local substrate chemical reaction for 
isolating IC components 

.ƛǊŘΩǎ ōŜŀƪΣ ǎƛŘŜǿŀƭƭ ƳŀǎƪŜŘ ƛǎƻƭŀǘƛƻƴΣ {²!aLΣ ǎŜŀƭŜŘ 
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 SOI 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-C08A5 [1987] 

Other methods for isolating IC components 

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

U11-C08A6 [1992] 

Semiconductor on insulator 

(U11-C08A5, 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-C08B1 [1992] 

Isolating IC components on AIII-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 AII-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-C06C 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-F05C 
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-C09C [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-F05C 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-C09E [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-C03A. 

U11-C09F [1987] 

Cleaning and maintenance of apparatus 

Refers mainly to apparatus covered by U11-C09 codes. 

Surface-trap, particle  

U11-C09F1 [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-C09M [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-F01B1 and S01 
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-C05C5 for 
localised deposition of conductive layer using SPM). Does 
not include microscopy per se, see S03-E02F codes and 
U11-F01B4 for application to semiconductor wafer 
measurement. See V05-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-
C06A1A). For marking IC package see U11-E02B. For 
marking defective chips on wafer as result of testing 
procedure see U11-F01D. 

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-C15B3 [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-F01B and S02/S03 codes for film measurement. See 
U11-C04 codes or U11-C03A for control of lithography or 
temperature respectively. For process control of 
complete production facility and multiple processing 
stages see U11-C15C and T06 and T01 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-
H01A and/or U14-K01A2B.  

U11-C18A2 [1992] 

Bipolar transistor manufacture 

This code may be used in conjunction with U12-D01A 
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-C05G1C. 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-C18B2 [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-B03E or U12-B03F. 

Pressure diaphragm, anisotropic, pressure 

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-H01E 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-H04B3B. For 
repair of integrated circuits using redundant circuitry. For 
memory redundancy see U14-D01A. 

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 

U11-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-D01A [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-
H03A1, U14-H03A4, 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-
H03B 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-D01A9. 

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-D01A3 [1987] 

Leadless/Surface mounting for semiconductor 
package 

Includes leadless with via holes, but leadless arrays with 
stand-offs, e.g. pad grid arrays, are also covered by U11-
D01A5. Prior to 199201 for chip carrier package see U11-
D01A. 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, SMD, 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-D01A3A [1997] 

Chip on board packages 

Includes direct attachment with protective polymer 
overcoat (see also U14-H03A3). 

COB, glob top  

U11-D01A4 [1992] 

High frequency package 

(U11-D01A9) 

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 

U11-D01A5 [1987] 

High pin count packages 

9ΦƎΦ ǇƛƴκǇŀŘ ƎǊƛŘ ŀǊǊŀȅǎΣ ŀƴŘ ƘƛƎƘ ōŀƭƭ Ŏƻǳƴǘ .D!Ωǎ όǎŜŜ 
also U11-D01A3). 

Pad grid array, PGA, BGA 

U11-D01A6 [1992] 

Multichip modules, high density package 

(U11-D03D, U14-H03C3) 

For multichip PGA modules see also U11-D01A5. For high-
density package mountings, e.g. high density 
interconnect, see U14-H03A1 and/or U14-H03A4, with 
manufacture covered by the appropriate subclasses in 
U11-C05D, U11-D03B, U11-D03C, U14-H04A. For hybrid 
circuit package see also U14-H03C3. 

MCM  

U11-D01A7 [1987] 

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

LƴŎƭǳŘŜǎ ǇŀŎƪŀƎŜ ŦƻǊ ΨǎƳŀǊǘΩ ŎŀǊŘ όǎŜŜ ŀƭǎƻ ¢лп-K). See 
U14-H01D for thin film aspects.  

U11-D01A8 [1987] 

Wafer level package 

Includes chip packaging on wafer. 

U11-D01A9 [1987] 

Other types of package 

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 package 

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 package 

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 ǎŜƴǎƻǊΣ whaΩǎ 

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 
package 

(U11-D01C9)  

U11-D01C6 [1997] 

Thermal protection for semiconductor package 

(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.  

U11-D02  

Cooling, heating and ventilating arrangements for 
semiconductor package 

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-D02E [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-D03A1A [1992] 

Lead frames 

For transporting, handling lead frames see also U11-F02A. 
Materials, e.g. metallic alloys, are also covered by U11-
A08B 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-D03A1B [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-F02A4. 

ATAB  

U11-D03A2 [1987] 

Connection details between lead frame and chip 
terminals 

Includes wire and gang bonding (see also U11-E01A, U11-
E01B 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. 

J leads, gull-wing leads  

U11-D03A4 [1987] 

Terminals for low/medium power diodes and 
transistors 

U11-D03A5 [1987] 

Terminals for higher power 
diodes/transistors/thyristors 

U11-D03A6 [1987] 

Terminals for high frequency devices 

Microwave  

U11-D03A9 [1987] 

Other types of connection to chips 

For solder preforms see also U14-H03A2 (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-
C05G2B. 

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-D03B2A* [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-H03C2 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/O 
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-D03C1A [1997] 

Wiring layout, power supply 

(U11-D03C1) 

Includes analogue wiring, I/O 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-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-H03A4.  

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-Iло!пΦ !ƭǎƻ ƛƴŎƭǳŘŜǎ ƛƴǘŜǊŎƻƴƴŜŎǘǎ ŦƻǊ ǎǇƘŜǊƛŎŀƭ L/ΩǎΦ 

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-D03A1B. 

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-
D03B1. 

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-
D01C2. 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-F01 [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-F01A [1983] 

Measuring material properties for semiconductor 
manufacture 

U11-F01A1 [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-F01A2 [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-F01A3 [1992] 

Surface topography measurements for 
semiconductor processing 

See also S02-A codes. 

Flatness, curvature, profile, smoothness  



506 U: Semiconductors and electronic circuitry 

U11-F01A4 [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-F01A5 [1997] 

Chemical composition measurement for 
semiconductor processing 

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

Spectroscopy  

U11-F01A9 [1992] 

Other measurements for semiconductor 
processing 

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

U11-F01B [1983] 

Film parameter measurement for semiconductor 
processing 

U11-F01B1 [1987] 

Measuring during semiconductor manufacturing 
process, within reaction vessels 

In situ 

U11-F01B2 [1987] 

Measuring using beam scanning 

 Includes measurements related to point defects, e.g. 
dust on wafer surface. For optical inspection in general 
see S03-E04 codes, In particular, S03-E04F codes cover 
optical techniques for flaw detection or contamination. 
For Electron beam microscopy see also U11-F01B4 and 
V05-F01 codes as appropriate. See also V05 codes for 
novel electron beam methods and apparatus aspects. 

U11-F01B3 [1987] 

Measuring using image recognition 

See T04-D codes also. 

Pattern, memory, compare, discriminate  

U11-F01B4 [1997] 

Optical or electron microscopy for semiconductor 
processing 

(U11-F01B9) 

Includes visual inspection. For electron microscopy at film 
level. For electron microscopes per se see also S03-E06B1 
and V05-F01 codes. 

U11-F01B5 [1997] 

Film thickness measurement for semiconductor 
processing 

(U11-F01B) 

Includes measuring thickness of deposited layer, profile 
of semiconductor structure. (See also S02-A02 codes). 
Prior to 199701 see U11-F01B. 

U11-F01B9 [1987] 

Other measuring/testing aspects for 
semiconductor processing 

U11-F01C [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-F01D. If details regarding 
type of testing are emphasised, see appropriate code in 
U11-F01C and U11-F01G. For on-chip testing, e.g. built-in 
test, see U11-F01D2, U13-C07, U21-C03D.  

Known good die 

U11-F01C1 [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-H03 codes. 
tǊƻōŜǎ ŦƻǊ ǘŜǎǘƛƴƎ ǎŜƳƛŎƻƴŘǳŎǘƻǊǎ ƳƻǳƴǘŜŘ ƻƴ t/.Ωǎ ŀǊŜ 
coded in V04-R06 codes. 

Burn in board, prober  

U11-F01C3 [1987] 

Testing integrated circuits 

Includes measurement on encapsulated chip, or die prior 
to encapsulation, the IC being regarded as a functional 
block (see also S01-G02B codes). Covers also automated 
testing by using off-chip random pattern generators (see 
also U11-F01D2B).  

ά{ǘǳŎƪ ŀǘέ Ŧŀǳƭǘ ǘŜǎǘƛƴƎΣ L55v, quiescent current, DUT 

U11-F01C5 [1987] 

Testing diodes, transistors, solar cells, CCD, others 

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

U11-F01D [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-F01D2). For testing at interval circuit 
nodes see S01-G01A1 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 
ǎŜƳƛŎƻƴŘǳŎǘƻǊǎ ƳƻǳƴǘŜŘ ƻƴ t/.Ωǎ ŀǊŜ ŎƻŘŜŘ ƛƴ ±лп-R06 
codes. 

U11-F01D2 [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-
G02A2B. 

Built-in self-test, BIST 

U11-F01D2A [1992] 

Scan based testing method for integrated circuits 

(U11-F01D, U13-C07) 

Includes level sensitive scan design. 

LSSD, scan path, set/scan logic 

U11-F01D2B [1992] 

Signature analysis and random pattern generation 
for testing integrated circuits 

(U13-C07, U21-C03D) 

For off-chip random pattern generators see also U11-
F01C3.  

U11-F01D3 [1987] 

Separate electronic testing apparatus for testing 
semiconductor devices, ICs, etc. 

Includes e.g. electron microscope with secondary 
electron measurement (see also V05-F01A1, V05-F08B 
and S01-G01A1 or S01-G01C1). 

Strobe, analyser, electron microscope 

U11-F01E [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-F01F [1987] 

Hybrid circuit testing 

Includes also testing matrix array, for LCD (see also U14-
K01A8). For hybrid circuits testing see also U14-H04B9. 

U11-F01G [1992] 

Characterised by the type of tests being carried 
out 

This code is usually applied with one of above U11-F01 
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 S01, 
S02, S03). 

U11-F02 [1983] 

Handling components 

U11-F02A [1983] 

Wafer/chip holders and conveyors 

Includes e.g. lead frame transfer, transport (see also U11-
D03A1 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-K01A1K. 

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

U11-F02A1A [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-F02A3 [1987] 

Chip die handling 

Includes carrier tapes for die transport.  

U11-F02A4 [1987] 

Holders and transport for IC packages, 
encapsulated devices 

Includes carrier lines to e.g. test devices (see also U11-
F01C), integrated circuit magazine, sockets to prevent 
lead deformation during transport, carrier tapes. For 
transporting packages and storage of devices.  
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U11-F02B [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-F01. 

Pattern, LSI, connect, computer aided design 

U11-G01 [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-G03 [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 AIII-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 AII-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-A01A1E for polymeric and organic 
LEDs, see also U12-B03C for general organic device 
aspects. 

Lead sulphide  

U12-A01A2 [1987] 

LED manufacture 

Includes manufacture of complete device or more 
specific aspects e.g. polarizing/optical film, electrode mfr. 
(see also U11-C05F6), arrays of LEDs. If 
deposition/etching techniques are emphasised, see also 
U11-C01/U11-C07 codes.  

LED 

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-F01C5.  

U12-A01B1 [1987] 

Semiconductor details of laser body 

Includes p-n junction lasers. For manufacture of laser 
electrodes see U11-C05F6 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  

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 AIII-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 AII-BVI compounds 

U12-A02A2B [1992] 

Solar cell with AIII-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. AI-BII-CVI, AII-BIV-CV, AII-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 

Used instead of U12-A02A2 section if material 
manufacturing details are emphasized. (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-C05F6. For thin film transparent 
conductive layer details see also U14-H01E.  

U12-A02A4B [1992] 

Solar cell substrate details 

U12-A02A4C [1992] 

Multij unction 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-G01A5, and for such 
amplifiers in optical communication systems see also 
W02-C04A3B. 

Bias, current, amplify, demodulate  

U12-A02B5 [1992] 

Photoreceiver characterised by material 

(U12-A02B)  

U12-A02B5A [1992] 

Photoreceiver with AII-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 AIII-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. AI-BIII-CVI group and AII-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-B01 [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  

U12-B03 [1987] 

Other devices and thick/thin film and organic 
semiconductor devices 

See also U14-H codes for film circuits. 

U12-B03A [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-B03E). 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-B03E [1992] 

Semiconductor transducers 

(U12-B03X) 

See also appropriate codes in S02, S03 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-
C18C. 

CHEMFET, ISFET 

U12-B03F [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-M06G codes for micromotors. 
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U12-B03F1 [2002] 

Microstructures 

See S03-H02A for micrometre scale instrumentation. 

U12-B03F1A [2002] 

Microstructural devices 

Includes individual MEMs devices 

U12-B03F1B [2002] 

Microstructural systems 

Includes assemblies of MEMs devices, and MEMs 
systems. 

U12-B03F1C [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-B03F2 [2002] 

Nanostructures  

See S03-H02B for nanometer scale instrumentation. 

U12-B03F2A [2002] 

Nanostructural devices 

U12-B03F2B [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-C01 [1983] 

Diodes (incl. rectifier assemblies) 

The following codes are no longer applied but they 
remain valid for records prior to 9201: U12-C01A, U12-
C01B. 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-C01A* [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-C01X codes.  

U12-C01B* [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-C01X codes.  

U12-C01C [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-C01E [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-C01X [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-H01A and U14-K01A2A. 

MIM 

U12-C02F [1997] 

Ferroelectric capacitor for integrated circuits 

(U12-C02X) 

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

U12-C02X [1992] 

Other types of capacitor 

U12-C03 [1987] 

Resistors, inductors 

Includes resistors with PN junction.  

U12-C03A [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-
H03C2 codes). For telecommunications aspects see W01 
codes. 

U12-C04 [2002] 

Fuses 

For all structural aspects of fuses/antifuses including 
memory redundancy circuits (see also U14-D01A). Before 
Jan 2002 see U11-D03B2A for structural aspects. For fuse 
manufacture see U11-C05G2A. 

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-
C05F1 and U12-D02A4. For thin film transistor see U12-
B03A and appropriate U12-D codes according to type of 
transistor. 

U12-D01  

Bipolar devices 

U12-D01A  

Bipolar transistors 

Bipolar junction, Darlington transistor 

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-D01A4 [1992] 

Bipolar transistor with tunnelling mechanism 

Includes resonant tunnelling bipolar transistor. 

RTBT  

U12-D01A5 [1992] 

Bipolar transistor with semiconductor on 
insulator substrate 

(U11-C08A5, U13-D, U12-D01A) 

For manufacturing aspects regarding silicon-on-insulator 
structures see U11-C08A6. 

SOI  

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-D01B. For bilateral devices 
see U12-D01B2. Includes Shockley diodes. 

Forward blocking, reverse blocking  

U12-D01B5 [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-D01B5 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 
(MIOS) 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-C08A5, U12-D02A, U13-D) 

For manufacturing aspects regarding silicon-on-insulator 
structures see U11-C08A6. 

SOI  

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-F02B. From Jan 
2006 see U12-D02E 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-D02E [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-D02J [1992] 

Hot electron transistor (HET) 

(U12-D01A, 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 AIII-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 AII-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 AI-BII-CVI, AII-BIV-CV, AII-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-C08A6. This code is used 
for discrete device with SOI substrate. For integrated 
circuit with SOI substrate see U13-D07. 

SOI  

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-
E01B2. 

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-C05E and U11-C05F codes. 

Schottky, ohmic  

U12-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-
D02A1, U12-Q, U14-A03B7 and, if integration aspects are 
important, in U13-C04A. 
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U13: Integrated Circuits 

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-H01 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-M01. 

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-H01B. 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. 

U13-A01F [1997] 

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 S05 
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-M01 codes for area imagers, and 
S06-D05 codes for linear imagers. Includes any aspect 
regarding discrete CCD and also integrated CCD for 
imagers (see also W04-M01B). 

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-B01A* [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. 

U13-B03 [1992] 

Analogue circuits with combined FET and bipolar 
devices  

(U13-B01A, U13-B02C) 

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

BiCMOS  

U13-B04 [1992] 

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

(U13-B01A, U13-B02C) 

For semiconductor structures see U13-D01B. 

U13-B09 [1987] 

Other aspects for analogue circuits 

Includes custom analogue array. 

U13-C  

Digital circuits 

Binary  

U13-C01  

Digital circuits with bipolar devices 

For semiconductor structures see U13-D01 codes. 

U13-C01A [1992] 

Digital circuits with diodes, capacitors, resistors 

For semiconductor structures see U13-D01B. 

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-C02C [1992] 

Digital circuit with FET and diodes, capacitors, 
resistors 

For semiconductor structures see U13-D03A. 

U13-C03 [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-C01E and/or U11-
G). 

U13-C04A [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-C04B [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-C05G1B, for capacitor structure 
see U12-C02A1. Prior to 1992 for transistor-capacitor 
DRAM structure, see U13-D03; after 1991 see also U13-
D03A. 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-C01E 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-M05. 

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-F01D2A, U11-F01D2B). 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-H04B3B. 

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-C08A5 and U13-D. From 1992 for 
integrated circuits on insulating substrates see U13-D07. 

U13-D01  

Integrated circuit structure with bipolar devices 

U13-D01A [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-D03A [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 V07-F01A5. 

OEIC  

U13-D04B [2005] 

Lab-On-Chip (LOC) 

Includes DNA microarrays or biochips using 
semiconductor based technology. For instrumentation 
details see also S03-H01 codes. For MEMs aspects see 
V06, and U12-B03F codes for micro- and nano-structural 
electronic or MEMs aspects. For glass microarray or non-
semiconductor fluorescence based techniques see S03 
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 S05 codes for medical 
applications). 

U13-D07 [1992] 

Integrated circuit with semiconductor on insulator 
structure 

For semiconductor on insulator manufacture see U11-
C08A6. For bipolar and field effect transistor on insulating 
substrate see U12-D01A5 and U12-D02A4 respectively. 

SOI, 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 T03 and W04. Storage systems 
for digital computing are in T01-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 

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-C05G1B and/or 
U12-C02A1. 

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-C18B5. 

BIMOS, SRAM, DRAM  



526 U: Semiconductors and electronic circuitry 

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). 

Ψ/Ǌƻǎǎ Ǉƻƛƴǘ ŀǊǊŀȅǎΩ  

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-ǘƛƳŜ ǇǊƻƎǊŀƳƳŀōƭŜ ƻǊ ΨƻƴŜ ǎƘƻǘΩ 9twOMS 
(without guard window to allow UV erasure). 

OTP  

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-C04A. 

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-
A03B7, as appropriate. 

U14-A06X [1987] 

Other non-volatile memories  

U14-A07  

Reading/writing 

Includes data-in/data-out (I/O) control circuits, I/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-E05B 
and/or T02-A04A5. 

U14-C  

General layout aspects regarding memories; 
interconnection arrangements 

Core, matrix, plate, unit, frame  

U14-C01 [1992] 

Interconnecting storage elements 

(U14-A20) 

Include power/signal transmission line layout relating to 
bit and word lines. See also appropriate codes in U11-
C05, U11-D03, U11-G. 

Open bit line architecture, folded bit line architecture  

U14-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-D01A [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-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-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-B01A. 

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 

U14-F  

Superconductive devices 

Josephson 

U14-F01 [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-H05, X12-D06 codes. Materials for 
unspecified uses are covered by U14 and X12-D06B 
codes. For testing aspects see also U11-F01 codes.  

U14-F01A [1992] 

Superconductive metal alloys and their 
manufacture 

U14-F01A1 [1992] 

Superconductive alloy manufacture and 
processing 

U14-F01A5 [1992] 

Novel superconductive metal alloys 

U14-F01B [1992] 

Non-metal superconductive materials and their 
manufacture 

U14-F01B1 [1992] 

Manufacture and processing of ceramic 
superconductive materials 

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

U14-F01B5 [1992] 

Superconductive oxide novel materials 

U14-F01B7 [1997] 

Other superconductive materials 

(U14-F01B) 

For materials not covered by U14-F01A5 and U14-F01B5, 
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-F02H code.  

U14-F02A [1992] 

Superconductive thin/thick film 

Includes deposition, patterning, metallurgical details, 
patterned layers. For techniques of deposition or etching 
see also U11-C05C codes U11-C01 or U11-C07 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-C05F6. For superconductive FET see 
also U12-D01A9. 

Josephson tunnel junction, SQUID  

U14-F02C [1992] 

Circuits using superconductive devices 

(U21-A03G, U21-C01X) 

For logic circuits see also U21-C01F. For analogue to 
digital converters using superconductive elements see 
U21-A03G.  
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U14-F02H [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 V06-V01E1. 
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-H01  

Thin film 

U14-H01A [1987] 

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

Used for layout and manufacturing aspects. Use U12-
B03A 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-D05 also. Used for 
sensor arrays not having sufficient semiconductor body 
details for inclusion in U12-A02B. For thermal printer 
heads/materials see T04-G03C or for thermal ink jet 
printer see T04-G02A. Does not include thin film 
magnetic heads, for which see T03-A03E.  

U14-H01C [1987] 

Thin film circuits, amplifiers, filters 

For thin film capacitors, resistors with emphasis on 
semiconductor body see U12-B03B and U12-C02 or U12-
C03 as appropriate.  

U14-H01D [1987] 

Thin film packages, interconnections 

See also U11-D codes.  

U14-H01E [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-H01E1 [2015] 

Transparent conductive oxides 

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

U14-H01E2 [2015] 

Transparent conducting polymers 

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

U14-H01E3 [2015] 

Metal compositions 

Includes metal halides, such as silver halide, copper 
iodine. Can be used in conjunction with U14-H01E1 for 
example film containing indium oxide (ITO) and copper 
iodide. 

U14-H01E4 [2015] 

Nanowire transparent conductive films 

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

U14-H01E5 [2015] 

Mesh structured films 

Includes copper mesh, silver mesh, metal mesh PET 

U14-H01F [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-H03 

Hybrid circuits 

From 2009 IC chip mountings have been transferred to 
U14-H05. See also V04-R and V04-Q codes. 
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U14-H03A* [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-H03D to U14-H03H codes. 

U14-H03A1* [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-H03D to U14-H03H codes. Used for chip carrier 
which implies subsequent encapsulation of device once 
mounted (for encapsulation see U14-H03A3). See also 
U11-D01 for package details. For general chip carrier 
substrate aspects see U11-D01A. For high density 
multilayer interconnect see U14-H03A4. Multilayer 
ceramic boards are also covered by U14-H03B for 
structure/material, and by U14-H04A3 for manufacture.  

U14-H03A2* [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-H03H 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-H03A3* [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-H03D to U14-H03H codes. For general aspects 
regarding multi-chip module, see U11-D01A6 or, for 
hybrid circuit packages see U14-H03C3.  

U14-H03A4* [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-H03D to U14-H03H 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  

U14-H03A4A* [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-H03D to U14-H03H 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-H02, 
U14-H03B, U14-H04A3.  

U14-H03A4B* [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-H03D to U14-H03H codes. See also relevant codes in 
U11 class e.g. U11-C05A, U11-C05D2, U11-C05D3, U11-
D03B9, U11-D03C3 and/or relevant codes in U14 class, 
e.g. U14-H01D, U14-H01F, U14-H03A1. 

Polyimide thermoset, KAPTON 

U14-H03B* [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-H03D to U14-H03H codes. For chip carriers see also 
U11-D01A, for un-encapsulated IC mountings see also 
U14-H03A1. For high density multilayer interconnect see 
U14-H03A4.  

U14-H03B1* [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-H03D to U14-H03H 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-H03D to U14-H03H codes. Includes e.g. recess to 
facilitate enclosure of chip, terminals, capacitors included 
in the multilayer board (see also U11-D03C1) etc.  

U14-H03C* [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-H03G. Includes substrates not covered elsewhere in 
U14-H03. See also U11-A05B for material aspects, and 
U11-D01A for chip carrier. 

Aluminium nitride, silicon carbide  
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U14-H03C1* [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-H03D to U14-H03H 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-H03D to U14-H03H codes. See W02-A also for 
microstrip/stripline circuitry. 

Triplate  

U14-H03C2A* [1997-2008] 

High frequency integrated circuits 

(U14-H03C2) 

*This code is now discontinued, but remains searchable 
and valid for records from 1987 to 2008. From 2009 see 
code U14-H03H 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-H03D to U14-H03H codes. For multi-chip modules 
see also U11-D01A6. 

Lead, Pin  

U14-H03D [2009] 

Hybrid circuits using thick films 

U14-H03E [2009] 

Hybrid circuits using thin films 

U14-H03F [2009] 

Substrates for hybrid circuits 

U14-H03F1 [2009] 

Ceramic substrates 

Includes any details of ceramic substrates to do with 
hybrid circuits. 

U14-H03F2 [2009] 

Other substrates types 

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

U14-H03G [2009] 

Hybrid circuits(general) 

Covers general hybrid circuit aspects that are not covered 
in above H03 codes. Replaces retired code, H03C. 

U14-H03H [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-H04  

Hybrid and thick film circuit manufacture 

U14-H04A [1983] 

Film and substrate processing for hybrid circuits  

U14-H04A1 [1987] 

Screen printing. Thick film layer processing 

LƴŎƭǳŘŜǎ ŎŜǊŀƳƛŎ ΨǿŀŦŜǊΩ ŘƛŎƛƴƎΦ 

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-H04A3 [1987] 

Ceramic circuit board manufacture (For hybrid 
circuits only) 

U14-H04A4 [2009] 

Trimming of thin/thick film components 

(U14-H04B3B) 

U14-H04A9 [1987] 

Other hybrid circuit manufacturing aspects  

U14-H04B [1983] 

Hybrid circuit assembling  

Includes all aspects of hybrid circuit assembling and 
manufacture, previously coded before 2009 in U14-
H04B1 to U14-H04B9. 
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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-H04B3A* [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-H04A4. 

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-F01F.  

U14-H05 [2009] 

Hybrid circuit package and/or terminal 
arrangements 

(U14-H03) 

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

U14-J  

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-H01E. From 2002 use with U14-
J02D codes to indicate material aspects of structure. 

Indium tin oxide, ITO  

U14-J02B [1992] 

Module details and sealing arrangements of 
electroluminescent display 

Includes connections to external electrodes or PCBs. 

U14-J02C [2005] 

EL display optical components 

For complete filter manufacture see also U11-C18D. 

U14-J02D [2002] 

Inorganic/organic electroluminescent displays 

U14-J02D1 [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-J04 [2005] 

Testing aspects of Electroluminescent displays 

Testing for active matrix see also U11-F01F and U11-F01D 
codes. For module testing see also S01-G01A3 and V04-
Q02A2. 

U14-J05 [2007] 

Electroluminescent device structure 

For electroluminescent devices other than displays. 

U14-J05A [2007] 

Electrode details for electroluminescent devices 

U14-J05B [2007] 

Module/Package details and sealing 
arrangements of electroluminescent devices 

U14-J05C [2007] 

Optical elements for electroluminescent devices 

U14-J05D1 [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, V07-K10A. For light valves, 
shutters, light spatial modulator see V07-K01A2. Testing 
aspects of active matrix are also covered by U11-F01F. 
For storage effect see U14-A02A.  

LCD  

U14-K01A [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-H01E for 
transparent conductive film.  

U14-K01A1C [1992] 

LCD optical components 

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

U14-K01A1D [1992] 

Spacers used in LCD 

(U14-K01A, 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-K01A1K [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-H01A. 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-
H01A and where appropriate, U11-C18A1, U12-B03A, 
U12-D02A.  

U14-K01A2C [1997] 

Plasma addressed LCD 

(U14-K01A2, U14-K01A1B)  

See also V05-A01A7. 

U14-K01A2D [1997] 

LC cells integral with photoconducting, 
ferroelectric layer 

Prior to 1997 see also U14-K01A1G, V07-K01A, V07-K05.  

U14-K01A2E [2007] 

Coatings for LCD 

Covers all protective coatings, includes anti-reflective 
films coating for LCDs 

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-E05B1 and 
relevant X26 codes prior to 2007. 

U14-K01A5 [1997] 

LCD substrate details 

(U14-K01A, 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-
F01F and/or U11-F01D codes. For module testing see also 
S01-G01A3 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-K03A [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 

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 V07-K01A. 

PLZT  

U14-K05 [2014] 

Electrowetting displays 

Includes manufacture, structure, drive circuits etc. 

U14-K09 [1983] 

Other passive display 

Includes electronic paper, can be used in conjunction 
with any other U14-K codes. For electronic paper in 
general see also W05-E10. 

Magnetophoretic  
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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) W04-F01F codes for video recording using 
compression coding 

(5) W04-G01F for audio signal recording coding and 
compression 

(6) W04-P01A codes for video signal coding 

(7) W04-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-A02B7J [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-
A03X 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-
G03B1 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-A03F7J [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)  

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 encoder 

(U21-A03X) 

Rotary encoders, shaft angle, moire fringes  

U21-A03J2 [1992] 

Magnetic or inductive position encoder 

(U21-A03X) 

U21-A03J5 [2002] 

Absolute position encoder 

 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  

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-P01A 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-
A05A2A 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-
K07A4D for document imaging and copying; T01-D02 for 
computer data coding; T01-J10D for image compression; 
T03-P01B for compression of recorded data; W01-A02A 
for data transmission; W04-F01F for video signal 
recording coding, W04-G01F for audio signal recording 
coding, W04-P01A codes for video signal coding, W04-
V05G 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 

U21-A05B [1987] 

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-F01A5. 
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. 

Kanji, 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-P01A 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 

U21-B  

Electronic switching or gating 

Purely mechanical and electromechanical switches using 
moving metallic contacts are covered in V03 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 V03 (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-B01A  

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-B02H (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-B01E [1992] 

Using optoelectronic devices 

(U21-B01X) 

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-C01P. Phase-change memories are covered by U14-
A03H and optical recording materials based on phase-
change effects are covered by T03-B01B codes. 

Amorphous, chalcogen, crystalline, selenide, sulfide, 
telluride 

U21-B01T [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 V07. 

U21-B01X  

Other devices 

Includes switches using Hall effect devices (when used for 
proximity switches see U21-B02C), superconductive 
devices (see U14-F02B 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-D07A 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  

U21-B02C [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 ΨǘƻǳŎƘΩ ǎǿƛǘŎƘŜǎ ƻǇŜǊŀǘƛƴƎ ǿƛǘƘƻǳǘ ŀƴȅ 
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-F02A2. Capacitive, 
inductive, magnetic or resistive electronic ΨǘƻǳŎƘΩ 
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-B02E [1987] 

Switch protection 

(U21-B02X) 

See U24-F for protection of electronic circuits in general.  

U21-B02F [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-B02J [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-B05A [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-
B05D 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-B05E [1992] 

Signal switching 

(U21-B05X) 

Includes digital telecommunications, 
multiplexing/demultiplexing aspects, single/multiple 
switch arrangements. See also W01-B codes.  

U21-B05X [1987] 

Other applications of electronic switching circuits 

Includes computer applications, pulse distributors etc.  

U21-C  

Logic circuits 

U21-C01  

Logic circuits characterised by components 

U21-C01A  

Bipolar transistors and diodes 

U21-C01A1 [1992] 

Diode- or resistor-transistor logic 

Includes complementary transistor logic, Schottky 
transistor logic. 

CTL, STL 

U21-C01A2 [1992] 

Emitter coupled logic 

Includes emitter function logic, base coupled logic. 

ECL, EFL, BCL 

U21-C01A3 [1992] 

Transistor-transistor logic 

TTL  

U21-C01A4 [1992] 

Integrated injection logic 

Includes integrated Schottky logic, static induction logic. 

ISL, STIL, IIL, I2L 

U21-C01B  

FET 

U21-C01B1 [1987] 

MESFET 

U21-C01B3 [1987] 

MOSFET 

Complementary, CMOS, enhancement/depletion mode, 
source coupled field effect logic, SCFL  

U21-C01B5 [1987] 

Dynamic MOSFET 
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U21-C01C [1987] 

Combined FET and bipolar 

Schottky diode-FET logic, SDFL, BiCMOS, BiMOS, BiFET, 
BiMIS  

U21-C01D [1987] 

Logic circuits implemented with circuit blocks 

Includes use of e.g. operational amplifiers and 
multiplexers, and also use of logic gates as 'blocks' to 
make up larger logic circuits and systems. 

U21-C01E [1987] 

Programmable logic arrays, gate arrays, 
reconfigurable logic 

(U21-C01X) 

This code is intended to highlight the use of 
programmable logic, such as semi-custom ASIC e.g. gate 
arrays (uncommitted logic arrays, configurable gate 
arrays, logic arrays), programmable logic devices 
categorised as programmable logic arrays, programmable 
array logic, programmable logic sequencers. For physical 
layout and interconnection details see also U11-D03, 
U13-C04C. To identify type of transistor employed, U21-
C01B or U13-C codes are used. Novel logic circuitry 
details of programmable logic are covered by U21-C03B3. 

PLA, PLD, FPGA 

U21-C01F [1992] 

Logic circuits using superconductive devices 

(U21-C01X) 

See also U14-F02C.  

U21-C01G [1992] 

Logic circuits using optoelectronic devices 

(U21-C01X) 

For optical logic elements, see V07-K06. For digital 
computing aspects, see T01-E05.  

U21-C01P [2009] 

Logic circuits using phase-change devices 

(U21-C01X) 

This code is intended for logic circuits using devices with 
phase-change properties, e.g. based on materials such as 
chalcogenides. Electronic switching circuits applying this 
technology are covered by U21-B01P. Phase-change 
memories are covered by U14-A03H and optical 
recording materials based on phase-change effects are 
covered by T03-B01B codes. 

Amorphous, chalcogen, crystalline, selenide, sulfide, 
telluride 

U21-C01R [1997] 

Logic circuits using devices with tunnelling 
mechanism 

Includes resonant tunnelling transistor or diode. 

RTBT, RHET, tunnel diode  

U21-C01T [2006] 

Logic circuits using nano tubes 

(U21-C01X) 

U21-C01X  

Logic circuits using other technology or 
components 

Includes logic circuits using magnetic, galvano-magnetic 
(Hall-effect) devices, ferroelectric capacitors.  

U21-C02  

Interface circuits 

input circuit, output circuit, buffer, transistor level shifting  

U21-C02A [1987] 

Inter-family; Logic level shifting 

TTL-CMOS, TTL-ECL 

U21-C02A1 [2007] 

Inter-family 

This code is intended for circuits interfacing between 
different logic families. Circuits providing an interface 
between logic circuits of the same type operating from 
different supply voltages are covered by U21-C02A5. 

U21-C02A5 [2007] 

Logic level shifting 

This code is intended for circuits providing an interface 
between logic circuits of the same type operating from 
different supply voltages. Interfacing between different 
logic families is covered by U21-C02A1. 

U21-C02B [1987] 

Drivers for displays, relays etc. 

See also T04-H codes for displays, V03-D02 for relays.  

U21-C02C [1987] 

Tri-state driver and parallel bus 

See also appropriate codes in T01 and W01.  

U21-C02D [1987] 

Serial line transmission 

See also appropriate codes in T01 and W01. 
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U21-C02D1 [2007] 

Differential transmission 

This code includes e.g. low voltage differential signalling 
(LVDS) circuits, from 2007 see also W01-A08D for 
differential data transmission systems in general. 

U21-C02E [2006] 

IC termination 

Covers interface for termination of transmission line for 
integrated circuits using active or passive components. 
Includes stand alone or on-chip, see also U25-D05 and/or 
W01/W02. 

U21-C03 [1983] 

Logic function and general integrated circuit 
details 

U21-C03A [1987] 

Integrated circuit - general gate aspects 

U21-C03A1 [1987] 

Input-output details, increased speed 

Includes modifications to increase fan-in and fan-out, and 
protection against short-circuited output.  

U21-C03A2 [1987] 

Power supply and noise prevention 

'Power supply details' refers to internal details of the 
logic circuit. Novel circuits for power supplies in general 
are covered by U24-D and U24-E codes which are also 
assigned as appropriate when part of the logic circuit 
itself.  

U21-C03A2A [1992] 

Modifications to reduce power dissipation 

Includes power supply substrate bias.  

U21-C03A2B [1992] 

Noise suppression 

Includes modifications for eliminating interference or 
parasitic voltages and currents, compensating for 
variations in temperature, supply voltage etc. 

Ground bounce  

U21-C03A3 [1992] 

Inverter circuit details 

(U21-C03A9) 

Includes details of pulses for e.g. NMOS, CMOS, BJT 
inverters (see also U21-C01A, U21-C01B). For pulse 
aspects see also appropriate U22-D01 codes. Includes 
also modifications of threshold for gating or switching. 
Complete novel inverters are coded as logic gates under 
U21-C03B. 

U21-C03A5 [2006] 

Reducing circuit size 

U21-C03A9 [1987] 

Other aspects of logic circuits 

U21-C03B [1987] 

Logic gates 

Includes novel circuits which perform logic functions e.g. 
AND, OR, NOR, NOT, EXCLUSIVE-OR, NAND.  

U21-C03B1 [1987] 

Tri- or multi-level, fuzzy logic 

U21-C03B1A [1992] 

Tri- or multi-level logic 

U21-C03B1B [1992] 

Fuzzy logic 

See T01-J16B for complex systems.  

U21-C03B2 [1987] 

Arithmetic 

Includes majority and minority circuits. See also T01-E02. 

Add, carry, computation, equivalence, multifunction, 
majority, arithmetic logic unit, ALU  

U21-C03B3 [2005] 

Programmable logic circuitry, including 
programmable controllers 

This code covers novel aspects of programmable logic 
circuits and programmable controllers. The use of this 
kind of device in logic systems is covered by U21-C01E 
and both codes can be assigned together when 
necessary, e.g. for a novel programmable controller 
implemented by configurable logic circuits. See also T01 
codes for programme control aspects and T06 codes for 
process and machine control aspects. Programmable 
controllers without any logic circuit details are not coded 
in U21 and are generally covered in T06, e.g. by T06-
A04B1. 

PLC 

U21-C03B4 [2005] 

State machines 

See also relevant T01 codes 

State Machine, Finite State Machine 

U21-C03B9 [1987] 

Other types of logic circuits 
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U21-C03C [1987] 

Fail-safe 

Monitor, fault detection, majority  

U21-C03D [1987] 

Logic simulators, design logic circuit construction, 
circuit board wiring 

Includes e.g. piggy-back construction for bus systems. For 
CAD applied to integrated circuits, see also U11-G. 

Computer-aided logic design, logic CAD, layout 
optimisation, logic synthesis  

U21-C03D1 [1997] 

Logic circuit testing 

See also S01-G01A codes and, for integrated circuit 
aspects, U11-F01D and/or U13-C07 codes. 

Signal analysis, set/scan logic  

U21-D  

Pulse counters and frequency dividers 

U21-D01  

Input/output circuits 

Serial-in parallel-out, serial-in serial-out  

U21-D02  

Starting/stopping/monitoring 

U21-D02A [1992] 

Starting/stopping 

Reset  

U21-D02B [1992] 

Monitoring. Error correction 

U21-D03  

Synchronous counting chains 

Includes both series (ripple) carry and parallel (look-
ahead) carry for enable signal of synchronous counter.  

U21-D03A [1992] 

Ring counters 

Includes feedback shift register counters. For random 
output counters see U21-D05C6. 

Twisted-ring, switched tail, moebius, Johnson  

U21-D04  

Asynchronous counting chains 

Ripple counters  

U21-D05 [1992] 

Characterised by counter details 

U21-D05A [1992] 

Reversible 

Up-down, forward-backward  

U21-D05B [1992] 

With non-binary base 

Excludes counters with base which is power of two.  

U21-D05B1 [1992] 

With variable counting base 

U21-D05B2 [1992] 

Divide-by-N counters 

U21-D05B2A [1992] 

Decade counters 

U21-D05B2B [1992] 

In which the base is an odd number 

U21-D05B3 [1992] 

In which the base is a non-integer 

U21-D05C [1992] 

Counters characterised by random or specific 
code output 

Excludes standard base types e.g. binary, hexadecimal 
etc. Includes counting systems for specific coding formats 
e.g. reflected codes.  

U21-D05C1 [1992] 

Using Gray code 

U21-D05C2 [1992] 

Using excess three code 

U21-D05C3 [1992] 

Using biquinary code 

U21-D05C6 [1992] 

Random counters 

See U22-A01A for random pulse generators in general.  

U21-D06 [1992] 

Characterised by the type of the device used 

U21-D06A [1992] 

Using semiconductor devices 
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U21-D06A1 [1992] 

Field effect transistors 

CMOS counters  

U21-D06A2 [1992] 

Bipolar transistors 

TTL, ECL  

U21-D06A3 [1992] 

Opto-electronic devices 

U21-D06B [1992] 

Using electromechanical devices 

Includes counters using e.g. relays.  

U21-D06X [1992] 

Other devices used as counters 

Includes counters using semiconductor devices not 
covered by U21-D06A, e.g. thyristors, diodes, CCD and 
other types of device e.g. magnetic cores, gas-filled tubes 
etc.  

U21-D09  

Other aspects of pulse counters and frequency 
dividers 
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U22: Pulse Generation and Manipulation 

U22-A  

Generating electric pulses 

U22-A01  

Generators producing trains of pulses 

U22-A01A [1983] 

Random pulse generators 

See T01-E04 for data processing arrangements for 
generating random numbers. Random counters are 
covered by U21-D05C6. Random number generators for 
e.g. gaming purposes are covered by T05-F and W04-X02 
codes. 

Pseudo-random generator, pseudo-random binary 
sequence (PRBS), shift register  

U22-A02  

Characterised by active element 

U22-A02A  

Bipolar transistors 

U22-A02A1 [1987] 

In integrated circuit form 

U22-A02B  

FET 

U22-A02B1 [1987] 

In integrated circuit form 

U22-A02C  

Other semiconductor devices 

Includes discrete and integrated devices.  

U22-A02D [1987] 

Using logic blocks 

E.g. gates, counters and flip-flops. 

RS/JK/D-type, inverter  

U22-A02E [1987] 

Using operational amplifiers or comparators 

This code covers the use only of comparators or 
operational amplifiers, i.e. where the devices themselves 
are not novel. Novel OPAMPs are covered by U24-G02A5 
codes and novel comparator circuits of general 
application by U22-A04D5. From 1992 ς 2011, U22-
A04D1 also covered pulse generators with an overall 
comparator function. 

U22-A02X  

Other active element 

Includes Josephson superconductor (with U14-F), and use 
of Wiegand wire.  

U22-A03  

Using energy-accumulating element and external 
switching signal 

Includes capacitor store discharging into load, 
transmission line, etc. See also X12-J09 for high power 
types. 

Blumlein, inductive store  

U22-A04 [1983] 

Circuit type 

U22-A04A [1983] 

Astable 

U22-A04A1 [1987] 

Blocking oscillator 

Transformer, winding, flux, saturation, inverter, converter  

U22-A04A2 [1987] 

Crystal 

Also coded in U23-!лм! ŎƻŘŜǎΣ ōŀǎŜŘ ƻƴ ƛƴƘŜǊŜƴǘ ΨǎƛƴƎƭŜ 
ŦǊŜǉǳŜƴŎȅΩ ŀǎǇŜŎǘΦ LƴŎƭǳŘŜǎ ƻǎŎƛƭƭŀǘƻǊ ǳǎƛƴƎ ƻǘƘŜǊ 
electromechanical resonator types, such as ceramic, 
SAW, etc. See V06-V codes for details of 
electromechanical resonators per se. 

Piezoelectric, quartz, series, parallel, resonance  

U22-A04A3 [1987] 

Feedback 

Includes oscillator with e.g. logic gates (also covered in 
U22-A02D) in ring circuit or similar. U22-A04A2 takes 
precedence for feedback arrangement including 
resonator element.  

