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CIE  TN  006: 201 6  

2     C I E,  Al l  righ ts  reserved .  

1  Introduction  

1 . 1  Background  

Sol id  state  l i gh ting  has  revolu tion ized  the  world  of l i gh ti ng  and  l i ghti ng  appl ications.  The  
i n troduction  of smal l ,  bri gh t l i ght sources  wh ich  can  change i n tensi ty at a  very h i gh  rate  and  
wh ich  have  an  a lmost arbi trary spectrum  has  profound  i n fl uence on  l ighti ng  qual i ty (Schubert 
& Kim ,  2005;  Schubert et a l . ,  2006) .  Wh i l e  i n  trad i ti onal  l i gh ti ng ,  the  search  for optimal  l i gh t 
was  l im i ted  to  the  capabi l i ti es  of the  technology,  the  a lmost l im i tless  capabi l i ti es  of so l i d  state  
l igh ting  ca l l  for a  more  fundamental  approach,  s tarti ng  from  human  perception ,  and  not  from  
the  hardware  l im i tations.  

Some of the  technolog ical  advantages  can  i n troduce perceptib le  s ide  effects  that were  e i ther 
absent or l ess  prom inent i n  trad i tional  l igh ti ng  systems.  One  such  advan tage  i s  the  fast 
reaction  of sol id  s tate  l i gh t sources  to  the  d ri ving  curren t.  The  response time can  be  as  short 
as  a  couple  of nanoseconds  and  resu l ts  i n  an  a lmost i nstantaneous  trans lation  of the  d ri ving  
curren t to  the  l um inous  output.  As  the  d ri vi ng  current of most  e lectri c l i ght  sources  is  
modu lated ,  so  i s  the  l i gh t ou tpu t i n tens i ty and  colour.  The  s implest and  most common  source  
of modu lation  i s  un in tended  and  resu l ts  from  the  suppl y of the  l i gh ting  equ ipment wi th  mains  
power,  usual l y modu lated  at 50  Hz or 60  Hz or twice  these  frequencies  through  a  recti fier.  
Further modu lation  can  ori g inate  from  i n teractions  between  the  d ri ver and  d immer electron ics  
or as  a  resu l t  of d is turbances  in  the  mains  power i nduced  by other l oads  on  the  network.  

The  fast reaction  of sol i d  state  l i gh t sources  is  i n  sharp  con trast to  the  reaction  times  of 
previous  generations  of e l ectric l i gh t sources.  I ncandescent and  halogen  sou rces  have  
em issions  based  on  thermal  process  that are  s lower than  e lectrical  processes.  Th is  i s  eviden t 
i n  the  so-cal l ed  “afterg low”  effect of an  incandescent lamp being  swi tched  off.  F luorescen t 
sources  typical l y use  phosphorescent materia ls  wi th  time  constants  i n  the  order of 200  ms  to  
transfer the  UV rad iation  produced  by the  mercury vapour i n to  vis ib le  rad iation .  I n  th is  case,  
the  s low phosphor acts  as  an  optical  low-pass  fi l ter on  the  ou tpu t of the  fluorescent l amp.  
Metal  ha l ide  l amps  are  wel l  known  for thei r inabi l i ty wi th  respect to  temporal  modu lation .  
Many of them  need  more  than  30  m in  after swi tch ing  off before  they can  be  swi tched  on  
again .  

Temporal  l ight  modu lation  can  a lso  be  i n tended  and  is  used  for control  of i n tensi ty and  colour.  
Using  temporal  modu lation  ensures  that the  sol i d  state  l i ght sources  are  always  d ri ven  i n  a  
s im i l ar operating  range  and  resu l ts  i n  s impler,  usual l y l i near,  models  of thei r behaviour 
(Pousset et a l . ,  201 0) .  Examples  of such  driving  schemes  are  pu lse  wid th  and  pu lse  dens i ty 
modu lation ,  often  used  i n  colour-tuneable  l i ght  sources.  F igure  1  be low and  F igure  2  in  
Clause  2  depict  examples  of time-modu lated  l i gh t  s i gnals ,  from  un in tended  modu lation  aris i ng  
from  AC mains  and  from  i n tended  modu lation  produced  by a  system  that uses  a  pu lse  wid th  
modu lation  scheme,  respectivel y.  

Figure 1  – Example of a time-modulated l ight output (unintended l ight modulation over time 
caused by AC mains)  
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