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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
NANOTECHNOLOGIES – VOCABULARY –  

 
Part  9:  Nano-enabled  electrotechnical  products  and  systems 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparat i on .  I EC co l l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  comm i ttee  has  representat i on  from  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or  fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  maximum  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cat i on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC marks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
other damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some of  the  e l ements  of  th i s  I EC  Publ i cat i on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  patent  ri gh ts .  

The  main  task of  I EC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  I n  
excepti onal  c i rcumstances,  a  techn ical  comm i ttee  may propose  the  publ icati on  of  a  techn ical  
speci f i cation  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard ,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  st i l l  u nder techn ical  developmen t or  where,  for  any other reason ,  there  i s  the  
fu ture  bu t  no  immediate  poss ibi l i ty of  an  agreement  on  an  I n ternati onal  Standard.  

Techn ical  Speci fi cati ons  are  subject  to  review wi th i n  th ree  years  of  publ icati on  to  decide  
whether they can  be  transformed  i n to  I n ternati onal  Standards.   

I EC  TS  80004-9,  wh ich  i s  a  Techn ical  Speci f ication ,  has  been  prepared  by I EC techn ical  
comm i ttee  1 1 3:  Nanotechnology for e l ectrotechn ical  products  and  systems.  
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The  text  of  th is  s tandard  i s  based  on  the  fo l lowing  documen ts:  

Enqu i ry d raft  Report  on  vot i ng  

1 1 3/31 5/DTS  1 1 3/335/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  techn ical  speci f i cati on  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves ,  Part  2.  

A l i s t  of  al l  parts  of  the  80004 Techn ical  Speci f icati on ,  publ i shed  under the  general  t i t l e  
Nanotechnologies – Vocabulary,  can  be  found  on  the  I EC  websi te .  

The  comm i ttee  has  decided  that  the  con ten ts  of  th is  documen t wi l l  remain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci fi c  document.  At  th is  date,  the  documen t wi l l  be   

•  transformed  i n to  an  I n ternational  Standard ,  

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A b i l i ngual  vers ion  of  th is  publ ication  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

Nanotechnology advances  have  profound  impl i cations  i n  al l  branches  of  eng ineering  and  
science  and  have  a noti ceable  impact  on  establ i shed  i ndustri es  by i n troducing  technolog ical  
i nnovati on .  W i th in  the  electrotechn ical  i ndustry,  nanotechnolog ies  play an  important  ro le  as  
regards  the  m in iaturi zat i on  and  the  i n tegrati on  of  e lectron ic  components  as  wel l  as  the  
fabrication  of  e l ectrical  devices  wi th  novel  functional i ti es  and  improved  performances.  

There  i s  a  substan tial  i nvestment  i n  research  that  wi l l  bri ng  development  and  wide  d i ffus ion  of  
new nanomaterials ,  devi ces  and  systems.  Examples  i ncl ude  nanoscale  i n terconnects  made  
wi th  carbon  nanotube  bund les  and  g raphene  nanoribbons  to  replace  copper and  overcome  
phys ical  and  performance  l im i ts  i n  i n tegrated  e lectron ics.  Carbon-based  nanostructures  are  
prom is ing  for  nanoscale  trans istors  i n  post-s i l i con  e lectron ics,  enabl i ng  h i gher  i n tegration  and  
faster  swi tch ing  speeds  and  l i g h ti ng  devices  wi th  more  effi c ien t  and  powerfu l  e lectron  
em ission .  Nanoscale  sensors  and  nano-electromechan ical  systems  are  also  being  widel y 
i nvestigated.  

Recent  progress  i n  the  syn thesis  of  nanomaterials  and  composi tes  wi th  nanoscale  phases  
offers  real  opportun i t i es  for appl icati on  in  e lectrochem ical  systems-technology to  obtain ,  for  
example,  more  eff ic ient  and  i nexpens ive  fuel  ce l ls  and  nano-enabled  l i th ium  i on  batteri es  wi th  
extended  capaci ty.  H igh  energy storage  capaci ty,  reach ing  and  exceed ing  that  of  modern  
batteri es,  i s  the  target  of  new u l tra-capaci tors  explo i t i ng  state-of- the-art  nanotechnology.  
Developments  i n  so lar  ce l l s  via  nanostructures  are  i n tended  to  reduce  costs  as  wel l  as  
improve  the  convers ion  effi c iency.  The  aforemen tioned  products  are  j ust  some 
e lectrotechn ical  examples  that  explo i t  nanotechnolog ies  and  are  i n  rapid  and  constant  
evolu t ion .  