U22-A04A4 [1987] 

Relaxation 

Capacitor, charge  

U22-A04A9 [1987] 

With voltage or current control 

Includes VCO.  

U22-A04B [1983] 

Mono-stable 

U22-A04C [1983] 

Bi-stable 
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U22-A04D* [1987-2011] 

Comparator 

*This code is now discontinued and from 2012 this 
subject matter is transferred to U22-A02E in the case of 
pulse generators based on comparators and U22-D01A1C 
for circuits performing a thresholding function on pulses. 
U22-A04D remains valid and searchable for records 
between 1992 and 2011 when it was used for comparator 
circuit pulse generators in general. 

U22-A04D1*  [1992-2011] 

Comparator pulse generator 

*This code is now discontinued and from 2012 this 
subject matter is transferred to U22-A02E in the case of 
pulse generators based on comparators and U22-D01A1C 
for circuits performing a thresholding function on pulses. 
U22-A04D1 remains valid and searchable for records 
between 1992 and 2011 when it was used for circuits 
configured as comparators with the purpose of 
generating pulses. Novel comparator circuits are coded in 
U22-A04D5, irrespective of application. (See note for that 
code).  

U22-A04D5 [1992] 

General comparator circuits 

This code is used to denote novel comparator circuits per 
se of general application, i.e. without regard to the 
pulse/continuous nature of either the input signal(s) or 
the output produced. The following codes may also be 
applied depending on the purpose of the circuit:  

1. Thresholding circuits, i.e. determining that a pulse has 
reached a preset amplitude are covered by U22-D01A1C. 

2. Circuits comparing pulses or pulse trains with one 
another are covered by U22-D02 codes. 

3. Circuits generating a pulse in response to a given 
characteristic of an input signal, are covered by U22-D07 
codes. 

4. Circuits providing a switching function in response to a 
given input signal characteristic are covered by U21-
B02A3. 

U22-A04X [1983] 

Other circuit type 

Includes multistable pulse generating circuits.  

U22-B  

Generator details 

See U22-H also, if phase frequency/control is involved.  

U22-B01  

Output regulation/control 

U22-B02 [1987] 

On-chip integrated circuit details 

U22-B03 [1987] 

General details of larger IC systems 

Includes e.g. reset circuits.  

U22-B05 [1997] 

Parameter compensation 

U22-B05 codes are assigned for compensation of 
parameters of the oscillator/pulse generator circuit itself 
and for the effect of external parameters. The codes are 
not used for similar arrangements applied to subsequent 
circuitry such as pulse shaping or pulse amplifying 
circuits. 

U22-B05A [1997] 

Active device characteristics 

U22-B05C [1997] 

Physical characteristics 

Temperature, voltage  

U22-B09  

Other pulse generator details 

Includes generator starting circuits.  

U22-C  

Generating finite slope or stepped portion pulses 

U22-C01  

Generating triangular shape pulses 

U22-C09  

Other finite slope or stepped portion pulse 
generation 

U22-D  

Manipulating pulses 

U22-D01  

Shaping pulses 

U22-D01A  

Thresholding, changing duration, limiting, 
amplifying, steepening 

U22-D01A1 [1987] 

Thresholding, limiting, amplifying, steepening 

U22-D01A1A [1992] 

Level clamping 

Covers limiting of amplitude and establishment or 
removal of offsets. 
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U22-D01A1C [1992] 

Thresholding 

This code is used for circuits determining that a pulse 
signal has attained a preset threshold level, i.e. 
comparing the amplitude of a pulse with a (usually fixed) 
reference. For example, a circuit re-establishing logic 
levels in data read from a magnetic hard disc would be 
coded here (also in T03-A06C3 and T03-A08A1C). When 
comparators are used for this purpose U22-D10F is also 
assigned. 

Slicing 

U22-D01A3 [1992] 

General pulse noise reduction circuits 

This code is used for anti-contact-bounce arrangements 
and for circuitry suppressing the effects of other noise 
sources on pulses.  

U22-D01A5* [1987-1991] 

Changing duration without time reference signals 

*This code is now discontinued and from 1992 this 
subject matter is transferred to U22-D01A6A.  

U22-D01A6 [1992] 

Changing pulse duration 

This code covers material previously coded in  

U22-D01A5 and U22-D01A7, and has been introduced to 
better reflect the hierarchical relationship of those codes 
which are now no longer used, but remain valid for 
records prior to 1992.  

U22-D01A6A [1992] 

Changing duration without time reference signals 

(U22-D01A5)  

Includes use of delay line, resonant circuit, etc. 

Pulse stretching  

U22-D01A6C [1992] 

Changing duration using time reference signals 

(U22-D01A7)  

U22-D01A7* [1987-1991] 

Changing duration using time reference signals 

 *This code is now discontinued and from 1992 this 
subject matter is transferred to U22-D01A6C.  

U22-D01D* [1987-1996] 

Characterised by active element technology 

*This code is now discontinued. From 1997 see U22-D10 
codes which are intended to provide information on 
active element technology for all U22-D subdivisions. 
U22-D codes remain valid for records from 1987-1996.  

U22-D01D1* [1987-1996] 

Integrated circuit implementation 

*This code is now discontinued. 

U22-D01D3* [1987-1996] 

Discrete: FET, bipolar, etc. 

*This code is now discontinued. 

U22-D01D5* [1987-1996] 

Gates, flip-flops, counters 

*This code is now discontinued. 

U22-D01D7* [1987-1996] 

Operational amplifier, comparator 

*This code is now discontinued. 

U22-D01D9* [1987-1996] 

Other technology for pulse shaping 

*This code is now discontinued. 

U22-D01X  

Other pulse shaping 

U22-D02  

Comparing/sorting pulses 

Includes comparison of individual pulses or pulse trains. 
See note for U22-A04D5 (comparators in general).  

U22-D02A [1997] 

With respect to amplitude 

U22-D02C [1997] 

With respect to phase 

Includes time-of-arrival comparison pulses. 

U22-D02E [1997] 

With respect to frequency 

U22-D02G [1997] 

With respect to duration 

U22-D02X [1997] 

Pulse comparison based on other characteristic 

U22-D03  

Monitoring pulses 

Includes circuits to detect deviation from desired 
characteristic of individual pulse and also missing pulses 
in pulse trains.  

U22-D03A [1997] 

With respect to amplitude 
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U22-D03C [1997] 

With respect to phase 

U22-D03E [1997] 

With respect to frequency 

U22-D03G [1997] 

With respect to duration 

U22-D03X [1997] 

Pulse monitoring based on other characteristic 

U22-D04  

Changing timing of pulses at single output 

Synchronization, clock, phase, delay, gate  

U22-D04A [1997] 

Changing pulse timing using active devices 

This code covers the use of individual transistors, 
amplifiers, logic gates etc. to alter the timing of pulses 
and takes precedence over U22-D04C. 

Counter, D-type, flip-flop, memory, register  

U22-D04C [1997] 

Changing pulse timing using passive devices 

This code covers the use of passive components only such 
as resistors, capacitors, delay lines and networks to alter 
the timing of pulses. 

Coil, CR, filter, inductor, LC, RC, RL, transmission line, 
winding 

U22-D05  

Changing pulse train pattern 

Includes circuits separating pulses from composite pulse 
train. For TV synchronizing signal separation in receivers 
see W03-A06 codes also. 

U22-D05A [1987] 

Frequency multipliers and dividers 

In addition to coverage of circuits providing fixed 
multiplication or division of pulse signals, from 2011 the 
scope of this code has been expanded to include digitally 
controllable devices and circuits, which were previously 
excluded. Novel aspects of variable divider and multiplier 
circuits based on counters are covered by U21-D codes 
which are also assigned as necessary. See U23-B02 for 
digital frequency multipliers for analog signals, e.g. 
sinusoidal oscillator signals. 

U22-D06  

Pulse distributors 

Includes clock signal distributors. See T01-K codes also for 
arrangements specifically for computers. 

Clock tree, multiple output   

U22-D06A [1997] 

With outputs differing in phase 

U22-D06C [1997] 

With outputs differing in frequency 

Clock doubler  

U22-D07  

Delivering pulse as function of input signal 
characteristics 

Includes comparator type circuits generating a pulse 
when input signal reaches a preset threshold, and edge 
triggered circuits. See note for U22-A04D5. 

U22-D07A [1987] 

Zero crossing, responding to power supply 

Includes e.g. power-on-reset circuits (see U21-B02B also). 
See U21-B02A3 for switching circuits operating at zero-
crossing. 

U22-D07C [1997] 

Individual pulse peak detector 

Covers arrangements delivering a pulse in response to 
the peak value of an input signal. For peak detectors in 
the context of signal rectifiers see U24-C03A, and for 
electrical measuring instruments in particular, S01-
D01A3.  

U22-D10 [1997] 

Pulse manipulation circuit implementation 

Codes in this section are applied, in conjunction with 
other U22-D codes, to indicate the technology used only. 
They do not, in general, represent novel aspects which 
are indicated by the accompanying code(s) appropriate to 
the particular pulse manipulation involved. Prior to 1997, 
technology was indicated for pulse shaping only by U22-
D01D codes, which are no longer assigned.  

U22-D10A [1997] 

Bipolar transistor 

U22-D10A1 [1997] 

Integrated 

U22-D10A2 [1997] 

Discrete 

(U22-D01D3)  



EPI Manual Codes 2020 553 

Part 2  

U22-D10B [1997] 

Field effect transistor 

U22-D10B1 [1997] 

Integrated 

(U22-D01D1)  

U22-D10B2 [1997] 

Discrete 

(U22-D01D3)  

U22-D10C [1997] 

Bipolar and FET combined 

U22-D10C1 [1997] 

Integrated 

(U22-D01D1)  

U22-D10C2 [1997] 

Discrete 

(U22-D01D3)  

U22-D10D [1997] 

Using logic blocks 

U22-D10E [1997] 

Using computer/microprocessor 

U22-D10F [2002] 

Using comparator 

U22-D10X [1997] 

Other pulse manipulation technology 

U22-E  

Modulating/demodulating pulses; transforming 
modulation type 

From 1997, this code is expanded to include 
demodulation of pulses and transformation of 
modulation type, previously covered by U22-F. U22-F is 
no longer used but remains valid for records prior to 
1997. Pulse amplifying circuits per se are covered by U22-
D01A1.  

U22-E01 [1997] 

Characterised by modulation type 

U22-E01 codes are assigned to indicate the type of 
modulation (or demodulation with U22-E05A) only, and 
do not themselves represent novel aspects, these being 
highlighted by other U22-E codes.  

U22-E01A [1997] 

PWM 

PDM, duration, edge modulation, width 

U22-E01C [1997] 

PPM 

Position  

U22-E01E [1997] 

PAM 

Amplitude  

U22-E01G [1997] 

PFM 

Frequency  

U22-E01X [1997] 

Other pulse modulation type 

U22-E03 [1997] 

Novel circuitry (including systems) 

U22-E05 [1997] 

Demodulation of pulses; transforming modulation 
type 

(U22-F) 

Used with other U22-E codes when emphasis is on 
demodulation.  

U22-E05A [1997] 

Demodulating pulses 

(U22-F)  

U22-E05C [1997] 

Transforming pulse modulation type 

(U22-F)  

U22-E07 [1997] 

Application of pulse modulation/demodulation 

(U22-F) 

This code is intended to represent, with U22-E01 and/or 
U22-E05 codes as appropriate, applications of pulse 
modulation or demodulation. It may be assigned, 
therefore, for inventions where circuitry aspects are not 
novel per se.  

U22-E09  [1997] 

Other pulse modulation/demodulation 
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U22-F* [1980-1996] 

Demodulating pulses, transforming modulation 
type 

*This code is now discontinued and the subject matter is 
incorporated into U22-E codes. U22-F remains valid for 
records prior to 1997.  

U22-G  

Digital filters and networks 

U22-G03 codes cover digital signal processing/networks 
in general and U22-G01 codes are applied in addition 
when concerned with digital filters. See U25 codes for 
analogue equivalent filters and networks. See also T01-
J08B for data processing aspects. 

U22-G01 [1992] 

Digital filters 

Codes in this section are split into filter type and filter 
function. For construction, performance, operation and 
application see relevant U22-G03 codes. See T01-J08B for 
computer aspect. 

U22-G01A [1992] 

Digital filter types 

U22-G01A1 [1992] 

Recursive 

Covers filters incorporating feedback. 

Infinite impulse response, IIR  

U22-G01A1A [1992] 

Wave digital filter 

U22-G01A1B [2005] 

Kalman filter 

U22-G01A3 [1992] 

Non-recursive 

Covers filters without feedback and includes digital 
transversal filters. See U25-A02 for analogue transversal 
filters. 

Finite impulse response, FIR  

U22-G01A5 [1992] 

Adaptive and variable filter 

From 2015, the title of this code has been changed to 
reflect the existing coverage of filters with characteristics 
that are adjustable but not necessarily varied in response 
to input signal characteristics, i.e. not necessarily 
adaptive. 

U22-G01A5A [1997] 

Coefficient derivation details 

Tap  

U22-G01A5B [2005] 

Matched filter 

U22-G01B [1992] 

Filter function 

U22-G01B1 [1992] 

Low pass 

U22-G01B6 takes precedence where emphasis is on 
decimation filtering. 

U22-G01B2 [1992] 

Band pass 

U22-G01B3 [1992] 

High pass 

U22-G01B4 [1992] 

Notch filter 

This code covers digital filters which attenuate a band of 
frequencies and pass those on either side. 

Band stop filter 

U22-G01B5 [1992] 

Comb filter 

U22-G01B6 [1992] 

Decimation filter 

U22-G01B9 [1992] 

Other filter function 

U22-G01C* [1992-2004] 

Filter construction 

*This code is now discontinued. From 2005 details of 
components/configuration of digital signal 
processing/networks in general are covered by U22-G03 
codes. 

U22-G01D* [1992-2004] 

Filter operation 

*This code is now discontinued. From 2005 details of 
operation and application of digital signal 
processing/networks in general are covered by U22-G03 
codes. 

U22-G01X [1992] 

Other digital filter aspects 
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U22-G03 [2005] 

Digital Signal Processing/Networks 

U22-G03 codes cover digital signal processing and 
networks and are split to cover constructional details 
(U22-G03A), digital sampling (U22-G03B), functions and 
performance (U22-G03C) and operation and application 
(U22-G03E). U22-G01 codes applied in addition to U22-
G03 codes to highlight digital filter aspects. 

U22-G03A [2005] 

Construction 

This code covers constructional details including design, 
z-transform blocks, DSP block architectures, etc. Testing 
aspects are covered in U22-G03A1. Other U22-G03 are 
applied where applicable. 

U22-G03A1 [2005] 

Testing 

U22-G03A5 [2015] 

Design of digital filters and digital signal 
processors in general 

This code is assigned for novel aspects of apparatus, 
methods or software for use in the DSP design process. 
For computer-aided design (CAD) aspects see also T01-
J15A codes. 

U22-G03B [2006] 

Digital sampling 

Includes systems that sample signals that are already 
digital, for sampling of analog signals see U21-A03F6 
codes. Interpolation aspects are coded here. 

U22-G03B1 [2006] 

Re-sampling 

Includes arrangements for interfacing two DSP 
blocks/systems that have different sampling rates. 

U22-G03B1A [2006] 

Up-sampling 

U22-G03B1C [2006] 

Down-sampling 

U22-G03C [2005] 

Functions and performance 

U22-G03C1 [2005] 

Functions used in digital signal processing 

U22-G03C1 codes are applied to highlight functions 
performed by digital signal processors and networks. 
These codes are used to highlight block level functions 
and not the overall application, which is represented by 
U22-G03E3 codes. Filtering using digital filters is covered 
by U22-G01 codes. 

U22-G03C1A [2005] 

Addition and multiplication 

For integration function see U22-G03C1G. 

U22-G03C1C [2005] 

Delay 

U22-G03C1E [2005] 

Array handling 

This code is applied to highlight the function of fetching 
values from memory locations and/or copying data from 
memory to memory. 

U22-G03C1G [2006] 

Integration 

U22-G03C1X [2005] 

Other function 

U22-G03C2 [2005] 

Performance 

U22-G03C2A [2005] 

Size reduction 

U22-G03C2C [2005] 

Reduction in power consumption 

U22-G03C2E [2005] 

Increasing processing speed 

U22-G03C2X [2005] 

Other performance aspect 

U22-G03E [2005] 

Operation and application 

These codes are used to highlight overall operation and 
application of a DSP system/network, i.e. the use of DSP 
blocks to perform e.g. Fourier transform, where the 
novelty may not be the blocks themselves but is the way 
the blocks are used to perform the operation. 
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U22-G03E1 [2005] 

Operation 

This code is applied to highlight general operation of 
digital signal processing/networks. 

U22-G03E1A [2005] 

Software and algorithms 

See T01-J04B1 for transformation functions in general. 

Fourier transform, Hilbert transform, Polynomial 
transform, WALSH functions 

U22-G03E3 [2005] 

Applications of DSP 

U22-G03E3 codes are applied to highlight the application 
of a digital signal processor or network. Filtering using 
digital filters is covered by U22-G01 codes but 
applications of filtering can be indicated by assignment of 
U22-G03E3 codes as well, e.g. a digital filter used for 
reducing noise would be represented by appropriate 
U22-G01 codes in conjunction with U22-G03E3A. 

U22-G03E3A [2005] 

Noise reducing/cancelling 

U22-G03E3C [2005] 

Equalization 

U22-G03E3D [2005] 

Correlation 

See T01-J04B2 for correlation functions in general. 

U22-G03E3F [2005] 

Phase shifting and delay 

U22-G03E3X [2005] 

Other DSP application 

U22-G05* [1992-2004] 

Digital networks 

*This code is now discontinued. From 2005 digital 
Networks in general are covered by U22-G03 codes. 

U22-G05A* [1992-2004] 

Network construction 

*This code is now discontinued. From 2005 digital 
network construction in general is covered by U22-G03 
codes. 

U22-G05B* [1992-2004] 

Network operation 

*This code is now discontinued. From 2005 digital 
network operation in general is covered by U22-G03 
codes. 

U22-G09 [1992] 

Other digital network aspects. 

U22-H  

Automatic digital phase/frequency-control and 
synchronization 

This is a general code used to indicate control of phase or 
frequency in digital systems, especially for 
synchronization, and includes non-PLL phase control and 
clock extraction circuits (see W01-A04 codes for data 
transmission aspects). Other U22 codes are also assigned 
as necessary, such as U22-D04 codes for delay circuits 
and U22-D06 codes for clock distribution arrangements. 
Inventions concerned with digital phase lock loops (PLLs) 
and delay lock loops (DLLs) are covered by U23-D01 
codes which are assigned instead of U22-H. 

Fourier, clock signal, clock skew, clock tree.  
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U23: Oscillation and Modulation 

In general this class covers circuits dealing with sinusoidal 
oscillations, but also includes digital implementations of 
circuits such as phase-locked loops, phase detectors etc. 
which may be interfaced with analogue systems. 
Applications may involve codes in section W for data 
transmission, radio and TV receivers, etc.  

U23-A  

Sinusoidal oscillators, (using) 

See U23-E codes for control of output.  

U23-A01  

Amplifier with regenerative feedback 

Negative resistance oscillator circuits are coded in U23-
A02.  

U23-A01A  

Electromechanical resonator 

Oscillators using logic inverters and the like in a feedback 
arrangement with an electromechanical resonator are 
also assigned U22 codes (e.g. U22-A02D and U22-A04A2). 
Novel aspects of resonators themselves are covered by 
V06-V01E codes with other V06-V codes as appropriate. 

Quartz, crystal, piezoelectric, fundamental, overtone, 
parallel, series, resonance, effective series resistance, ESR, 
trim  

U23-A01A1 [1987] 

SAW resonator 

See U14-G and V06-V codes for SAW resonators per se. 

Surface acoustic wave, IDT, interdigitated  

U23-A01A2 [2006] 

MEMs resonator 

See V06-V codes for MEMs and NEMs resonators 
themselves. 

Surface acoustic wave, IDT, interdigitated 

U23-A01A5 [1992] 

With voltage control, e.g. VCXO 

This code is used with U23-A01A or U23-A01A1, as 
appropriate. Voltage controlled oscillators for PLLs are 
covered by U23-D01A1, and astable multivibrator type 
VCOs by U22-A04B9.  

U23-A01B  

Inductive/capacitive resistive elements 

U23-A01B1 [1987] 

Discrete LCR 

Frequency/phase-shift, Wien bridge, parallel-T, tuned 
circuit, coil, inductor, capacitor, resistor  

U23-A01B2 [1987] 

Distributed LCR, YIG or dielectric resonator etc. 

Includes the use of waveguide-type elements, novel 
aspects of which are coded in W02-A, e.g. W02-A03A 
codes for resonators. See U23-Q also for constructional 
and layout aspects influenced by the frequency of 
operation. 

Coaxial, cavity, tuned line, stripline, microstrip, YIG 
sphere, magnetic  

U23-A01B5 [1992] 

With voltage control e.g. VCO 

This code is used with U23-A01B1 or U23-A01B2 as 
appropriate. (See note for U23-A01A5).  

U23-A02  

Negative resistance element or transit-time 
effects 

Includes oscillators with conventional three-terminal 
device in negative resistance circuit configuration. 

Gunn diode, IMPATT, klystron, magnetron, TWT 

U23-A05 [2014] 

Oscillators based on spin transport electronics 

Covers oscillators using 'spintronics' or 
'magnetoelectronics', e.g. spin torque oscillators as used 
in microwave-assisted magnetic recording, for which T03-
A06N3 codes are also assigned. U23-Q is also assigned to 
denote significant high-frequency (e.g. microwave) 
aspects. 

Giant magnetoresistance, GMR, MAMR, oscillating field, 
STO, TMR, tunnel magnetoresistance 

U23-A06 [2016] 

Atomic oscillators 

This code is intended to cover oscillators in which signals, 
e.g. at microwave frequencies, are emitted by electrons 
in the atoms of gaseous alkali metals changing energy 
levels. Prior to 2016 this kind of oscillator was coded as 
U23-A when appropriate but was chiefly covered by U23-
D02 which will continue to be assigned for inventions 
based on the use of such oscillators as a reference 
frequency source. 

Cesium, coherent population trapping, CPT, double 
resonance, energy transition, gas cell, laser, light, 
quantum interference, rubidium 

U23-B  

Frequency multipliers/dividers 

U23-B01 [1987] 

Analogue 

Harmonic resonator, varactor, injection, diode bridge  
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U23-B02 [1987] 

Digital 

See U22-D05A for circuits multiplying or dividing pulse 
rate. Counter circuits are covered by U21-D codes.  

U23-C  

Phase or frequency comparators 

This code covers circuits for comparing the phase of 
frequency of sinusoidal signals. U23-D01A3A, which 
covers phase comparators /  detectors in phase lock loops 
or delay lock loops takes precedence over U23-C codes. 

U23-C01 [1987] 

Analogue phase or frequency comparator 

This code covers analogue circuitry used for comparing 
the phase or frequency of sinusoidal signals. 

U23-C02 [1987] 

Digital phase or frequency comparator 

This code covers digital circuitry used for comparing the 
phase or frequency of sinusoidal signals. Digital circuits 
comparing the phase of pulse signals are covered by U22-
D02C and their frequency by U22-D02E.  

U23-D  

Automatic phase/frequency control; 
synchronization 

Purely digital circuitry e.g. for clock extraction from 
incoming data stream, is coded in U22-H. From 1992 U23-
D01 codes are used for all aspects of phase-locked loops, 
whether of analogue or digital type. U23-D01A8 codes 
are used to distinguish analogue, digital, or hybrid types 
when this is significant. Prior to 1992 see U23-D01 codes 
and U22-H codes as appropriate.  

U23-D01 [1987] 

Delay lock loop and phase lock loop 

In 2005, the title of this code was changed to better 
reflect its inclusion of delay lock loops as well as phase 
lock loops. In the case of DLLs U23-D01D is assigned with 
other U23-D01 codes as appropriate. U23-D01 codes take 
precedence over the 'general synchronization' code U22-
H, which is assigned for digital phase and frequency 
control circuits not involving a PLL or DLL. 

DLL, PLL  

U23-D01A [1987] 

Loop details 

U23-D01A1 [1992] 

Voltage controlled oscillator 

Reference oscillators for frequency synthesizers are 
covered by U23-D01B3. 

Current/voltage/numerically controlled oscillator, CCO, 
VCO, NCO, voltage controlled crystal oscillator, VCXO  

U23-D01A2 [2007] 

Active loop control 

Includes control of loop gain, for which U24-C01 codes 
are also assigned as appropriate. 

U23-D01A3 [1992] 

Phase detectors and charge pumps 

From 2002 the title of this code has been changed to 
better reflect the previous inclusion of charge pumps, 
now coded separately as U23-D01A3C. 

U23-D01A3A [2002] 

Phase detector 

U23-D01A3C [2002] 

Charge pump 

Charge pumps in general are covered by U24-D02A1.  

U23-D01A5 [1992] 

Lock detector 

False lock protection is covered by U23-D01F3. 

Out-of-lock detector  

U23-D01A6 [2005] 

Delay array 

Includes delay lines, gates, etc. making up the delay 
chain. U22-D04 and U25-A05 are also assigned where 
relevant. 

U23-D01A7 [1992] 

Loop filter 

U23-D01A7A [1992] 

Variable bandwidth 

U23-D01A8 [1992] 

Loop type 

U23-D01A8A [1992] 

Analogue 

U23-D01A8B [1992] 

Digital 
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U23-D01A8C [1992] 

Hybrid analogue/digital PLL system 

U23-D01B [1987] 

Frequency synthesizers 

See W02-G03A codes also for application to radio 
communications equipment in general, and U23-F01 
codes for direct synthesizers. 

Synthesis, step, select, preset channel, radio receiver, 
transceiver, transmitter  

U23-D01B1 [1992] 

Division circuit, e.g. variable ratio divider 

U23-D01B1A [1997] 

For fractional synthesis 

Fractional-N  

U23-D01B3 [1992] 

Reference oscillator 

See U23-A01A also for oscillator circuits employing an 
electromechanical resonator. VCOs (and VCXOs) are 
coded in U23-D01A1 and the appropriate U23-A code. For 
temperature compensation aspects U23-E05 is also 
assigned. 

Quartz, crystal, SAW, oven, temperature, control  

U23-D01B5 [1992] 

Output filter arrangements, improving purity 

This code covers arrangements to reduce noise, spurious 
signals, etc. which are specific to the synthesizer circuit, 
i.e. it is not routinely assigned for noise reduction that is 
actually a property of the PLL itself which is covered by 
U23-D01F5. 

U23-D01B7 [1997] 

Characterised by use of more than one loop 

Includes dual-loop PLL synthesizers.  

U23-D01C [1987] 

Modulation/demodulation applications 

See also other U23 codes for type of modulation.  

U23-D01C1 [1992] 

Costas loop system 

U23-D01D [2005] 

Delay lock loop 

This code is assigned to indicate that an invention relates 
to a delay lock loop rather than a phase lock loop, other 
U23-D01 codes being assigned with it depending on 
novelty. When U23-D01 codes are assigned without U23-
D01D, it is assumed that a PLL is involved or that the 
invention is not specific to DLLs. 

U23-D01E [2006] 

PLL and DLL testing 

Includes calibration aspects. 

U23-D01F [1997] 

Modifications and improvements to loop 
characteristics 

These codes are used with other U23-D01 codes as 
appropriate.  

U23-D01F1 [1997] 

Lock acquisition time reduction 

See also U23-D01A7A. 

In-lock, pull-in, track  

U23-D01F3 [1997] 

False lock prevention 

See also U23-D01A5. 

U23-D01F5 [1997] 

Noise reduction 

Arrangements specific to indirect frequency synthesizers 
where the improvement is not a function of loop 
performance itself, e.g. an improved reference oscillator 
or an output filter, are covered by U23-D01B5 instead, 
but both codes can be used together when appropriate. 

U23-D01F7 [1997] 

Broadening capture range 

U23-D01F9 [1997] 

Other modifications to PLLs 

U23-D02 [1987] 

Other phase/frequency shift correction 

Includes systems not relying solely on PLLs to correct 
phase or frequency, e.g. non-feedback frequency control 
of an oscillator based on sensed temperature, injection 
locking and use of atomic oscillators. (Time and frequency 
standards based on atomic oscillators are covered by S04-
B02X and S04-C09). Prior to 2016 details of atomic 
oscillators themselves were chiefly assigned this code but 
from 2016 novel details of such oscillators, e.g. gas cells 
containing alkali metals, are covered by U23-A06. 

U23-E  

Oscillator starting and output control 

U23-E codes are assigned for oscillator circuit control and 
for temperature compensation arrangements associated 
with the oscillator itself. The codes are not used for 
subsequent circuitry such as phase shifting, phase 
splitting or amplifying circuits. See U22-B codes for 
analogous arrangements for pulse generators.  



560 U: Semiconductors and electronic circuitry 

U23-E01 [1992] 

Output control 

U23-E01A [1992] 

AGC-based system 

See U24-C01 codes also for automatic gain control 
circuits.  

U23-E05 [1992] 

Temperature compensation 

Includes choice of components (e.g. complementary 
temperature-dependent characteristics), temperature-
ǊŜǎǇƻƴǎƛǾŜ ΨǘǊƛƳƳƛƴƎΩ ƻŦ ƻǎŎƛƭƭŀǘƻǊ ŎƛǊŎǳƛǘǎΣ ŀƴŘ ΨƻǾŜƴΩ 
arrangements.  

U23-F  

Miscellaneous oscillation and noise generators 

U23-F01* [1987-2004] 

Direct frequency synthesizers 

*This code is now discontinued. From 2005 direct 
frequency synthesizers are covered by U23-F03 codes. 

U23-F01A* [1997-2004] 

Memory aspects 

*This code is now discontinued. From 2005 memory 
aspects of direct frequency synthesizers are covered by 
U23-F03A1. 

U23-F01C* [1997-2004] 

Improving output signal purity 

*This code is now discontinued. From 2005 
improvements in spectral purity of direct frequency 
synthesizers are covered by U23-F03B5. 

U23-F02* [1987-2004] 

Waveform generators using computer ROM and 
A-D/D-A converters 

*This code is now discontinued. From 2005 direct 
frequency synthesis and direct digital synthesis is covered 
by U23-F03 codes. 

U23-F03 [2005] 

Direct Frequency Synthesizers 

From 2005 U23-F03 codes have been introduced to 
better reflect direct frequency synthesis and includes 
direct digital synthesis. Indirect frequency synthesis is 
coded in U23-D01B. 

U23-F03A [2005] 

Novel synthesizer details 

U23-F03A1 [2005] 

Memory aspect and look-up tables 

U23-F03A3 [2005] 

Phase accumulators 

U23-F03A5 [2005] 

D/A and A/D aspects 

U23-F03A7 [2005] 

Analog circuitry 

U23-F03A9 [2005] 

Other 

U23-F03B [2005] 

Synthesizer performance 

U23-F03B1 [2005] 

Improving frequency resolution 

U23-F03B3 [2005] 

Increasing frequency transition 

Includes improving hopping speed. 

U23-F03B5 [2005] 

Improve spectral purity 

U23-F03B9 [2005] 

Other 

U23-F05 [1997] 

Noise generators 

Chaos, white noise 

U23-F09 [1997] 

Other oscillation generation 

U23-G  

Amplitude modulation 

This code relates to amplitude modulation of a carrier 
wave by an analogue signal. For AM using digital 
modulating signals see U23-P01C codes. See also U23-P 
codes for relevant additional details and W02-G01D for 
transmitter application. This code is intended to highlight 
novel aspects of amplitude modulators, e.g. with U23-P 
codes, or novel modulation schemes. It is not applied 
merely to indicate the use of AM in a general sense. 

Balanced modulator, DSB/SSB modulator  



EPI Manual Codes 2020 561 

Part 2  

U23-H  

Angle modulation 

This code relates to frequency or phase modulation of a 
carrier wave by an analogue signal. For FM or PM using 
digital modulating signals see U23-P01A codes. See also 
U23-P codes for relevant additional details and W02-
G01D for transmitter application. This code is intended to 
highlight novel aspects of frequency or phase 
modulators, e.g. with U23-P codes, or novel modulation 
schemes. It is not applied merely to indicate the use of 
FM or PM in a general sense. 

Reactance modulator, varactor, varicap, phase shifter  

U23-J  

Mixing; frequency changing 

Radio receiver applications (general) are coded in W02-
G03A5.  

U23-J01 [1997] 

Mixer 

See also under applications, e.g. W02-G03A5 for radio 
receivers in general, W03-B01A5 for broadcast radio 
receivers, and W03-A01B5 for TV receiver tuners. For 
image-suppression mixers, search with W02-G03B4A.  

U23-J01A [1997] 

Characterised by active device 

U23-J01A1 [1997] 

Diode 

U23-J01A3 [1997] 

Bipolar transistor 

U23-J01A5 [1997] 

Field effect transistor 

U23-J01A5A [1997] 

JFET 

U23-J01A5C [1997] 

MOSFET 

U23-J01A9 [1997] 

Other implementation technology 

U23-J01C [1997] 

Characterised by configuration 

U23-J01C1 [1997] 

Single-ended 

U23-J01C5 [1997] 

Balanced 

U23-J01C5A [1997] 

Single-balanced 

U23-J01C5C [1997] 

Double-balanced 

For ring configurations, U23-J01C5E takes precedence. 

DBM  

U23-J01C5E [1997] 

Ring 

This code takes precedence over U23-J01C5C.  

U23-J01C5G [2017] 

Triple-balanced 

Covers use of two double-balanced mixers driven in a 
push-pull configuration. 

Doubly double-balanced mixer, TBM 

U23-J01C9 [1997] 

Other configuration 

U23-J01E [2002] 

Integrated or film circuit implementation 

This code is assigned with other U23-J01 codes as 
necessary, to indicate a self-contained mixer in integrated 
form. Specific novel constructional and manufacturing 
aspects of monolithic and film circuits are also assigned 
codes from classes U11-U14 as appropriate. 

U23-J05 [1997] 

Frequency changing 

U23-J05A [1997] 

Single conversion 

U23-J05C [1997] 

Double and multiple conversion 

This code denotes two or more frequency conversions 
being performed. 

U23-K  

Amplitude demodulation 

See also U23-P codes for relevant additional details and 
W02-G03E for (general) radio receiver applications. 
Demodulators of signals amplitude modulated by digital 
signals are covered by U23-P01C and U23-P01J3. Signal 
rectifiers, e.g. for AGC purposes, are covered by U24-C03.  
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U23-L  

Angle demodulation 

See also U23-P codes for relevant additional details and 
W02-G03E for (general) radio receiver applications. 
Demodulators of signals frequency or phase modulated 
by digital signals are covered by U23-P01A and U23-
P01J3. 

Frequency, phase, FM, discriminator, quadrature 
detector, limiter 

U23-P [1987] 

Modulation/demodulation, general 

Codes in this section are used either alone, or with other 
U23 codes as appropriate. Additional codes may be 
assigned from section W for radio equipment 
applications.  

U23-P01 [1987] 

Digital Modulation/Demodulation 

From 2005 the title of this code has been changed to 
better reflect its content. U23-P01 codes are chiefly used 
with W01-A09 codes for carrier systems data 
transmission. They describe modulation of a carrier by 
digital signals. 

U23-P01A [2005] 

Angle Modulation 

Angle modulation with analogue modulating signals is 
covered by U23-H. 

U23-P01A1 [2005] 

Frequency Shift Keying 

FSK 

U23-P01A3 [2005] 

Phase Shift Keying 

PSK, QPSK 

U23-P01A5 [2005] 

Minimum Shift Keying 

MSK 

U23-P01A9 [2005] 

Other 

U23-P01C [2005] 

Amplitude Modulation 

Amplitude modulation with analogue modulating signals 
is covered by U23-G. 

U23-P01C1 [2005] 

Amplitude Shift Keying 

ASK 

U23-P01C9 [2005] 

Other 

U23-P01E [2005] 

Hybrid Modulation 

U23-P01E1 [2005] 

Quadrature Amplitude Modulation 

QAM 

U23-P01E9 [2005] 

Other 

U23-P01G [2005] 

Multi -frequency code techniques 

U23-P01J [2005] 

Novel Modulator/Demodulator Circuits 

U23-P01J1 [2005] 

Modulator 

Amplitude and angle modulators with analogue 
modulating signals are respectively covered by U23-G and 
U23-H. 

U23-P01J3 [2005] 

Demodulator 

U23-P01J3A [2005] 

Coherent detection 

U23-P02 [1987] 

Analogue circuit details 

This code is used in conjunction with U13-B codes for 
significant integrated circuit aspects.  

U23-P03 [1987] 

Implementation using digital techniques 

See T01-J codes for computer circuit aspects.  

U23-P04 [1987] 

Broader systems details 

Covers circuit blocks used for signal processing, rather 
ǘƘŀƴ ΨƛƴǘŜǊƴŀƭΩ ŎƛǊŎǳƛǘ ŘŜǘŀƛƭǎΦ CƻǊ ŀƳǇƭƛǘǳŘŜ-locked loop 
demodulation applications, use with U24-C01G.  
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U23-P05 [1987] 

Stereo, mixed AM/FM 

See W02-E and W02-F06 codes also for stereophonic 
broadcasting. Decoders in TV and radio receivers are also 
coded in W03-A02B1 and W03-B02C3 codes respectively.  

U23-Q [1987] 

Microwave and HF circuits 

(U23-X) 

This code is intended to indicate construction and layout 
aspects of microwave circuits and is used in conjunction 
with other relevant U23 codes. Waveguide components 
per se (including microstrip) are covered by W02-A codes. 
Construction and layout of microwave amplifiers is 
covered by U24-G04M. 

Microwave integrated circuit, MIC, stripline, resonator, 
cavity  

U23-R [2006] 

Testing/calibration 

This code covers all testing/calibration aspects for U23 
type circuits apart from PLLs and DLLs for which U23-
D01E is applied. See also S01 codes. 

U23-R01 [2006] 

Testing 

U23-R02 [2006] 

Calibration 

U23-X  

Other aspects of modulation/demodulation 

This code includes (de)modulation of EM waves, e.g. in a 
waveguide, and aspects of modulation or demodulation 
not otherwise catered for in U23.  
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U24: Amplifier and Low Power Supplies 

Heavy current equipment is in section X.  

U24-A* [1980-1986] 

Semiconductor/valve amplifiers 

*This code is now discontinued. The codes U24-A01 to 
U24-A09 in this group remain valid for records prior to 
1987.  

U24-A01* [1980-1986] 

DC and low frequency amplifiers  

*This code is now discontinued. 

U24-A02* [1980-1986] 

High frequency and wideband amplifiers  

*This code is now discontinued. 

U24-A03* [1980-1986] 

Power and switching amplifiers  

*This code is now discontinued. 

U24-A04* [1980-1986] 

Differential, operation, push-pull amplifiers; 
phase splitters 

*This code is now discontinued. 

U24-A05* [1980-1986] 

Feedback arrangements; raising efficiency  

*This code is now discontinued. 

U24-A06* [1980-1986] 

Modification for reducing noise/internal 
impedance effects/ temp. and supply voltage 
influence/ distortion; bandwidth extension  

*This code is now discontinued. 

U24-A09* [1980-1986] 

Other (incl. protection circuitry, multi-channel 
amplifiers)  

*This code is now discontinued. 

U24-B* [1980-1991] 

Parametric, magnetic and dielectric amplifiers, 
etc. 

*This code is now discontinued but remains valid for 
records prior to 1992. For parametric amplifiers see U24-
G04E, dielectric amplifiers see U24-G04X, magnetic 
amplifiers see U24-E04.  

U24-C  

Gain control 

Includes compression/expansion, AGC, muting, general 
signal rectifiers.  

U24-C01  

Automatic gain control 

AGC  

U24-C01A [1987] 

AGC amplifiers with analogue control 

U24-C01B [1987] 

AGC amplifiers with digital control 

U24-C01C [1987] 

Control signal derivation 

U24-C01C1 [1997] 

Novel signal processing per se 

Includes processing of derived control signal to achieve 
particular gain control characteristic.  

U24-C01C5 [1997] 

Taking other parameters into account 

E.g. using ambient acoustic signal, signal produced from 
mechanical parameters such as vehicle or engine speed, 
etc. 

In-car-entertainment, passenger compartment, 
microphone, volume  

U24-C01G [1997] 

Amplitude-locked loop 

See U23 codes also for AM and FM demodulation 
applications. Phase lock loops are covered by U23-D01 
codes. 

ALL  

U24-C02  

Companders; amplitude limiters 

U24-C02A [1987] 

Limiters 

Clipper circuit  

U24-C02A1 [1992] 

Soft limiter 

(U24-C02)  
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U24-C02A5 [1992] 

DC limiting i.e. level clamp circuit 

Video signal clamping circuits for TV receivers are coded 
in W03-A04C.  

U24-C02B [1987] 

Companding, compression, expansion 

Emphasis, pre-emphasis, compressor, compander, 
expander, Dolby®, Dolby-B®  

U24-C03 [1987] 

General signal rectifiers 

Covers rectifiers for control signal derivation. Amplitude 
demodulators in general are covered by U23-K.  

U24-C03A [1997] 

Peak detector 

See U21-B03 for sample-and-hold circuits.  

U24-C05 [1987] 

Manual control, combined gain/tone control, 
muting 

(U24-C09) 

See W03-C codes also for audio amplifier aspects.  

U24-C05A [1987] 

Manual gain control 

Also coded in W03-C03 for audio amplifiers.  

Volume  

U24-C05A1 [1997] 

Continuously variable 

Potentiometer  

U24-C05A5 [1997] 

Stepped variation 

Ladder, resistor, network, switch, tap  

U24-C05B [1987] 

Digital control details, e.g. by computer 

Includes e.g. computer circuit details.  

U24-C05C [1987] 

Muting 

Muting in radio receivers is covered by W02-G03B1.  

U24-C05D [1987] 

Combined gain and tone control  

U24-C09  

Other gain control 

U24-D  

Power converters 

Includes normally low electronic power converters. High 
power converters are in X12-J and their controllers in 
X13-G03. Indeterminate power converters are in U24 and 
X12. Unregulated or unstabilized converters are in U24-D. 
Stabilisers or voltage regulators are in U24-E. Does not 
cover individual components e.g. capacitors, 
transformers even if specifically intended for converters.  

U24-D01  

General converter details 

U24-D01A  

Generation of control voltages 

See also U21-B01 and U21-B05 codes for electronic 
switching.  

U24-D01A1 [1992] 

For bipolar transistor  

U24-D01A1A [1992] 

For IGBTs  

U24-D01A3 [1992] 

For FETs  

U24-D01A7 [1992] 

For control of other devices  

U24-D01A8 [2007] 

Multi -phase control 

This code is applied in conjunction with other U24-D 
codes to highlight novel multi-phase control. 

U24-D01A9 [1992] 

Characterised by PWM 

See U22-E codes for PWM in general.  

U24-D01B [1992] 

Protection 

See also U24-F. For high power converters see X12-J01B 
and X13-C04D. 

U24-D01B1 [2005] 

Snubber circuits 

U24-D01B1A [2005] 

Passive 

Includes the use of RLC elements and diodes. 
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U24-D01B1C [2005] 

Active 

Includes the use of transistors, etc. 

U24-D01B1F [2005] 

Dissipative 

Includes arrangements for dumping excess switching 
energy into a resistor. May be used in conjunction with 
other U24-D01B1 codes. 

U24-D01B1H [2005] 

Non-dissipative 

Includes arrangements for excess switching energy to be 
fed back or fed forward, respectively, to the input or 
output. 

U24-D01E [1992] 

Reducing harmonics and ripples 

(U24-D01X) 

See U25-E codes for filters in general.  

U24-D01E1 [2006] 

Harmonics reduction 

U24-D01E2 [2006] 

Ripple reduction 

U24-D01E5 [2014] 

Reducing electromagnetic interference 

This code covers measures to reduce electromagnetic 
interference generated by the converter itself, e.g. based 
on circuitry or on constructional details such as screening 
for which V04-U codes are also assigned. W02-H01 codes 
(general codes for EMI/RFI reduction at source) are also 
assigned as appropriate. 

Electromagnetic compatibility, EM, EMC, filter, harmonic, 
PWM frequency, radio frequency interference, RF, SMPS, 
switched mode, switching frequency, switching regulator, 
switching transient 

U24-D01G [1992] 

General cooling details 

(U24-D01X) 

See also V04-T03 codes.  

U24-D01J [2005] 

Measurements/testing/monitoring 

Includes self-checking arrangements and also monitoring 
by external equipment. See S01 codes for related 
electrical instrumentation aspects. 

U24-D01K [2007] 

Constructional details 

U24-D01X  

Other converter aspects 

Includes converter details not covered elsewhere. 

U24-D02  

DC-DC converters 

U24-D02A  

Without intermediate AC 

Charge pump  

U24-D02A1 [2005] 

Charge pump 

U24-D02A2 [2005] 

Chopper 

U24-D02B  

With intermediate AC 

U24-D02B1 [1992] 

Flyback; forward  

U24-D02B3 [1992] 

Half-bridge or single-ended push-pull; push-pull 

SEPP  

U24-D02B5 [1992] 

Full bridge  

U24-D02B7 [1992] 

Resonant  

U24-D03  

AC-AC converters 

U24-D04  

AC-DC converter 

Rectifier  

U24-D04A [1992] 

Half-wave  

U24-D04C [1992] 

Full-wave  

U24-D04C1 [1992] 

Bridge 

U24-D04C1A [1992] 

Characterised by diodes  
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U24-D04E [1992] 

Voltage multiplier 

U24-D04G [2002] 

Synchronous rectifier 

(U24-D04C) 

Includes rectifiers using active transistor switches.  

U24-D05  

Dc-ac converter 

Inverter  

U24-D05A  

Full- and half-bridge 

U24-D05A1 [1992] 

Characterised by bipolar transistors  

U24-D05A1A [1992] 

Characterised by IGBTs  

U24-D05A3 [1992] 

Characterised by FETs  

U24-D05A5 [2006] 

Characterised by combination of 
bipolar/IGBTs/FETs 

U24-D05A9 [1992] 

Other inverters 

Includes inverters characterised by type of switch not 
covered elsewhere. 

U24-D05B [2005] 

Inverter-type 

To be used in conjunction with other inverter codes such 
as U24-D05A. 

U24-D05B1 [2005] 

Voltage source inverter 

U24-D05B2 [2005] 

Current source inverter 

U24-D05B3 [2005] 

Utility inter -tie inverter 

Includes inverters fed by solar/wind power/etc 
generators for connecting to a mains/utility supply. For 
high power inverters, see X12-J codes. 

U24-D06 [2005] 

Pulse voltage supply 

See X12-J06 for high power pulse supply. See U22-A03 
also for energy-storage pulse generation. 

U24-D09  

Other converters 

Includes other converters not covered elsewhere e.g. 
dynamic types. 

U24-D10 [2007] 

Bidirectional converter 

This code is used in conjunction with other codes to 
indicate a bidirectional novelty. 

U24-D11 [2007] 

Multiple input/output  

This code is used in conjunction with other codes to 
indicate multiple input/outputs aspects. Caters for, for 
example, converters that output voltages of different 
magnitudes. 

U24-D12 [2007] 

Intelligent power supply 

Includes power supplies characterised by having a 
microcontroller for providing programmable features. 
The latter include the ability to adaptively respond to 
external conditions, adaptive current limit for different 
phases of the PSU operation, programmable output 
voltage, supervisory features, fault recovery, status 
information provision for remote diagnostics, etc. See 
also relevant T01-J08 codes. 

U24-E  

Regulating power/current/voltage 

U24-E01  

Non-feedback systems 

Includes e.g. Zener diode.  

U24-E01A [2005] 

AC variable 

U24-E01C [2005] 

DC variable 

U24-E01C1 [2005] 

Zener diode-based 
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U24-E01C5 [2005] 

Current mirror circuits 

Includes current sinking/sourcing configurations for the 
regulating transistor to connect a load to the ground/DC 
power supply terminal. 

U24-E01C7 [2005] 

Band gap reference circuits 

Includes, generally, regulators using the difference 
between base-emitter voltages of two bipolar transistors 
operating at different current densities. For voltage 
reference circuits using feedback, see U24-E02B7. 

U24-E02  

Feedback systems 

U24-E02A  

For AC 

U24-E02B  

For DC 

U24-E02B1  

With overload protection  

U24-E02B1A [1992] 

With overload protection and series dissipative 
transistor 

(U24-E02B3)  

U24-E02B2  

With transistor  

U24-E02B2A [1992] 

Switching regulator or switched mode power 
supply 

(U24-E02B4) 

SMPS  

U24-E02B2D [1992] 

Dissipative regulators 

(U24-E02B6)  

U24-E02B3* [1983-1991] 

With overload protection and series dissipative 
transistor 

*This code is now discontinued and was formerly a 
subdivision of U24-E02B1. From 1992 this subject matter 
is transferred to U24-E02B1A to indicate its proper 
hierarchical relationship to U24-E02B1. It remains valid 
and searchable for documents from 1983 to 1991. 

U24-E02B4* [1983-1991] 

Switching regulators 

*This code is now discontinued and was formerly a 
subdivision of U24-E02B2. From 1992 this subject matter 
is transferred to U24-E02B2A to indicate its proper 
hierarchical relationship to U24-E02B2. It remains valid 
and searchable for documents from 1983 to 1991.  

U24-E02B6* [1983-1991] 

Dissipative regulators 

*This code is now discontinued and was formerly a 
subdivision of U24-E02B2). From 1992 this subject matter 
is transferred to U24-E02B2D to indicate its proper 
hierarchical relationship to U24-E02B2. It remains valid 
and searchable for documents from 1983 to 1991.  

U24-E02B7 [2006] 

Voltage reference circuit 

Includes circuit using feedback. For non-feedback voltage 
reference circuits, see U24-E01C7. 

U24-E02B9  

Other DC regulators 

Includes other DC feedback systems to control 
power/current/voltage.  

U24-E02C [1987] 

Regulation for AC or DC variable 

U24-E02D [1987] 

Regulation of electric power 

U24-E02D1 [1987] 

Maximum energy transfer from generator 

Includes e.g. solar cell circuits.  

U24-E02D1A [1997] 

Solar power system and associated converter 
interconnection with commercial utility system 

(U24-E02D1) 

Generally includes inverter control (see also U24-D codes) 
to enable max. power transfer. See also X12-H01B.  

U24-E02D2 [1987] 

Regulating power factor 

Capacitor banks for power factor correction in heavy 
current systems are in X12-H01A.  
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U24-E03 [1987] 

Regulating electric variables using input deviation 
detection 

Phase/firing angle, phase-switching, fire, zero-crossing 
detector, trigger  

U24-E03A [1987] 

AC input with thyristors or triacs  

U24-E03B [1987] 

AC input with transistors, FETs  

U24-E03X [1987] 

Other electric output regulation based on input 
deviation 

Includes other electric variables regulation.  

U24-E04 [1987] 

Regulating magnetic variables 

(U24-X) 

Includes magnetic amplifiers using e.g. transductors.  

U24-F [1983] 

Protective circuits 

(U24-X) 

Protection for heavy current systems is covered by X13-C 
codes.  

U24-F01 [1983] 

For automatic disconnection 

(U24-X)  

This code covers protection arrangements for low-power 
electrical and electronic circuits involving disconnection 
which may be capable of being reset or may be non-
resettable, e.g. based on fuses. Novel details of fuses 
themselves are not included and are covered by X13-D01 
codes. 

U24-F02 [1983] 

Limiting excess current/voltage 

(U24-X) 

Surge protection  

U24-F03*  [1997-2016] 

Smart protectors 

*This code is now discontinued and from 2017 this 
subject matter is covered by U24-F05, i.e. as digital 
protectors. U24-F03 remains valid and searchable for 
records between 1997 and 2016 when it covered smart 
protectors using microprocessors and the like. See also 
U13-E01 for IC protectors and relevant T01-J08 codes for 
microprocessor control. 

U24-F04 [1997] 

Solid-state (analogue) protectors 

U24-F05 [1997] 

Digital protectors 

From 2017 the scope of this code is expanded to cover all 
low-power circuit protection devices which rely on digital 
circuitry and devices to detect fault conditions and 
initiate protective measures, including smart protectors 
which prior to 2017 were covered by U24-F03. 

ADC, analog-to-digital converter, digital relay, digital 
protective relay, logic, microprocessor, neural network, 
numerical relay, smart circuit protector, software 

U24-F06 [2002] 

Electrostatic protection 

U24-F07 [2002] 

Thermal protection 

U24-F08 [2018] 

Charging protection 

This code covers protection for energy stores such as 
secondary cells and capacitors, and equipment using 
them, from damage arising from charging. The protection 
may be triggered by an undesired electrical condition or 
by a physical change, such as deformation of battery 
casing or temperature rise. Other U24-F codes are also 
assigned as appropriate, e.g. U24-F01 for protection 
involving disconnection from a charging source or U24-
F07 for protection initiated by rise in temperature. 
Charging of batteries is also covered by X16-G codes and 
of capacitor energy stores by U24-L and X16-L02. 
Protection for high-power batteries and battery systems 
is covered by X13-C04X. 

Fast charging, gas pressure, overcharging, rapid charging 

U24-G [1987] 

Semiconductor/valve and other amplifiers 

Codes in this section are divided into categories of circuit 
application (U24-G01 codes), circuit type and 
configuration (U24-G02 codes), circuit modifications 
(U24-G03 codes) and implementation technology (U24-
G04 codes). In general, codes from the U24-G01,-G02 and 
-G04 sections are assigned to describe general aspects of 
the amplifier, novel features being chiefly represented by 
U24-G03 codes. From 1992, subject matter previously 
covered by U24-B has been incorporated in this section. 

U24-G01 [1987] 

Circuit applications 

U24-G01A [1987] 

Instrumentation servo, sensor opto-receiver (U24-
A01, U24-A09) 
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U24-G01A1 [1992] 

Instrumentation 

Instrumentation in general is covered in section S.  

U24-G01A5 [1992] 

Opto-receiver amplifiers 

Covers amplifiers with e.g. photodiode, phototransistor 
at input. See also codes for application, e.g. W02-C04A3B 
for optical communication receiving amplifier.  

U24-G01B [1987] 

Power 

U24-G01B1 [1987] 

Low frequency 

Also coded in W03-C01C when used as an audio power 
amplifier.  

U24-G01B5 [1987] 

High frequency 

Also coded in W02-G01B when used as transmitter power 
amplifier. See U24-G04M for microwave amplifier 
constructional aspects.  

HF, RF, microwave, millimetre, wave  

U24-G01C [1987] 

Audio and general low frequency 

See W03-C codes also for non-power audio amplifiers, 
e.g. W03-C01A for audio preamplifiers. 

U24-G01D [1987] 

High frequency 

Covers HF/RF signal amplifiers for video and radio 
equipment. See also under application, e.g. W02-G03A3 
for radio receiver RF amplifiers. See U24-G04M for 
microwave amplifier constructional aspects.  

U24-G01F [1992] 

Logarithmic amplifier 

Compression in general is covered by U24-C02B. Circuit 
modifications to introduce deliberate nonlinearity are 
covered by U24-G03K.  

U24-G01X [1987] 

Other amplifier application  

U24-G02 [1987] 

Circuit type and configuration 

U24-G02A [1987] 

Differential amplifier, current mirror, operational 
amplifier 

(U24-A04)  

U24-G02A1 [1992] 

Differential amplifier 

From 2002, U24-G02A1C is assigned for amplifiers with 
both differential input and output, and takes precedence 
over the other two subdivisions of U24-G02A1.  

U24-G02A1A [2002] 

Differential input 

U24-G02A1B [2002] 

Differential output 

U24-G02A1C [2002] 

Differential input and output 

This code takes precedence over U24-G02A1A and U24-
G02A1B. 

U24-G02A3 [1992] 

Current mirror 

U24-G02A5 [1992] 

Operational amplifier 

U24-G02A5A [1997] 

Transconductance amplifier 

OTA  

U24-G02A5C [1997] 

Current mode operation 

Covers amplifier with predominately current-based 
feedback.  

U24-G02A7 [1992] 

Follower circuit e.g. emitter follower 

U24-G02B [1987] 

Switched capacitor 

This code covers switched-capacitor amplifier technology, 
and includes any amplifier circuit using this technique. 
/ƛǊŎǳƛǘǎ ƻŦ ǘƘƛǎ ǘȅǇŜ ǳǎƛƴƎ ΨƻŦŦ-the-ǎƘŜƭŦΩ όƛΦŜΦ ƴƻǘ ƴƻǾŜƭύ 
operational amplifiers, used as a functional block or 
ΨōƭŀŎƪ ōƻȄΩΣ ŀǊŜ ŎƻǾŜǊŜŘ ōȅ ¦нп-G04C1, which is assigned 
as well as U24-G02B when necessary. Switched capacitor 
filters and switched capacitor networks in general are 
covered by U25 codes. 

U24-G02C [1987] 

Push-pull, phase splitters 

U24-G02C1 [1992] 

Phase splitter circuits 

This code is used for novel phase splitting circuits of 
general application.  

Transformer, transistor  
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U24-G02C5 [1992] 

Push-pull amplifier 

U24-G02D [1987] 

DC coupled 

U24-G02E [1987] 

Switching Amplifier 

From 2005, the title of this code has changed to better 
reflect its content. This code covers switching amplifier 
arrangements or as they are more commonly known 
Class D amplifiers. Digital Amplifiers and Class E amplifiers 
are also covered here. See U22-E codes for pulse 
modulation in general, U21-B codes for electronic 
switching in general and U24-G01 codes and W03-C 
codes for audio applications. 

Digital Amplifier, Class D, Class E, PWM, Switching 
Amplifier 

U24-G02F [1987] 

Gated, two-way, cascade, cascode, bridge, and 
combination amplifiers 

U24-G02F1 [1992] 

Gated amplifier 

Amplifier muting in general is covered by U24-C05C.  

U24-G02F2 [1992] 

Multichannel amplifier 

U24-G02F3 [1992] 

Bidirectional amplifier 

Two-way  

U24-G02F4 [1992] 

Bridge amplifier  

U24-G02F5 [1992] 

Cascaded amplifier 

Multistage  

U24-G02F7 [1992] 

Cascode amplifier  

U24-G02X [1987] 

Other amplifier circuit configurations 

Includes reflex amplifiers. 

U24-G03 [1987] 

Modifications and improvements to amplifiers 

(U24-A05, U24-A06)  

U24-G03A [1987] 

Negative feedback 

NFB  

U24-G03B [1987] 

Positive feedback, feedforward 

U24-G03B1 [1992] 

Feedforward 

See U24-G03D5 also when object is distortion reduction.  

U24-G03C [1987] 

Protection 

(U24-A09) 

Overvoltage or overcurrent protection in general is 
covered by U24-F codes.  

U24-G03D [1987] 

Noise/distortion reduction  

U24-G03D1 [1992] 

Noise reduction 

For application to radio receivers, see W02-G03B codes 
also.  

U24-G03D1A [2002] 

Noise arising from amplifier components 

U24-G03D1B [2002] 

Reducing effect of external noise sources 

U24-G03D3 [2002] 

Improvement in dynamic range 

U24-G03D5 [1992] 

Distortion reduction, linearity improvement 

For pre-distortion see U24-G03K and when relating to RF 
systems, W02-G04B codes also. 

U24-G03D5A [2002] 

Harmonic distortion 

U24-G03D5C [2002] 

Intermodulation distortion 

U24-G03D5X [2002] 

Other distortion 
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U24-G03E [1987] 

For integrated circuits 

Inventions coded in U24-G03E codes deal with 
improvements to amplifiers where the integrated aspect 
is a significant factor, and are not normally coded in U13 
unless structural aspects are involved. See U24-G04A 
codes for general integrated circuit implementation 
aspects of amplifiers.  

U24-G03E1 [1992] 

Measures improving performance 

This code may be used with other U24-G03 codes 
depending on the nature of the improvement. Includes 
e.g. improvement in noise figure, slew rate, (see U24-
G03D1 and U24-G03J respectively also) etc.  

U24-G03E5 [1992] 

Physical measures 

This code is used to denote measures not involving 
changes to the circuit per se, but to physical 
characteristics, e.g. enabling reduction of chip area.  

U24-G03F [1992] 

Offset reduction 

For application to DC amplifiers search with U24-G02D. 

U24-G03G [1992] 

Improving immunity to supply voltage change, 
novel biasing networks 

U24-G03G1 [1997] 

Novel biasing networks 

U24-G03H [1992] 

Improving immunity to temperature change 

U24-G03J [1992] 

Extending bandwidth 

Includes improvements to wideband performance, 
increasing slew rate, etc.  

U24-G03K [1992] 

Deliberate nonlinearity introduction 

For pre-distortion see U24-G03D5 and when relating to 
RF systems, W02-G04B codes also. 

U24-G03L [1992] 

Measures to improve stability 

Bode, Nyquist, compensation, open, loop, closed loop, 
feedback  

U24-G03N [1992] 

Improving efficiency, reducing supply voltage 

(U24-G03X) 

U24-G03N1 [1997] 

Improving efficiency 

This code mainly relates to power amplifiers in which 
case U24-G01B codes are also applied.  

Battery saving, headroom improvement  

U24-G03N5 [1997] 

Reducing supply voltage 

Includes arrangements for enabling operation with 
reduced supply voltage, e.g. in battery-operated 
equipment. 

Headroom, saturation, voltage swing, rail  

U24-G03P [1997] 

Improving CMRR, improving gain 

(U24-G03X)  

U24-G03P1 [1997] 

Improving CMRR 

(U24-G03X) 

See U24-G02A5 codes for differential amplifier per se.  

Common mode rejection ratio  

U24-G03P5 [1997] 

Improving gain  

(U24-G03X)  

U24-G03Q [1997] 

Reducing dependence on device characteristics 

This code may be used with U24-G03E and U24-G04 
codes as appropriate.  

U24-G03R [1997] 

Modifying input-output impedance 

(U24-G03X)  

U24-G03X [1987] 

Other modifications and improvements to 
amplifiers 

U24-G04 [1987] 

Amplifier implementation technology 

These codes are applied whenever the implementation is 
specific to a single main type.  
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U24-G04A [1987] 

Integrated transistor circuits 

Inventions assigned U24-G04A codes are not normally 
coded in U13 unless structural aspects are involved. 

U24-G04A1 [1987] 

Bipolar  

U24-G04A2 [1987] 

Field effect transistor 

CMOS, FET, IGFET, JFET, MESFET, MISFET, MOS, MOSFET  

U24-G04A3 [1992] 

Bipolar and FET combined  

U24-G04B [1987] 

Discrete transistor circuits  

U24-G04B1 [1987] 

Bipolar  

U24-G04B2 [1987] 

Field effect transistor 

CMOS, FET, IGFET, JFET, MESFET, MISFET, MOS, MOSFET  

U24-G04B3 [1987] 

Bipolar and FET combined  

U24-G04B9 [1987] 

Other discrete semiconductor device 
implementation  

U24-G04C [1987] 

Amplifier modules using operational amplifiers 

Includes circuits using general amplifier configurations as 
functional blocks. (Analogue computing elements are 
covered by T02-A04B codes).  

U24-G04C1 [1987] 

Switched capacitor amplifier using OPAMPs 

This code covers the use of non-novel operational 
amplifiers in switched capacitor amplifier circuit 
configurations. All aspects of switched capacitor 
amplifiers are covered by U24-G02B (which is therefore 
assigned with this code). Switched capacitor networks in 
general are covered by U25-A01.  

U24-G04D [1987] 

Valve 

Includes klystron, travelling wave tube, etc. amplifiers. 
For novel details of tubes themselves see V05-B and V05-
C codes.  

U24-G04E [1992] 

Parametric amplifier 

Parametric amplifiers are generally coded in U24-G01D 
also.  

U24-G04M [1992] 

Amplifiers using microwave or millimeter wave 
constructional techniques 

From 2017 the title of this code has been changed to 
clarify its coverage of amplifiers whose operating 
frequency dictates the techniques used, e.g. distributed 
or transmission line amplifiers (also assigned U24-G02F5) 
and those employing distributed-constant elements such 
as waveguides, cavity resonators, and the like. Novel 
constructional details of amplifiers in general, such as 
PCB mountings, housings etc. are covered by U24-G05A 
which can be assigned with this code as necessary. Small-
signal amplifiers of this kind are also assigned U24-G01D 
and RF power amplifiers are also assigned U24-G01B5. 
Distributed-constant elements such as waveguides, filters 
and resonators are covered by W02-A codes. 

Dielectric resonator, directional coupler, finline, 
microstrip, probe, stripline 

U24-G04X [1987] 

Other amplifier implementation technology 

U24-G05 [1997] 

Constructional details and testing 

U24-G05A [1997] 

Constructional details of amplifiers 

Includes cooling, housings, mounting details, etc. V04-S 
and V04-T codes for electronic equipment casings and 
constructional details in general are also assigned as 
necessary. Amplifiers using microwave or millimeter 
wave constructional techniques, e.g. microstrip or other 
types of waveguide, are covered by U24-G04M and are 
only assigned this code as well for novel constructional 
details of the amplifier as a whole. 

Circuit board mounting, coolant, fan, heatsink, PCB 
mounting, pillar, rack mount, screening, shielding 

U24-G05C [1997] 

Testing 

Includes amplifier calibration, self-testing and testing 
using external equipment. To denote testing of a specific 
amplifier property U24-G03 codes are also assigned as 
appropriate, e.g. U24-G03F and U24-G05C are assigned 
for measurement of amplifier offset voltage. For 
electrical tests S01 codes are also assigned as 
appropriate. 

U24-G09 [1987] 

Other amplifier details 
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U24-H [1992] 

Low power systems 

(U24-X) 

This code is analogous to X12-H. 

U24-H01 [2005] 

Protection 

Includes arrangements to protect LV power networks. For 
example, vehicle 12V network protection. To be used 
with U24-F codes, as appropriate. For individual PSU 
protection, see U24-D01B/F. For high power networks, 
see X13-C codes. 

U24-H02 [2005] 

Non-contact power distribution 

Includes low level power transfer by EM/inductive 
coupling, microwaves, etc. High power transfer is covered 
by X12-H codes. Novel inductive components are in V02. 

U24-H03 [2005] 

Arrangement of power bus(es) fed by multiple 
sources 

Includes several PSUs supplying main bus, or several 
buses at same or different voltages, that feeds power to 
one or more loads. Covers, for example, switch control to 
distribute power where required. 

U24-H04 [2005] 

Power management techniques 

Includes operation of a PSU to save/reduce battery 
energy dissipation and mains power. Operation measures 
may include switching off or operating in low power 
consumption mode, slowing of processor clock 
frequency, current/voltage control (for which U24-D/E 
codes are also assigned), to reduce power consumption. 
Changes to the operation of a PSU within portable 
equipment so as to reduce battery dissipation are 
covered by U24-K. 

U24-H05 [2006] 

Power distribution over communication network 

Includes power supply distribution, and its control, over a 
communication network such as a LAN, for which W01-
A06 codes are also assigned as appropriate. The use of 
power distribution conductors as a communications 
medium for a data network is covered by W01-A06C6, 
and for communications in general, by W02-C01A3. 

PoE, power over Ethernet® 

U24-H06 [2006] 

Low power network control 

U24-H07 [2006] 

Vehicle LV distribution network 

Includes systems for IC engine-driven vehicles for 
voltages up to 42V. HV electric traction vehicle 
distribution systems are covered by X12-H01B codes and 
X21/X23. Also includes low voltage electric distribution 
systems for vehicles (see also X21-B and X22-F codes). 

U24-J [1992] 

Standby power supply 

Includes uninterruptible power supplies. See T01-L01B for 
computers, W01-A07K for data communications and 
W01-C07B for telephone systems. 

U24-J01 [2005] 

Battery back-up 

U24-J02 [2005] 

Capacitor back-up 

U24-J03 [2005] 

Power converter back-up 

U24-J04 [2005] 

Combination of battery and capacitor back-up 

U24-K [2005] 

PSU power-saving mode/operation 

This code covers operation of a power supply unit within 
portable equipment to reduce battery dissipation. Power 
management techniques with the emphasis on power 
distribution are covered by U24-H04. 

U24-L [2005] 

Capacitor charging circuits 

This is analogous to X16-G for battery chargers. 

U24-T [2017] 

Constructional details of low power supplies and 
power distribution systems 

Includes construction details of all types of low power 
supply except power converters covered by U24-D01 
codes (e.g. U24-D01K). Also covers constructional details 
of power distribution systems. This code is assigned in 
conjunction with other U24 'power' codes as necessary, 
and is intended to highlight mechanical or physical 
details, including cooling, of inventions in this field. V04 
codes dealing with electronic equipment constructional 
details in general are also assigned as necessary. 

Bracket, casing, circuit board mounting, fan, fixing, 
heatsink, housing, PCB, printed circuit board mounting, 
ventilation 
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U24-X  

Other low power supply details 

Portable power supply, power bank, wearable power 
supply 
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U25: Impedance Networks and Tuning 

This section includes mainly lumped-constant circuit 
elements. Impedance networks with distributed-constant 
elements are covered by W02-A codes. Subject matter 
coded in U25 is generally for use in analogue circuits. 
Digital implementations of filters and similar networks 
are not included here and are covered chiefly by U22-G 
codes and T01-J08 codes for computing aspects. For 
application to radio equipment see W02 and W03 codes 
as appropriate.  

U25-A  

Time delay and time-varying (incl. adaptive) 
networks 

U25-A01 [1983] 

Switched capacitor networks; N-path filters 

Switched capacitor amplifiers are covered by U24-G02B. 

U25-A02 [1983] 

Transversal filters 

Digital transversal filters are covered by U22-G01A3. 

U25-A03 [1992] 

Comb filters 

Digital comb filters are covered by U22-G01B5. 

U25-A05 [1992] 

Time delay circuits 

Covers arrangements with emphasis on achieving a 
required time delay. Circuitry to produce a specific phase 
shift is covered in U25-F01 codes. Other delay aspects, 
e.g. for equalisation, are covered by U25-E05Q. 

U25-B  

Electromechanical networks 

This code covers networks of electromechanical devices, 
i.e. two or more resonators forming e.g. a lattice or 
ladder filter such as a bandpass filter or a duplexer for a 
radio transceiver (in which case W02-G02A5B is also 
assigned). Individual piezoelectric, electrostrictive and 
magnetostrictive devices are covered by V06-V codes and 
SAW devices by U14-G, and are not assigned U25-B 
unless specifically intended for use in a network made up 
of these devices. U25-B also includes matching 
transformers (with V02-F02) and other components for 
electromechanical networks, for which other codes are 
also assigned as appropriate. U25-D codes are also 
assigned as necessary, e.g. U25-D01 codes when a 
splitting function is performed, U25-D03 for a balun 
function, and U25-D05 for impedance matching aspects. 

Crystal filter, ceramic filter, block filter  

U25-C  

Active networks simulating reactances; 
impedance converters 

This code covers circuits for simulating reactances, 
changing their sign (e.g. producing an inductive reactance 
from a capacitor) and changing their magnitude, such as a 
'capacitor amplifier' or 'capacitor multiplier'. 

Gyrator, negative/positive impedance converter, NIC, PIC, 
reactance multiplier, Miller effect  

U25-D  

Signal splitting/combining, impedance matching, 
balanced-to-unbalanced networks; attenuators 

U25-D01 [1992] 

Signal splitters and combiners 

This code and its subdivisions cover active and passive 
networks for splitting and combining signals, generally 
without regard to frequency. Splitting and combining 
circuits based on electromechanical filters are assigned 
U25-B and U25-D01 codes as appropriate. Where splitting 
or combining networks involve use of frequency-selective 
elements such as filters implemented with coils and 
capacitors, U25-E05K is assigned (with other U25-E codes 
as appropriate) instead of U25-D01 codes. Note that 
loudspeaker cross-over networks are not included in U25 
unless other aspects or wider applications are involved, 
being covered by W04-T05 and V06-V02S. 

U25-D01A [1997] 

Active 

U25-D01C [1997] 

Passive 

Transformer  

U25-D03 [1992] 

Balanced-to-unbalanced converters 

Distributed-constant balanced-to-unbalanced converters 
are covered by W02-A02A5. 

Balun  

U25-D05 [1992] 

Impedance matching networks 

Distributed-constant impedance matching is covered by 
W02-A02A5. 

U25-D07 [1992] 

Attenuators 

Waveguide-technology attenuators are covered by W02-
A04C codes. 

Insertion loss  
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U25-D07A [1997] 

Active 

This code covers the use of semiconductor devices in 
attenuator circuits, both as switches and as controllable 
resistances. 

PIN diode, FET  

U25-D07C [1997] 

Passive 

U25-E  

Frequency selective networks 

Codes in this group are used for filters (excluding those 
covered by U25-A codes and U25-B) involving at least two 
types of elements, i.e. RC, RL, or LC networks. Thus 
ƛƴŘƛǾƛŘǳŀƭ ŎƻƳǇƻƴŜƴǘǎ ŘŜǎŎǊƛōŜŘ ŀǎ ΨŦƛƭǘŜǊǎΩ ƻǊ ΨƴƻƛǎŜ 
ŦƛƭǘŜǊǎΩ ƛƴ ŀ ǇƻǿŜǊ ǎǳǇǇly or other circuit are not included, 
unless intentionally using a secondary property such as 
series inductance of a capacitor, or stray capacitance of 
an inductor. Noise filters for RFI suppression are covered 
in general in W02-H01 codes and for power supply lines 
in W02-H03 and U24/X12 codes, whether single 
components or combinations. Where filter function is 
specified, codes from the U25-E05 section are used with 
either U25-E01 or U25-E02. Active networks other than 
filters are assigned appropriate codes elsewhere in U25. 
For digital filters see U22-G01 codes. Waveguide 
technology filters are covered by W02-A05 codes. 

Filter, lowpass, bandpass, highpass, notch  

U25-E01  

Active 

U25-E01A [1997] 

Biquadratic filter 

Biquad  

U25-E02  

Passive 

U25-E02A [1997] 

With structurally-associated components 

LƴŎƭǳŘŜǎ ƴŜǘǿƻǊƪǎ ƛƳǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ΨŎƻƳǇƻǎƛǘŜΩ 
components. See also V01-A02G5 and V01-B03C8 for 
composite resistor and capacitor aspects respectively, 
and V02-F01J for filter inductors.  

U25-E05 [1992] 

Characterised by function and operation 

From 2009 U25-E05K is introduced for frequency 
selective networks with emphasis on separation or 
combination of frequency bands and takes precedence 
over other U25-E05 codes. 

U25-E05A [1992] 

Lowpass filter 

U25-E05B [1992] 

Bandpass filter 

U25-E05B1 [1997] 

Single LC resonant circuit 

U25-E05C [1992] 

Highpass filter 

U25-E05D [1992] 

Notch filter 

This code covers analog filters which attenuate a band of 
frequencies and pass those on either side. 

Band stop filter 

U25-E05H [1992] 

Variable characteristic 

This code is used with other U25-E05 codes or alone, as 
appropriate.  

U25-E05K [2009] 

Combining or separating different frequencies 

(U25-E05X)  

This code is intended for frequency selective networks, 
i.e. filters normally, where the emphasis is on 
combination or separation of frequency bands. Examples 
include duplexers for radio transceivers, for which W02-
G02A5B is also assigned. Where there are significant 
novel aspects in specific filters making up the frequency 
separating or combining network other U25-E05 codes 
are also assigned as appropriate, but otherwise U25-E05K 
takes precedence. Combining and splitting networks 
(lumped constant type) in general, without  emphasis on 
frequency separation, are covered by U25-D01 codes. 
When frequency-based separation is involved U25-E05K 
takes precedence. Note that loudspeaker cross-over 
networks are not included, being covered by W04-T05 
and V06-V02S 

U25-E05Q [2009] 

Delay equalisation and all-pass networks 

(U25-E05X) 

This code is intended for circuits in which emphasis is on 
delay equalization (and not amplitude equalization) and 
all-pass networks, in which all frequencies are passed, but 
the phase of the output is modified. Analogue circuits 
based on lumped constant impedances for correcting 
amplitude-frequency distortion are covered by U25-E05X 
but U25-E05Q takes precedence when delay equalisation 
is the main purpose. 

Group delay 
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U25-E05X [1992] 

Other filter network function 

This code includes frequency-dependent circuits used for 
amplitude equalisation, e.g. to compensate for increasing 
attenuation in a circuit or transmission line with 
frequency. (W02-C01B2B is also assigned when the 
application is to equalization of transmission lines for 
communications purposes and W01-A08B2 when the 
emphasis is on pulse shaping for data transmission). Prior 
to 2009 U25-E05X was also used for circuits with 
emphasis on delay equalization, now covered by U25-
E05Q which takes precedence over this code when both 
amplitude and delay equalization are involved. Analogue 
time delay networks are covered by U25-A05. See U25-
F01 codes for networks with emphasis on achieving a 
particular phase shift. From 2009 frequency selective 
networks (i.e. filters normally) with emphasis on the 
separation or combining of frequency bands are no 
longer coded here and are covered by U25-E05K. 

Amplitude fall-off, frequency-dependent loss, lowpass 
characteristic, peaking, roll-off 

U25-F  

Tone or bandwidth control; other impedance 
networks (incl. phase shifters) 

U25-F01 [1992] 

Phase shift networks 

Covers arrangements to produce a particular phase shift, 
e.g. at a single frequency. Time delay networks are 
covered by U25-A05 and delay equalisation networks by 
U25-E05X.  

U25-F01A [1992] 

Variable phase shifter 

U25-F05 [1992] 

Bandwidth control 

See W03-C05 codes also for audio amplifier tone control 
circuits.  

U25-F05A [1992] 

Automatically varied or switched 

U25-F05A1 [1992] 

Continuous variation 

U25-F05A5 [1992] 

Switched bandwidth 

U25-F05C [1992] 

Manual control 

U25-F05C1 [1992] 

Continuously variable 

U25-F05C5 [1992] 

Switched bandwidth 

U25-F09 [1992] 

Other impedance networks 

U25-G  

Continuous tuning 

Includes tracking adjustment.  

U25-G01 [1992] 

Mechanically varied 

Covers tuning by conventional variable capacitor or 
inductor, either manually or by motor drive. For 
capacitors and inductors per se see V01-B and V02 codes, 
e.g. V02-F01.  

MEMS actuator, permeability  

U25-G03 [1992] 

Electrically varied 

Includes use of varactor diodes, saturable core inductors, 
etc.  

Varicap, reactance circuit, Miller  

U25-H  

Discontinuous tuning; band selection 

Step, preset, pushbutton, select  

U25-H01 [1992] 

Bandswitching 

Includes electromechanical and electronic methods and 
circuits for switching tuning range. (Step tuning within a 
frequency band is covered by U25-H03).  

U25-H03 [1992] 

Step tuning e.g. by synthesiser 

See U23-D01B codes for details of PLL synthesisers and 
U23-F03 codes for direct types. (Switching between 
frequency bands is covered by U25-H01).  

U25-H03A [1992] 

With channel memory 

U25-J  

Automatic band scanning; automatic frequency 
control 

Lock, AFC   
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U25-J01 [1992] 

Bandscanning 

Bandscanning arrangements for spectrum 
analysers/panoramic receivers are coded in S01-D03C1 
also, and in W02, e.g. W02-C05 and W02-G03A codes.  

Sweep, scan  

U25-J01A [1992] 

Using synthesiser tuning 

See U23-D01B codes for details of PLL synthesisers per se 
and U23-F03 codes for direct types.  

U25-J01A1 [1992] 

With channel memory 

Preset, select, priority channel  

U25-J01C [1992] 

Stopping on detected station 

U25-J05 [1992] 

Automatic frequency control 

See U23-D codes for frequency/phase control circuits, 
and under application, e.g. W03-A02A for AFC in TV 
receivers, W03-B01B for broadcast radio receivers 
respectively.  

AFT, automatic fine tuning  

U25-K  

Other tuning 

Includes testing and production trimming of tuned 
circuits and filters, either manually or automatically. (See 
S01-G08 codes also, together with appropriate code in 
e.g. W02 or W03). This code also includes remotely-
controlled tuning per se. For wider aspects of remote 
control see W03-A02C, W03-G05A and W04-E04A codes 
for remote control of TV receivers, audio/video 
equipment, and recording equipment respectively. 
(Remote control in general is covered by W05-D codes).  

Tuning scale, dial, drive, drum, pointer, illumination, test, 
align, set-up  
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V01: Resistors and Capacitors 

This section deals with resistors and capacitors usable as 
discrete components, so that components forming part 
of an integrated circuit are not included. Similarly, thick 
and thin film circuits are not included and are covered by 
U14-H codes. Power resistors and capacitors are covered 
by X12-A and X12-B codes respectively.  

V01-A  

Resistors 

V01-A01  

Mounting, housing, coding; terminals 

Marking, colour coding, lead, wire  

V01-A01A [1992] 

Substrate details 

Includes composition, structure etc. 

Baseplate, ceramic  

V01-A01B [1992] 

Housing, encapsulation, mountings 

Casing  

V01-A01B1 [1992] 

Encapsulation 

Includes compositions.  

V01-A01C [1992] 

Electrodes and terminals 

V01-A01C1 [1992] 

Electrodes 

Film, end cap, contact  

V01-A01C5 [1992] 

Terminals 

Includes lead arrangements. 

Wire, axial, tag, pad  

V01-A01D [1992] 

Coding, marking 

Colour code, value, tolerance  

V01-A01X [1992] 

Other 

Includes shielding and cooling arrangements (for low-
power resistors only).  

V01-A02  

Fixed resistors 

V01-A02A  

Thermistors 

For temperature measurement application see V01-
A02A7A and S03-B01F also. This code is intended for 
resistors using e.g. oxides of transition metals, and not 
linear TCR devices based on metallic conductors, for 
which S03-B01B is assigned, (although novel details of 
such resistances are assigned other V01 codes when 
appropriate). 

Temp, coefficient resistance, PTC, NTC, circuit protector, 
cold conductor  

V01-A02A1 [1992] 

Novel thermistor composition 

V01-A02A1A [1997] 

Manufacture of thermistor material 

This code covers the manufacture of material for use in 
thermistors and does not relate to manufacture of 
thermistors per se, which is covered by V01-A04 codes 
(especially V01-A04K1).  

V01-A02A5 [1992] 

Characterised by temperature dependence 

TCR, resistance, coefficient  

V01-A02A5A [1992] 

Negative temperature coefficient 

NTC  

V01-A02A5B [1992] 

Positive temperature coefficient 

PTC  

V01-A02A7 [1992] 

Characterised by intended function 

V01-A02A7A [1992] 

Measurement of temperature per se 

Temperature measurement using thermistors is also 
coded in S03-B01F. 

Thermometer, sensor  

V01-A02A7B [1992] 

Current limiting 

Includes use as cold conductor. 

Circuit protector  
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V01-A02A7C [1992] 

Time-dependent current control 

Includes use of heating to gradually decrease or increase 
current, e.g. for degaussing CRT, (see W03-A08A4C also) 
or for motor starting (see V06-N05 also). 

Decay, decrease, time delay, demagnetising  

V01-A02A7D [1992] 

For self-regulating heating 

See X25-B01 codes also. 

Self heater  

V01-A02A7X [1992] 

Other thermistor function 

V01-A02B  

Voltage dependent resistors 

Includes current-responsive resistors. 

Nonlinear resistor, varistor, VDR, protection, zinc oxide, 
sintered  

V01-A02B1 [1992] 

Novel varistor composition 

V01-A02B1A [1997] 

Manufacture of varistor material  

This code covers the manufacture of material for use in 
varistors and does not relate to manufacture of varistors 
per se, which is covered by V01-A04 codes (especially 
V01-A04K2).  

V01-A02C  

Film resistors 

Note - resistors forming part of a film or integrated circuit 
are not coded in V01- see appropriate codes in section U, 
e.g. U11-C05G1A for manufacture, U12-C03 for resistors 
per se, and U14-H01C for film circuit resistors. 

Thick film, thin film, layer resistor  

V01-A02C1 [1992] 

Novel film resistor composition 

See U11-A05 also for film compositions. 

V01-A02C3 [1992] 

Film structure 

Covers film structures for discrete resistor components 
only.  

V01-A02C3A [1992] 

Thin film 

V01-A02C3C [1992] 

Thick film 

V01-A02D [1987] 

Chip resistor 

Leadless, surface mounting  

V01-A02F [1992] 

Wire-wound resistor 

(V01-A02X) 

V01-A02G [1992] 

Composite resistor 

(V01-A02X) 

Includes resistors structurally associated with other 
discrete components. 

Multiple  

V01-A02G1 [1992] 

With other resistive components 

(V01-A02X) 

Includes resistor array.  

V01-A02G5 [1992] 

With other non-resistive components 

(V01-A02X) 

Includes RL and RLC elements. 

RC, CR, capacitor, inductor, coil  

V01-A02H [1992] 

Temperature compensation 

(V01-A02X) 

Resistors with deliberately manufactured positive or 
negative temperature coefficient are covered by V01-
A02A codes.  

V01-A02X  

Other 

Includes low-power liquid resistors. Power types are 
coded in X12-A only.  

V01-A03  

Variable resistors 

Codes in this section include variable resistors as preset 
or manual controls, and also resistive transducers in 
which physical movement is involved. For other types see 
V01-A02 codes. 

Linear, rotary, potentiometer, dual, ganged, winding, 
track, shaft, spindle  

V01-A03A [1992] 

Housing, casing, mounting kit 

(V01-A01, V01-A03) 

From 1992 housing and mounting details of variable 
resistors are coded in V01-A03 codes only.  
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V01-A03A1 [1992] 

Variable resistor housing 

(V01-A01, V01-A03)  

V01-A03A5 [1992] 

Mounting details for variable resistors 

(V01-A01, V01-A03) 

Bushing, nut, washer, bracket  

V01-A03B [1992] 

Electrodes, terminals, slider 

(V01-A01, V01-A03)  

V01-A03B1 [1992] 

Electrodes and terminals 

(V01-A01, V01-A03) 

Covers end-of-track electrodes. Slider/wiper is covered by 
V01-A03B5.  

V01-A03B5 [1992] 

Slider, contact brush 

(V01-A01, V01-A03)  

V01-A03C [1992] 

Novel resistance element details 

Includes compositions. Codes in this section are applied 
to indicate novel aspects only. V01-A03D codes are used 
for general aspects (not necessarily novel).  

V01-A03C1 [1992] 

Film track 

V01-A03C3 [1992] 

Wire track 

Includes wirewound variable resistors. Power variable 
resistors are covered by X12-A.  

V01-A03C5 [1992] 

Linear track 

Covers shape of track only. Arrangements to achieve a 
particular control law are covered by V01-A03C8. For 
general details of slide-type potentiometers, see  
V01-A03D6.  

V01-A03C7 [1992] 

Rotary track 

For general details of rotary potentiometers, see  
V01-A03D5.  

V01-A03C7A [1992] 

Helical 

Includes track having shape of short section of helix. 