However,  such  a  fast  moving  technology,  as  wel l  as  i ts  h igh  mu l t i d iscipl i nary nature,  i nevi tabl y 
generates  a  mu l t ipl ic i ty of  new scien ti f i c  and  techn ical  terms  often  wi th  ambiguous  defi n i t i ons.  
The  obj ecti ve  of  th is  document  i s  the  compi lati on  of  a  l i s t  of  terms  and  defi n i t i ons  usefu l  for  
persons  operati ng  i n  the  f i e l d  of  nanotechnolog ies  and  i n  the  producti on  of  e lectrotechn ical  
products  and  systems.  
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NANOTECHNOLOGIES – VOCABULARY –  
 

Part  9:  Nano-enabled  electrotechnical  products  and  systems 
 
 
 

1  Scope 

This  document  speci f ies  terms  and  def in i t i ons  for e lectrotechn ical  products  and  systems 
re l i an t  on  nanomaterials  for  thei r  essen tial  functional i t ies .  I t  i s  i n tended  to  faci l i tate  
communications  between  organ i zations  and  i nd ivi duals  i n  i ndustry and  those  who  i n teract  wi th  
them .  

2 Normative references  

There  are  no  normative  references  i n  th is  document.  

3 Terms and  defin i tions  

3.1  General  terms related  to  nano-enabled  electrotechnical  products  and  systems 

3. 1 . 1   
device  
material  e lement  or  assembly of  such  e lements  i n tended  to  perform  a requ i red  function  

Note  1  to  en try:  A devi ce  can  form  part  of  a  l arger devi ce.  

[SOURCE:  I EC 60050-1 51 :2001 ,  1 51 - 1 1 -20]  

3.1 .2   
molecu lar electron ics  
f ie l d  of  science  and  technology concerned  wi th  the  des ign  and  fabri cati on  of  e lectron ic  
devices  us i ng  molecu les  as  componen ts  

Note  1  to  en try:  Some  molecu les  need  to  be  functi onal i zed  i n  order to  act  as  componen ts.  

[SOURCE:  ISO/TS  80004-1 2:201 6,  6 . 1 ]  

3.1 .3   
nano-electromechan ical  system  
NEMS 
nanoscale  device  or  embedded  system  involving  one  or more  e lectron ic  and  non -electron ic  
components  enabl i ng  the  i n tegrati on  of  e l ectric  and  mechan ical  functional i ty of  the  system  

Note  1  to  en try:  The  componen ts  can  be  organ i c,  i norgan ic  or  hybri d  nanotechnol ogy-based  and  functi on  on  the  
nanoscale  for sens i ng ,  actuat i on ,  s i gnal  process ing ,  d i spl ay,  o r  con tro l  o f  the  i n terface.  

Note  2  to  en try:  The  components  can  be  m icro-  o r  nano-mach ined  to  produce  free  su rfaces  and  vo l umes  wh ich  
wi l l  be  able  to  coupl e  wi th  the  envi ronment  so  that  an  e l ectri c  transducti on  of  a  phys i cal ,  opti cal ,  chem ical ,  or  
bi o l og i cal  phenomenon  i s  produced .  

3.1 .4   
nanoelectron ics  
f ie l d  of  science  and  technology concerned  wi th  the  developmen t and  producti on  of  functi onal  
e lectron ic  devices  wi th  nanoscale  components  

[SOURCE:  ISO/TS  80004-1 2:201 6,  6 . 2]  
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3. 1 .5   
nano-enabled  device  
device  where  the  material  e lements  or  assembly of  such  e lements  exh ibi t  performance  or  
functi on  on l y poss ible  wi th  nanotechnology 

Note  1  to  en try:  The  material  i s  nanomateri al  wi th  any external  d imension  i n  the  nanoscale  or  havi ng  i n ternal  
s tructu re  or  su rface  s tructu re  i n  the  nanoscal e.  

Note  2  to  en try:  The  fu nct i on  or  performance  exh i bi ted  i s  measurabl e  and  s i gn i f i cant  for  the  appl i cati on  of  the  
nano-enabled  devi ce.  

Note  3  to  en try:  Appl i cat i ons  of  nano-enabl ed  devi ce  can  i n cl ude,  bu t  are  not  l im i ted  to ,  energy s torage  devi ces  
(capaci tors ,  material s  for l i th i um  i on  battery,  fue l  cel l  membrane,  etc. ) ,  photovol tai c,  organ i c  e l ectron i cs,  and  
e l ectro-opt i cal  devi ces.  

3.1 .6   
nano-ink 
formu lation  contain ing  nanomaterials  for  use  i n  pri n ti ng  

Note  1  to  en try:  Appl i cati ons  of  nano- i nk i ncl ude  pri n t i ng  sem iconducti ng  o rgan i c  po l ymers  or  paper o r  p l asti c  to  
create  an  e l ectron i cal l y  funct i onal  devi ce.  