V01-A03C8 [1992] 

Characterised by resistance law or characteristic 

Linear, logarithmic  

V01-A03C9 [1992] 

Other 

Includes other resistive component configurations, such 
as switched resistance network, and use of 
magnetoresistors and movable permanent magnet. 
(Magnetoresistors per se are not covered in V01 - see 
U12-B01B codes and S02-K03A5A for transducing aspects, 
these codes also being assigned for this type of 
ΨǇƻǘŜƴǘƛƻƳŜǘŜǊΩύΦ  

V01-A03D [1992] 

Characterised by type of adjustment/component 

Codes in this section are applied irrespective of claimed 
novelty to indicate the type of device/adjustment only, 
either in combination with novel aspect codes, or alone.  

V01-A03D1 [1992] 

Manual e.g. front panel control 

Volume, gain, tone, adjust, set  

V01-A03D2 [1992] 

Semi-variable 

Covers preset control, adjusted for e.g. setting-up. 

Trimmer, test  

V01-A03D3 [1992] 

Measurement transducer 

Covers component with variation of resistance value by 
physical movement, including force, compression, etc. 
Variation of resistance due to physical parameter other 
than movement is covered by V01-A02 codes.  

V01-A03D4 [1992] 

Surface mounting variable resistor 

Chip, leadless  

V01-A03D5 [1992] 

Rotational adjustment 

Rotary  

V01-A03D5A [1992] 

With more than 360 degree rotation 

Includes helical potentiometer.   

V01-A03D6 [1992] 

Linear 

Includes slide-type potentiometer. 

Audio, mixing, fade, balance, graphic equaliser  
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V01-A03F [1992] 

Control knob, actuator mechanism 

Includes mechanical drive arrangement for e.g. joystick 
(see T04-F02B3 also). 

Gear, proportional, two-dimensional, X-Y  

V01-A03X [1992] 

Other 

V01-A04  

Manufacturing resistors 

Includes single and multiple-step resistor manufacturing 
methods and equipment, and testing of manufactured 
resistors.  

V01-A04A [1992] 

Substrate processing 

Includes firing, sintering, etc.  

V01-A04B [1992] 

Coating 

Covers deposition of resistive material. 

Sputtering, vapour, flame spraying  

V01-A04C [1992] 

Treating deposited layer 

Use V01-A04E also for heat treatment.  

V01-A04D [1992] 

Encapsulation 

V01-A04E [1992] 

Firing, heat treatment 

Includes sintering, etc.  

V01-A04F [1992] 

Attaching leads, manufacturing electrodes 

V01-A04G [1992] 

Multistep manufacturing process and novel 
manufacturing equipment 

V01-A04G1 [1997] 

Multistep manufacturing process 

This code is used when a sequence of manufacturing 
steps is claimed without apparent emphasis on any one 
aspect.  

V01-A04G5 [1997] 

Novel manufacturing equipment 

Use with other V01-A04 codes as appropriate.  

V01-A04H [1992] 

Testing, sorting, trimming, marking 

V01-A04H1 [1992] 

Testing and sorting resistors 

See S01-D05B1 and S01-G12A for electrical testing of 
resistors.  

V01-A04H3 [1992] 

Trimming resistor value 

See X24-D03B for laser trimming apparatus.  

V01-A04H5 [1992] 

Marking resistors 

V01-A04J [1992] 

Tape carriers, packing 

LƴŎƭǳŘŜǎ ΨōŀƴŘƻƭƛŜǊΩ ǘŀǇŜ ŎŀǊǊƛŜǊǎ ǇŜǊ ǎŜ όǎŜŜ ±лп-V01A 
also), loading finished resistors onto tapes, shipping 
containers, etc.  

V01-A04K [1992] 

Resistor type 

Codes in this section are used to indicate the type of 
resistor being manufactured only. V01-A04K codes are 
not used if a manufactured resistor is also claimed 
resulting in the assignment of a V01-A02 or V01-A03 
code.  

V01-A04K1 [1992] 

Thermistor 

Manufacture of thermistor material is not covered here - 
see V01-A02A1A.  

V01-A04K2 [1992] 

Varistor 

Manufacture of varistor material is not covered here - see 
V01-A02B1A.  

V01-A04K3 [1992] 

Film resistor 

V01-A04K4 [1992] 

Chip resistor 

V01-A04K5 [1992] 

Wirewound resistor 

V01-A04K6 [1992] 

Variable resistor 

Potentiometer  
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V01-A04K9 [1992] 

Other resistor type 

V01-A04R [2005] 

Resistor manufacture process waste disposal and 
recycling 

(V01-A04X) 

V01-A04R1 [2005] 

Waste handling and disposal 

Includes all aspects of waste disposal and waste 
treatment equipment to make the waste safe in the 
environment. 

V01-A04R2 [2005] 

Materials treatment and recycling 

Includes all aspects of recovery of materials, solutions, 
and the like for reuse in resistor manufacture. 

V01-A04X [1992] 

Other resistor manufacturing details 

V01-B  

Capacitors 

V01-B01  

Electrolytic devices 

V01-B01A  

Electrodes 

Lead, terminal wire, anode, tag, lug  

V01-B01A1 [1983] 

Sintered 

This code is assigned alone or with V01-B01A4 codes 
describing composition or manufacture of materials. 

Tantalum, solid powder, oxide, alloy, anodised  

V01-B01A3 [2006] 

Double-layer and supercapacitor electrodes 

This code is assigned alone or with V01-B01A4 codes 
describing composition or manufacture of materials. For 
all other aspects of double-layer and supercapacitors 
V01-B01D codes are assigned with other V01-B codes as 
appropriate. Manufacture of these capacitor types is 
covered by V01-B01G8D and other V01-B01G codes as 
appropriate. 

V01-B01A4 [2006] 

Novel electrode materials composition and 
materials manufacture 

These codes are normally assigned with V01-B01A1 or 
V01-B01A3 as appropriate. For details relating to foil 
electrodes, see V01-B01A5 codes. 

V01-B01A4A [2006] 

Novel electrode materials composition 

V01-B01A4C [2006] 

Manufacture of electrode materials 

This code is intended to cover manufacture of materials 
to be subsequently used as an electrolytic capacitor 
electrode, and does not include manufacture or 
treatment of electrode materials forming part of a 
process for mfg the capacitor itself, which is covered by 
V01-B01G1. 

V01-B01A5 [1983] 

Foil 

Aluminium, etched, wound  

V01-B01A5A [1992] 

Foil manufacture 

Manufacture and preparation of foil other than as a step 
in a complete process for making a capacitor is coded 
here, otherwise see V01-B01G1.  

V01-B01A5C [1992] 

Foil composition 

V01-B01A7 [1992] 

Terminals and lead arrangements 

Wire, axial  

V01-B01B  

Electrolytes and electrolyte manufacture; 
separators; containers 

From 2006 the scope of this code has been expanded to 
allow electrolyte compositions and electrolyte 
manufacture to be separately highlighted, and where 
neither of these aspects are novel, the solid or 
liquid/paste nature of the electrolyte to be indicated (to 
define the overall capacitor type) by means of V01-B01B6 
codes. 

Encapsulation, mounting  
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V01-B01B1 [1983] 

Novel details of solid electrolytes 

From 2006, this code has been subdivided to allow novel 
solid electrolyte compositions (V01-B01B1A) and 
electrolyte manufacture (V01-B01B1C) to be separately 
highlighted. The two new codes take precedence over 
V01-B01B6A which is assigned to indicate that the 
capacitor is characterised by having a solid (non-novel) 
electrolyte. 

Tetra cyano di-quino methane (TCNQ), complex  

V01-B01B1A [2006] 

Solid electrolyte composition and materials 

Novel details of solid electrolyte composition, and/or 
materials used in the preparation/manufacture of the 
solid electrolyte. 

V01-B01B1C [2006] 

Solid electrolyte and material manufacturing 
aspects 

This code covers the manufacture of materials destined 
to be used as a solid electrolyte. Manufacture of the 
capacitor itself is covered by V01-B01G8A and other V01-
B01G codes as appropriate. 

V01-B01B3 [1992] 

Separators 

V01-B01B5 [1983] 

Novel details of liquid or paste electrolytes 

From 2006, this code has been subdivided to allow novel 
liquid or paste electrolyte compositions (V01-B01B5A) 
and electrolyte manufacture (V01-B01B5C) to be 
separately highlighted. The two new codes take 
precedence over V01-B01B6C which is assigned to 
indicate that the capacitor is characterised by having a 
liquid or paste (non-novel) electrolyte. 

Aqueous, solvent, ethylene glycol, carboxylic acid, boric 
acid  

V01-B01B5A [2006] 

Liquid or paste electrolyte compositions and 
materials 

Novel details of liquid or paste electrolyte composition 
and/or materials used for the preparation/manufacture 
of the liquid/paste electrolyte. 

V01-B01B5C [2006] 

Liquid or paste electrolyte manufacture 

This code covers the manufacture of materials destined 
to be used as a liquid or paste electrolyte. Manufacture 
of the capacitor itself is covered by V01-B01G8B and 
other V01-B01G codes as appropriate, e.g. forming 
aspects in V01-B01G7A. 

V01-B01B6 [2006] 

Electrolytic capacitor characterised by electrolyte 
type 

These codes are assigned to indicate the physical state of 
electrolyte only, and are not assigned when novel aspects 
of electrolyte composition or manufacture can be 
highlighted by V01-B01B1 or V01-B01B5 codes. For 
inventions concerned solely with capacitor manufacture 
V01-B01B6 codes are not assigned and V01-B01G8 codes 
are applied instead. In cases where novelty exists in both 
the capacitor and its manufacture V01-B01B6 codes take 
precedence. 

V01-B01B6A [2006] 

Solid electrolyte capacitor 

This code is assigned just to indicate that a capacitor has 
a solid electrolyte, which is not itself novel. If the solid 
electrolyte is novel in some way, V01-B01B6A is not used 
and V01-B01B1 codes are used instead. 

V01-B01B6C [2006] 

Liquid or paste electrolyte capacitor 

This code is assigned just to indicate that a capacitor has 
a liquid or paste electrolyte, which is not itself novel. If 
the liquid or paste electrolyte is novel in some way, V01-
B01B6C is not used and V01-B01B5 codes are used 
instead. 

V01-B01B7 [1992] 

Housings, seals, mounting 

V01-B01B7A [1992] 

With pressure-relieving vent 

See V01-B01F5 also for pressure relief also causing 
electrical disconnection. 

Blowout, plug  

V01-B01B7C [1992] 

Mounting kit 

Clamp, bracket, lead-spacer, base  

V01-B01B7D [1992] 

Housing for several capacitors 

Multiple capacitor  

V01-B01C [1983] 

Devices other than capacitors 

Electrolytic transducer, photosensitive device, 
acceleration sensor, electrokinetic cell  
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V01-B01D [1987] 

Double-layer capacitor 

See X16-L02 also for energy-storage using capacitors, and 
T01-H01/T01-L01 codes for computer memory module 
and power supply systems. 

Memory back-up  

V01-B01D1 [1992] 

Stack of cells 

V01-B01D5 [2002] 

Super-capacitor 

(V01-B01D,V01-B01X) 

See T01-H01/T01-L01 codes for computer memory 
module and power supply systems, e.g. memory back-up; 
and for high power applications e.g. electric/hybrid 
vehicles, see X12-B, and X21-B codes. 

Ultracapacitor, electrochemical double layer  

V01-B01E [1992] 

Leadless electrolytic capacitor 

Surface mounting, chip  

V01-B01F [1992] 

Electrical protective arrangements 

(V01-B01X) 

Excess pressure venting is covered by V01-B01B7A.  

V01-B01F1 [1992] 

Involving fuse protection 

(V01-B01X)  

V01-B01F5 [1992] 

Involving mechanical disconnection 

(V01-B01X) 

Use with V01-B01B7A for end cap movement rupturing 
leads.  

V01-B01G [1992] 

Electrolytic capacitor manufacture 

See V01-B04 codes for manufacture of non-electrolytic 
capacitors.  

V01-B01G1 [1992] 

Electrode manufacture 

Includes sintering. Covers treatment of foil to form 
electrodes, but not manufacture of foil per se which is 
covered in V01-B01A5A. 

Etching, degreasing, anodising  

V01-B01G3 [1992] 

Winding, laminating, dielectric impregnation 

V01-B01G5 [1992] 

Assembly 

 Includes manufacture of leads and external electrodes. 
Attachment of manufactured leads and external 
electrodes is covered by V01-B01G5C. Production of 
internal electrodes is covered by V01-B01G1. 

V01-B01G5A [1992] 

Encapsulation 

V01-B01G5C [1992] 

Attaching leads 

This code covers the attachment of leads and external 
electrodes only. Manufacture of leads and external 
electrodes is covered by V01-B01G5. 

V01-B01G6 [1992] 

Multistep manufacturing process and novel 
manufacturing equipment 

Includes waste treatment and recovery processes. 

V01-B01G6A [1997] 

Multi -step manufacturing process 

This code is used for processes involving a sequence of 
steps without emphasis on any particular one.  

V01-B01G6C [1997] 

Novel manufacturing equipment 

Use with other B01G codes as appropriate.  

V01-B01G6E [2005] 

Process waste management 

(V01-B01G6) 

This code includes all aspects of treatment of waste and 
contaminants arising from electrolytic capacitor 
manufacture, including making safe, waste classification, 
and separation aspects. Recycling of materials to be 
reused in the manufacturing process is covered by V01-
B01G6G. Prior to 2005 coded in V01-B01G6. 

V01-B01G6F* [2005-2007] 

Waste handling and disposal 

(V01-B01G6) 

*This code is now discontinued. From 2008 all aspects of 
handling, making safe, and disposal of waste from 
electrolytic capacitor manufacture are now covered by 
V01-B01G6E. 
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V01-B01G6G [2005] 

Materials recycling 

(V01-B01G6) 

Includes treatment and recycling, handling equipment 
and environmental protection and safety equipment 
aspects for electrolytic capacitor manufacture. Prior to 
2005 coded in V01-B01G6. See V04-X01C for other 
electronics components recycling. 

V01-B01G7 [1992] 

Forming, testing, ageing, packing 

V01-B01G7A [1992] 

Forming, ageing 

V01-B01G7C [1992] 

Testing 

Measurement of capacitance value in general is coded in 
S01-D05A3, and general electrical testing of capacitors in 
S01-G12C.  

V01-B01G7E [1997] 

Packing 

Includes tape carriers.  

V01-B01G8 [1992] 

Characterised by type of capacitor 

Codes in this section are applied irrespective of claimed 
novelty to indicate the type of capacitor only. These 
codes are not used if a manufactured capacitor is also 
claimed, for which the appropriate V01-B01 code will be 
assigned.  

V01-B01G8A [1992] 

Solid dielectric 

V01-B01G8B [1992] 

Liquid/paste dielectric 

V01-B01G8D [1992] 

Double layer capacitor 

V01-B01G8E [1992] 

Leadless capacitor 

V01-B01G8X [1992] 

Other capacitor type 

V01-B01X  

Other 

V01-B02  

Variable capacitors 

Capacitive transducers for physical quantities are coded 
in V01-B02A, where motion of plates or dielectric is 
involved, otherwise in V01-B02B. For tuning of resonant 
circuits see U25 codes.  

V01-B02A  

Mechanically varied 

Tuning capacitor, double, differential, ganged, dielectric, 
shaft, spindle, preset, trimmer  

V01-B02A1 [1992] 

Electrode details 

V01-B02A1A [1992] 

Rotor, moving electrode 

V01-B02A1B [1992] 

Stator 

V01-B02A1C [1992] 

Terminals, external connections 

V01-B02A3 [1992] 

Dielectric details 

V01-B02A4 [1992] 

Substrate, housing, mounting kit 

Mount, screw, nut, bushing  

V01-B02A5 [1992] 

Characterised by type of capacitor 

Codes in this section are applied irrespective of claimed 
novelty to indicate the type of capacitor only.  

V01-B02A5A [1992] 

Variable during normal operation 

Includes e.g. tuning capacitor operated manually or by 
motor drive. 

Tune, resonate, peak  

V01-B02A5B [1992] 

Pre-set/semi-variable 

Includes e.g. trimmer capacitor. 

Tune, resonate, peak  
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V01-B02A5C [1992] 

Transducer 

Covers transducer where physical movement of plates 
and/or dielectric is involved. Non-mechanically varied 
types are coded in V01-B02B3. See also appropriate code 
in S02 or S03 for the parameter being measured and, in 
general, S02-K03A1C.  

V01-B02A5E [1992] 

Surface-mounted variable capacitor 

Chip, leadless  

V01-B02A5F [1992] 

Multi -section variable capacitor 

Covers ganged types.  

V01-B02B  

Non-mechanically varied capacitors 

V01-B02B1 [1992] 

Varicap diodes 

See also U12-C02B. Covers discrete component 
embodiments only (or where integrated circuit aspect not 
specified). Prior to 1992 coded in U12 only. 

Varactor, depletion layer, reverse bias, voltage-tuned  

V01-B02B3 [1992] 

Transducer 

Covers capacitors changing value in response to physical 
variable where movement is not involved. Types 
involving movement of plates or dielectric are covered by 
V01-B02A5C. See also appropriate code in S02 or S03, 
and in general, S02-K03A1.  

V01-B02B5 [1992] 

Electrets 

Includes devices in non-circuit application, e.g. as air 
filter.  

V01-B02B9 [1992] 

Other 

Includes ferroelectric capacitors.  

V01-B03  

Fixed capacitors 

See X12-E also for dielectric compositions. Search 
dielectric codes with V01-B03E1 for self-healing aspects. 
Capacitors with mixed, i.e. inorganic and organic 
dielectrics, are assigned V01-B03A5. 

V01-B03A  

With inorganic dielectric 

From 1992 see V01-B03A1 to distinguish novel capacitor 
from novel dielectric compositions. 

Ceramic, perovskite, metal-oxide, green sheet  

V01-B03A1 [1992] 

Novel dielectric composition 

See X12-E01 codes also, e.g. X12-E01A for ceramic 
compositions.  

V01-B03A3 [1992] 

Manufacture of dielectric material 

Covers manufacture of dielectric per se other than as part 
of capacitor manufacture, which is covered by V01-B04 
codes.  

V01-B03A5 [2005] 

Hybrid dielectric (organic-inorganic) polymer 
material 

Includes all compositions of hybrid dielectric material 
regardless of percentage of organic/inorganic materials 
ratio in the composite. See V01-B03A1 and V01-B03B1 for 
new dielectric compositions. 

V01-B03B  

With organic dielectric 

Plastics, polymer, film, paper, impregnated  

V01-B03B1 [1992] 

Novel dielectric composition 

See also X12-E02 codes, e.g. X12-E02B for synthetic 
polymer materials.  

V01-B03B3 [1992] 

Manufacture of dielectric material 

Covers manufacture of dielectric per se other than as part 
of capacitor manufacture, which is covered by  
V01-B04 codes.  

V01-B03C  

Characterised by structure 

Codes in this section are applied to indicate the structure 
of the capacitor only and do not necessarily represent 
novel features.  

V01-B03C1 [1983] 

Wound 

V01-B03C3 [1983] 

Flat plate 



592 V: Electronic components 

V01-B03C3A [1992] 

Multilayer capacitor 

Includes stacked types. 

Laminated, layer-built, chip, co-fire  

V01-B03C5 [1983] 

Leadless 

Chip, surface mounting  

V01-B03C5A [1992] 

Film capacitor 

Covers discrete components only.  

V01-B03C7 [1987] 

Feedthrough capacitor 

Use with V01-B03C8 for feedthrough-type LC filter. See 
W02-H codes for noise suppression at source in general.  

V01-B03C8 [1992] 

Composite capacitor 

(V01-B03X) 

Covers capacitor structurally associated with other 
component such as RC, LC, or multiple capacitor. For 
feedthrough type capacitor filter use with V01-B03C7 
also.  

V01-B03D  

Electrodes; housings; terminals 

Marking, colour coding, lead wire, tag, lug, can, casing, 
foil  

V01-B03D1 [1992] 

Electrodes 

This code is intended for internal electrodes e.g. in the 
case of a multilayer capacitor. External electrodes, i.e. 
terminals if a leadless type, are covered by V01-B03D5.  

V01-B03D1A [1992] 

Film 

Metallisation, sputtered layer  

V01-B03D1C [1992] 

Foil 

V01-B03D1E [1992] 

Novel shape or configuration 

V01-B03D1G [1992] 

Novel composition 

V01-B03D3 [1992] 

Housing, encapsulation 

Includes markings, e.g. of component value.  

V01-B03D3A [1992] 

Pressure relieving arrangement 

See V01-B03E5 for electric protection arrangements.  

V01-B03D5 [1992] 

Lead and terminal arrangements 

This code is intended for external electrodes such as 
terminals of a chip-type laminated capacitor. Internal 
electrodes are covered by V01-B03D1 codes.  

V01-B03D7 [1992] 

Mounting kit 

V01-B03E [1992] 

Protection and self-healing capacitors 

V01-B03E1 [1992] 

Self-healing dielectric type 

See V01-B03A/B codes as appropriate for dielectric 
details.  

V01-B03E5 [1992] 

Fuse or other electrical disconnection 

See V01-B03D3A for pressure-relief arrangements.  

V01-B03H [1997] 

Temperature compensation 

(V01-B03X) 

Use with V01-B03A or V01-B03B codes as appropriate.  

V01-B03X  

Other 

V01-B04  

Manufacturing capacitors 

Includes testing of manufactured capacitor. See V01-
B01G codes for electrolytic capacitor manufacture.  

V01-B04A [1992] 

Characterised by capacitor type 

 (As defined by V01-B03C codes). Codes in this section are 
assigned to indicate capacitor type only. They are not 
used if the manufactured capacitor itself is also claimed, 
in which case the appropriate V01-B codes for the 
capacitor per se will also be applied.  

V01-B04A1 [1992] 

Wound capacitor 
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V01-B04A3 [1992] 

Flat capacitor 

V01-B04A3A [1992] 

Single layer 

V01-B04A3C [1992] 

Multi -layer 

V01-B04A5 [1992] 

Chip capacitor 

V01-B04A5A [1992] 

Film capacitor 

V01-B04A6 [1992] 

Variable capacitors 

V01-B04A7 [1992] 

Feedthrough capacitor 

V01-B04A8 [1992] 

Composite capacitor 

V01-B04A9 [1992] 

Manufacture of other capacitor types 

V01-B04B [1992] 

Capacitor manufacturing process 

V01-B04B1 [1992] 

Treatment of dielectric 

V01-B04B3 [1992] 

Manufacture and application of electrodes 

This code relates to manufacture of internal electrodes 
only. Manufacture of external electrodes is covered by 
V01-B04B5. 

Sputtering, metallising, etching, cutting  

V01-B04B5 [1992] 

Assembly processes 

Includes winding, laminating, pressing, impregnating, 
etc., and also manufacture of external electrodes. 
Production of internal electrodes is covered by  
V01-B04B3.  

V01-B04B7 [1992] 

Heat treatment, firing, drying 

Co-fire  

V01-B04B8 [1992] 

Multistep manufacturing processes and novel 
manufacturing equipment 

Includes waste treatment and recovery processes. From 
1997 the scope of this code is expanded to include novel 
equipment for manufacture, which is assigned V01-
B04B8C together with other V01-B04 codes as 
appropriate. 

V01-B04B8A [1997] 

Multistep manufacturing process 

V01-B04B8C [1997] 

Novel manufacturing equipment 

Use with other V01-B04 codes as appropriate.  

V01-B04B8E [2005] 

Process waste treatment and recycling 

(V01-B04X) 

Includes all aspects of waste and contaminant treatment 
and recycling equipment, for dielectric capacitor 
manufacture, and all waste classification and separation 
aspects. Prior to 2005 coded in V01-B04X. 

V01-B04B8F* [2005-2007] 

Waste handling and disposal 

(V01-B04X) 

*This code is now discontinued and from 2008 all aspects 
of handling, making safe, and disposal of waste from 
capacitor manufacture are now covered by V01-B04B8E. 

V01-B04B8G [2005] 

Materials recycling 

(V01-B04X) 

This code covers treatment and recycling of materials, 
chemicals and the like for reuse in dielectric (i.e. non-
electrolytic) capacitor manufacture. Prior to 2005 these 
topics were covered in V01-B04X. See V04-X01C for other 
electronics components recycling. 

V01-B04B9 [1992] 

Other capacitor manufacturing processes 

V01-B04C [1992] 

Testing, sorting, trimming, marking 

V01-B04C1 [1997] 

Testing and sorting capacitors 

See S01-D05A3 and S01-G12C also for electrical tests on 
capacitors.  
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V01-B04C3 [1997] 

Trimming capacitor value 

See X24-D03B for laser trimming apparatus.  

V01-B04C5 [1997] 

Marking capacitors 

V01-B04E [1992] 

Tape carriers, packing, shipping 

LƴŎƭǳŘŜǎ ΨōŀƴŘƻƭƛŜǊΩ ǘŀǇŜ ŎŀǊǊƛŜǊ ǇŜǊ ǎŜ όǎŜŜ ±лп-V01A 
also), loading finished capacitors onto tape, packaging 
cartons, etc.  

V01-B04X [1992] 

Other capacitor manufacturing aspects 
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V02: Inductors and Transformers 

 For power transformers and reactors, see X12-C codes. 
Inductors/transformers implemented as IC devices are 
not included; see U11/U12 codes. Printed coils are, 
however, included here and in V04. 

 See T03-A codes only for details of recording media and 
heads. 

V02-A  

Magnetic materials 

From 2007, V02-A01 codes are only applied for magnetic 
materials of general application. Therefore, V02 codes 
are no longer routinely assigned for magnetic recording 
media and heads with the exception of nano-structures, 
which are coded in V02-B04. See T03-A codes for specific 
details of recording media and heads.  

V02-A01  

Hard magnetic materials 

V02-A01A  

Metals or alloy 

Iron, boron, cobalt, ferromagnetic, neodymium, nickel, 
rare earth metals  

V02-A01A1 [1987] 

For permanent magnet  

V02-A01A2* [1987-2006] 

For magnetic recording medium 

*This code is now discontinued and has been transferred 
to T03-A codes from 200701. It remains searchable for 
records prior to 2007. 

V02-A01A8 [2006] 

Novel hard magnetic metals or alloys 

Composition 

V02-A01A9 [1992] 

Manufacture of hard magnetic metals or alloys 

Includes methods and systems for manufacturing the 
magnetic composition per se. Other manufacturing 
details, e.g. magnetic laminations' manufacture, core 
manufacture, magnet manufacture, etc., are covered by 
V02-H codes. 

V02-A01B  

Non-metallic substances 

Oxide, ferrite, ferric oxides, metal hydroxide  

V02-A01B1 [1987] 

For permanent magnet  

V02-A01B2* [1987-2006] 

For magnetic recording medium 

*This code is now discontinued and has been transferred 
to T03-A codes from 200701. It remains searchable for 
records prior to 2007. 

V02-A01B8 [2006] 

Novel hard magnetic non-metallic materials 

Composition 

V02-A01B9 [1992] 

Manufacture of hard magnetic non-metallic 
materials  

Includes methods and systems for manufacturing the 
magnetic composition per se. Other manufacturing 
details, e.g. magnetic laminations' manufacture, core 
manufacture, magnet manufacture, etc., are covered by 
V02-H codes. 

V02-A01C [1992] 

Mixtures 

Includes mixtures of metallic and non-metallic magnetic 
substances. 

V02-A02  

Soft magnetic materials 

V02-A02A  

Metals or alloys 

Iron, silicon steel, boron, cobalt, nickel, aluminium, 
chromium, ferromagnetic  

V02-A02A1* [1987-2006] 

For magnetic head 

*This code is now discontinued and has been transferred 
to T03-A codes from 200701. It remains searchable for 
records prior to 2007. 

V02-A02A2 [1987] 

For electric machine and reactor core 

V02-A02A8 [2006] 

Novel soft magnetic metals or alloys 

Composition 

V02-A02A9 [1992] 

Manufacture of soft magnetic metals or alloys 

Includes methods and systems for manufacturing the 
magnetic composition per se. Other manufacturing 
details, e.g. magnetic laminations' manufacture, core 
manufacture, magnet manufacture, etc., are covered by 
V02-H codes. 
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V02-A02B [1987] 

Non-metallic substances 

Ferrites, metal oxide  

V02-A02B1* [1987-2006] 

For magnetic head 

*This code is now discontinued and has been transferred 
to T03-A codes from 200701. It remains searchable for 
records prior to 2007. 

V02-A02B2 [1987] 

For electric machine and reactor core  

V02-A02B8 [2006] 

Novel soft magnetic non-metallic materials 

Composition 

V02-A02B9 [1992] 

Manufacture of soft magnetic non-metallic 
materials 

Includes methods and systems for manufacturing the 
magnetic composition per se. Other manufacturing 
details, e.g. magnetic laminations' manufacture, core 
manufacture, magnet manufacture, etc., are covered by 
V02-H codes. 

V02-A02C [1992] 

Mixtures 

(V02-A02A, V02-A02B) 

Includes mixtures of metallic and non-metallic magnetic 
substances.  

V02-A03 [1997] 

Organic or organo-metallic materials 

(V02-A01,V02-A02) 

Used together with V02-A01 and V02-A02 codes to 
denote coercivity, if indicated.  

V02-A04 [1997] 

Magnetic liquids 

(V02-A02A) 

Used together with V02-A01 and V02-A02 codes to 
denote coercivity, if indicated. 

Ferrofluid  

V02-A05 [1997] 

Magnetic semiconductor materials 

(V02-A01,V02-A02) 

Used together with V02-A01 and V02-A02 codes to 
denote coercivity, if indicated. See also U11-A. 

CdCr2S4, galvano-magnetic 

V02-A09 [2002] 

Binders and other additives for magnetic 
materials 

Includes binders/additives for both hard and soft 
materials. This code will be used in conjunction with the 
ƳŀƎƴŜǘƛŎ ƳŀǘŜǊƛŀƭǎΩ ŎƻŘŜǎΦ  

V02-A10 [2005] 

Nanomaterials and their manufacture 

Used in conjunction with hard/soft, metal/non-metallic 
substances. 

V02-A10A [2005] 

Novel nanomaterials 

V02-A10C [2005] 

Manufacture of nanomaterials 

V02-B  

Thin magnetic films 

Prior to 2007, magnetic film details of thin film heads 
were coded under V02-B03, which has now been 
discontinued. From 2007, thin film heads are coded only 
under T03 codes (T03-A03E). However, nanostructures of 
thin film heads are still coded under V02-B04. 

V02-B01* [1987-2006] 

For recording medium 

*This code is now discontinued and has been transferred 
to T03-A01 codes from 200701. It remains searchable for 
records prior to 2007. Includes magnetic films, per se, for 
tapes, discs or drums. SeeT03-A01 codes for record 
carrier details e.g. binders, bases, backing layers.  

Magnetic media, photomagnetic/magneto-optical film  

V02-B02 [1987] 

For bubble memory 

See also U14-A01A1 codes.  

V02-B03* [1992-2006] 

Thin film heads 

(V02-B01) 

*This code is now discontinued and has been transferred 
to T03-A03 codes from 200701. It remains searchable for 
records prior to 2007. See also W04-B codes if 
audio/video application is intended. Manufacture of thin 
film heads is covered by T03-A04 codes. 

V02-B04 [2005] 

Nanostructures 

Includes nanostructures of thin film heads. Other details 
of thin film heads are only coded under T03-A03E codes. 
Manufacturing details of nanostructures are coded under 
V02-H02G. 
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V02-C  

Cores, yokes and armatures 

For general cases only. For particular application see V02-
E, V02-F and V02-G. For high power devices see X12-C.  

Magnetic circuits, laminates  

V02-D  

Coils (incl. connections); (de)magnetising 

Includes general coils where an application is not clear. 
Coils designed for communication or HF applications are 
coded under V02-F codes (e.g. HF coils are coded under 
V02-F03B), and coils for power supplies or other uses are 
coded under V02-G codes. 

For high power coils, see X12-C codes.  

Degaussing  

V02-E  

Magnets 

High strength magnets and super-conducting 
electromagnets are, respectively, in X12-C06 and X12-
C05A.  

V02-E01  

Permanent magnets 

Rare earth magnets  

V02-E02  

Electromagnets 

Solenoids, operating circuit, coils, cores, energising circuit  

V02-E02A  

With armature 

V02-E02A1 [1987] 

For electromagnetic valve 

See also X25-L for EM valves and X22 for automotive 
application.  

Fuel injection valves, EM-brake, -gear, -clutch  

V02-E02A2 [1987] 

For relay, or printer hammer 

See also V03-D codes for relays, and S06-D to S06-K codes 
for details of printers. 

V02-E02A3 [2002] 

Linear actuator 

V02-E02A4 [2002] 

Rotary actuator 

Rotary solenoid 

V02-E02X  

Without armature 

V02-E02X1 [1992] 

Using superconducting coils 

V02-E02X2 [2006] 

Shim coil 

Includes small current-carrying coils that generate the 
auxiliary magnetic fields for improving the homogeneity 
of a main field e.g. in an MRI equipment (see also S01-
E01 and S03-E07 codes). 

V02-F  

Inductive components for communications or HF 

Inductive components used in applications other than 
communication or HF applications are coded under V02-
G codes. General coils where an application is not clear 
are coded under V02-D. 

V02-F01  

Inductances 

Includes coils for telecommunications and radio 
equipment (see also W01 and W02). Constructional 
details are in V02-F03.  

Chokes, HF inductor, antenna coils, radio tuning coils  

V02-F01A [1987] 

For CRT beam deflection 

See also V05-D and W03-A codes for TV deflection.  

Vertical-, horizontal- deflection coils  

V02-F01D [1992] 

Variable 

V02-F01G [1992] 

MRI/NMR equipment gradient/HF coil 

Also see S01-E02, S03-E07 and S05-D02 codes, 
respectively, for magnetic properties sensor, MRI/NMR 
equipment and medical use. 

V02-F01G1 [2006] 

Gradient coil 

V02-F01G2 [2006] 

HF coil 

Includes receiver/transmitter antenna coil for detecting 
an NMR/MRI signal. 

Bird cage-, resonator-, saddle-, surface-coils 
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V02-F01J [1992] 

Filter coils 

See W02-H and U25-E01 codes also.  

V02-F01L [1992] 

Chip inductor  

V02-F01N [1992] 

Flat coils  

V02-F01N1 [1992] 

Printed circuit coils 

See also V04-Q04 and V04-R codes, respectively, for 
printed circuits and their manufacture.  

V02-F01P [2005] 

Inductive connector 

For HF use. See V02-G01D for power supply inductive 
connector. 

V02-F02  

Transformers 

Includes pulse, audio and broad-band transformers. 
Constructional details are in V02-F03.  

V02-F02A [1987] 

For TV 

See also W03-A codes.  

Flyback transformers, television line output transformers  

V02-F02D [1992] 

Rotary transformer 

See also T03-A05D3A, W04-B03B1 codes for helical scan 
head positioning.  

V02-F02G [1992] 

Variable 

V02-F03  

Construction details 

Includes constructional details of signal and HF 
transformers and coils. Used in conjunction with the type 
of coil or transformer, e.g. V02-F02D. Manufacturing 
details are coded by V02-H codes.  

V02-F03A [1997] 

Casings, mounting, cooling; magnetic cores 

V02-F01,V02-F02,V02-F03) 

V02-F03A1 [1997] 

Cooling 

(V02-F03)  

V02-F03A2 [1997] 

Magnetic cores 

(V02-F01,V02-F02) 

Laminates  

V02-F03A3 [2005] 

Cases 

Housing  

V02-F03B [1997] 

Windings 

(V02-F01,V02-F02) 

Bobbins, connections, leads, coils  

V02-F03B1 [1997] 

Insulating 

(V02-F01,V02-F02)  

V02-F03C [1997] 

Control 

Includes current collector sliding or rolling on, or along, 
winding.  

V02-F03C1 [1997] 

Using tappings on coil or winding 

V02-F03C2 [1997] 

Using movable core, coil or winding, or shield 

V02-F03D [2005] 

Shielding 

(V02-F03X) 

Includes screens, shields, etc. 

V02-F03X [1997] 

Other HF transformer/inductor constructional 
details 

Includes terminals, circuits for changing electrical 
characteristics e.g. flux linkage by driving device magnetic 
circuit into saturation, etc.  

Temperature sensors  

V02-F05* [1992-2006] 

Magnetic recording heads 

(V02-C, V02-D, V02-E02X) 

*This code is now discontinued and has been transferred 
to T03-A03 codes from 200701. It remains searchable for 
records prior to 2007. 
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V02-G  

Inductive components for power supplies or other 
uses 

Includes inductive components used in applications other 
than communication or HF applications. Inductive 
components used in communications or HF applications 
are coded under V02-F codes. General coils where an 
application is not clear are coded under V02-D. High 
power components are coded in X12-C.  

V02-G01  

Transformers, reactors, choke coils 

Includes vehicle ignition coil (see also X22-A01A).  

V02-G01A [1983] 

Power transformers 

Power supply  

V02-G01A1 [1987] 

Variable 

V02-G01A2 [1997] 

Non-linear 

Includes transformer, e.g. ferro-resonant, for frequency 
changing or wave-shape changing.  

V02-G01B [1983] 

Instrument transformers 

Includes current-, voltage-transformers (also in S01-
D01D1A), linear variable displacement transducers 
(LVDT).  

Measurement transformers  

V02-G01C [1983] 

Reactors, choke coils 

Lamp ballasts  

V02-G01C1 [1987] 

Variable 

V02-G01D [1997] 

Inductive connector 

For power supply use. See V02-F01P for HF inductive 
connector. 

Inductive coupling  

V02-G01E [2002] 

Inductive sensor 

Includes non-transformer type current/voltage/other 
sensors. 

Voltage-, current-sensor, inductive probe 

V02-G01F [2005] 

Heating inductor 

Low power induction heating coils are included here with 
high power ones covered by X12-C codes. For general 
high or low power induction heating, see X25-B02A 
codes, and X27-C06 for induction cookers. 

V02-G02  

Constructional details 

Manufacturing details are coded by V02-H codes. 

V02-G02A  

Casings, mounting, cooling; magnetic cores 

V02-G02A1 [1987] 

Cooling  

V02-G02A2 [1987] 

Magnetic cores 

Laminates  

V02-G02A3 [2005] 

Cases 

Housing 

V02-G02B  

Windings 

Bobbins, connections, leads, coils  

V02-G02B1 [1987] 

Insulating 

V02-G02C [1987] 

Control 

(V02-G02B) 

Includes current collector sliding or rolling on or along 
winding. 

V02-G02C1 [1987] 

Using tappings on coil or winding 

(V02-G02B)  

V02-G02C2 [1987] 

Using movable core, coil winding or shield 

(V02-G02B, V02-G02X)  

V02-G02D [2005] 

Shielding  

(V02-G02X) 

Includes screens, shields, etc. 
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V02-G02X  

Other power supply transformer/inductor 
constructional details 

Includes terminals, circuit for changing electric 
characteristics e.g. flux linkage by driving device magnetic 
circuit into saturation, etc. 

Temperature sensors  

V02-H  

Manufacture 

Includes apparatus, methods and testing. Manufacture of 
recording media and magnetic heads is not coded under 
V02 anymore, but only under T03-A codes. 

V02-H01  

Coil manufacture 

Includes winding, insulating, connecting leads. 

V02-H01A [1987] 

For reactor, choke coil  

V02-H01B [1987] 

For transformer  

V02-H01C [2002] 

For electromagnet 

V02-H01C1 [2002] 

For EM relay 

See also V03-D06B. 

V02-H01C2 [2002] 

For EM valve 

See also X25-L01A. 

V02-H01C3 [2002] 

For printer 

See also S06-D to S06-K codes for details of printers. 

V02-H01C9 [2002] 

Electromagnet coil manufacture for other devices 

V02-H01X [2002] 

Coil manufacture for other devices 

V02-H02 [1983] 

Applying magnetic films to substrate 

(V02-H09) 

Manufacture of recording media is not coded under V02 
anymore, but only under T03-A02 codes.  

V02-H02A [1987] 

Vacuum evaporation 

V02-H02B [1987] 

Sputtering 

V02-H02C [1987] 

Electroless and electrolytic plating 

V02-H02D [2002] 

Plasma processing 

V02-H02E* [2005-2006] 

Magnetic head 

*This code is now discontinued and has been transferred 
to T03-A04 from 200701. It remains searchable for 
records prior to 2007. 

V02-H02F* [2005-2006] 

Magnetic medium 

*This code is now discontinued and has been transferred 
to T03-A02 from 200701. It remains searchable for 
records prior to 2007. 

V02-H02G [2005] 

Nanostructures manufacture 

Non-manufacturing details of nanostructures are covered 
by V02-B04. 

V02-H03 [1987] 

Core manufacture 

(V02-H09) 

Also includes the rest of the magnetic circuit e.g. yoke, 
armature. From 2007, manufacture of magnetic heads is 
not coded under V02 anymore, but only under T03-A04 
codes. Also includes the rest of the magnetic circuit e.g. 
yoke, armature. Manufacture of magnetic heads is not 
coded under V02 from 2007, but only under T03-A04 
codes. 

Annealing, laminating  

V02-H03A [1987] 

For transformer 

(V02-H09) 

V02-H03C [2002] 

For electromagnet 

V02-H03C1 [2002] 

For EM relay 

See also V03-D06B.  
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V02-H03C2 [2002] 

For EM valve 

See also X25-L01A. 

V02-H03C3 [2002] 

For printer 

See also S06-D to S06-K codes for details of printers.  

V02-H03C9 [2002] 

For electromagnet core of other devices 

V02-H03E [2002] 

For inductor  

V02-H03X [2002] 

Core manufacture for other devices 

V02-H04 [1987] 

Magnet manufacture 

(V02-H09) 

V02-H05* [1992-2006] 

Magnetic recording heads 

(V02-H01, V02-H03, V02-H09) 

*This code is now discontinued and has been transferred 
to T03-A04 codes from 200701. It remains searchable for 
records prior to 2007. Includes manufacture of 
coil/winding and core plus other aspects and testing.  

V02-H06 [2002] 

Terminal manufacture 

(V02-H09) 

Includes manufacture of terminals for all devices and is 
generally coded in conjunction with the relevant device 
code, e.g. V02-G01A for transformer terminals. 

V02-H07 [2002] 

Case manufacture 

(V02-H09) 

Includes manufacture of casings for all devices and is 
generally coded in conjunction with the relevant device 
code, e.g. V02-G01A for transformer casing. 

V02-H08 [2002] 

Testing 

(V02-H09) 

For all aspects of testing transformer, inductor, etc. From 
2007, testing of magnetic heads is not coded under V02 
anymore, but only under T03-A04 codes. 

V02-H09  

Other inductive device manufacturing aspects 

Includes manufacture of devices not specified above. 

V02-H10 [2005] 

Device, per se, manufacture 

Includes indeterminate detail manufacture as well as 
multi-step processes. 
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V03: Switches, Relays 

NOTE: V03 codes cover low power mechanical and 
electromechanical switches, i.e. those involving switching 
by moving contacts to make and break a circuit.  

High power switches, circuit breakers and circuit 
protectors are coded in X13. 

Electronic switching and gating are coded under U21-B 
codes. 

V03-A  

Contacts (general) 

Relay and connector contacts are in V03-D and V04-D, 
respectively.  

V03-A01  

Contact material and structures 

V03-A01A [1983] 

Material 

Includes materials such as composite materials 
containing noble metals, metal with carbide or oxide, 
copper, carbon particles or fibers, conducting materials 
dispersed in binding materials, etc. 

V03-A01B [1983] 

Surface shape/structure 

Includes details of the shape or structure of the contact-
making surface, e.g. grooved, wetted with mercury, 
laminated, etc. 

V03-A02  

Contact engagement techniques 

Includes engagement by abutting and sliding.  

V03-A03  

Protective enclosures 

Includes protective enclosures, baffle plates or screens 
for contacts. Includes contacts sealed in an evacuated or 
gas-filled envelope, e.g. for reed switches. Reed switches 
are coded under V03-C06A.  

V03-A08 [1992] 

Contact manufacture; testing; monitoring 

Includes manufacturing details of switches contacts, and 
details for testing and monitoring the integrity of 
contacts. 

V03-A09  

Other contact details 

Includes increasing contact pressure, preventing vibration 
of contacts, holding contacts together after engagement, 
terminals, cleaning or lubricating contact-making 
surfaces, heating or cooling contacts, etc.  

V03-B  

Switch operating mechanisms (general) 

Details of relays are in V03-D.  

V03-B01  

Non-hand-operated switches 

V03-B01A [1992] 

Limit switches 

Includes switches actuated when reaching a specified 
limit, e.g. safety switches. 

V03-B01B [1997] 

Foot pedal switches or mouth operated switches 

From 2009, this code covers both foot pedal switches and 
mouth operated switches. For constructional details, see 
also V03-B04 codes. 

V03-B01C [1997] 

Door switches 

See also V03-U18 for doors and windows. If vehicle 
doors, see also V03-U03A codes for land vehicles, and 
X22 codes. For other types of doors, see also X25. 

V03-B01D [1997] 

Mat switches 

Includes mats triggering opening of automated doors 
when user walks on the mat, dance mats or platforms 
used with game consoles and arcade games, etc. If the 
mat is part of a game, see also V03-U08. 

V03-B01E [1997] 

Seat switches 

Includes switches triggered when sitting on a seat. If 
vehicle seat, see also V03-U03A for land vehicles and X22 
codes. 

V03-B02  

Internal power arrangements and driving 
mechanisms 

Includes pneumatic or hydraulic actuator, motor-drive, 
electromagnet. Also includes transmitting driving force to 
contacts by ratchet, belt etc. 

Switch-actuating, -operating, -driving  

V03-B03  

Snap-action and time-delay arrangements 

Includes devices for introducing a predetermined time 
delay between the initiation of the switching operation 
and the opening/closing of the contacts such as dash-
pots, flies (e.g. fan governors), thermal timing devices 
(see also V03-C06B for thermal switches), etc.  
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V03-B03A [1987] 

Snap-action 

Includes use of magnet, deformation of elastic member 
e.g. coil springs, flexing of blade springs, buckling of disc 
springs, etc., to first store operation energy which is then 
released to produce or assist the contact movement.  

V03-B04  

Housing; fuse, earthing and safety arrangements 

Includes built-in fuses, earthing arrangements, anti-static 
arrangements, and built-in safety spark gaps. 

Anti-static arrangement  

V03-B04A [1987] 

Housing 

Includes dust-proof, splash-proof, drip-proof, waterproof 
or flameproof casings, bases or covers. Also includes 
arrangements to enable replacement of switch, e.g. 
cartridge housing. 

Walls, cases, boxes, covers, seals  

V03-B05  

Indicators and markings 

LƴŎƭǳŘŜǎ Ψƻƴ-ƻŦŦΩ ǎǿƛǘŎƘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΤ ƳŀǊƪƛƴƎǎ ŦƻǊ Ŝŀǎȅ 
location in the dark. 

Illuminated marking, light display, symbols  

V03-B06  

Interlocking, locking or latching; arc control; 
cooling 

Cooling 

V03-B06A [1987] 

Interlocking, locking or latching 

Includes interlocking between casing, cover, protective 
shutter and operating mechanisms; interlocking of two or 
more switches; locking using a key, etc. 

Safety feature, key, latch  

V03-B06B [1987] 

Arc control 

Includes arrangements for extinguishing or preventing arc 
between current-carrying parts, for preventing discharge 
to non-current-carrying parts, and for detecting the 
presence of an arc or discharge. 

Blow-out magnet, arcing horns, corona ring, insulation 

V03-B09  

Other switch details 

Includes mechanical arrangements for preventing or 
damping vibration or shock; lubricating means; levers, 
turn-knobs and pushbuttons; etc.  

V03-B10 [2002] 

Modular construction 

V03-C  

Switches 

V03-C01  

Linearly-movable operating parts 

V03-C01A  

Adapted for actuation in one direction only 

Pushbutton switches  

V03-C01A1  

With single operating member 

Includes e.g. button switches for cameras, doorbells, 
flashlights, etc. See also V03-C01A3 for constructional 
details. 

Camera, doorbell, flashlight 

V03-C01A1A [2002] 

Membrane switch with single operating member 

Includes mechanical contact based membrane switches 
with single operating member. Includes details of the 
circuit printed on a polyethylene terephthalate (PET) or 
indium tin oxide (ITO) layer. For electronic membrane 
switches e.g. detecting a change in resistance caused by 
depression of the switch, see U21-B codes instead. 

PET layer, ITO layer 

V03-C01A2  

With two or more operating members 

Includes e.g. keyboard-type switches for computer 
keyboards or telephone key pads. See also V03-C01A3 for 
constructional details, T04-F01 codes for keyboards 
details and W01-C01B8 codes for keyboards/keypads 
details.  

Keyboard, keypad 

V03-C01A2A [1992] 

Membrane switch with at least two operating 
members 

Includes mechanical contact based membrane switches 
with two or more operating members. Includes details of 
the circuit printed on a polyethylene terephthalate (PET) 
or indium tin oxide (ITO) layer. For electronic membrane 
switches e.g. detecting a change in resistance caused by 
depression of the switch, see U21-B codes instead. 

PET layer, ITO layer, control panel for microwave, air 
conditioner, etc. 
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V03-C01A3  

Constructional details 

Includes cases, housings, covers, casings, driving 
mechanisms, key structures (for keypads or keyboards), 
etc. for switches adapted for actuation in one direction 
only. 

Case, housing, cover, casing, driving mechanism, coil 
spring, blade spring, disk spring, keystroke, key cap 

V03-C01B  

Adapted for actuation in opposite directions 

Includes constructional details and driving arrangements 
for slide switches. 

Slide switches  

V03-C02  

Rotary switches 

V03-C02A  

Unlimited or unspecified angle 

Includes constructional details and driving arrangements 
for switches operated by turn-knob.  

Turn-knob 

V03-C02B  

Restricted angle only 

Includes constructional details and driving arrangements 
for lever- or handle-operated switches, toggle switches, 
knife switches, etc. 

Toggle, lever, handle, knife switch 

V03-C03  

Operating part adapted for pulling or compound 
movement 

Includes cord or chain operated switches.  

Cord, chain, pull switch 

V03-C03A [1992] 

Compound movement 

Includes constructional details and driving arrangements 
for switches having operating part movable angularly in 
more than one plane, e.g. joystick, and movable both 
angularly and rectilinearly. 

Joystick  

V03-C04 

Tumbler switches 

Includes constructional details and driving arrangements 
for tumbler and rocker switches. 

Rocker switch 

V03-C05  

Lockable switches 

Includes key, plug or plate type.  

V03-C06  

Switches actuated by change of physical condition 

V03-C06A  

Magnetic or electric field 

Includes switch actuated by movement of a float carrying 
a magnet e.g. level detector. 

Reed switch, magnetic switch, electromagnetic switch 

V03-C06B  

Thermal conditions 

Includes constructional details and driving arrangements 
for switches triggered by a change of temperature. See 
V03-C06B1 for thermally sensitive members per se. See 
V03-D05D only for electrothermal relays. 

Electro-thermal, temperature, thermostat 

V03-C06B1  

Thermally sensitive members 

Includes bimetal thermostats.  

Bimetallic member 

V03-C06B9  

Other thermal switches 

Includes details of bellows, diaphragm, Bourdon tube, 
etc. 

Bellows, diaphragm, Bourdon tube  

V03-C06C  

Position, speed, acceleration 

Includes switches operated by change of inclination or 
orientation, centrifugal action, shock or vibration, inertia. 

Impact switches, tilt switches  

V03-C06D  

Fluid pressure or flow 

Includes switches actuated by bellows, diaphragm, 
Bourdon tube, vane, piston and cylinder.  

V03-C06X  

Other physical condition responsive switches 

Includes switches operated by a change of liquid level, 
humidity or liquid density. 

Float switch 
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V03-C07  

Switch manufacture; testing; monitoring 

For contact manufacture and testing see V03-A08. 
Includes all other manufacturing and testing aspects of 
switches.  

V03-C07A [2005] 

Micromachining process, method or apparatus 

See also U11-C and U12-B03F codes. 

MEMS, microswitch, nanoswitch, silicon-machining, 
micromachining 

V03-C08 [1983] 

Time (-programme) switches 

Includes time or time programme switches operated by 
rotary or non-rotary parts, thermal action, electrolytic 
processes or chemical processes. See also S04-C01.  

V03-C09  

Other switches 

Includes liquid contact switches, explosion switches, 
mercury switches, etc.  

Liquid, wet, mercury, explosion 

V03-C10 [1997] 

Microswitches; nanoswitches 

Covers details of small-size switches that act by the 
movement of small levers and used where rapid precise 
movements are required, especially in keyboards and 
automatic control devices. For manufacturing details of 
microswitches or nanoswitches, see also V03-C07A. 

Micromachining, MEMS  

V03-C10A [2002] 

Nanoswitches 

For manufacturing details (micromachining), see also 
V03-C07A. 

V03-C15 [1997] 

Hybrid switches 

Includes combined principle type switches e.g. combined 
contactless (semiconductor) and contact-type switches.  

V03-D  

Relays 

V03-D01  

Circuits and mechanical arrangements modifying 
relay operation 

Includes arrangements for modifying the operation of the 
relay, e.g. for holding armature in attracted position, for 
biasing the electromagnet, for introducing delay, etc. 

Operation delay arrangement  

V03-D02  

Energising-current supply circuits 

Includes relay coil or coils forming part of a bridge circuit, 
and EM drive circuit specifically for relay operation.  

V03-D03  

Magnetic circuits, windings, contacts and driving 
arrangements 

V03-D03A [1983] 

Magnetic circuits 

Electromagnetic details forming part of relay are also in 
V02-E02A2. 

Armatures, electromagnets, yokes, magnets, cores, poles  

V03-D03B [1983] 

Windings 

Includes magnetic coils or windings, including short-
circuited conducting sleeves, bands or discs. 

Coils, coil formers, bobbins  

V03-D03C [1983] 

Contact arrangements 

Includes contact spring sets. 

V03-D03D [1983] 

Magnetic circuit to contact drive 

Includes driving arrangements between movable part of 
magnetic circuit and contact with e.g. lost or snap action, 
etc. Also includes mechanical arrangements for producing 
a desired natural frequency using e.g. reed or blade 
spring, diaphragm, etc. 

V03-D04  

Electromagnetic relays 

V03-D04A  

Polarised and sealed relays 

V03-D04A1 [1983] 

Polarised relays 

Includes polarised relays with or without intermediate 
neutral position of rest. 

V03-D04A5 [1983] 

Sealed relays 

Includes reed relays. For telephony see W01-B.  

V03-D04X  

Other electromagnetic relays 

Includes non-polarised relays, frequency relays, 
mechanically-tuned relays, self-interrupters, etc. 
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V03-D05 

Non-electromagnetic relays 

V03-D05A [1987] 

Piezoelectric relays 

Includes electrostrictive and piezoelectric relays. 

Bimorph elements  

V03-D05B [1997] 

Magnetostrictive relays 

V03-D05C [1997] 

Electrostatic relays 

Includes electrostatic and electro-adhesion relays. 

V03-D05D [1997] 

Electrothermal relays 

Includes heating arrangements using direct or indirect 
heat, and self-interrupters. Details of induction or 
resistance heating per se are also covered under X25-B 
codes. 

Glow discharge, induction or resistance heating, self-
interrupters 

V03-D05E [1997] 

Dynamo-electric relays 

Includes electrodynamic relays, ferrodynamic relays, 
magnetodynamic relays and induction relays. 

Electrodynamic, ferrodynamic, magnetodynamic, 
induction relays 

V03-D06 

Constructional details; manufacture; testing 

V03-D06A [1983] 

Cases, indicators, shielding, cooling, terminals 

Includes bases, casings, covers, indicators, distinguishing 
marks, electromagnetic or electrostatic shielding, 
ventilating/cooling of relays and terminal arrangements. 

Covers, seals, bases, housing, relay holder  

V03-D06B [1983] 

Manufacture and testing 

Includes materials salvaging, apparatus, methods and 
testing.  

V03-D06B1 [2005] 

Micromachining process, method or apparatus 

See also U11-C and U12-B03F codes. 

MEMS, microrelay, nanorelay, silicon-machining, 
micromachining 

V03-D06C [1987] 

Arc control 

Includes arrangements for extinguishing or preventing arc 
between current-carrying parts, for preventing discharge 
to non-current-carrying parts, and for detecting the 
presence of an arc or discharge. 

V03-D10 [1997] 

Microrelays; nanorelays 

For manufacturing details of microrelays or nanorelays, 
see also V03-D06B1. 

Micromachining  

V03-D10A [2002] 

Nanorelays 

V03-D15 [1997] 

Hybrid relays 

Includes combined principle type relays e.g. combined 
semiconductor and electromagnetic relays.  

V03-D20 [1997] 

Smart relays 

Includes smart or intelligent relays. 

V03-E  

Selectors 

Includes electrically operated, step-by-step wiper motion 
switches. For telephony see W01-B.  

V03-U [2002] 

Switches/relays characterised by applications 

V03-U01 [2002] 

Domestic 

Includes switches for domestic appliances, such as curling 
irons, ovens, hair dryers, food blenders, washing 
machines, vacuum cleaners, irons, etc. For switches on 
personal items, see V03-U02. See also X27 codes for 
domestic appliances. 

V03-U02 [2002] 

Personal 

Includes switches for personal items, such as 
toothbrushes, footwear, clothes, razors, etc. For switches 
on domestic items, see V03-U01. See also X27 codes for 
personal appliances. 
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V03-U03 [2002] 

Vehicles 

Includes switches for unspecified vehicles. If the type of 
vehicle is specified, see V03-U03A, V03-U03B, V03-U03C, 
V03-U03D or V03-U03E for land vehicles, avionics, 
shipping, military or railway vehicles respectively. 

V03-U03A [2005] 

Land vehicles 

Includes switches for land vehicles, such as cars, motor 
bikes, trucks, tractors, vans, utility vehicles, excavators, 
etc. See also X22 codes. 

V03-U03B [2005] 

Avionics 

Includes switches for air vehicles, such as planes, 
helicopters, gliders, etc. See also W06 codes. 

V03-U03C [2005] 

Shipping 

Includes switches for sea vehicles, such as boats, ferries, 
submarines, yachts, etc. See also W06 codes. 

V03-U03D [2005] 

Military  

Includes switches for military vehicles, such as rockets, 
tanks, etc. See also W07 codes. 

V03-U03E [2010] 

Railways 

Includes switches for railway vehicles, such as 
locomotives, carriages, etc. used for passengers, in mines, 
etc. 

V03-U04 [2002] 

Information equipment 

Includes switches for computers, laptops and notebooks, 
keyboards, keypads, touchscreens, printers, scanners, 
copiers, facsimiles, graph plotters, personal digital 
assistants (PDA), calculators, etc. 

See also V03-C01A2 for details of switches, and V03-
C01A3 for constructional details. Keypads for mobile 
phones are coded under V03-U05 only. Also includes 
switches used in stationary and business equipment, e.g. 
shredder, etc. 

See also T01 codes for computer details, T04 codes for 
keyboard and plotter details, S06-D to S06-K codes for 
copier, printer and facsimile details, and X27-A02C for 
electrical aspects of stationary and business equipment. 

V03-U05 [2002] 

Telecommunication and broadcasting 

Includes switches for phones, mobile phones, pagers, 
televisions, receivers, set-top boxes, radios, remote 
controllers for television, etc., RF communication, etc. 
See also W01 and W02 codes for mobile phones, pagers, 
phones, etc, and W03 codes for TV receivers, remote 
controllers for television, set-top boxes, etc. 

V03-U06 [2002] 

Machine tools 

Includes switches for machine tools such as presses, 
rolling, milling, drilling, turning, polishing, grinding, 
boring, cutting, abrading and burnishing machines. See 
also X25 codes. 

V03-U07 [2002] 

Industrial 

Includes switches used in the industrial field, such as on 
conveyors, excavators (see also V03-U03A for land 
vehicles), in the mining industry, on packing, bottling, and 
sorting devices, cranes, incinerators, engraving systems, 
in manufacturing and assembly plants, etc. Switches 
especially for machine tools are coded under V03-U06 
only. See also X25 codes. 

V03-U08 [2002] 

Toys; games; sports 

Includes switches on toys, dolls, fitness and exercises 
machines, sport equipment, arcade games such as 
Pachinko or fruit machines, video consoles, handheld 
game consoles, musical instruments such as electric 
guitars, keyboards, etc. See also W04 codes. 

Toys, sport equipment, arcade games, game consoles, 
guitars, keyboards 

V03-U09 [2002] 

Audio, video equipment 

Includes switches on projectors, video recorders (VCR), 
DVD recorders, Hi-Fi systems, etc. Switches for cameras 
are coded under V03-U12 only. See also W04 codes. 

V03-U10 [2002] 

Medical 

Includes switches on medical devices, such as 
pacemakers, hearing aids, defibrillators, diagnostic 
equipment, life support machines, etc., and on hospital, 
veterinary, and dentistry equipment, etc. See also S05 
codes. 
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V03-U11 [2002] 

Lighting 

Includes novel slide switches (V03-C01B) used in 
flashlights, wall-mounted rocker switches (V03-C04) for 
controlling house lighting, foot-operated switches (V03-
B01B) for controlling floor lamps, and inertia responsive 
switches (V03-C06C) for automatically applying motor 
vehicle hazard lights after an accident (see also V03-
U03A, X22-N and X22-B02X). See also X26 codes for 
illumination arrangements per se. 

V03-U12 [2002] 

Cameras 

Includes switches for digital still cameras, film-based 
cameras and video cameras. For other A/V equipment, 
see V03-U09 only. See also W04 codes for digital and 
video cameras, and S06-B codes for film-based cameras. 

Digital camera, film camera, 35 mm camera, SLR camera, 
CCD camera, camcorder, video camera 

V03-U13 [2005] 

Instrumentation 

Includes switches on electrical instruments, engineering 
and scientific instrumentation. See also S01 to S03 codes. 

V03-U14 [2005] 

Robotics 

Includes switches on robots used in assembly lines (see 
also V03-U07 for industrial and X25), during surgery (see 
also V03-U10 for medical and S05), in home automation 
(see also V03-U01 for domestic and X27), welding robots 
(see also V03-U07 for industrial and X24), etc. 

V03-U15 [2005] 

Alarms; signalling 

Includes switches used to e.g. activate silent alarm used 
to covertly alert police during robbery, indicate 
unauthorised opening of window in house (see also V03-
U18 and X25-U01), or to remotely signal to owner that 
parked vehicle is being tampered with (see also X22-N 
and X22-D03C). See also W05-B codes for novel details of 
alarms per se. 

V03-U16 [2005] 

Monitoring; control 

Includes e.g. key sheets used in television remote control 
units (see also V03-U09 and W03-A02C), pedestrian 
traffic light control pushbuttons (see also T07-B05A and 
T07-C03), wall-mounted switches for remotely controlling 
lighting (see also V03-U11, X26-C03C an W05-D codes) 
and switches for monitoring whether patient gets out of 
bed (see also V03-U10 and S05-G02B2 codes). 

V03-U17 [2005] 

HVAC; refrigeration 

Includes switches used in heating, ventilating and air 
conditioning systems, and refrigeration system. See also 
X27-E and X27-F codes. 

V03-U18 [2005] 

Doors and windows 

Includes switches using on doors, gates and windows. For 
alarms systems, see also V03-U15 and W05 codes. See 
also X25 codes. 
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V04: Printed Circuits and Connectors 

NOTES: 

(1) Includes low power electronics and domestic mains 
type connectors.  

(2) High power connectors for power distribution are in 
X12-G.  

(3) Thick and thin film circuits and hybrid circuits are in 
U14-H, although aspects relevant to printed circuits are in 
V04-Q and V04-R.  

(4) For batteries search V04 and X16, and for telephony 
V04 and W01 together.  

(5) Indeterminate type connectors are in V04 and X12.  

(6) Direct connections used for 2-part connector 
terminations are in V04-A and the relevant connector e.g. 
IDC termination for a 3-pin mains plug is in V04-A03, V04-
F, V04-M02 and V04-M07.  

V04-A 

Direct connections 

Relates to electrically conductive connections for two or 
more conductive members which are in direct contact.  

V04-A01 

Soldered, welded, riveted 

See X24 for general soldering, welding and riveting. 
Manufacture of such connections is covered by V04-P 
codes.  

V04-A02 

Twisted, wrapped, bent, crimped 

Crimping sleeve, ferrule  

V04-A03 

With insulation penetrating/displacement 
member 

See also V04-M07. 

Insulation displacement connector (IDC), needle point, 
prong  

V04-A04 

Clamped or spring 

V04-A04A 

Using clamping member acted on by screw or nut 

V04-A04B 

Using screw or nut clamping member 

V04-A04C 

Using spring, clip, or resilient member 

V04-A04X 

Other 

Includes connections using cams, wedges, cones or balls 
to maintain contact.  

V04-A05 

To earth 

Grounding electrode, earthing connector  

V04-A06 [1992] 

Conductive adhesive 

V04-A07 [1992] 

Ψ½ŜōǊŀΩ ŎƻƴƴŜŎǘƻǊ 

(V04-A09) 

Includes block of insulating material with alternative 
conductive areas. 

Elastomer block  

V04-A08 [1992] 

Insulating connections 

(V04-A09) 

Includes end caps, sleeves etc.  

V04-A09 

Other 

Includes connections using shape memory contact; etc.  

V04-A10 [1992] 

Superconducting wires connection 

For high power superconducting wire connectors, see 
X12-G02G.  

V04-A11 [1992] 

Anisotropic connector 

(V04-A09)  

V04-B 

Terminal strips and blocks; terminals mounted on 
base 

Connectors or connecting arrangements of this type 
provide a number of mutually insulated connections.  

V04-B01 

For printed circuits 

Includes bed-of-nails connector; see also V04-M05. For 
semiconductor device holders see also V04-K02, and U11-
D01Q codes. 

IC socket, holder  
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V04-B02 [1987] 

For flat cables 

(V04-B09) 

See also V04-M04. 

Ribbon cable connector  

V04-B03 [1992] 

For coaxial cable 

(V04-B09) 

See also V04-M03. 

High frequency, data communication  

V04-B04 [1992] 

End pieces for multiconductor cables 

(V04-B09)  

V04-B05 [1992] 

Terminals or binding posts, terminal strips, 
terminal blocks, terminal boards 

(V04-B09) 

Includes fastening of connecting parts to base or case. 

Distributor block  

V04-B05A [1992] 

Clip-on terminal blocks for mounting on rail or 
strip 

(V04-B09)  

V04-B09 

Other 

V04-C 

End pieces for wires or cables; 2 or more spaced 
connecting locations 

V04-C01 [1992] 

End pieces 

Includes end pieces supported by wire or cable and for 
connection to another wire, terminal or conductive 
member. For multiconductor cables, see V04-B04. 

Clamps, battery post, eye-, fork-, hook-terminals, 
crocodile clips, spade terminals, probes, needle points, 
spring clip, ferrule, sleeve, screw, nut  

V04-C05 [1992] 

Two or more connecting locations 

Includes connectors for conductive members providing 
two or more spaced connecting locations which are 
thereby interconnected.  

V04-D 

Connector details 

Details only of connectors of the type covered by H01R-
015-033 are included here.  

V04-D01 

Contact members 

Includes composition of contacts; hermaphroditic 
contacts; etc. Conductive materials in general are 
covered by X12-D01 codes. 

Machined, stamped, formed, single beam, dual leaf, 
crimp-, wire wrap-, angled solder-, straight solder-pin 
termination  

V04-D01A [1983] 

Pins, blades, or prongs 

Male, termination  

V04-D01B [1983] 

Sockets or receptacle contacts 

Tongues, termination, female, twin cantilever  

V04-D02 

Securing contact members to base 

V04-D03 

Bases; cases; covers 

For insulating materials in general see X12-E codes. 

Housing, body, seals, dust cap, moulding, hood, potting 
boot  

V04-D03A [1992] 

Materials 

Includes materials for all types of connectors.  

V04-D04 

Fastenings; guides 

Includes means for enabling engagement or 
disengagement of coupling parts with ease or for holding 
them in engagement using bolt or threaded ferrule. 

Latches, locks, securing, coupling nut or ring, bayonet, ZIF 
connector, zero insertion force, screw, locking lever  

V04-D04A [1983] 

Snap-action fastenings 

V04-D05 

Structural association with electrical component 

Includes built-in fuse, switch, light bulbs, filter capacitors 
(see also V04-M08), etc. Details of electrical components 
are in relevant classes e.g. fuses in X13.  
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V04-D06 

Protective and screening arrangements 

Safety arrangements  

V04-D06A [1983] 

Preventing access to live parts 

Involves use of shutters or cover plates; insulating 
terminals; lockable dummy plug.  

V04-D06B [1983] 

Earthing; shielding 

Screening, grounding  

V04-D06C [1992] 

Preventing incorrect coupling 

Polarisation  

V04-D06D [1992] 

Cable strain-relief 

Clamp  

V04-D06X [1983] 

Other  

V04-D09 

Other 

Includes mounting of coupling parts to appts. e.g. wall or 
panel; lockable housing for plug not in use; etc.  

V04-E 

Single-pole two-part connectors 

V04-F 

Two-pole two-part connectors 

Includes coaxial connectors. Communication type 
connectors are in section W e.g. for cable TV see W02-F 
codes.  

V04-G 

Three or more-pole two-part connectors 

V04-G01 

With parallel sliding contacts 

Includes D-type-, rectangular- and trapezoidal-shaped 
connectors.  

V04-G02 

For printed circuits 

See also V04-M05. 

PCB connector  

V04-G02A 

Edge connectors 

V04-G02B 

Surface connectors 

V04-G09 

Other 

Includes jacks e.g. for telephone. See W01-C,  

W01-D codes also. 

V04-G15 [2002] 

USB connectors 

Universal serial bus 

V04-H 

(Multiway) adaptors, including plug standards 
converters 

Includes coupling parts adapted for simultaneous co-
operation with two or more identical counterparts e.g. 
twin socket for distributing energy to two or more 
circuits. Also includes coupling parts adapted for co-
operation with two or more dissimilar parts; coupling 
parts for co-operation with counterparts of different 
voltages.  

V04-H01 [1992] 

Rails or bus-bars 

Includes arrangements allowing counterpart to be 
mounted either at any point or at discrete locations. 

Low power  

V04-J 

Coupling supported connectors 

Includes an intermediate part linking two coupling parts 
e.g. two male coupling parts interconnected by an 
intermediate part with two female parts; intermediate 
parts distributing energy to two or more parallel circuits. 
Also includes bridging contacts in a counter-part. 

Shunt connector, three-part coupling  

V04-K 

Connectors with holders 

V04-K01 

Lamp holders 

See also X26-F. 

Lamp socket  
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V04-K02 [1983] 

For semiconductor devices 

(V04-K09) 

See also U11-D01Q, and V04-B01 if holder is for PCB 
mounting. 

LED holder, IC socket  

V04-K03 [1983] 

Fuse holders 

(V04-K09) 

See also X13-D01B. 

Fuse clip  

V04-K09 

Other 

Includes CRT sockets, valve holders. See also V05-D 
codes.  

V04-L 

Rotary current collectors, distributors, 
interrupters 

V04-L01 

Commutators, slip-rings, contact brushes 

For electric machine application, see also V06-M12 or 
X11-J03.  

V04-L01A [1983] 

Commutators, slip-rings 

V04-L01B [1983] 

Brush arrangements 

V04-L09 

Other 

Includes distributors and interrupters. For vehicles see 
also X22-A01C. 

Distributor caps  

V04-M 

Connectors for specific applications 

Normally used in conjunction with above types, as 
relevant. 

V04-M01 

High frequency and high speed connectors 

Cable TV distribution, coaxial, antenna, RF, computer 
data, data communications  

V04-M02 

Mains connectors 

Under-carpet cable connection  

V04-M03 [1983] 

Coaxial cables connectors  

V04-M04 [1983] 

Flat or ribbon cables connectors 

Under-carpet flat cable connector  

V04-M05 [1983] 

Printed circuits connector  

V04-M06 [1983] 

Adverse environments (dusty, wet, hot) connector  

V04-M07 [1987] 

Insulation displacing connectors 

IDC  

V04-M08 [1987] 

Filter connectors  

V04-M09 [1992] 

Hybrid or mixed signal connectors 

Includes combination of e.g. optical and electrical signals, 
power and data signals.  

V04-M10 [1992] 

Crimped connectors  

V04-M11 [1997] 

Smart connectors  

V04-M12 [1997] 

Combination connectors; stackable connectors  

V04-M15 [2002] 

Hot plug connectors 

V04-M16 [2005] 

ZIF connectors 

V04-M17 [2006] 

Cable-connector combination 

Includes a combination of cable and connector where 
neither is, or both are, novel. See X12-D03Q also.  

V04-M20 [2002] 

Microconnectors 
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V04-M30 [1992] 

Characterised by application to specific industry 

These codes are used together, if necessary, with other 
V04-M codes e.g. HF connector for communications is 
coded in V04-M01 and V04-M30G.  

V04-M30A [1992] 

Avionics/military/shipping  

V04-M30C [1992] 

Land vehicles  

V04-M30E [1992] 

Data processing  

V04-M30G [1992] 

Telecommunications  

V04-M30J [1992] 

Oil/petrochemical  

V04-M30L [1992] 

Consumer electronics  

V04-M30M [1997] 

Medical  

V04-M30N [1992] 

Domestic 

Includes connectors for irons, fridges, etc. Ordinary mains 
connectors are in V04-M02. 

V04-M30P [1997] 

Personal hygiene 

V04-M30Q [2002] 

Instrumentation 

V04-M30R [2002] 

Machine tools; robotics 

V04-M30S [2005] 

Industrial machines 

V04-N 

Flexible/turnable/swivel connectors; non-rotary 
current collectors 

Also includes flat cable arrangement for movable 
element, e.g. vehicle steering wheel. See also X22-C05, 
X22-X01.  

V04-P 

Appts. and processes for connector manufacture, 
assembly, testing, repair 

Used in conjunction with V04-M. For testing of printed 
circuit board see V04-R06 instead. For general electric 
testing also see S01-G codes. 

V04-P01 

For crimping, wire wrapping, etc.  

V04-P01A [1992] 

Crimping 

See also X12-G01E for heavy crimping tools.  

V04-P01C [1992] 

Wire wrapping 

V04-P02 

For commutators, slip-rings, brushes 

See also V06-M11A or X11-J08A for application to electric 
machines.  

V04-P03 [1992] 

Wire stripping 

(V04-P09) 

See also X12-G01B for heavy power cables.  

V04-P04 [1992] 

Plating 

(V04-P09)  

V04-P05 [1992] 

Connecting terminal to housing or moulding 

(V04-P09)  

V04-P06 [1992] 

Contact 

(V04-P09)  

V04-P07 [1992] 

Housing 

(V04-P09)  

V04-P08 [1992] 

Soldering, riveting, welding 

(V04-P09) 

See also X24.  

V04-P09 

Other 

Metal recovery  
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V04-P10 [1992] 

Connecting superconducting wires 

(V04-P09) 

See also X12-G01X, X12-D06.  

V04-P11 [1992] 

Terminating cable 

(V04-P09) 

V04-P12 [2006] 

Testing 

V04-Q 

Printed circuits 

V04-Q01 

Printed connections to printed circuit boards 

Includes printed elements for providing electric 
connections to or between printed circuits (See also V04-
M05). 

V04-Q02 

Printed circuits structurally associated with other 
circuits or non-printed components 

Includes printed circuits/boards structurally associated 
ǿƛǘƘ ŜƭŜŎǘǊƻƴƛŎΣ ŜƭŜŎǘǊƛŎ ŀƴŘ ΨƳŜŎƘŀƴƛŎŀƭΩ ŎƻƳǇƻƴŜƴǘǎΦ 

Universal interface board  

V04-Q02A [1992] 

Association with other non-printed components 

V04-Q02A1 [1992] 

Switch  

V04-Q02A2 [1992] 

Multichip modules 

See also U11-D01A6 and/or U14-H03A4 and U14-H03C3 
codes. MCMs based on silicon substrates are in U11 and 
U14 only. Indeterminate substrate type MCMs are in 
sections U and V.  

V04-Q02A3 [1992] 

Smart cards 

See also T01-H, T04-K, and U11-D01A codes for IC card 
packages. See also U14 codes if thin film aspects are 
relevant. Connectors for smart cards are coded according 
to claimed aspects e.g. V04-G02, V04-M05.  

V04-Q02A3A [2002] 

Contactless cards 

V04-Q02A3B [2002] 

Contact cards 

V04-Q02A3C [2002] 

Hybrid/twin cards 

V04-Q02A4 [2005] 

Non-electrical components 

Includes structural association of PCB with non-electrical 
components, e.g. heat sink clamps, and optical 
components, such as lens holders, etc. 

V04-Q02A5 [2005] 

RFI/EMI (non-tracks) shields 

Includes individual modules and whole PCB shielding 
cans/boxes. See also V04-U codes. 

V04-Q02A6 [2005] 

Buried (non-printed) components 

Includes association with components such as capacitors, 
resistors or inductors buried within layers or under 
encapsulant. See V04-R03 for PCB encapsulation per se. 

V04-Q02A7 [2005] 

Semiconductor device association with PCB 

V04-Q02A2 and V04-Q02A3 take precedence. 

V04-Q02A9 [2006] 

Other associated electrical components 

Includes PCB association with other electrical 
components e.g. mountable type antenna. 

V04-Q02B [1992] 

Association with other circuits 

V04-Q02B1 [1992] 

Mother/daughter boards 

See also V04-T02.  

V04-Q02B1A [1992] 

Hierarchical Interconnection Technology 

See also V04-T02. 

HIT  

V04-Q03 [1992] 

Hybrid circuits 

(V04-Q02, V04-Q09) 

Includes hybrid circuits per se. Manufacturing is in V04-
R05G and relevant processes being claimed e.g. 
metallisation in V04-R02. All aspects of hybrid circuits are 
not covered here. For example, packaging and terminals 
are covered more fully in section U. See also U14-H03 
and U14-H04 codes. 



EPI Manual Codes 2020 617 

Part 2  

V04-Q04 [1992] 

Printed resistor, capacitor, or inductor 

(V04-Q09) 

See also V01-A02, V01-B03, V02-F01 codes. 

V04-Q04A [2006] 

Printed resistor 

V04-Q04B [2006] 

Printed capacitor 

V04-Q04C [2006] 

Printed inductors; printed coils 

Also includes printed coils for transformers (see also V02-
F/V02-G codes) and electric motors (see also V06-
M08A1). 

V04-Q04D [2006] 

Composite printed components 

Includes printed RC, RL, RLC or LC component 
combinations. Passive frequency-selective networks using 
structurally-associated components are also assigned 
U25-E02A. 

V04-Q05 [1992] 

Printed circuits per se 

(V04-Q09)  

Includes track layout, general description of PCB and its 
components. V04-Q02A takes precedence for specific 
component association with PCB. 

V04-Q05A [2005] 

Track layout design for EMI/RFI shielding or ESD 
protection 

See V04-U codes for general EMI/RFI shielding. 

V04-Q06 [2002] 

Printed antenna 

V04-Q08 [2005] 

Probe cards 

Use this code together with other V04-Q and V04-R codes 
if appropriate, e.g. V04-Q02A for novel structural 
association with electronic components, V04-Q02B for 
structural association with other PCBs within probe card 
assembly or test fixture, or V04-R codes for novel 
manufacturing aspects. See also V04-Q30Q, S01-G, S01-H 
and U11-F codes. V04-B01/M05 codes may be applied for 
highlighting novel features of terminals, pins, blades 
mounted on PCB. 

V04-Q08A [2005] 

Horizontal probe card 

V04-Q08B [2005] 

Vertical probe card 

V04-Q09 

Other  

V04-Q30 [2005] 

Characterised by application to specific industry 
or equipment 

V04-Q30A [2005] 

Avionics/military/shipping 

V04-Q30B [2005] 

Land vehicles 

V04-Q30C [2005] 

Computers 

V04-Q30D [2005] 

Displays; projectors 

V04-Q30E [2005] 

Data storage 

V04-Q30F [2005] 

Printers; scanners; photocopiers; fax machines 

V04-Q30G [2005] 

Telecommunication and broadcasting 

V04-Q30H [2005] 

Audio/video equipment 

V04-Q30J [2005] 

Cameras 

V04-Q30K [2005] 

Toys; games; sports 

V04-Q30L [2005] 

Power supplies 

V04-Q30M [2005] 

Medical equipment 

V04-Q30N [2005] 

Domestic appliances 

V04-Q30P [2005] 

Personal articles 
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V04-Q30Q [2005] 

Instrumentation 

V04-Q30R [2005] 

Machine tools; robotics 

V04-Q30S [2005] 

Industrial machines 

V04-Q30T [2005] 

Alarms; signalling; telecontrol 

V04-Q30U [2010] 

Lighting; lamps 

Includes printed circuits used in illumination applications 
such as street lamps, table lamps and LED lamps. 

V04-Q30X [2010] 

Other 

Includes oil/petroleum application and chemical industry.  

V04-R  

Printed circuit manufacture 

V04-R01 

Removing conductive material; resists  

V04-R01A [1983] 

Resist 

Includes photoresist for use as solder mask. See also V04-
R03, V04-R04A2.  

V04-R01A1 [1992] 

Material 

V04-R01A2 [1992] 

Stripping  

V04-R01A3 [1992] 

Protector  

V04-R01A4 [1992] 

Liquid  

V04-R01A5 [1992] 

Dry  

V04-R01A5A [1992] 

Laminating  

V04-R01A6 [1992] 

Developing  

V04-R01B [1992] 

Phototool 

Includes all etching resist exposure methods and 
apparatus. For all other types of PCB exposure methods 
and apparatus see V04-R12. 

Photomask  

V04-R01C [1992] 

Metal removal 

V04-R01C1 [1992] 

Chemical etching  

V04-R01C5 [1992] 

Mechanical removal 

Includes metal removal using e.g. laser. 

V04-R02 

Applying conductive material 

Includes wire embedded onto substrate or encapsulated 
PCB (see also V04-T01); processes to improve adhesion 
between substrate and metal layer (see also V04-R07); 
bonding metal foil to substrate is in V04-R07P1. 

Conductive ink, circuit pattern production, metallising, 
masking tape  

V04-R02A [1987] 

Electroless plating 

Catalysts, chemical plating  

V04-R02B [1987] 

Electroplating 

Includes electrolytic plating methods or baths. See X25-
R04 also.  

V04-R02C [1987] 

Through-hole or via plating 

Through-vias, blind vias, buried vias 

V04-R02D [1992] 

Sputtering 

For general sputtering apparatus, see X25-A04.  

V04-R02E [1992] 

Evaporation  

V04-R02F [1992] 

Screen printing  
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V04-R02G [2005] 

Adhesion aids 

Includes arrangements or materials for improving 
adhesion between a conductor track and substrate. 
Materials related to additives incorporated within the 
conductive material (see also V04-R02P) and additives 
incorporated within a substrate material (see also V04-
R07L). If the adhesion aid is particularly for either a track 
or metal foil/layer use either this code or V04-R07P5, 
respectively. For general cases, use both codes. 

V04-R02P [1992] 

Conductive materials 

Conductive materials in general are covered by X12-D01 
codes.  

V04-R02Q [1992] 

Baking conductor tracks  

V04-R02R [1992] 

Plating resists 

V04-R02S [2006] 

Ink-jet printing 

Includes the forming of conductive tracks by using an ink-
jet printer (see S06-G codes for printer details). 

V04-R03 

Secondary treatment 

Includes polishing etc.  

V04-R03A [1992] 

Repairing conductive pattern faults 

V04-R03C [1992] 

Cleaning 

Includes chemical and mechanical cleaning. 

Defluxing  

V04-R03C1 [1992] 

Brush cleaning  

V04-R03C2 [1992] 

Vapour degreasing  

V04-R03C3 [1992] 

Wave cleaning  

V04-R03C4 [1992] 

Ultrasonic  

V04-R03C9 [1992] 

CFC-free cleaner  

V04-R03E [1992] 

Protective coatings 

Includes also solder mask left on PCB for protection. 

Conformal coatings  

V04-R03E1 [1992] 

Applying coatings  

V04-R03G [1992] 

Drill smear removal  

V04-R03J [1992] 

Correcting soldering defects 

Includes de-soldering, resoldering components; removing 
excess solder. etc.  

V04-R03L [1992] 

Drying  

V04-R04 

Assembling with components 

Includes mounting of electric, electronic and mechanical 
components. Includes also component removal. V04-R04 
codes are used in conjunction with each other as 
appropriate. For example, surface mounted components 
and their soldering is in V04-R04B and V04-R04A codes.  

V04-R04A [1983] 

Soldering 

Details of soldering methods and apparatus are also in 
X24-A. Unsoldering of components is also included here if 
precise method is not indicated.  

V04-R04A1 [1987] 

Wave soldering 

Soldering baths  

V04-R04A2 [1987] 

Solder mask and its application 

See also V04-R03. 

Solder resist  

V04-R04A2A [1992] 

Permanent 

Screen printing, photoprint, thermal-, UV-curing  

V04-R04A2F [1992] 

Temporary 

Solvent, peelable, aqueous  

V04-R04A3 [1992] 

Reflow soldering  
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V04-R04A3A [1992] 

Infrared  

V04-R04A3C [1992] 

Laser  

V04-R04A3G [1992] 

Thermal conduction  

V04-R04A3J [1992] 

Hot gas 

Includes vapour phase soldering also.  

V04-R04A3L [1992] 

Soldering iron 

Prior to 1992 soldering irons were coded in V04-V09. This 
is now discontinued. 

Desoldering  

V04-R04A4 [2010] 

Ultrasonic soldering 

See also X24-A02X for general ultrasonic soldering. 

V04-R04A5 [1992] 

Flux/solder material  

V04-R04A5A [1992] 

Flux, solder paste/cream application 

screen printer, stencil printer, pressure dispensing  

V04-R04A5C [1992] 

Ψ/ƭŜŀƴ ŦƭǳȄΩΤ ŦƭǳȄƭŜǎǎ ǎƻƭŘŜǊƛƴƎ 

Includes materials which need no secondary cleaning 
step.  

V04-R04A7 [1992] 

Inspecting solder joint 

See also V04-R06D3.  

V04-R04B [1987] 

Surface mounting 

Component onserters  

V04-R04B1 [1992] 

Adhesive application, drying and curing  

V04-R04B2 [1997] 

Adhesive materials  

V04-R04C [1987] 

Wiring 

See also V04-V02 for records prior to 1992. From 1992 
onwards, see V04-V02 only for general circuitry 
manufacture.  

V04-R04D [1992] 

Leaded component mounting  

V04-R04D1 [1992] 

Lead clinching, cutting, shaping, etc. 

(V04-R04, V04-V01)  

V04-R04F [1992] 

Component placement machine 

(V04-R04, V04-R04B, V04-V01) 

Used in conjunction with V04-R04B or V04-R04D.  

V04-R04F1 [1992] 

Robot  

V04-R04F3 [1992] 

Pick-and-place  

V04-R04G [1992] 

Component feeding, orienting 

(V04-R04, V04-R01) 

See also V04-V01 for records prior to 1992. From 1992 
onwards, see V04-V01 only for general circuit 
manufacture. For component handling within placement 
machine see only V04-R04F. 

Positioning  

V04-R04G1 [1992] 

Component magazine or bandolier per se and its 
handling 

(V04-R04, V04-V01A) 

See also V04-V01A for records prior to 1992. From 1992 
onwards see V04-V01A only for general circuit 
manufacture. See also U11-F codes.  