3.1 .7   
nanomanipu lator  
h igh-precis i on  device  used  for  working  wi th  nanomaterial  at  the  nanoscale  

Note  1  to  en try:  I n  the  f i e l d  of  e l ectrotechn i cal  products  and  systems,  nanoman i pu lators  can  be  used  as  i n -s i tu  
e l ectri c  probes.  

3.1 .8   
nanoscale electric  contact  
nanoscale contact  
electric  contact  connecti ng  two  or  more  objects  wi th  an  i n terface  having  one  or  two  
d imensions  i n  the  nanoscale  

3.1 .9   
nanoscale contact  resistance  
electric  res istance  associated  wi th  a  nanoscale  contact  

3. 1 . 1 0   
nanoscale device  
device  where  the  material  e lements  or  assembl y of  such  elemen ts  are  i n  the  nanoscale  

Note  1  to  en try:  The  material  i s  nanomateri al  wi th  any external  d imension  i n  the  nanoscale  or  havi ng  i n ternal  
s tructu re  or  su rface  s tructu re  i n  the  nanoscal e.  

3.1 . 1 1   
nanoscale electric  in terconnect  
nanoscale in terconnect  
series  of  conductors  or  conductive  materials  connected  together by nanoscale  con tacts  that  
can  pass  e lectric  energy 

3.1 . 1 2   
nano-subassembly 
nano-enabled  componen t  of  a  product  

3.1 . 1 3   
nanowire  
electrical l y conducting  or  sem i -conducti ng  nanofibre  

[SOURCE:  ISO/TS  80004-2:201 5,  4 . 9 ]  

https://www.iso.org/obp/ui/#iso:std:iso:ts:80004:-2:ed-1:v1:en:term:4.5
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3. 1 . 1 4   
sing le-electron  transistor  
trans istor  ( I EV 521 -04-46)  where  current  transm i tted  can  be  contro l l ed  down  to  one  e lectron  

3.2  Terms related  to  nano-enabled  photovol taics  and  th in-fi lm  organ ic  electron ics  

3.2. 1   
dye-sensi tized  photovol taic  cel l  
DSSC 
essen tial  part  of  a  device  i n  wh ich  the  convers ion  of  l i gh t  i n to  e lectrical  energy i s  ach ieved  by 
a photochem ical  system  compris i ng  a  photo-sensi ti ve  anode  and  an  e lectro l yte  

Note  1  to  en try:  A dye-sensi t i zed  photovol tai c  cel l  i s  a  special  type  of  photovol tai c  nano-enabl ed  devi ce  wherein  
the  anode  nanomateri al  i s  s tai ned  by a  photo  sensi t i zer.  

3.2.2   
nanowire  photovol taic  cel l  
essen tial  part  of  a  photovo l taic  device  wi th  nanowi res  deposi ted  or g rown  upward  from  a 
substrate,  creating  a  surface  that  i s  able  to  absorb  more  sun l i gh t  than  can  a  f l at  su rface  

3.2.3   
organ ic  electron ics  
OE  
pol ymer e lectron ics  
plastics  e lectron ics  
branch  of  e lectron ics  wh ich  uses  organ ic  materials  for the  fabrication  of  pass ive  and  act i ve  
e lectron ic  componen ts  

3.2.4   
organ ic  and  l arge  area electron ics  
OLAE  
branch  of  organ ic  e lectron ics  wi th  the  poten tial  to  fabricate  l arge  (>>  1  mm 2)  area e lectron ic  
devices  

Note  1  to  en try:  The  e l ectron i c  devi ces  can  al so  con tai n  parts  that  are  made  wi th  i norgan ic  material s .  

Note  2  to  en try:  The  fabri cat i on  methods  i ncl ude  vacuum  processes  as  wel l  as  vari ous  methods  of  pri n t i ng .  

3.2.5   
organ ic  l ight  emi tting  d iode  
OLED 
l i gh t  em i tt i ng  d iode  i n  wh ich  l i gh t  i s  em i tted  from  organ ic  materials  

Note  1  to  en try:  An  organ i c  l i gh t  em i tt i ng  d i ode  i s  a  special  type  of  nano-enabl ed  l i g h t  em i tt i ng  d i ode  based  on  
smal l  organ i c  molecu les  or  po l ymers.  

[SOURCE:  I EC 62341 -1 -2:201 4,  2. 2. 25]  

3.2.6   
organ ic  photovol taic  device  
OPV 
device  i n  wh ich  the  convers ion  of  l i gh t  i n to  e lectri c  energy i s  ach ieved  by organ ic  materials  

Note  1  to  en try:  An  organ i c  photovol tai c  devi ce  i s  a  special  type  of  nano-enabled  photovol tai c  devi ce  based  on  
smal l  organ i c  molecu les  or  po l ymers  acti ng  as  a  donor/acceptor pai r.  