V04-R04J [1992] 

Checking for correct mounting and presence of 
component 

See also V04-R06D5.  

V04-R05 

Types of PCB 

This code is used in conjunction with other codes relating 
to PCBs/hybrids and their manufacture except in those 
cases where the type of PCB is evident from other 
claimed features e.g. multilayer substrate material is in 
V04-R07A and V04-R07L. 
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V04-R05A [1992] 

Multilayer 

V04-R05A1 [1992] 

Ceramic 

V04-R05B [1992] 

Double-sided 

(V04-R05)  

V04-R05C [1992] 

Rigid  

V04-R05D [1992] 

Flexible  

V04-R05E [1992] 

Three-dimensional  

V04-R05G [1992] 

Hybrid 

(V04-Q09)  

V04-R05H [2005] 

Flex-rigid 

V04-R06 [1983] 

Testing 

(V04-R09) 

See also S01-G, S02-A, S03-E, T01-J, T04-D codes. The 
V04-R06 codes are used in conjunction with each other as 
appropriate e.g. method for conductivity testing of a bare 
board by using bed-of-nails contact probe is coded in 
V04-R06A3 and V04-R06G1A. 

Detecting defects, inspecting, shorts, pinholes, open 
circuit, specks  

V04-R06A [1992] 

Bare board  

V04-R06A1 [1992] 

Isolation  

Includes testing of spacing between conductor tracks, 
short circuit between tracks etc. 

V04-R06A3 [1992] 

Conductivity  

Includes testing of open circuit in conductor tracks. 

V04-R06D [1992] 

Loaded board 

(V04-R06, V04-V09) 

In-circuit  

V04-R06D1 [1992] 

Functional  

V04-R06D3 [1992] 

Soldering  

V04-R06D5 [1992] 

Correct component position  

V04-R06G [1992] 

Test fixtures  

V04-R06G1 [1992] 

Contact probes 

See S01-H and appropriate V04 codes also. 

Spring-loaded probes  

V04-R06G1A [1992] 

Bed-of-nails  

V04-R06G1B [2002] 

Flying-probes 

V04-R06G1C  [2002] 

Generic probes 

V04-R06G2 [2005] 

Non-contact probes 

V04-R06G3 [1992] 

Automatic Test Equipment  

V04-R06G4 [2005] 

Wireless fixture 

Includes fixture having wires replaced by PCB. 

V04-R06G5 [2005] 

MEMS-based probes 

V04-R06J [1992] 

Techniques/types  

V04-R06J1 [1992] 

Optical  
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V04-R06J1A [1992] 

Visual inspection  

V04-R06J1C [1992] 

Image processing 

Includes electronic imaging using CCTV, pattern 
recognition. See also T01-J, T04-D, W02-F codes. 

V04-R06J2 [1997] 

X-rays 

V04-R06J3 [2006] 

Mechanical or thermal tests 

Includes e.g. vibration, structural, mechanical or thermal 
testing. 

V04-R06J9 [2006] 

Other testing techniques 

V04-R06M [1992] 

Artwork 

Includes checking of traces, position of lands, 
photomasks/phototool, etc.  

V04-R07 [1983] 

Substrates 

(V04-R09) 

Includes measures to improve adhesion of metal to 
substrates. See also V04-R02.  

V04-R07A [1992] 

Multilayer  

V04-R07A1 [1992] 

Ceramic  

V04-R07B [1992] 

Metal-cored 

V04-R07C [1992] 

Flexible 

Polyimide film, polyester film  

V04-R07D [1992] 

Hybrid  

V04-R07E [2005] 

Metal-clad 

V04-R07E1 [2005] 

Single-sided 

V04-R07E2 [2005] 

Double-sided 

V04-R07F [2005] 

Constructional details 

V04-R07L [1992] 

Material 

Insulating materials per se are covered by X12-E codes. 

LC polymer, epoxy glass laminate, thermoplastic resin, 
poly/aryl) ether, ceramic, epoxy resin, phenol resin, 
alumina, berrylia, glass-coated alumina, unsaturated 
polyester resin and glass or synthetic fiber, steel, steatite, 
aluminium nitride sintered  

V04-R07P [1992] 

Manufacturing  

V04-R07P1 [1992] 

Laminating metal foil to substrate 

Selective lamination of metal to form tracks is in V04-R02. 
See V04-R07P5 for adhesion aids such as materials or 
arrangements for improving adhesion between a copper 
foil/layer and the substrate. See note for V04-R02G. 

V04-R07P1A [1992] 

Applying protective coatings 

Includes for e.g. treatment to prevent oxidation of metal 
foils.  

V04-R07P2 [2005] 

Manufacturing metal foil 

Includes manufacture of metal foil which will 
subsequently be laminated on insulating substrate. 

V04-R07P3 [1992] 

Laminating layers of multilayer PCB  

V04-R07P4 [2005] 

Depositing (un-patterned) metal layer 

Includes depositing (un-patterned) metal layer directly 
onto substrate. 

V04-R07P5 [2005] 

Adhesion aids 

Includes arrangements or materials for improving 
adhesion between a conductor foil or layer and substrate. 
Materials related to additives incorporated within the 
conductive material (see also V04-R02P) and additives 
incorporated within a substrate material (see also V04-
R07L). If the adhesion aid is particularly for either a track 
or metal foil/layer use either this code or V04-R02G, 
respectively. For general cases, use both codes. 
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V04-R07P6 [2007] 

Insulating layers of multilayer PCB 

Includes application of insulating layers in manufacture of 
multilayer substrates. 

V04-R08 [1987] 

Drilling holes or vias 

(V04-R09) 

Drilling, punching, through-holes, through-vias, blind vias, 
buried vias  

V04-R09 

Other 

Includes static electricity neutralising; PCB 
holder/support etc.  

V04-R10 [1987] 

Mask registration 

(V04-R09)  

V04-R11 [1992] 

CAD of wiring layout, component placement, etc. 

(V04-R09) 

See also T01-J15A2. Also includes general layout design.  

V04-R12 [1992] 

PCB exposure 

(V04-R09) 

Includes all non-etching resist exposure methods and 
apparatus. See V04-R01B for etching resist exposure. For 
lamp details see X26 codes. 

V04-R13 [1992] 

Blanking, shearing, and cutting 

(V04-R09)  

V04-R14 [1992] 

Multistep processes 

(V04-R09) 

This code is used when several well-defined steps are 
claimed.  

V04-R15 [1992] 

Materials recovery; recycling  

V04-R15A [1992] 

Etchant 

(V04-R01)  

V04-R15B [1992] 

Conductive material 

(V04-R02)  

V04-R16 [1992] 

Decontamination of wastes; disposal 

(V04-R09)  

V04-R17 [1992] 

Board conveying and handling between 
processing stages 

(V04-R09)  

V04-R19 [2005] 

EMI/RFI shielding tracks manufacture 

Covers RFI/EMI shielding tracks manufacture. See V04-U 
for general shielding. 

V04-R20 [2007] 

Overstress indicators 

(V04-R09) 

Includes arrangements used to highlight areas of PCB 
with dangerously high stress levels. See also S02-F codes 
for mechanical stress and S03-B codes for thermal stress 
measurements. 

V04-S 

Electronic equipment casing/cabinet, and drawers 

Includes casings for electronic equipment like computers, 
A-V apparatus, etc. Electrical equipment such as 
microwave ovens, etc are not included here. For 
insulating materials (see X12-E codes, too) designated for 
general electronic equipment or apparatus, see V04-S 
codes for records prior to 1997. From 1997 onwards, see 
V04-X01B codes. 

Housing, cases, covers, bases, panels, castors, handle, 
lifting eye, adjustable feet, ventilation slots, louvres  

V04-S01 

Metal and hermetically sealed casings 

V04-S01A [1987] 

Hermetically sealed casings 

Encapsulation of PCBs is in V04-R03 only and component 
encapsulation is coded in relevant code for the 
component e.g. resistors in V01. 

Encapsulants, seals, epoxy resin  

V04-S01C [2005] 

Metal casing with insulative coating 

V04-S02 [1987] 

Insulating material casing 

(V04-S09) 

Polyphenylene oxide flame retardant, ABS, plastics  
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V04-S02A [1992] 

Sealed or encapsulated 

V04-S02B [2005] 

Insulating casing with conductive coating 

V04-S03 [1992] 

Battery holder/compartment associated with 
electrical/electronic equipment  

(V04-S09) 

See also X16-F06. 

V04-S04 [2005] 

Conductive (non-metallic) material casing 

V04-S09 

Other 

Includes casings of indeterminate material. 

Brackets, clips, vibration dampers, nameplate details  

V04-S10 [2002] 

Manufacture 

V04-S15 [2002] 

Materials 

V04-S20 [2005] 

Transparent casing 

V04-S22 [2005] 

Fire-proof casing 

V04-S23 [2017] 

Water-proof casing 

Includes casings which are waterproof. 

V04-S24 [2020] 

Dust-proof casing 

Includes dust proof casing for all electronic devices. 

V04-S30 [2007] 

Mechanical details 

Includes inserts, hinges, handles and locks. 

V04-T 

General constructional details of electronic appts. 

This code is used only for electronic equipment such as 
computers, A-V apparatus, etc. Electrical equipment such 
as microwave ovens are not included here. 

V04-T01 

Arrangements of components and wiring 

See also V04-V02 for wiring harnesses. Termination of 
wire harnesses is in V04-P11. 

Panel mounting, breadboards  

V04-T01A [1992] 

Wiring 

Grommets, wire harness, ties, cable sleeve/marker, wire 
embedding, wire tie tools, cable trough, duct, trunking, 
busbar 

V04-T01C [1992] 

Components 

Component (de)mounting tool  

V04-T01C1 [2002] 

Modular components 

V04-T02 

Mounting supporting structure in casing or on 
rack; rack construction 

See also V04-Q02 for PCB in association with other 
components, W01-B20 for telephone distribution frame. 

Circuit modules, frames, supports, PCB (de)mounting 
tools, PCB or panel spacer elements, back panel 
interconnections, mother/daughter board arrangements, 
card ejector, divider, guides, chassis runner, locating strip  

V04-T03 

Cooling; heating; air filtering/cleaning; 
dehumidifiers 

Includes cooling of electronic apparatus, systems and 
devices. Individual component cooling is also coded in 
relevant classes, e.g. for ICs, see U11-D02 codes. 

V04-T03A [1983] 

Heat sinks, radiative cooling 

Heat conducting plates  

V04-T03B [1983] 

Forced cooling 

V04-T03B1 [2002] 

Using fans 

V04-T03B2 [2002] 

Using pumps/compressors; refrigeration 

V04-T03B3 [2002] 

Cryogenic cooling 
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V04-T03C [2002] 

Thermoelectric cooling 

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

V04-T03F [2005] 

MEMS-based cooling 

V04-T03G [2005] 

Hybrid cooling 

V04-T03H [2002] 

Heat pipes 

V04-T03J [2002] 

Heating arrangements 

V04-T03K [2002] 

Air filtering/cleaning 

V04-T03L [2002] 

Dehumidifiers 

V04-T03P [2002] 

Materials 

Includes thermal materials and adhesives. 

V04-T03Q [2002] 

Manufacture; testing; monitoring 

V04-T03X [2007] 

Other cooling aspects 

Includes cooling aspects not covered elsewhere e.g. 
involving the use of electro-caloric effects, heat sink 
mounts, etc. 

V04-T04 [1992] 

Hybrid electrical/optical board arrangements  

V04-U 

Electric and magnetic screening 

Normally includes screening arrangements for an 
individual equipment and the room containing the 
equipment. See S01-G08B5 also for screened rooms for 
electrical equipment testing. For individual measuring 
instrument screening, see S01-J02 also. For suppressing 
the emission of interference from an equipment by 
means of a specific constructional feature of the 
equipment, see also W02-H01E. 

EM shielding, EMI, RFI  

V04-U01 [1992] 

Material  

V04-U01A [1992] 

Superconducting materials 

See also X12-D06B and U14-F01 for superconducting 
materials per se.  

V04-U02 [1992] 

Faraday cage 

Includes arrangements for a room, or whole apparatus.  

V04-U03 [1992] 

EMI-proof casings 

See also V04-S codes.  

V04-U04 [2007] 

EMI-proofing elements 

Includes elements such as gaskets, panels (see V04-U03 
too, if the panel is part of a casing), etc. 

V04-U15 [2002] 

Manufacture 

V04-U20 [2002] 

EMC testing 

V04-U21 [2010] 

Electrostatic protection casing 

Includes electronic device protection from electrostatic 
effect. 

V04-V 

General circuit manufacture 

(1) Excludes PCB and its manufacturing from 1992 
onwards. Please search relevant V04-R codes. 

(2) Includes general assemblages of electric components 
and their monitoring. 

(3) Prior to 1992, please search V04-V codes also for PCB 
component mounting, PCB loaded board testing and 
(de)soldering irons. 

(4) From 1992 onwards, all PCB testing is covered by V04-
R06 codes; V04-V09 is still valid for general circuit testing. 

V04-V01 

Feeding, orienting, mounting components 

Robot assembler, automatic component insertion, 
positioning components, pick-and-place machine  

V04-V01A [1987] 

Component magazine or bandolier 

For ICs, see also U11-F. 

Cassettes, carrier tapes   
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V04-V02 

Wiring 

Includes manual and machine wiring. See also V04-T01. 

Harness manufacture, automatic wiring, looms, wire tie 
tools  

V04-V02A [1983] 

Shaping component leads, cutting 

(V04-V09) 

Bending-, trimming-, clinching-, forming-leads  

V04-V09 

Other 

Includes component value changing tool and general 
circuit testing. 

Testing circuit, monitoring  

V04-X 

Miscellaneous 

Component marking  

V04-X01 [1997] 

General electronic components packaging, 
materials, cleaning, manufacture and disposal 

V04-X01A [1997] 

Containers, packaging 

Storage, shipping, transportation  

V04-X01B [1997] 

Materials  

For insulating materials (see also X12-E codes) designated 
for general electronic equipment or apparatus, prior to 
1997 see V04-S codes. 

V04-X01B1 [2005] 

Nanomaterials  

Includes nanomaterials or nanoparticles for general 
electronic applications. 

V04-X01C [1997] 

Materials recovery and recycling 

Includes material recovery and recycling of general 
electronic components. 

V04-X01D [1997] 

Cleaning 

V04-X01E [2002] 

Drying 

V04-X01F [2005] 

Manufacture and testing  

Includes general electronic components manufacture and 
testing. 

V04-X01G [2005] 

Waste decontamination and disposal  

Includes decontamination and disposal of general 
electronic components. 
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V05: Valves, Discharge Tubes and CRTs 

Notes: 

(1) All aspects of discharge tubes for lighting (including 
manufacture) are covered by X26 and are not included in 
V05. 

(2) Manufacturing aspects of devices are normally only 
coded in V05-L. However, where important novelty or 
increased information can be conveyed by inclusion in 
device codes also, this is done.  

(3) In sections where separate codes for tube details are 
not included or are insufficient, codes from the general 
section (V05-M) should be used in conjunction with a 
device code. 

(4) From 1992 onwards, new codes were introduced to 
represent tube types which can be used whether the 
whole tube or just a component part is claimed. These 
codes can be applied if the particular tube type is 
specified and thus should be regarded as a means of 
limiting a search only, since the precise nature of a tube 
may be unspecified or unimportant in cases of wider 
application. 

V05-A 

Gas-filled tubes 

Does not include plasma processing tubes - see V05-F05 
codes. Prior to 1992, use V05-M in conjunction with V05-
A codes for full coverage. 

V05-A01 

Plasma display panels and tubes 

V05-A01A codes are used to describe the display type in 
conjunction with codes from V05-A01B to V05-A01G, 
which describe novel features. 

Examples: 

(1) A novel barrier rib arrangement of a non-specific 
plasma display panel type, use V05-A01A3 and V05-
A01D3 together. 

(2) A novel drive circuit for a plasma-addressed LCD 
would be coded in V05-A01A7 and V05-A01G, as well as 
U14 and relevant T04/W03 codes. 

Flat panel, matrix, seven-segment, plasma, vessel, 
housing, electrodes, filling 

V05-A01A [1992] 

Characterised by type of display 

V05-A01A1 [1992] 

Segment type display tube 

Prior to 2005, tubes limited to displaying characters only 
in matrix form were covered by V05-A01A3C. 

V05-A01A3 [1992] 

Plasma display panels 

Includes display panels that directly emit the colour of 
the plasma discharge, as well as panels that use UV 
emission in order to excite a phosphor. Also includes 
plasma display panels of unspecified driving voltage type. 

V05-A01A3A [1992] 

DC display 

Includes Self-scan® display panel with sequential 
discharge transfer. 

V05-A01A3B [1992] 

AC display 

V05-A01A3C*  [1992-2004] 

For character display only 

*This code is now discontinued but covered display 
panels for alphanumeric data only, i.e. where not all 
points on screen can be addressed. From 2005, this code 
is no longer used. See V05-A01A9 for other plasma 
display types. 

V05-A01A3D*  [1992-2004] 

For character and graphics display 

*This code is now discontinued. Covers display with all 
points addressable. From 2005, this code is no longer 
used. See V05-A01A9 for other plasma display types. 

V05-A01A5*  [1992-2004] 

Multicolour display 

*This code is now discontinued. From 2005, this code is 
no longer used. See V05-A01A9 for other plasma display 
types. 

V05-A01A5A*  [1992-2004] 

Full colour display 

*This code is now discontinued. Covers display capable of 
full colour range with primary colours. From 2005, this 
code is no longer used. See V05-A01A9 for other plasma 
display types. 

V05-A01A7 [1992] 

Combined technology displays e.g. Plasma 
Addressed LCD 

Covers displays where gas discharge is not the sole 
display mechanism, for example in combination with 
electroluminescent elements, LCD addressing, FED pixels 
etc. See also U14-K01A2C for plasma addressed LCD. 
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V05-A01A7A*  [1992-2004] 

Using phosphor directly excited by discharge 

*This code is now discontinued. It is assumed that almost 
all plasma display panels operate using UV emission from 
the gas discharge in order to excite a phosphor, and thus 
are just coded in appropriate V05-A01A3 codes. 

V05-A01A7B [1992] 

Using plasma as source of electrons 

V05-A01A9 [1992] 

Other types of plasma display 

V05-A01B [1992] 

Light emitting arrangements; phosphors 

V05-A01B1 [1992] 

Gas filling 

V05-A01B1A [1992] 

Gas filling additives 

Includes additives to modify display colour or prolong life. 

V05-A01B1C [1992] 

With several separate gases 

Covers display with gas filling differing between cells, e.g. 
to display different colours. 

V05-A01B3 [2005] 

Phosphor Compositions 

(V05-M01A) 

Includes manufacture of phosphor compositions. For 
coating of phosphors in plasma displays, see V05-L02 
codes. Prior to 2005, coded in V05-M01A. 

V05-A01B5 [2005] 

Phosphor arrangements 

(V05-A01B) 

Prior to 2005 coded in V05-A01B. 

V05-A01C [1992] 

Electrode assemblies 

Covers details of electrode construction including 
materials, supports, insulating coatings, and layout. Lead-
in conductors are covered by V05-A01D5. 

V05-A01C1 [1992] 

Anodes 

V05-A01C2 [1992] 

Discharge triggering and maintaining electrodes 

From 2002 the scope of this code is expanded to allow 
the inclusion of discharge maintaining or holding 
electrodes. 

Control electrode, bus/address electrodes 

V05-A01C2A [2002] 

Discharge triggering electrodes 

Covers electrodes specifically intended to initiate gas 
discharge. 

V05-A01C2C [2002] 

Discharge maintaining electrodes 

Covers electrodes specifically intended to maintain an 
existing gas discharge. 

Holding electrode 

V05-A01C3 [1992] 

Cathodes 

V05-A01C3A [1992] 

Heated cathode 

Hot cathode 

V05-A01C4 [1992] 

Microfabricated electrodes 

Covers electrodes produced by semiconductor device 
manufacturing techniques, (not screen printing). 

V05-A01C5 [1992] 

Electrode supports 

V05-A01C7 [1992] 

Dielectric coatings 

Includes protective overcoats for electrode insulating 
layers. 

V05-A01D [1992] 

Vessels, spacers, cell construction 

Includes novel shape or size of cells. Screens and filters 
not forming part of the vessel are covered by V05-A01F 
codes. 

V05-A01D1 [1992] 

Vessels per se 

Covers materials and construction of front and back 
panels and sealing arrangements. 

Casing, housing, front plate, back plate, glass 



EPI Manual Codes 2020 629 

Part 2  

V05-A01D1A [1992] 

Seals 

Covers seals for main body of vessel and for lead-ins. 
Internal seals are covered by V05-A01D3A. 

Frit 

V05-A01D1C [1992] 

Conductive coating 

Covers coating e.g. for screening purposes. Electrodes are 
covered by V05-A01C codes. 

V05-A01D1E [1992] 

Optical coatings 

Includes anti-glare coating. External filters (i.e. as part of 
a display module) are covered by V05-A01F1. 

V05-A01D3 [1992] 

Internal spacing elements and seals 

Includes rib structures. 

Cell spacers 

V05-A01D3A [1992] 

Internal seals 

Covers seals between separate parts of vessel. Main 
vessel seals are covered by V05-A01D1A. 

V05-A01D5 [1992] 

Lead-in conductors 

V05-A01D7 [1992] 

Mounting of integral drive circuitry 

Covers circuitry structurally associated with display. 
Actual circuit details are covered by V05-A01G and, in 
general, W03-A08D. 

V05-A01E [1992] 

Complete novel display device 

This code is used when a complete novel display device is 
claimed without specific reference to a particular feature. 

V05-A01F [1992] 

Module aspects 

Includes display device per se (not necessarily novel), 
with e.g. external filters, housing, and drive electronics. 
(Circuitry per se is covered by V05-A01G codes). Filters 
formed as coatings on the discharge vessel are covered 
by V05-A01D1 codes. 

V05-A01F1 [1992] 

Optical filter 

V05-A01F3 [1992] 

Housing, screening 

Includes shielding. 

V05-A01F5 [1992] 

Drive circuitry PCB mounting; connectors 

Mounting of circuitry integral with display itself is 
covered by V05-A01D7. 

V05-A01G [1992] 

Drive circuitry (circuit details) 

Includes circuitry which may be either integral with the 
display or external to it. Also includes driving methods. 
See also T04-H03 codes. 

V05-A01G1 [1992] 

Integral with display 

V05-A01H [2006] 

Tube cooling 

Note that this only applies to cooling systems used to 
remove heat from the tube envelope. Drive circuitry 
cooling is not included per se, but may be included in 
V05-A01F3 or V05-A01F5 codes where relevant housing 
or PCB mounting details are required. Prior to 2006, 
coded in V05-M07 codes. 

V05-A03 [1992] 

Gas filled switching tubes 

(V05-A09) 

Details of switching tubes are covered by V05-A07 codes. 
See X13-A04H also for power switching tubes. Electronic 
switching in general is covered by U21-B codes. 

Thyratron, cold cathode tube, TR tube 

V05-A05 [1992] 

Gas filled circuit protection devices 

(V05-A09) 

For device details see V05-A07 codes. Covers devices 
designed to limit excess voltage. See also U24-F02 and 
X13-C03 for low and high power over-voltage limiting in 
general, and also under application e.g. W01-C08A for 
telephone systems protection. 

V05-A07 [1992] 

Details of gas-filled tubes 

(V05-M) 

Codes in this section relate to devices in V05-A03, V05-
A05, and V05-A09 codes. 



630 V: Electronic components 

V05-A07A [1992] 

Electrodes 

(V05-M03) 

V05-A07A1 [1992] 

Anodes 

V05-A07A3 [1992] 

Cathodes 

V05-A07A3A [1992] 

Heated cathodes 

Hot, thermionic 

V05-A07A5 [1992] 

Grids, control electrodes 

Trigger 

V05-A07B [1992] 

Vessels, seals, lead-ins 

(V05-M05) 

V05-A07C [1992] 

Gas filling 

(V05-M09) 

V05-A07G [1992] 

Complete novel device 

This code is used when the complete device as a whole is 
claimed, without specific reference to a particular 
feature. 

V05-A09 

Other gas discharge tubes 

V05-B 

Classical and cold cathode vacuum tubes 

V05-B01 [1992] 

Classical thermionic vacuum tubes 

Gas-filled tubes are covered by V05-A codes, transit time 
tubes by V05-C codes. See X13-A04H also for power 
types. V05-B01A codes are used to indicate the type of 
device without regard to novelty, which is indicated by 
V05-B01B codes. 

V05-B01A [1992] 

Tube type 

V05-B01A1 [1992] 

Diode 

V05-B01A3 [1992] 

Triode 

V05-B01A5 [1992] 

Tetrode 

V05-B01A7 [1992] 

Pentode 

V05-B01A9 [1992] 

Other thermionic tube 

V05-B01B [1992] 

Tube details (novel) 

(V05-M) 

V05-B01B1 [1992] 

Cathodes 

(V05-M02) 

V05-B01B1A [1992] 

Heater elements 

(V05-M02) 

V05-B01B3 [1992] 

Grids 

(V05-M03) 

V05-B01B3A [1992] 

Control grid 

(V05-M03) 

V05-B01B5 [1992] 

Anodes 

(V05-M03) 

V05-B01B6 [1992] 

Cooling 

(V05-M09) 

V05-B01B6A [1992] 

Forced air 

(V05-M09) 

V05-B01B6B [1992] 

Liquid 

(V05-M09) 
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V05-B01B6C [1992] 

Vapour 

(V05-M09) 

V05-B01B7 [1992] 

Vessels, lead in conductors 

(V05-M05) 

V05-B01B8 [1992] 

Complete novel tube 

V05-B01B9 [1992] 

Other thermionic tube details 

V05-B03 [1992] 

Cold cathode tubes 

Covers tubes of similar construction to those of V05-B01. 
Microminiature cold cathode devices are covered by V05-
B05 codes. 

V05-B03B [1992] 

Tube details (novel) 

(V05-M) 

V05-B03B1 [1992] 

Cathodes 

V05-B03B1A [1997] 

Current limiting arrangements 

(V05-B03B1) 

V05-B03B3 [1992] 

Grids 

V05-B03B5 [1992] 

Anodes 

V05-B03B7 [1992] 

Vessels, lead in conductors 

V05-B03B8 [1992] 

Complete novel tube 

V05-B03B9 [1992] 

Other cold cathode tube details 

V05-B05 [1992] 

Microminiature cold cathode devices 

Codes in this section cover devices with analogous 
operation to those in V05-B03 but formed using 
semiconductor device fabrication techniques. See U11 
codes for manufacture aspects (in addition to V05-L 
codes) and U12-B03D also for devices per se. Field 
emission electrodes using semiconductor fabrication 
techniques of general application and not forming part of 
a complete microfabricated device are coded in V05-
M03A1. Microfabricated field emitters for cathode ray 
tubes are coded in V05-D05C5 codes, and for plasma 
display panels, in V05-A01C4. 

V05-B05A [1992] 

Characterised by nature of device 

Codes in this section describe the nature of the device 
and do not necessarily indicate novel features, which are 
represented by the additional use of V05-B05B codes (see 
note in V05 class notes). 

V05-B05A1 [1992] 

Characterised by number of electrodes 

V05-B05A1A [1992] 

Diode 

V05-B05A1B [1992] 

Triode 

Three-electrode, three terminal, controlled device 

V05-B05A1X [1992] 

Other number of electrodes 

V05-B05A3 [1992] 

Characterised by configuration 

Codes in this section are used alone or in combination as 
appropriate. 

V05-B05A3A [1992] 

Single device 

V05-B05A3B [1992] 

Array of devices 

V05-B05A3C [1992] 

For integration with solid state semiconductor 
device 

Covers incorporation with e.g. monolithic or film-type 
integrated circuit. 
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V05-B05A3E [1992] 

For combination with other vacuum conduction 
devices 

V05-B05A3X [1992] 

Other configurations 

Includes cold cathode heat pumps and analogous devices. 

V05-B05A5 [1992] 

Characterised by emitting element 

Also coded in V05-B05B3 when emitting element per se is 
novel. 

Field emission 

V05-B05A5A [1992] 

pn junction 

LƴŎƭǳŘŜǎ ΨƘƻǘ ŜƭŜŎǘǊƻƴΩ ŜƳƛǘǘƛƴƎ ŘŜǾƛŎŜΣ ƛΦŜΦ ŜƭŜƳŜƴǘ 
imparting acceleration to electrons before field emission 
process. 

V05-B05A5B [1992] 

Film electrode 

V05-B05A5C [2006] 

Carbon nanotube 

CNT, nanohorn 

V05-B05A5X [1992] 

Other emitting elements 

V05-B05A8 [1992] 

Characterised by semiconductor or other 
substrate 

Codes in this section are applied to describe the type of 
substrate only. When the substrate is the novel aspect 
V05-B05B1 is also assigned. For inventions with 
unspecified semiconductor substrate V05-B05A8 is 
assigned. If the substrate is stated to be of dielectric 
material V05-B05A8X is assigned. For cases where no 
details of the substrate are disclosed, V05-B05A8 codes 
are not assigned. 

V05-B05A8A [1992] 

III - V compounds 

Gallium arsenide 

V05-B05A8C [1992] 

II - VI compounds 

V05-B05A8E [1992] 

Characterised by silicon substrate 

V05-B05A8X [1992] 

Other substrate 

Includes dielectric material substrates. 

V05-B05B [1992] 

Device details (novel) 

Codes in this section are only applied to indicate novel 
features. 

V05-B05B1 [1992] 

Substrate 

Use with V05-B05A8 codes to discriminate type of 
substrate. 

V05-B05B3 [1992] 

Emitting element i.e. cold cathode 

Use with V05-B05A5 codes to discriminate type of 
emitter. 

V05-B05B5 [1992] 

Other electrodes (non-emitting electrodes) 

Emitting electrodes are covered by V05-B05B3. 

V05-B05B5A [1992] 

Control electrodes 

Covers ΨƎǊƛŘΩ ŎƻƴǘǊƻƭ ŜƭŜŎǘǊƻŘŜǎΦ 

V05-B05B5B [1992] 

Collector electrode 

/ƻǾŜǊǎ ΨŀƴƻŘŜΩ ŜƭŜŎǘǊƻŘŜǎΦ 

V05-B05B5X [1992] 

Other non-emitting electrodes 

V05-B05B7 [1992] 

Housing, interconnections, integral circuitry 

V05-B05B7A [1992] 

Housing, encapsulation 

V05-B05B7B [1992] 

Interconnections 

V05-B05B7C [1992] 

Connections to external circuitry 

V05-B05B7D [1992] 

Integral circuitry 

Covers circuitry for driving, interfacing etc. 
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V05-B05B8 [1992] 

Complete novel device 

This code takes precedence over other V05-B05B (i.e. 
novel feature) codes and is used in conjunction with V05-
B05A codes to describe device type when the complete 
device is claimed as novel. 

V05-B05B9 [1992] 

Other novel details 

V05-C 

Transit-time tubes 

V05-C01 

Tube types 

Codes in this section e.g. V05-C01A are used when the 
tube as a complete device is claimed, otherwise the 
ǎǳōŘƛǾƛǎƛƻƴ ΨŘŜǘŀƛƭǎΩ ŎƻŘŜǎ ŜΦƎΦ ±лр-C01A1 (introduced 
from 1992) are assigned together with appropriate codes 
ŦǊƻƳ ǘƘŜ ΨŘŜǘŀƛƭǎΩ ό±лр-C02) section. Prior to 1992, V05-
C02 codes were used alone if only details of a tube were 
claimed. 

Examples: 

(1) Novel magnetron: V05-C01A 

(2) Novel anode for magnetron: V05-C01A1 and V05-
C02A1 

(3) Novel anode for any type of transit time tube: V05-
C02A1. 

V05-C01A [1983] 

Magnetrons 

Does not cover appts. for magnetron sputtering or other 
workpiece processing, which is covered by V05-F05 
codes, especially V05-F05C3A. 

Multi-cavity 

V05-C01A1 [1992] 

Tube details 

Search with V05-C02 codes for novel details of tube. 

V05-C01B [1983] 

Travelling-wave tubes 

TWT, crossed-field tube, forward wave, backward wave, 
parametric, BWO 

V05-C01B1 [1992] 

Tube details 

Search with V05-C02 codes for novel details of tube. 

V05-C01C [1987] 

Klystrons 

(V05-C01X) 

Reflex, interaction, beam, stream 

V05-C01C1 [1992] 

Tube details 

Search with V05-C02 codes for novel details of tube. 

V05-C01D [1992] 

Gyrotron 

(V05-C01X) 

For quasi optical types see V08-B also. Includes gyro-
klystron devices. 

V05-C01D1 [1992] 

Tube details 

Search with V05-C02 codes for novel details of tube. 

V05-C01E [2006] 

Inductive output tubes 

Prior to 2006, coded in V05-C01X 

IOT 

V05-C01E1 [2006] 

Tube details 

Search with V05-C02 codes for novel details of tube. 

V05-C01X [1983] 

Other tube types 

Multipactor 

V05-C02 

General constructional details 

To link to a ǇŀǊǘƛŎǳƭŀǊ ǘȅǇŜ ƻŦ ǘǳōŜ ǳǎŜ ŀǇǇǊƻǇǊƛŀǘŜ ΨǘǳōŜ 
ŘŜǘŀƛƭǎΩ ŎƻŘŜ ŦǊƻƳ ±лр-C01 section. 

V05-C02A [1983] 

Electrodes, screens, magnetic control 

V05-C02A1 [1992] 

Anodes 

See V05-C02C1 codes also when combined function as 
anode and resonator is significant. Note that slow-wave 
structures per se are treated as a distributed element, 
but for manufacture, as an electrode. (See note for V05-
C02C3A). 

Collector 

V05-C02A3 [1992] 

Cathodes 

Thermionic, dispenser 

V05-C02A3A [1992] 

Heaters 
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V05-C02A5 [1992] 

Electron guns 

Includes grid electrodes, and electrostatic focusing and 
beam path control. (Use V05-C02A7 codes for magnetic 
control of these functions). 

V05-C02A7 [1992] 

Magnetic control 

Magnet, electromagnet, coil, winding, solenoid 

V05-C02A7A [1992] 

Focusing 

Focusing by electrodes is covered by V05-C02A5. 

V05-C02A7C [1992] 

Influencing beam path 

Magnetron 

V05-C02A9 [1992] 

Other electrodes, screens 

Includes screens. 

V05-C02B [1983] 

Vessels, lead-ins, seals, RFI suppression 

Suppression of RFI other than by lead filtering is covered 
by V05-C02C codes. V05-C02B codes include cooling and 
coupling arrangements. 

Housing, heat sink, window, filter, RFI suppressor 

V05-C02B1 [1992] 

Vessels 

V05-C02B1A [1992] 

Seals 

V05-C02B1C [1992] 

Coupling windows 

Covers part of vessel enabling transfer of RF energy. See 
V05-C02C5 for waveguide coupling arrangement. 

V05-C02B3 [1992] 

Lead-ins 

V05-C02B3A [1992] 

Lead-in filters 

Includes filter devices preventing radiation of RF energy 
from e.g. heater power supply terminals, also assigned 
W02-H01 (RFI suppression at source in general). See U25-
E02 codes also for details of filters per se. RFI suppression 
by internal means is covered by V05-C02C7. 

Radio frequency interference, choke, feedthrough, 
capacitor, condenser 

V05-C02B5 [1992] 

Cooling 

See V05-M07 codes for cooling of tubes in general. 

Heatsink, radiate, air, fan, blower, pump, fluid, liquid, 
vapour 

V05-C02C [1983] 

Distributed elements 

Includes resonators, delays, etc. See W02-A codes for 
distributed-constant elements not forming part of tube. 
(These elements are not assigned W02-A codes when 
part of a tube, unless wider application is suggested). 

V05-C02C1 [1992] 

Resonator structures 

Cavity 

V05-C02C1A [1992] 

Single resonator 

V05-C02C1B [1992] 

Multi ple resonator 

Interconnection, multicavity 

V05-C02C1C [1992] 

Tunable resonator 

Includes mechanically- and electrically-tuneable 
structures. 

V05-C02C3 [1992] 

Delay elements 

V05-C02C3A [1992] 

Slow wave structures 

Manufacture of slow wave structure is covered by V05-
L01B7, i.e. for manufacturing purposes only, it is regarded 
as an electrode. 

Helix 

V05-C02C5 [1992] 

Distributed coupling 

Includes e.g. waveguide structure for coupling to tube. 
Window structures forming part of vessel are covered by 
V05-C02B1C. 

V05-C02C7 [1992] 

RFI and harmonic suppression 

W02-H01, general code for RFI suppression at source, is 
not applied for arrangements internal to the tube per se. 
External filtering of lead-ins is covered by V05-C02B3A. 

Damping 
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V05-C03 [1992] 

Circuitry specific to transit time tubes 

Codes in this section are only used for specific circuitry 
taking into account device characteristics, and where 
provision does not exist elsewhere. In general, see under 
application, e.g. W02-G01 codes for transmitters, U23-
A02 for oscillators, U24-G04D for amplifiers, etc. 

V05-C03A [1992] 

Power supplies 

HT, LT, anode supply, heater supply 

V05-C03C [1992] 

Control of tube operation 

Output control, oscillation, pulse, magnet current 

V05-D 

Cathode-ray tubes; electron beam tubes 

This section relates to CRTs and similar tubes, chiefly for 
displays or for imaging purposes - video cameras for 
example. Tubes for beam processing of workpieces, 
electron microscopes etc. are not included and are 
covered by V05-F codes. 

V05-D codes are divided into those relating to particular 
tube types (V05-D01 to V05-D04) and those for details of 
tubes and associated devices (V05-D05 to V05-D10). 

Within V05-D, manufacture of all tube and device types is 
covered by V05-L codes only. Codes for the device per se 
are not used unless that aspect is also claimed. Prior to 
1992 tube type codes were only assigned when the tube 
was presented as a complete novel device. From 1992 
onwards, distinction is made between complete novel 
tubes and codes describing tube type and/or indicating 
novel details of the tube. 

Note that novel display drive circuitry for CRTs is not 
included in V05 at all, as generally this is not part of the 
vacuum tube assembly itself and is instead covered by 
relevant W03 and T04 codes. However, Field Emission 
Display drive circuitry (V05-D10) is included as often it is 
integral to the display substrate, as well as being covered 
by relevant W03 and T04 codes. Operating circuitry for 
image converters and intensifiers is also included in V05-
D03H. 

Examples 

(1) Completely novel beam penetration CRT: V05-D01A 
and V05-D01B1C. 

(2) Novel cold cathode for field emission display: V05-
D01C3 and V05-D05C5. 

V05-D01 

Image display tubes 

TV, VDU, VDT, video terminal, projection 

V05-D01A [1992] 

Complete novel tube 

This code is used with other V05-D01 codes indicating 
type. 

V05-D01B [1992] 

Cathode ray tubes 

Includes unspecified CRT display types. 

Braun tube 

V05-D01B1 [1992] 

Single electron gun tubes 

V05-D01B1A [1992] 

Monochrome tube 

V05-D01B1C [1992] 

Beam penetration tube 

V05-D01B1D [1992] 

Single gun multibeam tube 

Includes tubes analogous to Trinitron® capable of colour 
display. 

Aperture grill 

V05-D01B1E [1992] 

Flood gun tube 

Includes tube with e.g. three primary colour areas on 
screen usable as multicolour pixel in large display. 

V05-D01B3 [1992] 

Multiple electron gun tubes 

¢Ƙƛǎ ŎƻŘŜ ƛǎ ǳǎŜŘ ƛŦ ΨǎƘŀŘƻǿ Ƴŀǎƪ /w¢Ω ǎǇŜŎƛŦƛŜŘ ǿƛǘƘ ƴƻ 
indication of gun type. 

V05-D01B3A [1992] 

In-line gun tube 

V05-D01B3B [1992] 

Delta gun tube 

Triad 

V05-D01B3C [1992] 

Matrix configuration multiple gun tube 

Covers tube with large number of electron beams, e.g. 
ΨƳŀǘǊƛȄ ŘǊƛǾŜ ǿƛǘƘ ŘŜŦƭŜŎǘƛƻƴΩ ǘȅǇŜΦ tǊƛƻǊ ǘƻ нллр ƛƴŎƭǳŘŜŘ 
field emission display matrices, now coded in V05-D06A 
codes. 
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V05-D01B3D [1992] 

Ψ/ƻƳǇƻǎƛǘŜΩ ǘǳōŜ ǿƛǘƘ separate tube necks 

Covers tube with e.g. three separate neck sections each 
with gun system, e.g. for large display area. 

V05-D01B5 [1992] 

Flat CRT 

Includes tubes with electron gun not perpendicular to 
screen surface. Does not cover flat panel matrix-gun 
tubes, which are covered by V05-D01B3C. 

V05-D01B6 [1992] 

Beam index colour CRT 

V05-D01B9 [1992] 

Other CRT type 

V05-D01C [1992] 

Vacuum fluorescent display tubes 

V05-D01C1 [1992] 

For displaying character only 

Includes seven segment type display. 

V05-D01C3 [2002] 

Field Emission Displays 

Includes displays with field emission cathodes. For novel 
details of cold cathodes per se, see also V05-D05C5 
codes. For novel emitter arrangements, see also V05-
D06A codes. 

Prior to 2002 field emission displays can be found in V05-
D01C5 with V05-M03A to signify cathode type (if cathode 
is not novel) or in V05-D05C5 is cathode is novel. 

Cold cathode, surface emission, surface emission electron 
conduction display, SED, FED 

V05-D01C5 [1992] 

Dot matrix display 

V05-D02 

Image pick-up tubes 

TV camera tube, vidicon, plumbicon 

V05-D02A [1992] 

Complete novel tube 

V05-D02B [1992] 

Tube details 

Use with V05-D05 to V05-D09 codes as appropriate. 

V05-D03 

Image converters and intensifiers 

Tubes for night vision equipment are assigned W07-G 
codes also. 

Streak tube, x-ray imaging tube, infrared imaging tube 

V05-D03A [1992] 

Complete novel tube 

For cases where particular detail of tube is the novel 
aspect, this code is not used. Search V05-D03B to V05-
D03E with V05-D05 to V05-D09 codes as appropriate. 

V05-D03B [1992] 

Tubes with optical output 

Covers tubes acting as both converters and intensifiers, 
which may be viewed directly, photographed, or used to 
generate visible image for another image pick-up device. 

V05-D03B1 [1992] 

Tube with non-light input 

Includes image converters. 

V05-D03B1A [1992] 

For X-rays 

Radiography 

V05-D03B3 [1992] 

Tubes with non-visible light input 

Includes tube converting IR image to visible light output. 
Video cameras sensitive to IR are coded in W04-M01E1 
codes. 

Thermal imaging camera 

V05-D03B5 [1992] 

Tube with low level visible light input 

Includes image intensifier. 

V05-D03C [1992] 

Tubes with electrical output 

Covers camera tubes sensitive to radiation other than 
visible light. (Electrical output/visible light input tubes are 
covered by V05-D02 codes). 

Note: does not include photomultiplier tubes, see V05-G 
and K codes as appropriate. 

V05-D03E [1992] 

Tubes for scientific analysis 

Includes streak tube. See also appropriate codes in S02 or 
S03, e.g. S02-H, S03-A codes etc. 
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V05-D03H [1992] 

Operating circuitry 

Includes e.g. power supplies for scanning and non-video 
arrangements. See W04-M01 codes for video camera 
circuitry and W07-G codes for night vision equipment. 

V05-D04 

Other tubes (Including tubes for data storage, 
phase shifting) 

V05-D04A [1992] 

Complete novel tube 

V05-D04B [1992] 

Tube details 

Use with V05-D05 to V05-D09 codes as appropriate. 

V05-D05 

Electrodes, screens 

V05-D05A 

Photoelectric and charge-storage screens 

Target, photoconductive screen, photovoltaic screen 

V05-D05A1 [1992] 

Photoelectric screen 

Photocathode 

V05-D05A3 [2005] 

Semiconductor diode arrays 

(V05-D05A5A) 

Includes e.g. Laser diode CRT screens. Prior to 2005, 
coded in V05-D05A5A. 

Laser CRT 

V05-D05A5 [1992] 

Charge storage screen 

V05-D05A5A*  [1992-2004] 

Screen with array of semiconductor diodes 

*This code is now discontinued. See V05-D05A3. 

V05-D05B 

Luminescent screens 

See V05-M01 also for compositions. 

Phosphor screen, fluorescent material, aluminium 
coating, black matrix, dot, triad, stripe 

V05-D05B1 [1992] 

Phosphor compositions 

Includes manufacture of phosphor materials per se. Also 
coded in V05-M01A if suitable for screens in general. 
(Prior to 1992, search V05-D05B and V05-M01). 

Activator, host, killer, phosphorous, oxide, persistence 

V05-D05B3 [1992] 

Single phosphor screen 

Monochrome 

V05-D05B5 [1992] 

Multiple phosphor screen 

Covers screens for display of more than one colour. 

RGB, red, green, blue 

V05-D05B5A [1992] 

With phosphor arranged in dots of different 
colours 

V05-D05B5B [1992] 

With phosphors arranged in stripes of different 
colour 

V05-D05B5C [1992] 

With overlaid different colour phosphors 

Includes screen for beam penetration type CRT. Also 
coded in V05-D01B1C. 

V05-D05B7 [1992] 

Non-phosphor aspects of screen 

Covers non-luminous components of screen. 

Binder, vehicle, black matrix 

V05-D05B7A [1992] 

Protective metallic coatings 

Covers metallic coatings applied over screen phosphors 
for protection. 

Aluminum 

V05-D05C [1987] 

Cathodes 

Coating, emission 

V05-D05C1 [1992] 

Thermionic cathode 

See V05-M02 codes for thermionic cathodes in general. 

V05-D05C1A [1992] 

Thermionic cathode composition 

Includes composition of coatings. 

Barium, scandium, strontium, thorium 
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V05-D05C1C [1992] 

Heater element 

Tungsten 

V05-D05C5 [1992] 

Cold cathode 

For field emission cathode arrays search with V05-
D01B3C. 

Field emission, FED, SED 

V05-D05C5A [1992] 

Microminiature cold cathodes 

Covers e.g. carbon nanotube emitters. Also covers cold 
cathodes formed on semiconductor substrate. See V05-
M03A1 and U12-B03D for such structures in general, and 
V05-B05 codes for complete microminiature devices. 

V05-D05C5C [1997] 

Current limiting arrangements 

(V05-D05C5) 

Includes ballast resistors. 

V05-D05D [1987] 

Shadow masks 

Colour selection electrode, aperture mask, slot mask, foil 
mask, tensed-steel mask 

V05-D05D1 [1992] 

Mask construction 

V05-D05D1A [1992] 

Details of apertures 

V05-D05D1C [1992] 

Shape of mask 

This code is used to describe novel shape of the mask as a 
whole and not apertures, which are covered by V05-
D05D1A. 

V05-D05D3 [1992] 

Mask material 

Covers material compositions of mask per se and also 
coatings. 

Nickel, steel 

V05-D05D5 [1992] 

Mask mounting details 

Also coded in V05-D07A3 if vessel aspects involved. 

Frame 

V05-D05D5A [1992] 

For removal and alignment during exposure 

Actual exposure process using colour selection electrode 
as a lithographic mask is covered by V05-L02E3. 

V05-D05E [1992] 

Internal shield 

V05-D05E1 [1992] 

Magnetic shield 

V05-D05F [1992] 

Fluorescent or field emission display screen 
electrodes 

Includes field emission display screen anodes. Also 
includes beam index electrodes (search with V05-D01B6) 
and fluorescent screen tube anodes. 

V05-D05X 

Other electrode or screen details 

V05-D06 

Beam generating and controlling arrangements 

Electron-optical arrangements in general are covered by 
V05-M04 codes. 

V05-D06A 

Electron guns, controlling beam cross-section or 
aberration, focusing arrangements 

Grid, anode, electrode assembly, electrode supports, 
colour purity, convergence adjustment, electron lens, 
apertured disc 

V05-D06A1 [1992] 

Electron gun type 

V05-D06A1A [1992] 

Single gun 

Also coded in appropriate V05-D01B1 code. 

V05-D06A1B [1992] 

In-line multiple gun 

Also coded in V05-D01B3A. 

V05-D06A1C [1992] 

Delta multiple gun 

Also coded in V05-D01B3B. 

V05-D06A1E [1992] 

Matrix of electron guns or field emission devices 

See also V05-D01B3C for CRT matrices. See V05-D01C3 
for FED matrices. Prior to 2005, coded in V05-D01B3C. 

Matrix drive with deflection 
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V05-D06A1F [2005] 

Field emission device 

Includes novel complete emitter, gate and anode 
structure. 

V05-D06A2 [1992] 

Beam intensity control 

Includes grid/gate electrodes stimulating field emission. 

Acceleration electrode 

V05-D06A3 [1992] 

Focusing 

Lens electrodes, quadrupole 

V05-D06A5 [1992] 

Beam cross-section and aberration correction 

Halo correction 

V05-D06A7 [1992] 

Components associated with electron gun 

Includes resistive potential divider structurally associated 
with gun. Current limiting arrangements associated with 
field emission cathodes are coded in V05-D05C5C only. 

V05-D06B 

Beam deflection arrangements 

See also V02-F01A for inductive deflection components, 
and T04-H01 or W03-A08A1 codes as appropriate. 

Horizontal, vertical, coil assembly 

V05-D06B1 [1992] 

Electromagnetic deflection 

Includes convergence coils, also coded in W03-A08A5A. 

V05-D06B1A [1992] 

Deflection yoke assembly 

Includes manufacture of deflection yokes. Also coded in 
V02-F01A and W03-A08A1B unless TV receiver displays 
are specifically excluded. Note, convergence coils are 
covered by V05-D06B1. 

V05-D06B5 [1992] 

Electrostatic deflection 

X-plates, Y-plates 

V05-D06B5A [1992] 

With electrodes on tube surface 

Also coded in V05-D07B3A. Includes e.g. deflection 
electrodes for image pick-up tube (also coded in V05-
D02B). 

V05-D06C [1992] 

Post-deflection arrangements 

Post deflection anode, PDA, post-acceleration 

V05-D06E [1992] 

Electron-multiplier arrangements 

For electron multipliers in general, see V05-K01 codes. 
See V05-L01A5A for manufacture. (Prior to 1992 search 
V05-D06X and V05-K). 

MCP, microchannel plate 

V05-D06X 

Other beam generating and controlling 
arrangements 

Afterglow-preventing electron gun blocker, Internal beam 
reflecting surface 

V05-D07 [1987] 

Vessels, seals, cooling, combined optical 
arrangements etc. 

V05-D07A [1987] 

Vessels, seals, tension band 

V05-D07A1 [1992] 

Tension band 

Includes e.g. attaching mechanism of t-band to envelope. 

Anti-implosion band, t-band, reinforcing, adhesive tape 

V05-D07A3 [1992] 

Internal electrode supports 

V05-D07A5 [1992] 

Vessel per se 

Glass panel, funnel, neck 

V05-D07A5A [1992] 

Shape 

Covers novel shape or contour e.g. for particular aspect 
ratio display. 

V05-D07A5C [1992] 

Composition 

V05-D07A5E [1997] 

Spacers 

(V05-D07A5) 

Covers internal spacers used to support vessel against 
atmospheric pressure. See V05-L03A1 for spacer 
manufacture. 

V05-D07A7 [1992] 

Seals for vessel 
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V05-D07A7A [1992] 

Vessel seal compositions 

V05-D07B [1987] 

Lead-ins, screening and antistatic coatings 

V05-D07B1 [1992] 

Lead-in conductors 

Connecting pins 

V05-D07B3 [1992] 

Antistatic, magnetic and EM shielding coatings 

Includes conductive coatings in general, where coating 
function or location (internal/external) is not disclosed or 
is irrelevant. 

Discharge preventing coating, conductive coating, 
touchscreen, front panel RFI filter 

V05-D07B3A [1992] 

Internal coating 

V05-D07B3C [1992] 

External coating 

V05-D07B3E [2005] 

EM shielding coatings 

(V05-D07B3) 

X-ray, EMI 

V05-D07B3M [2005] 

Magnetic coatings 

(V05-D07B3) 

V05-D07B3S [2005] 

Antistatic coatings 

(V05-D07B3) 

V05-D07B5 [1992] 

Separate screening device 

Includes detachable radiation screen placed over tube 
faceplate, for e.g. EM radiation prevention. For 
detachable optical filters see V05-D07C5E. V05-D07B3 
ǘŀƪŜǎ ǇǊŜŎŜŘŜƴŎŜ ƻǾŜǊ ǘƘƛǎ ŎƻŘŜ ƛŦ ΨǎŎǊŜŜƴƛƴƎ ŘŜǾƛŎŜΩ ƛǎ 
mentioned without further detail. 

V05-D07C 

Cooling, optical arrangements structurally 
combined with vessel 

V05-D07C1 [1992] 

Tube cooling 

For projection TV tube use W04-Q01A also. 

Liquid, fluid, faceplate, conduct 

V05-D07C3 [1992] 

Optical layer on tube surface 

Includes filters for e.g. antireflective purposes. For 
detachable types see V05-D07C5E which takes 
ǇǊŜŎŜŘŜƴŎŜ ƛŦ ΨŦƛƭǘŜǊΩ ƻƴƭȅ ƛǎ ƳŜƴǘƛƻƴŜŘΦ 

Antiglare, faceplate 

V05-D07C3A [1997] 

Internal optical layer 

(V05-D07C3) 

V05-D07C3C [1997] 

External optical layer 

(V05-D07C3) 

V05-D07C5 [1992] 

Associated optics 

Codes in this section cover optical arrangements which 
are not part of the tube per se. 

V05-D07C5A [1992] 

Lens 

Includes lens assembly for e.g. projection TV (also coded 
in W04-Q01A and W04-Q01E). 

V05-D07C5C [1992] 

Fiber optics 

OFT, FOT, optical fiber tube 

V05-D07C5E [1992] 

Detachable optical filter 

Includes anti-reflective filters. This code takes precedence 
over V05-D07C3 όŦƛƭǘŜǊ ƭŀȅŜǊ ƻƴ ǘǳōŜ ǎǳǊŦŀŎŜύ ƛŦ ΨƻǇǘƛŎŀƭ 
ŦƛƭǘŜǊΩ ƻƴƭȅ ƛǎ ƳŜƴǘƛƻƴŜŘ ǿƛǘƘƻǳǘ ŦǳǊǘƘŜǊ ŘŜǘŀƛƭΦ 

V05-D07E [1992] 

Getters 

V05-D08 [1992] 

Associated devices and circuitry 

Codes in this section deal with ancillary apparatus but not 
detachable conductive and optical filters which are coded 
in V05-D07B5 and V05-D07C5E respectively. See also 
relevant equipment codes in e.g. T04 or W03. 

V05-D08A [1992] 

Degaussing system 

Degaussing/demagnetising in general is covered by V02-
D, which is also assigned here. Covers cancelling 
arrangements for terrestrial magnetism. 
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V05-D08A1 [1992] 

Circuitry 

Includes power supply, current control, etc. For use of 
thermistors to cause current decay search with V01-
A02A7C. 

V05-D08A5 [1992] 

Coil 

V05-D08B [1992] 

Radiation preventing coil 

Covers arrangements to cancel radiated fields from e.g. 
deflection system. 

V05-D08C [1992] 

Connectors 

See also appropriate code in V04. 

V05-D08C1 [1992] 

For final anode 

EHT connection, anode cap, HV, anode button 

V05-D08C5 [1992] 

For tube base 

Also coded in V04-K. 

CRT Rose 

V05-D08E [1992] 

External shield enclosure for CRT 

Includes external shields which can protect against 
effects either leaving or entering the body of the CRT 
other than through the faceplate. Shielding for electrical 
equipment in general is covered by V04-U codes. 

V05-D09 

Other details of cathode-ray tube; electron beam 
tube 

Includes ion traps. 

V05-D10 [2005] 

Field Emission and Fluorescent Display Drive 
Circuitry 

Includes drive circuitry integral with vacuum tube. Note 
that drive circuitry for Cathode Ray Tubes is not included 
in V05, and should be searched in appropriate T04/W03 
classes. 

V05-E 

X-ray/Extreme UV tubes and techniques (general); 
ion beam tubes 

Ion beam tubes for processing workpieces are not 
included -see V05-F05 codes, e.g. V05-F05A7C. 

V05-E01 

Electron beam target-impact X-ray tubes and 
generators 

Covers X-ray generators where operation is by 
impingement of electron beam on target. See V05-L05E 
for X-ray tube manufacture. 

Medical therapy/diagnostic source, lithography/materials 
processing source 

V05-E01A [1992] 

Anode electrode per se 

See V05-L01B3 for manufacture. 

V05-E01A1 [1992] 

Material composition 

V05-E01A1A [1992] 

Of separate active target part 

V05-E01A3 [1992] 

Shape and construction 

V05-E01A3A [1992] 

Of separate target section 

V05-E01B [1992] 

Rotary anode system 

Does not include details of anode electrode per se, which 
are covered by V05-E01A codes. 

V05-E01B1 [1992] 

Bearings, support shaft 

V05-E01B1A [1992] 

Bearings 

V05-E01B3 [1992] 

Rotary drive system 

V05-E01B3A [1992] 

With separate motor drive 

V05-E01B3C [1992] 

With anode assembly forming part of motor 

V05-E01B5 [1992] 

Anode cooling system 

For non-rotary anode cooling see V05-E01F. 

V05-E01C [1992] 

Cathodes 

Includes cathode supports. 
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V05-E01C1 [1992] 

Heater 

V05-E01C5 [1992] 

Separate heating arrangement 

Includes use of e.g. laser beam to heat thermionic 
cathode. 

V05-E01C7 [2006] 

Cold cathode 

Note that prior to 2006, cold cathode electron emitters 
for X-ray generators were coded in V05-E01C combined 
with V05-M03A codes. 

Field emission, FE 

V05-E01C7A [2006] 

Carbon nanotube based 

Includes all microminiature semiconductor or 
nanotechnology-based field emitters. Prior to 2006, 
coded in V05-E01C and V05-M03A1. 

CNT, nanotube, carbon nanofiber 

V05-E01D [1992] 

Electron guns and other electrodes 

V05-E01D1 [1992] 

Electron gun 

Includes all X-ray tube electron-optical systems. 

V05-E01E [1992] 

Vessels, lead-ins, seals 

V05-E01E1 [1992] 

Vessel construction 

V05-E01E1A [1992] 

X-ray windows 

V05-E01E3 [1992] 

Seals 

V05-E01E5 [1992] 

Lead-in conductors 

V05-E01F [1992] 

Cooling system 

See V05-E01B5 for cooling of rotary anode. 

V05-E01H [1992] 

X-ray tube type 

Codes in this section are used to indicate the type of tube 
only, irrespective of novel features which are indicated by 
other V05-E01 codes. 

V05-E01H1 [1992] 

Rotary anode tube 

V05-E01H1A [2006] 

Multiple rotary anode tube 

V05-E01H3 [1992] 

Fixed anode tube 

V05-E01H5 [1992] 

Tube employing electron gun 

V05-E01H5A [1992] 

With circular electron beam path 

Synchrotron X-ray generators are not included - see V05-
E03A. 

V05-E01H7 [1992] 

¢ǳōŜ ŦƻǊ ΨŦƭŀǎƘΩ ƻǇŜǊŀǘƛƻƴ 

Pulse operation 

V05-E01H9 [1992] 

Other target-impact type tube 

Includes liquid metal target-impact tubes. For non-
electron beam target-impact tubes (e.g. laser T-I), see 
V05-E03. 

Gallium 

V05-E01X [1992] 

Other X-ray tube details 

V05-E02 

Controlling or protecting X-ray appts. 

See also S05-A03 and S05-D02A for medical therapy and 
diagnostic appts. respectively. 

V05-E02A [1992] 

Power supply for X-ray equipment 

See U24-D and X12-J codes for power supplies in general. 

V05-E02C [1992] 

Output control; tube protection 

Includes setting desired current/time exposure. 

Exposure time control, dose control, measurement, 
monitoring 

V05-E02C1 [1992] 

For flash operation 

Pulse operation 

V05-E02C5 [1992] 

Incorporating protection features 
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V05-E02C5A [1992] 

Protection of tube per se 

Includes monitoring excess current or temperature. 

Measurement, monitoring 

V05-E02C5C [1992] 

Limiting output level 

Includes control based on e.g. radiation dosage. See also 
S05-A03 and S05-D02A3 codes for medical applications. 

Dose control 

V05-E03 [1992] 

Non-standard X-ray generators 

For tube details, see also V05-M codes. 

V05-E03A [1992] 

Synchrotron 

See also X14-G02. 

V05-E03B [2006] 

Laser target impact sources 

Prior to 2006, coded in V05-E03. 

V05-E03C [2006] 

X-ray laser sources 

Includes tubes which produce coherent, monochromatic 
X-ray radiation. See also V08-B02. Prior to 2006, coded in 
V05-E03. 

V05-E04 [2005] 

Laser plasma X-ray/EUV sources 

For application to lithography systems, see also V05-
F08C1 and V05-F05 codes. See also relevant V05-M codes 
for novelty not included below. Prior to 2005, coded in 
V05-E03. In 2005, V05-E04 covered all details of non-
standard X-ray generators, but from 2006 V05-E04 
specifically covers details of Laser plasma X-ray/EUV 
sources used in non-standard X-ray generators. Other 
details of non-standard X-ray generators are coded in 
V05-E03. 

V05-E04A [2005] 

Gas filling 

Includes gas compositions. 

V05-E04B [2005] 

Ionising arrangements 

V05-E05 [1992] 

Ion beam tubes and devices 

Tubes for processing objects are covered by V05-F codes. 

Penning ion source, plasma imploding device, surface 
ionisation, photo-ionisation tube 

V05-E05A [1992] 

For propulsive effect 

Includes ion thruster for e.g. satellite (also coded in W06-
B03A). 

Gas bottle, orient, pitch, yaw, turn, spacecraft 

V05-E06 [2005] 

Neutron sources and devices 

(V05-E09) 

Prior to 2005 neutron sources were coded in V05-E09. 

V05-E08 [1992] 

X-Ǌŀȅ ΨƻǇǘƛŎŀƭΩ ŜƭŜƳŜƴǘǎ 

Includes EUV and X-ray lithography masks. See also U11-
C04H2 and V05-F05 codes. 

V05-E08A [2005] 

ΨhǇǘƛŎŀƭΩ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ ·-rays 

This code is intended to be used with X-ray optical 
elements that use wave effects or similar to alter e.g. the 
focus or direction of the radiation. 

Molybdenum layered mirror, capillary optics, Kumakhov 
lens 

V05-E08C [2005] 

Absorption, blocking or anti-scatter X-ray optics 

E.g. anti-scatter apparatus, grids and passive (i.e. 
non-έƻǇǘƛŎŀƭέύ ŎƻƭƭƛƳŀǘƻǊǎΦ 

V05-E09 

Other X-ray tubes and techniques 

V05-E10 [2006] 

Complete novel tube 

See also V05-E01, E03, E04, E05 or E06 for individual 
tube/source where relevant. 

V05-F 

Tubes for processing/examining objects 

This section deals with tubes and analogous devices for 
processing workpieces (including semiconductor devices) 
and for examining objects. From 1992, V05-F02 and V05-
F03 codes are no longer used and the subject matter 
previously coded there has been reallocated. V05-F is 
divided into four main sections. 

V05-F01 codes dealing with analysis devices such as 
electron microscopes, microanalysers, etc. and, from 
1992 including X-ray microscopes. V05-F05 codes dealing 
with equipment for processing workpieces e.g. by beam 
or plasma treatment. V05-F04 codes dealing with novel 
details of both analysis and processing equipment. V05-
F08 codes dealing with the actual operation performed 
by the equipment and enabling a secondary function to 
be indicated. 
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Assignment of codes : 

Codes from the V05-F01 or V05-F05 sections are assigned 
to describe apparatus type and to broadly indicate the 
novel aspect, e.g. details of the apparatus, complete 
novel apparatus, control circuitry, etc. V05-F04 codes are 
used to further highlight novel details e.g. electrodes, 
vessels, etc., and V05-F08 codes are routinely assigned to 
indicate the function of the equipment. 

EXAMPLES 

(1) Novel field emission electrode for scanning electron 
microscope: V05-F01A1B, V05-F01B3 and V05-F04A3 

(2) Control circuit for SEM measuring dimensions V05-
F01A1B, V05-F01B5A and V05-F08B (S02-A05A will also 
be assigned) 

(3) Any novel aspect of plasma etching equipment using 
magnetron effect V05-F05C3A and V05-F08E1. 

V05-F01 

Microscopes and other analysing tubes 

See S03-E06B1 also for microscopes. (Optical 
microscopes per se are coded in S02-J04B1, and see S03-
E04R for microscopy). 

Photon microscope, Transmission/scanning electron 
microscope, SEM, secondary emission detection, focusing 
deflection, electron/ion-optical system 

V05-F01A [1992] 

Device type 

V05-F01A1 [1992] 

Electron microscope 

Includes electron diffraction tube. 

V05-F01A1A [1992] 

Transmission 

TEM 

V05-F01A1B [1992] 

Scanning 

SEM 

V05-F01A1C [1992] 

Combined transmission and scanning 

STEM 

V05-F01A2 [1992] 

Ion microscope 

Includes ion diffraction tube. 

V05-F01A3 [1992] 

X-ray microscope 

(V05-E09, V05-F09) 

X-ray source details are covered by V05-E01 or V05-E03 
codes and not V05-F04 codes. 

V05-F01A4 [1992] 

Microanalysers 

(V05-F09) 

Spot analyser 

V05-F01A5 [1992] 

Tunnel current and analogous devices 

Includes tunnel current microscopes and similar devices, 
e.g. atomic, magnetic force microscopes. For materials 
investigation see also S03-E02F codes and V05-F08B. For 
image-producing analysis search with S03-E02F codes and 
V05-F08A. 

Prior to 2005, included processing and recording. After 
2005, see V05-F05D, as well as relevant V05-F08C codes. 

V05-F01A6 [2011] 

X-ray spectrometer 

V05-F01A9 [1992] 

Other devices 

V05-F01B [1992] 

Novel details 

V05-F01B1 [1992] 

Complete device 

This code is only used if the analysis device is presented 
as a completely novel piece of equipment. For cases 
where actual novelty can not be determined, V05-F01B 
codes will not be assigned. 

V05-F01B3 [1992] 

Device details 

For specific features see also V05-F04 codes. 

V05-F01B5 [1992] 

Circuitry and operation of device 

Includes power supplies (see appropriate U24 or X12 
codes for power supplies in general). 

V05-F01B5A [1992] 

Control 
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V05-F01B9 [1992] 

Other novel details 

Includes cleaning and maintenance of analysing 
equipment. 

V05-F02* [1980-1991] 

Electron- or ion-beam tubes for localised 
treatment of object 

*This code is now discontinued and from 1992 this 
subject matter is transferred to V05-F05A codes (device 
details now covered by V05-F04 codes). V05-F02 remains 
valid and searchable for records prior to 1992. 

Electron beam cutting/welding/lithography 
patterning/inscribing/marking/focusing, deflection, 
electron/ion-optical system 

V05-F03* [1980-1991] 

Arrangements of electrodes 

*This code is now discontinued and from 1992 this 
subject matter is transferred to V05-F04B codes and 
appropriate codes from V05-F04A and V05-F04C sections. 
V05-F03 remains valid and searchable for records prior to 
1992. 

Accelerating system, electron gun, electrostatic beam 
position/cross-section/intensity control electrodes 

V05-F04 [1992] 

Analysis and processing device details 

Codes in this section are used with V05-F01 or V05-F05 
codes as appropriate, for details of analysis and 
processing devices respectively. 

V05-F04A [1992] 

Emission source 

Codes in this section relate to electron or ion sources. X-
ray sources (including those for X-ray microscopes) are 
coded in V05-E01 or V05-E03 codes. 

V05-F04A1 [1992] 

Thermionic emitter 

Cathode, oxide, coated 

V05-F04A1A [1992] 

Heated by non-electric means 

Includes laser heating 

V05-F04A3 [1992] 

Field emission electrodes 

Cold cathode 

V05-F04A3A [1992] 

Microfabricated field emission electrodes 

Includes electrodes produced by semiconductor 
manufacturing techniques. See V05-M03A1 for 
microfabricated electrodes in general, and V05-B05 codes 
for complete microfabricated vacuum conduction 
devices. 

V05-F04A3C [1997] 

Current limiting arrangements 

(V05-F04A3) 

V05-F04A5 [1992] 

Ion source 

V05-F04A5A [1992] 

With gas supply 

V05-F04A9 [1992] 

Other emission sources 

V05-F04B [1992] 

Electrodes and electrode systems 

(V05-F03) 

Covers all non-emitting electrodes. Electrodes are also 
assigned V05-F04C codes when electron/ion optical 
aspect is significant. 

Electron gun 

V05-F04B1 [1992] 

For beam modulation 

Grid, blanking 

V05-F04B1A [1997] 

Apertures 

(V05-F04B1) 

Etching mask, electron beam lithography 

V05-F04B3 [1992] 

For beam scanning 

Only includes beam scanning arrangements inside e.g. 
electron gun structure. For post gun scanning/deflection 
arrangements see V05-F04C5. 

X-Y, raster, deflection 

V05-F04B5 [1992] 

For gas discharge type appts. 

Use with V05-F05C codes. 

Etching, coating, sputtering 

V05-F04B5A [1992] 

Anodes 



646 V: Electronic components 

V05-F04B5C [1992] 

Cathodes 

Sputtering target 

V05-F04B6 [1992] 

Probe electrodes 

V05-F04B6A [1997] 

Tunnel device probe or cantilever 

(V05-F04B6) 

See also S03-E02F codes and V05-F01A5. 

Tunnel current, AFM, SPM, STM 

V05-F04B8 [1992] 

Electrode positioning 

V05-F04B8A [1992] 

Dynamic positioning system 

Includes X-Y positioning system and scanning 
arrangement for tunnel current device. 

AFM, SPM, STM 

V05-F04B9 [1992] 

Other electrode details 

V05-F04C [1992] 

Electron/ion-optical systems 

(V05-F03, V05-M04) 

Where electron gun electrodes are significant V05-F04B1 
or V05-F04B3 codes are also applied. 

V05-F04C1 [1992] 

Characterised by type of system 

V05-F04C1A [1992] 

Magnetic, electromagnetic 

See appropriate V02 codes for details of permanent 
magnets, electromagnets, coils, etc. 

EM 

V05-F04C1C [1992] 

Combined electromagnetic and electrostatic 

EM-ES 

V05-F04C1E [1992] 

Electrostatic 

ES 

V05-F04C3 [1992] 

For focusing 

Includes arrangements to correct for beam aberrations 
such as coma, astigmatism etc. 

V05-F04C5 [1992] 

For deflection 

X-Y, raster 

V05-F04C7 [1992] 

For particle selection 

Includes selection of desired ion species. Particle 
spectrometers are coded in V05-J. 

V05-F04C8 [2005] 

For confinement 

V05-F04D [1992] 

Vessels, seals, vacuum locks 

(V05-F09, V05-M05) 

V05-F04D1 [1992] 

Vessels and seals 

(V05-F09) 

Includes material compositions of vessels and seals, 
vessel shape, etc. 

V05-F04D3 [1992] 

Vacuum locks, specimen/workpiece introduction 

(V05-F09, V05-M05) 

Includes evacuation apparatus. 

V05-F04D3A [1992] 

Arrangements for introducing specimen or 
workpiece 

(V05-F09, V05-M05) 

Includes e.g. carriage arrangements introducing specimen 
or workpiece into analysis or processing chamber. Actual 
holder is covered by V05-F04G. For semiconductor wafer 
applications search with U11-F02A1 also. 

Window, viewport 

V05-F04E [1992] 

Gas filling 

(V05-F09) 

Includes compositions. (Chiefly for gas fillings used in 
plasma apparatus and similar, also coded in V05-F05 
codes). 

V05-F04G [1992] 

Specimen/workpiece holder 

Covers holder per se. For semiconductor wafer 
application search with U11-F02A2. Carriage and drive 
arrangements for introducing specimen or workpiece into 
equipment are covered by V05-F04D3A. 
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V05-F04H [1992] 

Detectors 

Includes optical types, secondary electron detectors, etc. 
(Systems forming an image are covered by V05-F04J). 
Also includes detectors used to monitor progress of an 
operation, e.g. etching (with V05-F08E1). 

V05-F04H1 [2005] 

Scanning probe or cantilever displacement 
detection system 

Includes detectors for all tunnel current and analogous 
scanning probe type microscopy techniques. See also 
S02-A03 for optical techniques, and S03 codes. 

V05-F04J [1992] 

Imaging and display systems 

Includes photographic, stimulable sheet recording, video 
systems and any other novel aspect of analysis 
equipment image presentation. 

Microscope, microanalyser, screen, CRT, raster, scan, 
synchronise 

V05-F04K [1992] 

Cooling 

(V05-F09, V05-M09) 

Includes cooling for the apparatus itself, and also for 
specimens and workpieces. 

V05-F04L [1997] 

Antennae and waveguides 

(V05-F04X) 

E.g. for ICP reactor (See also V05-F05C1 codes). 

V05-F04M [2006] 

Vibration reduction, control and compensation 

V05-F04X [1992] 

Other process/analysis device details 

Includes device heating and shielding. 

Heater, deposition-limiting shield 

V05-F05 [1992] 

Tubes and devices for processing 

(V05-F02, V05-F09) 

Processing tubes and devices are also assigned codes 
based on application. For example, search with U11-C 
codes for relevance to semiconductor device fabrication, 
X25-A04 for cathodic sputtering, X25-Q02 for surface 
treatment in metallurgy, etc. 

V05-F05A [1992] 

Using beams 

Prior to 1992 the code for localised treatment by beam 
equipment (V05-F02) was only used for focused beams. 
Flood effect devices were coded in V05-F09. 

V05-F05A1 [1992] 

With focused beam 

(V05-F02) 

Scan, raster, X-Y, focus, local 

V05-F05A3 [2005] 

With multiple beams 

Includes e.g. field emission arrays for one-shot electron 
beam lithography or atomic resolution storage. 

V05-F05A5 [1992] 

With flood effect beam 

(V05-F09) 

V05-F05A7 [1992] 

Characterised by beam type 

(V05-F02, V05-F09) 

Codes in this section are applied as appropriate either in 
conjunction with other V05-F05A codes, or alone. 

V05-F05A7A [1992] 

Electron beam 

V05-F05A7C  [1992] 

Ion beam 

V05-F05A7X [1992] 

Other beam type 

Includes use of X-ray and Extreme UV (EUV). X-ray/EUV 
sources per se are not coded in the V05-F04A section and 
are covered by V05-E01 or V05-E03 codes. 

EUV 

V05-F05C [1992] 

Using plasma, gas-filled tubes 

(V05-F09) 

See X14-F codes also for general aspects of plasma 
technique. 

Discharge, arc, glow 

V05-F05C1 [1992] 

With externally-applied ionising energy 

(V05-F09) 

Includes all ionising arrangements located outside tube 
envelope. For conductive RF coupling internal to the 
tube, see V05-F05C2. 
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V05-F05C1A [1992] 

Microwave 

(V05-F09) 

RF, feed, waveguide, port, matching, stub, impedance 

V05-F05C1C [1992] 

Optical 

(V05-F09) 

Laser, UV, lamp, irradiate 

V05-F05C1E [1997] 

Inductively coupled 

(V05-F05C1) 

V05-F05C1G [1997] 

Capacitively coupled 

(V05-F05C1) 

V05-F05C2 [2006] 

With internally applied ionising energy 

Includes e.g. conductive RF coupling. Prior to 2006, coded 
in V05-F05C. 

RF, discharge, arc 

V05-F05C3 [1992] 

With confinement or manipulation of plasma 

(V05-F09) 

Includes electromagnetic and other confinement 
systems. 

ECR, electron cyclotron resonance 

V05-F05C3A [1992] 

With magnetron effect 

(V05-F09) 

Equipment using magnetron discharge effect is not coded 
in V05-C01A. 

V05-F05D [2005] 

Using scanning probe/tunnelling effects 

(V05-F01A5) 

Includes all analogous techniques, e.g. AFM. See V05-
F08C codes for lithography or recording techniques. 

Does not include microscopy, see V05-F01A5. Prior to 
2005, processing using scanning probe/tunnelling effects 
was coded in V05-F01A5 in combination with V05-F08C 
and V05-F05E codes. See U11-C11 for application to 
semiconductor wafer processing, or T03-C05 for 
recording or data storage applications. 

V05-F05E [1992] 

Novel details of processing devices 

Codes in this section describe in a general sense the novel 
aspects of equipment covered by V05-F05A and V05-F05C 
codes. 

V05-F05E1 [1992] 

Complete device 

(V05-F09) 

This code is only assigned if the complete device is 
presented as novel. In cases where the precise novel 
aspect cannot be determined, no V05-F05E code will be 
assigned. 

V05-F05E3 [1992] 

Device details 

For detailed information on novel aspects search with 
V05-F04 codes. 

V05-F05E5 [1992] 

Circuitry and operation of device 

Includes power supplies. See also U24 and X12 codes for 
low and high power supplies respectively. 

V05-F05E5A [1992] 

Control and monitoring 

Includes control circuits to determine completion of e.g. 
etching or coating. (Search with V05-F08D1 or V05-F08E1 
respectively). 

V05-F05E9 [1992] 

Other novel details 

Includes all cleaning and maintenance of equipment. 

V05-F05X [1992] 

Other processing tubes 

V05-F08 [1992] 

Equipment function 

These codes relate to the actual function of the inventive 
equipment, and not necessarily its primary function. Thus 
an electron microscope arrangement to measure voltage 
would be assigned V05-F08B and not V05-F08A (V05-
F01A1 codes and S01-D01D7 would also be assigned). 

V05-F08A [1992] 

Imaging 

In general, S03-E06B codes are also assigned for this 
aspect. 
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V05-F08B [1992] 

Measurement 

Includes measurement of voltage (see also e.g. S01-
D01D7), dimensions (see also S02-A05A), and properties 
of materials (see also e.g. S03-E06 codes). 

V05-F08C [1992] 

Recording, storage 

V05-F08C1 [1992] 

Lithography 

Also assigned U11-C04 codes where application is to 
semiconductor device lithography. 

Semiconductor, wafer, image, pattern 

V05-F08C3 [1992] 

Recording 

See also T03-C codes for dynamic recording and U14-A 
codes for static stores. 

Memory, store, high density 

V05-F08D [1992] 

Coating, implanting ions, surface treatment 

V05-F08D1 [1992] 

Coating 

Surface, layer, coat, deposition 

V05-F08D1A [1992] 

Sputtering 

Cathodic, magnetron 

V05-F08D3 [1992] 

Ion implantation 

Also assigned U11-C02B codes where application is to 
semiconductor device manufacture. 

Doping 

V05-F08D5 [1992] 

Surface treatment 

Hardening, nitriding 

V05-F08E [1992] 

Removing material, cutting, machining and 
cleaning 

Includes cleaning of specimen/workpiece, or e.g. resist 
ashing. 

Ashing, stripping 

V05-F08E1 [1992] 

Etching 

See also U11-C07 codes for application to semiconductor 
device fabrication. 

V05-F08E3 [1992] 

Cutting 

Includes welding - also coded in X24-D02. 

V05-F08E5 [1992] 

Machining/milling 

V05-F08F [2005] 

Molecular decomposition and fluid processing 

Includes fuel processing, e.g. Plasmatronϰ. 

V05-F08G [2005] 

Powder synthesis 

Includes e.g. nanoparticulate production. 

V05-F08X [1992] 

Other equipment function 

V05-F09 

Other 

V05-G 

Photoelectric discharge tubes not involving gas 
ionisation; photomultiplier tube 

See also V05-K01 codes where electron multiplier 
arrangements of PMT are novel. 

PMT, PM, photomultiplier 

V05-G01 [2005] 

Photocathodes 

Includes all novel photocathode materials, constructions 
etc. See also V05-D02/D03 codes for application to 
camera tubes/image converters or intensifiers. 

V05-H 

Radiation and particle detectors 

Includes only radiation or particle detectors where 
incident radiation causes gas ionisation detected via 
breakdown voltage. See also S03-G codes. 

Geiger-muller tube, Geiger counter, proportional counter 
tube, multi-wire proportional counters 

V05-J 

Particle spectrometer or separator tubes; Lenard 
tubes 

See S03-E10A codes for more details of mass 
spectrometers. 

Mass analyser, mass spectrometry, mass spectroscopy, 
static, dynamic, time-of-flight, energy spectrometer 
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V05-J01 [1992] 

Particle spectrometer/separator tubes 

V05-M codes are also assigned where aspect not covered 
in V05-J. 

V05-J01A [1992] 

Spectrometer type 

Static, dynamic, quadrupole, time-of-flight, TOF 

V05-J01A1 [1992] 

Mass spectrometers 

Secondary ion mass spectrometer, SIMS 

V05-J01A5 [1992] 

Energy spectrometers 

V05-J01C [1992] 

Sample introduction arrangement 

Includes sample carriers. For vacuum locks search with 
V05-M05D codes. 

Chamber, pressure, atomising, sample injection 

V05-J01E [1992] 

Ionising arrangement 

Ionisation chamber, ion gun 

V05-J01G [1992] 

Ion-optical system 

V05-M04 codes are also assigned. 

Electrode, electromagnetic, solenoid, current, deflection, 
beam, path 

V05-J01J [1992] 

Detection system 

V05-J01K [1992] 

Interface with other equipment 

Includes combination with e.g. chromatography 
apparatus, for which S03-E09C codes are also assigned. 

V05-J01M [1992] 

Control and monitoring 

Includes operation of device. 

V05-J01X [1992] 

Other details of particle spectrometer/separator 
tubes 

V05-J05 [1992] 

Lenard tubes 

Covers tubes emitting electrons or ions through the 
vessel. For details of window structures search with V05-
M05E. 

V05-K 

Thermionic generators; secondary-emission 
tubes; electron multipliers; ion pumps; pressure 
measuring tubes 

V05-K01 [1992] 

Electron multiplier 

For image intensifier application see V05-D03 codes also. 
Night vision equipment in general is coded in W07-G. 

PMT, PM, photomultiplier 

V05-K01A [1997] 

Microchannel plates 

(V05-K01) 

V05-K01C [1997] 

Dynodes 

(V05-K01) 

V05-K01X [1997] 

Other electron multipliers 

(V05-K01) 

V05-K03 [1997] 

Ionisation pressure gauges 

(V05-K) 

For novel aspects of gauges (e.g. cathodes), see V05-M 
codes. Pressure gauges in general are coded in S02-
F04D1. 

Penning 

V05-L 

Discharge tube manufacture 

See note (1) of V05 class descriptor. 

From 1992, codes from the V05-L05 section relating to 
the type of tube or device being manufactured are always 
assigned, except where the device is also claimed, 
resulting in the assignment of the code for that device 
also. 

Manufacture of certain auxiliary devices for tubes, e.g. 
CRT deflection coils, are not regarded as manufacture of 
the tube per se, and hence not coded in V05-L. See also 
the appropriate codes for the auxiliary device and any 
relevant manufacturing codes in other sections, e.g. V02-
H01 codes. 

Also, novel manufacture of phosphor compositions is 
treated as a novel phosphor per se, and is coded under 
V05-M01 or other relevant V05 sections. 

V05-L01 

Electrodes 
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V05-L01A [1992] 

Emitting electrodes 

Electrodes, emission 

V05-L01A1 [1992] 

Thermionic cathodes 

Tungsten, thorium, oxide, carbide, carburising, 
hydrocarbon, heating, cylinder, mesh, grille, grid 

V05-L01A1A [1992] 

Heaters 

Indirectly heated cathode 

V05-L01A3 [1992] 

Cold cathodes 

Field emission electrode 

V05-L01A3A [1992] 

Micro-fabricated cold cathodes 

Also coded in V05-L05B5 when application is to complete 
vacuum conduction device. Includes use of 
semiconductor manufacturing techniques, see U11-C18B 
also for semiconductor manufacturing details. 

V05-L01A5 [1992] 

Secondary emission electrodes 

V05-L01A5A [1992] 

Electron multiplier 

Also coded in V05-L05K. 

V05-L01A5B [1992] 

Photoelectric 

V05-L01A5X [1992] 

Other radiation-induced emission 

V05-L01A9 [1992] 

Other emitting electrodes 

V05-L01B [1992] 

Non-emitting electrodes 

V05-L01B1 [1992] 

Grids 

Includes FED gate electrodes. 

V05-L01B2 [1997] 

Tunnelling device probe manufacture 

(V05-L01B9) 

See also V05-F04B6A. For tunnel current device 
manufacture, see V05-L05F1A. For novel device see V05-
F01A5. 

Cantilever 

V05-L01B3 [1992] 

Anodes 

Includes FED screen electrodes. For FED gate electrodes, 
see V05-L01B1. 

V05-L01B4 [1992] 

Electron guns, electron-optical systems 

Includes assembly of the electrode system. Mounting of 
assembly in vessel is covered by V05-L03C1. 

V05-L01B4A [1992] 

For deflection 

V05-L01B5 [1992] 

Shadow masks 

Also coded in V05-L05D1. 

V05-L01B6 [2005] 

Plasma display panel electrodes 

V05-L01B6A [2006] 

Dielectric coatings 

Includes manufacture of protective coatings for electrode 
insulating layers. 

V05-L01B7 [1992] 

Slow wave devices 

Also coded in V05-L05C. (Slow wave devices per se are 
coded as transit time tube distributed elements). 

V05-L01B8 [1992] 

Screen electrode 

Covers e.g. beam index CRT screen electrodes. For FED 
screen anodes, see only V05-L01B3. Manufacture of 
image screens is covered by V05-L02 codes. 

V05-L01B9 [1992] 

Other non-emitting electrodes 
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V05-L02 

Screens 

Codes in this section cover the manufacture of screens 
for producing an image from, e.g. electron impact, and 
for converting an optical image into an electrical signal. 

Image, pick-up, latent, electrostatic, discharge, scan, 
target, photoconductive, photovoltaic, display, light, 
fluorescent, phosphor, persistence 

V05-L02A [1992] 

Screen type 

Codes indicating screen type are only used where a code 
cannot be assigned from the V05-L05 section or from the 
codes relating to the screen application tube per se. For 
example, if application to a specific tube type is not 
mentioned, or if the screen is stated to be applicable to 
several types of tube. 

V05-L02A1 [1992] 

Radiation-sensitive screen 

V05-L02A5 [1992] 

Radiation-emitting screen 

V05-L02B [1992] 

Substrate preparation 

Includes washing, acid rinsing etc. 

V05-L02C [1992] 

Coating processes 

See X25 codes for electrical aspects of coating processes. 

V05-L02C1 [1992] 

Liquid deposition by e.g. spraying 

Spin coating 

V05-L02C5 [1992] 

Electrical method e.g. electrophoresis 

V05-L02C7* [1992-2004] 

Material deposited 

*This code is now discontinued. See V05-L02M codes for 
general screen material types. 