3.2.7   
plasmonic  photovol taic  cel l  
special  type  of  photovol taic  device  i n  wh ich  i ts  optical  propert i es  are  mod i fi ed  by i ncorporating  
metal  nanoparticles  to  the  sem iconductor  layer  of  the  device  
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Note  1  to  en try:  The  nanostructu re  of  the  metal  nanopart i cl es  i ncreases  the  absorpti on  and  scatteri ng  of  i nci den t  
l i gh t  and  supports  s trong  l ocal i zed  co l l ecti ve  e l ectron  exci tat i ons  known  as  su rface  plasmons.  

Note  2  to  en try:  A p lasmon  resonance  generat i ng  metal l i c  nanostructu re  i s  provided  on  the  sem iconductor l ayer of  
the  devi ce  for  resonan tl y coupl i ng  l i gh t  i n to  the  absorbi ng  l ayer and  t ransporti ng  photo- i nduced  charge  carri ers  ou t  
of  the  absorbing  l ayer,  thereby  improving  the  performance  of  the  devi ce.  

3.2.8   
quantum  wel l  photovol taic  cel l  
photovol taic  ce l l  i n  wh ich  the  photovol taic  effect  occurs  due  to  the  presence  of  sem iconductor 
quantum  wel ls  

3.2.9   
quantum  wel l  
poten tial  wel l  wh ich  enables  quantum  confi nement  of  partic les  i n  one  d imension  

Note  1  to  en try:  Sometimes,  th i s  term  i s  used  for  more  g eneral  cond i t i ons  than  one  d imension .  

[SOURCE:  ISO/TS  80004-1 2:201 6,  4. 2]  

3.3  Terms related  to  luminescent  nanomaterials  

3.3. 1   
l uminescent  nanomaterial  
nanomaterial  that  can  em i t  vi s ib le  l i gh t  by e lectric  or  opt ical  exci tat ion  

Note  1  to  en try:  Lum inescent  nanomateri al s  i ncl ude  l um inescen t  nano-obj ects  and  quan tum  dots .  

 

  



 – 1 0  – IEC  TS  80004-9:201 7  © I EC  201 7  

 

Alphabetical  i ndex 

D 

dye-sens i t i zed  photovol taic  ce l l  (DSSC) ,  3 . 2. 1  

device,  3 . 1 . 1  

L  

l um inescent  nanomaterial ,  3 . 3. 1  

M  

molecu lar  e l ectron ics,  3 . 1 . 2  

N  

nano-electromechan ical  systems,  3 . 1 . 3  

nanoelectron ics,  3 . 1 . 4  

nano-enabled  device,  3 . 1 . 5  

nano- ink,  3 . 1 . 6  

nanoman ipu lator,  3 . 1 . 7  

nanoscale  contact  res istance,  3 . 1 . 9  

nanoscale  device,  3 . 1 . 1 0  

nanoscale  e lectric  contact,  3 . 1 . 8  

nanoscale  e lectric  i n terconnect,  3 . 1 . 1 1  

nano-subassembly,  3 . 1 . 1 2  

nanowire,  3 . 1 . 1 3  

nanowire  photovol taic  ce l l ,  3 . 2. 2  

O  

organ ic  and  large  area e lectron ics  (OLAE) ,  3 . 2. 4  

organ ic  e lectron ics  (OE) ,  3 . 2 . 3  

organ ic  l i gh t  em i tt i ng  d iode  (OLED) ,  3 . 2 . 5  

organ ic  photovo l taic  device  (OPV) ,  3 . 2 . 6  

P  

p lasmon ic  photovol taic  ce l l ,  3 . 2 .7  

Q  

quantum  wel l ,  3 . 2. 9  

quantum  wel l  photovol tai c  ce l l ,  3 . 2. 8  

S  

s i ng le-electron  trans is tor,  3 . 1 . 1 4  

  



IEC TS  80004-9:201 7  © I EC  201 7  – 1 1  –  

 

Bibl iography 

[1 ]  I SO/TS  80004-1 :201 5,  Nanotechnologies – Vocabulary – Part 1: Core terms  

[2 ]  ISO/TS  80004-2:201 5,  Nanotechnologies – Vocabulary – Part 2: Nano-objects  

[3 ]  ISO/TS  80004-3:201 0,  Nanotechnologies – Vocabulary – Part 3: Carbon nano-objects  

[4 ]  ISO/TS  80004-4:201 1 ,  Nanotechnologies – Vocabulary – Part 4: Nanostructured 
materials  

[5 ]  ISO/TS  80004-1 2:201 6,  Nanotechnologies – Vocabulary – Part 12: Quantum 
phenomena in nanotechnology 

[6 ]  I EC  62341 -1 -2:201 4,  Organic light emitting diode (OLED) displays – Part 1-2: 
Terminology and letter symbols  

 

___________ 

 



 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland 

 

Tel:  + 41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www. iec.ch  