V05-L02C7 codes are used to describe the material being 
deposited in conjunction with a code relating to the 
actual deposition process. Codes in this section are not 
used if the material is unspecified or a complete 
manufacturing process is described. 

V05-L02C7A* [1992-2004] 

Visible radiation emitting material 

*This code is now discontinued but prior to 2005 included 
e.g. use of phosphor in the case of a display tube, such as 
CRT. From 2005 see V05-L02M1. 

Luminescent 

V05-L02C7B* [1992-2004] 

Radiation-sensitive material 

*This code is now discontinued. From 2005 see V05-
L02M2. 

V05-L02C7C* [1992-2004] 

Auxiliary materials 

*This code is now discontinued. From 2005 see V05-
L02M3. 

Includes deposition of specific materials. 

Black matrix 

V05-L02D [2005] 

Baking processes 

V05-L02E [1992] 

Exposure and development 

V05-L02E1 [1992] 

Exposure processes 

V05-L02E1A [1992] 

Multistep sequence of exposure and development 

This code takes precedence over separate codes for 
exposure and development stages of screen 
manufacturing process. 

V05-L02E3 [1992] 

Using tube component as mask 

Includes use of CRT shadow mask. For details of shadow 
mask per se see V05-D05D codes. 

V05-L02E5 [1992] 

Exposure apparatus e.g. lighthouse 

V05-L02E5A [1992] 

Optical system 

Includes lenses, filters, etc. 

V05-L02E5C [1992] 

Light source 

See X26 codes for details of novel lamps etc. 

Bulb, discharge lamp, UV 
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V05-L02E7 [1992] 

Development 

V05-L02E1A takes precedence for combined exposure 
and development. 

V05-L02E8 [1992] 

Control of exposure method or apparatus 

Includes general control aspects and also control of light 
source, sequential operation, etc. 

Monitor, check, registration, time, duration 

V05-L02F [1992] 

Application of protective or other layers 

Includes metallisation of screen internal surface. 

Antireflective, aluminium 

V05-L02H [1992] 

Testing and inspection of screen 

Testing of manufacturing process/apparatus in general is 
covered by V05-L07E codes. See appropriate codes in 
S03, e.g. S03-E04F2, for optical inspection of 
manufactured screen. 

Pattern, defect, flaw, reject 

V05-L02H1 [1992] 

During manufacture 

V05-L02H5 [1992] 

Finished screen 

V05-L02M [2005] 

Screen material being processed 

V05-L02M1 [2005] 

Visible radiation emitting material 

E.g. phosphor. 

 V05-L02M2 [2005] 

Radiation sensitive materials 

V05-L02M3 [2005] 

Auxiliary materials 

Includes e.g. black matrix. 

V05-L03 

Vessels, lead-ins, exhausting, filling 

V05-L03A [1992] 

Manufacture of vessels, spacers, ribs, lead-ins etc. 

V05-L03A1 [1992] 

Manufacture of internal ribs and spacing 
elements 

Spacer 

V05-L03A3 [1992] 

Manufacture of electrode supports 

V05-L03A5 [1992] 

Manufacture of lead-in conductors 

V05-L03A7 [2005] 

Manufacturing of vessel per se 

(V05-L03A) 

Includes glass moulding, baking, toughening etc. 

V05-L03B [1992] 

Applying coatings or markings 

Manufacturing of coating materials per se is not treated 
as tube manufacture; see appropriate devices codes 
where relevant. 

Reflection prevention 

V05-L03B1 [1992] 

Conductive 

Antistatic, graphite 

V05-L03B3 [1992] 

Optical 

This code does not relate to screen manufacture, which is 
covered by V05-L02 codes, but to coatings acting as e.g. 
filters. 

Anti-reflective, anti-glare 

V05-L03B5 [1992] 

Marking 

/ƻǾŜǊǎ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ŀƴŘ ǇǊƻŘǳŎǘ ƴŀƳŜ 
etc., and also markings such as bar codes used for 
inventory or control purposes. 

V05-L03C [1992] 

Assembly 

Covers assembly of tube from individual components and 
joining vessel parts. 

V05-L03C1 [1992] 

Inserting electrode system 

Electron gun, support, spacing, mounting, shadow mask 
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V05-L03C1A [1992] 

Inserting CRT gun 

(V05-L03C1) 

See also V05-5лм. ŦƻǊ /w¢ άǇŜǊ ǎŜέ ŀƴŘ ±лр-L05D1B for 
CRT manufacture. 

V05-L03C3 [1992] 

Pre-treatment of vessel surfaces 

Cleaning, polishing, etching, machining 

V05-L03C3A [1992] 

To improve seal 

Actual process of sealing is covered by V05-L03C5A. 

V05-L03C5 [1992] 

Joining vessel parts, sealing, evacuating, filling, 
alignment 

V05-L03C5A [1992] 

Sealing 

V05-L03C5C [1992] 

Evacuating 

Includes methods and apparatus, e.g. vacuum pumps 
specifically for evacuating vessels. For electrical aspects 
of pumps see X25-L03A. Vacuum gauges in general are 
coded in S02-F04D1 and specifically ionisation-type 
gauges are additionally coded in V05-K03. 

V05-L03C5E [1992] 

Filling 

Covers methods and apparatus for filling tubes with 
desired gas composition of mixture. 

V05-L03C5G [2006] 

Alignment 

V05-L03C7 [1992] 

Post sealing treatment 

Washing 

V05-L03C7A [1992] 

To improve operation or lifetime 

Includes e.g. getter flashing. (Getters per se are coded in 
V05-D07E, getter manufacture in V05-L06). 

V05-L03C7C [1992] 

To improve structural strength 

Includes e.g. tension band fitting. Manufacture of band 
per se is covered by V05-L03D. 

T-band 

V05-L03D [1992] 

Tension band manufacture 

T-band 

V05-L05 [1992] 

Type of tube being manufactured 

Codes in this section are only used for device-specific 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŘŜǘŀƛƭǎ ŀƴŘ ƎŜƴŜǊŀƭƭȅ Ŧƻƭƭƻǿ ǘƘŜ ΨŘŜǾƛŎŜΩ 
codes V05-A to V05-K. For further indication of scope, see 
the definitions accompanying those codes. For inventions 
involving significant aspects of a tube itself, as well as its 
manufacture, V05-A to V05-K codes take precedence to 
indicate tube type and are assigned instead of V05-L05 
codes. 

V05-L05A [1992] 

Gas discharge 

V05-L05A1 [1992] 

Plasma display panel/segment type display 

V05-L05A1A [2006] 

DC Displays 

V05-L05A1B [2006] 

AC Displays 

V05-L05A3 [2006] 

Gas-filled switching/protection devices 

Prior to 2006, coded in V05-L05A. 

V05-L05B [2005] 

Classical and cold cathode vacuum tubes 

V05-L05B1 [1992] 

Thermionic tube 

V05-L05B3 [2005] 

Cold cathode devices 

V05-L05B5 [1992] 

Micro cold cathode devices 

V05-L05C [1992] 

Transit time tube 

V05-L05D [1992] 

Cathode ray tubes; electron beam tubes 

V05-L05D1 [1992] 

Display tubes 
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V05-L05D1A [2002] 

Field emission display tubes 

V05-L05D1B [1992] 

Cathode ray display tubes 

V05-L05D1C [1992] 

Fluorescent display 

V05-L05D2 [1992] 

Camera tubes 

V05-L05D3 [1992] 

Image intensifiers and converters 

V05-L05E [1992] 

X-ray/EUV generators; ion tubes 

V05-L05F [1992] 

Analysis and process tubes 

V05-L05F1 [1992] 

Analysis tubes 

V05-L05F1A [1997] 

Tunnel current devices 

(V05-L05F1) 

See V05-L01B2 for probe manufacture. See also V05-
F01A5. 

STM, SPM, AFM 

V05-L05F5 [1992] 

Processing tubes 

V05-L05G [1992] 

Photoelectric tube 

V05-L05H [1992] 

Radiation detector 

V05-L05J [1992] 

Spectrometer tubes 

V05-L05K [1992] 

Electron multiplier 

V05-L05X [2005] 

Other 

Includes e.g. manufacture of radiation image storage 
screens. 

V05-L06 [1992] 

Getter manufacture 

(V05-L09) 

Getter flashing is covered by V05-L03C7A. 

V05-L07 [1992] 

General aspects of manufacture 

(V05-L09) 

Codes in this section may be used alone, or with other 
V05-L codes. 

V05-L07A [1992] 

Multistep process for manufacturing whole device 

(V05-L09) 

V05-L07B [2005] 

Workpiece holder 

V05-L07C [1992] 

Transport equipment moving between processing 
stages 

(V05-L09) 

V05-L07D [2005] 

Workpiece positioning 

Covers positioning of workpiece with relation to 
manufacturing equipment. 

V05-L07E [1992] 

Testing, salvage and other general aspects of 
manufacture 

(V05-L09) 

V05-L07E1 [1992] 

Testing 

(V05-L09) 

Where electrical characteristics are being measured 
relating to the tube per se, S01-G02A is also assigned. 

V05-L07E1A [1992] 

Of partially complete device 

(V05-L09) 

V05-L07E1B [1992] 

Of manufacturing process or apparatus 

(V05-L09) 

This code is used for monitoring the manufacturing 
process or apparatus only. For testing of tubes per se 
V05-L07E1A or V05-L07E1C are used. 

V05-L07E1C [1992] 

Of complete device 
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V05-L07E3 [1992] 

Ageing, soak testing, life testing 

(V05-L09) 

Burn-in, oven, high temperature, accelerate 

V05-L07E5 [1992] 

Adjustment, rectification 

(V05-L09) 

Correct, repair, re-gun, spot-knocking 

V05-L07E6 [1992] 

Salvage 

(V05-L09) 

Covers salvage of materials or tube parts for re-use or 
other purpose. This code is used with other V05-L codes 
as appropriate. 

V05-L07E7 [1992] 

Packing, shipping 

(V05-L09) 

V05-L07E9 [1992] 

Other general manufacturing aspects 

(V05-L09) 

Includes protection arrangement for tube to avoid 
damage during manufacture, e.g. dummy protective tube 
base. 

V05-L09 

Other details of discharge tube manufacture 

V05-M 

General details 

Codes in this section are used to describe details of tubes 
for cases of very general (or unstated) application, or in 
conjunction with tube type codes not having the 
appropriate subdivisions. 

V05-M01 

Image screens; luminescent coatings 

Radiation converting screens not necessarily part of a 
tube are included in V05-M01C codes. 

Luminescent screen, fluorescent screen, radiation imaging 
screen 

V05-M01A [1992] 

Light emitting compositions 

Phosphor, rare earth 

V05-M01C [1992] 

Separate screen not part of tube 

Conversion screen, radiography, medical diagnosis 

V05-M01C1 [1992] 

Radiation image storage screen 

Includes e.g. stimulable phosphor. Recording and 
reproducing equipment for use with stimulable 
phosphors is coded in S06-K99G and other S06-K codes as 
appropriate. 

V05-M02 

Solid thermionic cathodes 

Coating, impregnated cathode, dispenser cathode, 
heater, filament, directly-heated 

V05-M02A [1992] 

Solid thermionic cathode compositions 

V05-M03 

Electrode assemblies; other electrodes 

Includes unspecified emitting electrode types. 

Electrode support, mountings 

V05-M03A [1992] 

Emitting electrodes, i.e. cold cathodes 

Field emitters, field emission, FE 

V05-M03A1 [1992] 

Micro-fabricated cold cathode 

Includes carbon nanotube based field emitters. 

Also covers cathode (or other electrode in conjunction 
with it) formed using semiconductor manufacturing 
techniques on e.g. silicon substrate. 

CNT, carbon nanofiber, nano-emitter 

V05-M03A3 [1997] 

Current limiting arrangements 

(V05-M03A) 

V05-M03C [1992] 

Grids 

Control, modulation, intensity, screen, suppressor 

V05-M03E [1992] 

Anodes 

V05-M03G [1992] 

Electron/ion guns 

Also coded in V05-M04A as an electron/ion optical 
arrangement. 

Lens, focus, correct, beam 

V05-M03X [1992] 

Other electrodes 
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V05-M04 

Electron- or ion-optical arrangements 

Electron gun, lens, focusing, deflection, deflection coil, 
winding 

V05-M04A [1992] 

Electrostatic 

Novel electron guns are also coded in V05-M03G. 

ES 

V05-M04B [1992] 

Electromagnetic 

EM 

V05-M05 

Vessels; lead-in conductors; seals 

Insulator, support pins, conductive coatings 

V05-M05A [1992] 

Vessel 

Glass composition, shape, form, housing, container 

V05-M05B [1992] 

Lead-ins 

Pin, base, contact 

V05-M05C [1992] 

Seal 

Frit 

V05-M05D [1992] 

Vacuum locks 

V05-M05D1 [1992] 

Sample/specimen introducing arrangement 

V05-M05E [1992] 

Vessel windows 

Covers arrangement enabling emission or introduction of 
e.g. ions or electrons from the vessel. X-ray windows are 
covered by V05-E01E1A. 

V05-M05F [1992] 

Coatings applied to vessel 

Includes optical or conductive coatings. 

V05-M06 [1992] 

Getters 

V05-M07 [1992] 

Tube cooling 

(V05-M09) 

Cooling of electronic equipment in general is covered by 
V04-T03 codes. 

V05-M07A [1992] 

Heat sink, radiative 

(V05-M09) 

Fin, extrusion, radiator 

V05-M07B [1992] 

Forced circulation 

(V05-M09) 

Liquid, vapour, gas, pump, heat exchanger, tank, 
reservoir, fan, blower, air 

V05-M09 

Other general tubes details (Including gas filling 
compositions) 

Includes gas filling compositions. Compositions for gas-
filled tubes covered by V05-A codes are assigned the 
appropriate subdivision code in that section. 
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V06: Electromechanical Transducers and Small 

Machines 

V06-A* [1980-2006] 

Loudspeakers 

*This code is now discontinued and has been transferred 
to V06-V04A1 from 200701. It remains searchable for 
records prior to 2007. 

V06-A01* [1980-2006] 

Transducers 

*This code is now discontinued and has been transferred 
to V06-V01 and V06-V04A1 from 200701. It remains 
searchable for records prior to 2007.  

All loudspeaker transducers are also coded in V06-E. 

Voice-coils, drivers, piezoelectric, moving coil  

V06-A02* [1980-2006] 

Cones/diaphragms 

*This code is now discontinued and has been transferred 
to V06-V02A and V06-V04A1 from 200701. It remains 
searchable for records prior to 2007. 

General use cones/diaphragms are in V06-F only. 

Membranes, vibration plates  

V06-B* [1983-2006] 

Pick-ups, cutters, microphones; sonar/ultrasonic 
transducers 

*This code is now discontinued and has been transferred 
to V06-V from 200701. It remains searchable for records 
prior to 2007.  

V06-B01* [1983-2006] 

Gramophone pick-ups and cutters 

*This code is now discontinued and has been transferred 
to V06-V04A3 from 200701. It remains searchable for 
records prior to 2007.  

See also W04-A. 

Stylus, Cartridges, Diamond, groove, mechanical 
recording  

V06-B02* [1983-2006] 

Microphones 

*This code is now discontinued and has been transferred 
to V06-V04A2 from 200701. It remains searchable for 
records prior to 2007.  

All microphone transducers are also coded in the relevant 
V06-E code. 

Piezoelectric, electroacoustic, electret, condenser, 
diaphragms  

V06-B03* [1983-2006] 

Sonar/ultrasonic transducers 

*This code is now discontinued and has been transferred 
to V06-V01N from 200701. It remains searchable for 
records prior to 2007.  

For hydrophones and sonar systems, see also W02-C07 
and W06-A05 codes. 

Piezoelectric, underwater acoustic transducers  

V06-C* [1980-2006] 

Headphones; telephone handsets 

*This code is now discontinued and has been transferred 
to V06-V04A4 and V06-V04B1 from 200701. It remains 
searchable for records prior to 2007.  

Telephone transducers per se are coded in W01-C01M 
also, and mounting details in W01-C01A3. 

Earphones, earpieces, receivers, transmitters, 
mouthpieces  

V06-D* [1980-2006] 

Vibration generators for performing mechanical 
work 

*This code is now discontinued and has been transferred 
to V06-V04C from 200701. It remains searchable for 
records prior to 2007.  

Includes shock wave generators for e.g. lithotripsy which 
are also coded in S05-B02. For industrial scale vibration 
generators see X25-L. 

Coil, electromechanical  

 V06-E* [1980-2006] 

Transducers 

*This code is now discontinued and has been transferred 
to V06-V01 from 200701. It remains searchable for 
records prior to 2007.  

This code is in general only used for audio or 
communication-type transducers.  

V06-E01* [1980-2006] 

Moving coil/strip/wire  

*This code is now discontinued and has been transferred 
to V06-V01A1 and V06-V04A3 from 200701. It remains 
searchable for records prior to 2007.  

Ribbon  

V06-E01A* [1987-2006] 

Moving coil 

*This code is now discontinued and has been transferred 
to V06-V01A1 from 200701. It remains searchable for 
records prior to 2007.  

Bobbins, voice coils  
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V06-E02* [1980-2006] 

Piezoelectric; electrostrictive 

*This code is now discontinued and has been transferred 
to V06-V01B from 200701. It remains searchable for 
records prior to 2007.  

Acoustic, ceramic, ultrasonic, quartz, piezo-ceramic  

V06-E03* [1980-2006] 

Electrostatic 

*This code is now discontinued and has been transferred 
to V06-V01C from 200701. It remains searchable for 
records prior to 2007.  

Includes electrets and other capacitive-effect 
transducers. 

Condenser  

V06-E04* [1997-2006] 

Digital transducers 

*This code is now discontinued and has been transferred 
to V06-V01L from 200701. It remains searchable for 
records prior to 2007.  

 V06-E05* [1997-2006] 

Wireless transducers 

*This code is now discontinued and has been transferred 
to V06-V01M from 200701. It remains searchable for 
records prior to 2007.  

V06-E06* [1997-2006] 

Microtransducers; nanotransducers 

*This code is now discontinued and has been transferred 
to V06-V01K from 200701. It remains searchable for 
records prior to 2007.  

Micromachining, micromechanical, 
microelectromechanical, micromechanism  

V06-E06A* [2002-2006] 

Nanotransducers 

*This code is now discontinued and has been transferred 
to V06-V01K2 from 200701. It remains searchable for 
records prior to 2007.  

V06-E07* [2005-2006] 

Ultrasonic transducer 

*This code is now discontinued and has been transferred 
to V06-V01N from 200701. It remains searchable for 
records prior to 2007.  

Includes audio/communication type ultrasonic 
transducers.  

V06-E08* [2005-2006] 

Bone conduction transducer 

*This code is now discontinued and has been transferred 
to V06-V01P from 200701. It remains searchable for 
records prior to 2007.  

V06-E09* [1980-2006] 

Other 

*This code is now discontinued and has been transferred 
to V06-V01A2, V06-V01D, and V06-V01X from 200701. It 
remains searchable for records prior to 2007.  

Includes moving armature, magnetostrictive and 
combined-principle transducers.  

 V06-F* [1980-2006] 

Diaphragms; cones 

*This code is now discontinued and has been transferred 
to V06-V02A from 200701. It remains searchable for 
records prior to 2007.  

Membranes, vibration plates  

V06-G* [1980-2006] 

Transducer details 

*This code is now discontinued and has been transferred 
to V06-V02 from 200701. It remains searchable for 
records prior to 2007.  

V06-G01* [1980-2006] 

Casings; cabinets, mountings 

*This code is now discontinued and has been transferred 
to V06-V02E and V06-V02F from 200701. It remains 
searchable for records prior to 2007.  

Includes structural association of transducers with 
electric circuitry; throat mountings for microphones; 
lead-throughs for earphones; supports for music pick-
ups. See also W04-S. 

Enclosure, housings, chambers, holders  

V06-G02* [1980-2006] 

Obtaining desired frequency or directional 
characteristics 

*This code is now discontinued and has been transferred 
to V06-V02G from 200701. It remains searchable for 
records prior to 2007.  

Includes structural combinations and spatial 
arrangements of separate transducers responsive to two 
or more frequency ranges; enclosures modified by 
mechanical or acoustic dampers; use of horns; use of 
several identical transducers. 

Dampers  
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V06-G09* [1980-2006] 

Other 

*This code is now discontinued and has been transferred 
to V06-V02H, V06-V02J and V06-V02X from 200701. It 
remains searchable for records prior to 2007.  

Leads, mouthpieces, earpieces, sanitary devices  

V06-H* [1980-2006] 

Circuits for transducers 

*This code is now discontinued and has been transferred 
to V06-V02S from 200701. It remains searchable for 
records prior to 2007.  

Includes circuits for preventing acoustic reaction or 
correcting frequency response; cross-over networks for 
loudspeakers. Does not include volume control circuits. 
See W04-T also. 

Frequency/amplitude control, delay circuits  

V06-J* [1980-2006] 

Transducer manufacture, testing, monitoring 

*This code is now discontinued and has been transferred 
to V06-V03 from 200701. It remains searchable for 
records prior to 2007.  

V06-J01* [1992-2006] 

Manufacture 

*This code is now discontinued and has been transferred 
to V06-V03A from 200701. It remains searchable for 
records prior to 2007.  

V06-J01A* [1992-2006] 

Diaphragm 

*This code is now discontinued and has been transferred 
to V06-V03A1 from 200701. It remains searchable for 
records prior to 2007.  

V06-J02* [1992-2006] 

Testing, monitoring 

*This code is now discontinued and has been transferred 
to V06-V03B from 200701. It remains searchable for 
records prior to 2007.  

V06-J03* [2005-2006] 

Micromachining process, method or apparatus 

*This code is now discontinued and has been transferred 
to V06-V03A7 from 200701. It remains searchable for 
records prior to 2007.  

See also U11-C and U12-B03F codes.  

MEMS, microtransducer, nanotransducer, silicon-
machining, micromachining 

V06-K* [1980-2006] 

Electromechanical resonators and delay lines 

*This code is now discontinued and has been transferred 
to V06-V01E and V06-V04D2 from 200701. It remains 
searchable for records prior to 2007.  

For networks using resonators see U25-B codes also.  

V06-K01* [1980-2006] 

Delay lines 

*This code is now discontinued and has been transferred 
to V06-V04D2 from 200701. It remains searchable for 
records prior to 2007.  

V06-K02* [1980-2006] 

Piezoelectric, electrostrictive and 
magnetostrictive resonators 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V01D and V06-V01E from 200701. It 
remains searchable for records prior to 2007.  

Includes crystal tuning forks. 

Oscillator  

V06-K03* [1980-2006] 

Holders, electrodes, coils 

*This code is now discontinued and has been transferred 
to V06-V02B, V06-V02C and V06-V02F from 200701. It 
remains searchable for records prior to 2007.  

Mounts, seals, bases, housing, supports  

V06-K03A* [1987-2006] 

Electrodes 

*This code is now discontinued and has been transferred 
to V06-V02B from 200701. It remains searchable for 
records prior to 2007.  

Electrode arrays, forks, comb electrodes, interdigitated 
electrodes  

 V06-K04* [1987-2006] 

Filters 

(V06-K09) 

*This code is now discontinued and has been transferred 
to V06-V04D1 from 200701. It remains searchable for 
records prior to 2007.  

See U25-B also.  

V06-K05* [1997-2006] 

SAW resonators 

*This code is now discontinued and has been transferred 
to V06-V01E1 and V06-V01E2 from 200701. It remains 
searchable for records prior to 2007.  

See U14-G also. 

Surface acoustic wave  
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V06-K06* [1997-2006] 

MSW resonators 

*This code is now discontinued and has been transferred 
to V06-V01E3 from 200701. It remains searchable for 
records prior to 2007.  

Magnetostatic, surface wave, MSSW, forward volume, 
MSFVW, backward volume, MSBVW  

V06-K07* [1997-2006] 

Microresonators; nanoresonators 

*This code is now discontinued and has been transferred 
to V06-V01E and V06-V01K from 200701. It remains 
searchable for records prior to 2007.  

Micromachining, micromechanical, 
microelectromechanical, micromechanism 

V06-K07A* [2002-2006] 

Nanoresonators 

*This code is now discontinued and has been transferred 
to V06-V01E and V06-V01K2 from 200701. It remains 
searchable for records prior to 2007.  

V06-K08* [1992-2006] 

Manufacture and testing 

(V06-K09) 

*This code is now discontinued and has been transferred 
to V06-V03A and V06-V03B from 200701. It remains 
searchable for records prior to 2007.  

V06-K08A* [2005-2006] 

Micromachining process, method or apparatus 

*This code is now discontinued and has been transferred 
to V06-V03A7 from 200701. It remains searchable for 
records prior to 2007.  

See also U11-C and U12-B03F codes. 

MEMS, microresonator, nanoresonator, silicon-
machining, micromachining  

V06-K09* [1980-2006] 

Other 

*This code is now discontinued and has been transferred 
to V06-V01E and V06-V02S from 200701. It remains 
searchable for records prior to 2007.  

Includes circuits; resonators not covered by previous 
codes.  

V06-K10* [2005-2006] 

Ultrasonic resonator 

*This code is now discontinued and has been transferred 
to V06-V01E and V06-V01N from 200701. It remains 
searchable for records prior to 2007.  

Includes ultrasonic delay lines and resonators. 

V06-L* [1980-2006] 

Measuring or general use type piezoelectric, 
electrostrictive, magnetostrictive or 
electromagnetic transducers 

*This code is now discontinued and has been transferred 
to V06-V01A, V06-V01B, V06-V01D, V06-V02 and V06-
V04G from 200701. It remains searchable for records 
prior to 2007.  

See V06-M, V06-N and V06-U codes for motors and 
actuators. Vibration generators for performing 
mechanical work are in V06-V04C.  

V06-L01* [1980-2006] 

Piezoelectric, electrostrictive, magnetostrictive 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V01D, V06-V02 and V06-V04G from 
200701. It remains searchable for records prior to 2007.  

Materials are also in U11-A02. 

Ultrasonic, acoustic, magnetostrictive, electrostrictive  

V06-L01A* [1987-2006] 

Piezoelectric 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007.  

Piezoelectric composition, ceramic, ultrasonic, crystal, 
igniter, switch, micromechanism, sensor, buzzer  

V06-L01A1* [1987-2006] 

Medical applications 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V02, V06-V04G and V06-V04K from 
200701. It remains searchable for records prior to 2007.  

See also S05-D. 

Ultrasonic probes, acoustic transducers, ultrasonic 
diagnostics transducers  

V06-L01A2* [1980-2006] 

General measurements 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007.  

See also relevant S02, S03 codes. 

Vibration, pressure, force  

V06-L01A3* [1997-2006] 

Piezoelectric transformers 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V02 and V06-V04F from 200701. It 
remains searchable for records prior to 2007. 
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V06-L01A3A* [2002-2006] 

Multilayer 

*This code is now discontinued and has been transferred 
to V06-V01B1, V06-V02 and V06-V04F from 200701. It 
remains searchable for records prior to 2007. 

V06-L01A3B* [2002-2006] 

Rosen type 

*This code is now discontinued and has been transferred 
to V06-V01B2, V06-V02 and V06-V04F from 200701. It 
remains searchable for records prior to 2007. 

V06-L01A4* [1997-2006] 

Piezoelectric (contactless) switches 

*This code is now discontinued and has been transferred 
to V06-V01B, V06-V02 and V06-V04E from 200701. It 
remains searchable for records prior to 2007. 

V06-L01B* [1997-2006] 

Magnetostrictive 

(V06-L01) 

*This code is now discontinued and has been transferred 
to V06-V01D, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

V06-L02* [1980-2006] 

Manufacture, testing 

*This code is now discontinued and has been transferred 
to V06-V01, V06-V03A and V06-V03B from 200701. It 
remains searchable for records prior to 2007. 

Polarising, polymerising, coating, process, assembling 

V06-L02A* [2005-2006] 

Micromachining process, method or apparatus 

*This code is now discontinued and has been transferred 
to V06-V01 and V06-V03A7 from 200701. It remains 
searchable for records prior to 2007. 

See also U11-C and U12-B03F codes. 

MEMS, microsensor, nanosensor, silicon-machining, 
micromachining  

V06-L03* [1997-2006] 

Microsensors; nanosensors 

*This code is now discontinued and has been transferred 
to V06-V01K, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

Micromachining, micromechanical, 
microelectromechanical, micromechanism  

V06-L03A* [2002-2006] 

Nanosensors 

*This code is now discontinued and has been transferred 
to V06-V01K2, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

V06-L04* [1997-2006] 

Smart sensors 

*This code is now discontinued and has been transferred 
to V06-V01Q, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

Intelligent  

V06-L05* [1992-2006] 

Electromagnetic sensors 

*This code is now discontinued and has been transferred 
to V06-V01A, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

V06-L06* [2005-2006] 

Ultrasonic sensor 

*This code is now discontinued and has been transferred 
to V06-V01N, V06-V02 and V06-V04G from 200701. It 
remains searchable for records prior to 2007. 

Includes measurement type ultrasonic sensors. 

V06-L10* [2002-2006] 

Resonant sensors 

*This code is now discontinued and has been transferred 
to V06-V02 and V06-V04G2 from 200701. It remains 
searchable for records prior to 2007. 

V06-M 

Small electric machines 

Includes low power electric machines. Medium and large 
size machines and their controllers are in X11 and X13, 
respectively. Indeterminate size machines are in both V06 
and X11 classes.  

V06-M01 

Synchronous machines 

Motors, generators  

V06-M01A 

With permanent magnet 

V06-M01A1 [2008] 

Interior permanent magnet 

IPM 

V06-M01B 

Without permanent magnet 

V06-M01C [1997] 

Hybrid synchronous machines 

Includes combined permanent magnet and wound rotor 
type synchronous machines.  
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V06-M02 

DC and induction machines 

Includes universal machines.  

V06-M02A [1987] 

DC machines 

Motors, generators, commutator motors, shunt motors  

V06-M02B [1987] 

AC machines 

Induction-, squirrel cage-, asynchronous-, capacitor-start, 
split-phase-, AC commutator-machine  

V06-M03 

Non-mechanical commutator machines 

Includes both AC and DC type brushless motors. 

Brushless, electronic commutator 

V06-M03A [1997] 

Permanent magnet 

PM DC/AC brushless 

V06-M03B [1997] 

Switched reluctance 

SR DC/AC brushless 

V06-M03C [1997] 

Sensorless 

BEMF  

V06-M04 

Machines with vibrating armatures or coils 

Includes voice-coil type motors, solenoidal motors, 
vibration motors. 

Reciprocating/oscillating magnet, polarised-armature, 
vibration motor  

V06-M04A [1997] 

Voice coil motors 

V06-M05 

Stepping motors 

V06-M05A [1987] 

Variable reluctance 

V06-M05B [1987] 

Permanent magnet 

V06-M05C [1997] 

Hybrid 

V06-M06 

Other electric machines 

LƴŎƭǳŘŜǎ ΨǇŜǊǇŜǘǳŀƭ ƳƻǘƛƻƴΩ ƳƻǘƻǊǎΣ ǘƻǊǉǳŜ ƳƻǘƻǊǎΦ 

Electrodynamic-clutches, -brakes, -gears  

V06-M06A [1987] 

Synchros and selsyns 

AC position motors  

V06-M06B [1987] 

Linear motors 

V06-M06B1 [1997] 

Asynchronous 

Induction, AC, LIM  

V06-M06B2 [1997] 

Synchronous 

AC, LSM  

V06-M06B3 [1997] 

Direct current 

DC, linear  

V06-M06B7 [1997] 

Piezoelectric or electrostrictive 

(V06-M06D)  

V06-M06B8 [1997] 

Electrostatic 

(V06-M06F) 

V06-M06B9 [1997] 

Magnetostrictive 

(V06-M06)  

V06-M06C [1987] 

Tachogenerators 

Includes AC and DC type speed or rpm counters. See S02-
G codes also.  

V06-M06D [1987] 

Piezoelectric or electrostrictive motors, actuators; 
piezoelectric generators 

Includes piezoelectric elements placed in printheads of 
inkjet printers (see also S06-G codes for inkjet printers). 
Also includes surface acoustic wave actuators for which 
U14-G is also assigned. 

Bimorph actuators, SAW actuators  

V06-M06D1 [1992] 

Ultrasonic motors  
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V06-M06D2 [1997] 

Generators 

V06-M06D3 [2002] 

Laminated type 

V06-M06D4 [2002] 

Bimorph type 

V06-M06E [1987] 

Servomotors  

V06-M06F [1992] 

Electrostatic motors, actuators, generators 

V06-M06G [1992] 

Micromotors/microactuators; 
nanomotors/nanoactuators  

See also U12-B03F. For mfg. see V06-M11 and U11-C18C 
codes. 

Micromachine, micromachining, micromechanical, 
microelectromechanical, micromechanism  

V06-M06G1 [1992] 

Electrostatic excitation  

V06-M06G1A [2002] 

Comb motors 

V06-M06G1B [2002] 

Wobble motors 

V06-M06G2 [1992] 

Magnetic excitation 

V06-M06G3 [2007] 

Electro-thermal effect 

For non-MEMS type electro-thermal actuator see V06-
M06M. 

V06-M06G8 [2005] 

Microgenerators; nanogenerators 

V06-M06G8A [2005] 

Nanogenerators 

V06-M06G9 [2002] 

Nanomotors/nanoactuators 

V06-M06H [1997] 

Magnetostrictive motors, actuators; generators 

(V06-M06) 

Includes magnetostrictive motors, actuators and 
generators 

V06-M06H1 [2005] 

Motors; actuators 

V06-M06H2 [2005] 

Generators 

V06-M06J [1997] 

Corona motors 

(V06-M06)  

V06-M06K [1997] 

Magnetic-fluid motors, actuators 

(V06-M06)  

Includes electromagnetic pumps used for moving liquid 
metal or some other magnetic fluid using 
electromagnetic force. Electromagnetic pumps for high 
power applications are coded under X11-H03B only. 

V06-M06M [1997] 

Shape-memory alloy motors 

(V06-M06)  

V06-M06N [1997] 

Printed-circuit or pancake motors 

(V06-M06)  

V06-M06P [1997] 

Multidimensional motors 

(V06-M06)  

V06-M06Q [2002] 

MHD generators 

See X11-H03B for medium/high power machines. 

Magneto-hydro-dynamics 

V06-M06R [2005] 

Ultrasonic motors 

Includes non-piezoelectric type ultrasonic motors; See 
V06-M06D1 for piezoelectric ultrasonic motors. 
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V06-M06S [2007] 

Electro-active polymer motors 

Includes actuators/motors and generators having, for 
example, an electro-active polymer for electrical to 
mechanical, and vice-versa, energy conversion. See V06-
M06D codes for piezoelectric actuators or motors. The 
actuator may have either a liquid or solid electrolyte. 

EAP 

V06-M06T [2008] 

External rotor type motor 

Includes motor with an outer or external rotor 
construction. 

V06-M07 

Magnetic circuits 

Magnets, magnetic poles, cores, yokes, tooth, slots, 
laminations  

V06-M07A [1987] 

Stator 

Includes insulation details of stator. 

V06-M07B [1987] 

Rotor 

Includes insulation details of rotor. 

V06-M08 

Windings 

Slot-closures, wedges, ties, fastening windings  

V06-M08A [1987] 

Conductor shape, form, construction or layout 

Coils, disc, flat  

V06-M08A1 [2002] 

Printed coils/windings 

V06-M08B [1987] 

Insulation; shielding; protection 

Corona protection  

V06-M09 

Casings; supports 

Includes enclosures, casings, bearing and brush supports, 
bearing shields or end plates. Also includes lubrication 
and insulation details of bearings, etc. 

Housing, machine mountings, seals, explosion-proofing, 
vibration-damping, brush holders 

V06-M09A [2002] 

Connectors; terminal boxes 

V06-M10 

Arrangements for handling mechanical energy 

Shaft, clutches, brakes, gears, pulleys, mechanical 
starting, loads, flywheels, balancing arrangements, 
bearings, couplings 

V06-M10A [2002] 

Microgears; microtransmission 

V06-M11 

Manufacture, testing, repair and maintenance 

Includes recycling details (see also X25-W04). 

V06-M11A [1983] 

Commutators, slip-rings, brushes 

Includes wear indicators. See also V04-P02 for 
manufacture of general commutators, brushes, etc.  

V06-M11B [1983] 

Windings 

Coiling, inserting wires, winding jigs, laying conductors, 
conductor bending  

V06-M11C [1987] 

Insulation, balancing, centering  

Includes impregnating, insulating, heating or drying of 
windings, rotors or machines. Also includes 
centering/balancing details of motor. 

Taping  

V06-M11D [1987] 

Core 

For rotor or stator bodies. 

Magnetic poles, casting, moulding, laminating, slotting, 
magnetic circuits  

V06-M11E [2016] 

Casings and supports 

Housing, enclosure 

V06-M11G [2005] 

Micromachining process, method or apparatus 

See also U11-C and U12-B03F codes. 

MEMS, micromotor, microactuator, nanomachine, 
nanoactuator, silicon-machining, micromachining  

V06-M11M [1997] 

Testing, repair and maintenance 

Includes analysis, diagnosis, monitoring, fault detection. 
This code can be used in conjunction with other V06-M11 
codes, e.g. together with V06-M11A, V06 M11B, V06-
M11C and V06-M11D for testing of brushes, windings, 
insulation and cores, respectively. 
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V06-M11P [1997] 

Characterised by use of microprocessors  

V06-M12 [1983] 

Commutators, slip-rings, brushes 

Includes connections with windings, commutation 
improving arrangements. See also V04-L01. 

Commutator segments, current collectors  

V06-M13 [1992] 

Cooling, ventilation 

This code covers cooling and/or ventilation of e.g. the 
motor itself, and not when the motor is part of the 
cooling/ventilation system for cooling another device. 

V06-M14 [1992] 

Structural association with electric component 

Includes measuring and protecting electronic 
components e.g. resistors, switches or RFI suppressors. 

Position/rotation/direction detectors  

V06-M15 [2002] 

Materials 

V06-M15A [2002] 

Conductive materials 

Includes details of materials for thermal or electrical 
conduction. 

V06-M15B [2002] 

Magnetic materials 

V06-M15C [2002] 

Insulative materials 

Includes details of materials for electrical insulation. 

V06-M16 [2008] 

Non-electrodynamic motor details 

Includes details, such as electrodes, for piezoelectric, 
electrostatic, etc motors. 

V06-M20 

Other details  

This code includes details of model illustrating / 
demonstrating how an electric motor works. See also 
W04-W07C for demonstration of process or effect. Also 
includes machine simulation/design. Includes motor 
cable details. 

Motor simulation, generator simulation, electric machine 
simulation, motor design, generator design, electric 
machine design  

V06-N [1983] 

Controlling small electric machines 

Includes control of low power motors, actuators and 
generators. 

V06-N01 [1983] 

Stepping motors 

Translation circuit, stepper, step-by-step motor 

V06-N01A [2005] 

Variable reluctance 

V06-N01B [2005] 

Permanent magnet 

V06-N01C [2005] 

Hybrid 

V06-N02 [1983] 

DC mechanical commutator motors 

Shunt motor 

V06-N03 [1983] 

AC motors 

V06-N03A [1997] 

Asynchronous 

Induction  

V06-N03B [1997] 

Synchronous  

V06-N03B1 [2006] 

With permanent magnet 

V06-N03B2 [2006] 

Without permanent magnet 

V06-N04 [1987] 

DC brushless motors 

V06-N04A [1997] 

Permanent magnet 

PM DC brushless  

V06-N04B [1997] 

Switched reluctance 

SR DC brushless  
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V06-N04C [1997] 

Sensorless 

BEMF  

V06-N05 [1987] 

Starting 

V06-N06 [1987] 

Braking; Stopping 

Reversing, resistive-, regenerative-braking  

V06-N07 [1992] 

Piezoelectric or electrostrictive motors, actuators 

Ultrasonic  

V06-N08 [1997] 

Electrostatic motors, actuators 

V06-N09 [1997] 

Magnetostrictive motors, actuators 

V06-N10 [1997] 

Servomotors 

V06-N11 [1997] 

Linear motors 

V06-N11A [1997] 

Asynchronous 

Induction, AC, LIM  

V06-N11B [1997] 

Synchronous 

AC, LSM  

V06-N11C [1997] 

Direct current 

DC, linear  

V06-N11D [1997] 

Piezoelectric or electrostrictive 

V06-N11E [1997] 

Magnetostrictive 

V06-N11F [1997] 

Electrostatic 

V06-N12 [1997] 

Voice coil motors 

V06-N13 [1997] 

Corona motors 

V06-N14 [1997] 

Magnetic-fluid motors, actuators 

(V06-N)  

V06-N16 [1997] 

Shape-memory alloy motors 

(V06-N)  

V06-N18 [1997] 

Printed-circuit or pancake motors 

(V06-N)  

V06-N20 [1997] 

Multidimensional motors 

(V06-N)  

V06-N21 [2018] 

Machines with vibrating armatures or coils 

Control of ultrasonic motors are coded under V06-N36 
only. 

Vibration motor 

V06-N22 [1997] 

Micromotors/microactuators; 
nanomotors/nanoactuators 

Micromachine, micromachining, micromechanical, 
microelectromechanical, micromechanism 

V06-N22A [2002] 

Nanomotors/nanoactuators 

V06-N24 [1997] 

Smartpower IC controllers 

Integrated circuit controller, integrated smart power 
circuit 

V06-N26 [1997] 

Microprocessor control 

Includes DSP, ECU, PLC.  

V06-N30 [1997] 

Multimotor control  
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V06-N35 [2002] 

Remote motor control 

V06-N36 [2005] 

Ultrasonic motors 

Use this code together with other V06-N codes if required 
for highlighting the type of motor being controlled. 

V06-N37 [2005] 

Vector control 

Field-oriented, flux-vector, direct-torque, control, 
regulation 

V06-N40 [2005] 

Low power generators 

For records prior to 2005, see X13-G02 codes. Medium 
and high power generator control is in X13-G02. 

V06-N40A [2005] 

Synchronous generators 

V06-N40B [2005] 

DC generators 

V06-N40C [2005] 

Induction generators 

V06-N40D [2005] 

Piezoelectric generators 

V06-N40E [2005] 

Magnetostrictive generators 

V06-N40F [2005] 

Electrostatic generators 

V06-N40G [2005] 

MHD generators 

V06-N40H [2005] 

Microgenerators; nanogenerators 

V06-N40H1 [2005] 

Nanogenerators 

V06-N45 [2005] 

Speed control or regulation of electrical machines 
characterized by specific switching or control 
device 

V06-N45A [2005] 

Characterized by diodes 

V06-N45B [2005] 

Characterized by bipolar transistors 

V06-N45C [2005] 

Characterized by FETs 

V06-N45D [2005] 

Characterized by IGBTs 

V06-N45E [2005] 

Characterized by combination of switching 
devices 

V06-N45F [2005] 

Characterized by AC-to-DC converter 

V06-N45G [2005] 

Characterized by DC-to-AC converter 

V06-N45H [2005] 

Characterized by AC-to-AC converter 

V06-N45J [2005] 

Characterized by DC-to-DC converter 

V06-P [2007] 

Power generation plant 

Covers only very low power generation. Medium to large 
scale power generation is covered in X11, X14 and X15. 

V06-P01 [2007] 

MEMS or chip-scale power plant 

Includes the implementation of whole power plants on a 
MEM device or chip. Covers micro-combustion of fuels to 
drive a micro steam- or gas- or other- turbine, which 
drives a micro-generator. Individual MEMS generators 
are in V06-M06G. See also U12-B03F codes. 

Micro power generator 

V06-P02 [2007] 

Small scale power plant 

Includes low wattage power plants typically used for 
powering small electronic equipment. 
































































































































































































































































































































































































































































































































































































































































































































