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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ELECTRICAL INTERFACE SPECIFICATION  FOR PHASE-CUT  

DIMMER IN  PHASE-CUT DIMMED LIGHTING  SYSTEMS 
 

FOREWORD 

1 )  The  I n ternati ona l  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose ly 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati ona l  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or 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 ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  i s  normal l y publ i shed  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 63036,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcommi ttee  23B:  P lugs,  
socket-ou tlets  and  swi tches,  of I EC  techn ical  commi ttee  23:  E lectrical  accessories.  

The  text of th is  techn ical  report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

23B/1 201 /DTR 23B/1 21 4/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  report can  be  found  i n  the  
report on  voting  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  
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The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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I NTRODUCTION  

Th is  document describes  the  techn ical  requ i rements  for phase-cu t d immers  to  work wi th  
con trolgear and  sel f bal lasted  lamps.  For a  complete  p icture  of the  techn ical  requ i rements  the  
reader shou ld  a lso  refer to  I EC  TR 63037  that con tains  techn ical  requ i rements  and  testing  
methods  for con trolgear and  sel f bal lasted  lamps.  
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ELECTRICAL INTERFACE SPECIFICATION  FOR PHASE-CUT  
DIMMER IN  PHASE-CUT DIMMED LIGHTING  SYSTEMS 

 
 
 

1  Scope 

Th is  techn ical  report speci fies  the  e lectrical  i n terface  and  test procedures  for the  con trol  by 
mains  vol tage  phase-cu t d imming  of the  brigh tness  of mains  operated  e lectron ic l i gh ting  
equ ipment i n tended  to  be  con trol led  by mains  vol tage  phase-cu t d immers,  such  as  LED  
in tegrated  lamps,  and  l i gh t sources  wi th  external  con trol  gear.  

E lectron ic swi tches  that use  a  comparable  ci rcu i try to  a  phase-cu t d immer bu t do  not con tain  
means  for the  ad justabi l i ty of the  phase-cu t ang le  shou ld  fu l fi l l  the  same  requ i rements  as  a  
phase-cu t d immer.  

Safety requ i rements  are  not covered  by th is  document,  bu t by respective  product standards.  

2  Normative references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some  or a l l  of thei r 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly the  ed i tion  
ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  
any amendments)  appl ies.  

I EC  60038,  IEC standard voltages 

I EC  60050-845,  International Electrotechnical Vocabulary (IEV)  – Part 845: Lighting (avai lable  
at www.electroped ia.org)  

I EC  60364  (al l  parts),  Low-voltage electrical installations  

I EC  62504,  General lighting – Light emitting diode (LED)  products and related equipment – 
Terms and definitions  

3  Terms and  defin i tions  

For the  purposes  of th i s  document,  the  terms  and  defin i tions  g iven  i n  I EC  62504  and  
I EC  60050-845  as  wel l  as  the  fol l owing  apply.  

3.1   
l ighting  system  
combination  of a  phase-cu t d immer and  one  or more  con trolgear and  l i gh t sources 

3.2   
off state  
state  of a  l i gh ting  system  when  no  l i gh t i s  emi tted  

3.3   
on  state  
state  of a  l i gh ting  system  when  l i gh t i s  emi tted  
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3.4  
electrical  i nterface 
electrical  parameters  for supplying  power and  making  the  exchange  of i n formation  between  
the  phase-cu t d immer and  controlgear possib le   

3.5   

phase-cut d immer 
electron ic swi tch  that i s  connected  i n  series  wi th  a  l oad  and  changes  the  supply vol tage  
waveform  appl ied  to  the  load  from  the  pure  mains  vol tage  waveform  to  a  l ead ing  edge  
(forward  phase)  or a  trai l i ng  edge  (reverse  phase)  AC vol tage  waveform  or i s  capable  of 
swi tch ing  between  both  waveforms   

Note  1  to  en try:  The  ou tpu t  vo l tage  waveform  of a  phase-cu t  d immer i s  appl i ed  to  one  or more  l oads.   

Note  2  to  en try:  The  conduction  ang l e  of the  vol tage  waveform  i s  ad j u stabl e .  

Note  3  to  en try:  Wi th i n  th i s  documen t,  where  the  term  “d immer”  i s  u sed  the  term  “phase-cu t  d immer”  i s  mean t.   

3.6   
two-wire  phase-cut d immer 
phase-cu t d immer that i s  connected  in  series  wi th  the  l oad  and  has  no  connection  to  neu tral  

3.7   
three-wire  phase-cut d immer 
phase-cu t d immer that i s  connected  i n  series  wi th  the  l oad  and  has  i n  add i tion  a  connection  to  
neu tral  

3.8   
controlgear 
device  between  the  phase-cu t d immer and  one  or more  l amps  wh ich  may serve  to  transform  
the  AC mains  power,  l im i t  the  curren t of the  l amp(s)  to  the  requ i red  value,  provide  starting  
vol tage  and  preheating  curren t,  prevent cold  starting ,  correct power factor or reduce  rad io  
i n terference  

Note  1  to  en try:  Lamps  may have  i n tegrated  con trol gear such  as  an  i n tegrated  LED  l amp.  Any references  to  
con trol gear wi l l  i n cl u de  any such  i n tegrated  l amps.  

3.9   
load  s ide  
wire  from  the  ou tpu t of the  phase-cut d immer to  the  supply i npu t of one  or more  controlgear 

3.1 0   
conducting  period  
time  period  during  wh ich  the  phase-cu t d immer suppl ies  power to  a  con trolgear 

3.1 1   
non-conducting  period  
time  period  during  wh ich  the  phase-cu t d immer does  not supply power to  a  con trolgear 

3.1 2   
half wave 
posi ti ve  or negative  1 80°  of an  AC sine  wave  starting  and  end ing  at  the  zero  crossing  poin t 

3.1 3   
phase  ang le  
posi tion  wi th in  a  ha l f wave  expressed  in  degree,  being  in  the  range  of 0°  to  1 80° ,  i n  reference  
to  the  beg inn ing  of the  hal f wave  
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4 General  description  

A phase-cu t d immer e i ther cu ts  the  mains  vol tage  immed iately after the  zero  crossing  of the  
mains  ( l ead ing  edge)  or towards  the  next projected  zero  crossing  of the  mains  (tra i l ing  edge).  
The  functional i ty of both  methods  may be  implemented  i n  one  device  (un iversal  d immers).  

Th is  document describes  requ i rements  for phase-cu t d immers  during  the  on  state  of a  l i gh ting  
system.  Speci fications  are  provided  dependent on  the  d imming  method  for the  conducting  
period  and  the  non-conducting  period  of the  phase-cu t d immer and  the  transi tions  between  
conducting  and  non-conducting  period .  

I n  add i tion ,  th is  document describes  requ i rements  for phase-cu t d immers  during  the  off state  
of a  l i gh ting  system.  Speci fications  are  provided  independently from  the  d imming  method .  

5 General  requ irements  

5.1  Voltage  rating  

Th is  document appl ies  to  one  or more  of the  fol lowing  mains  vol tages:  

1 00  V,  1 20  V,  200  V,  230  V,  277  V,  accord ing  to  I EC  60038.  

5.2  Frequency rating  

Th is  document appl ies  to  one  or more  of the  fol lowing  mains  frequencies:  

50  Hz or 60  Hz,  accord ing  to  I EC  60038.  

5.3  Marking  of phase-cut d immer 

The  fol l owing  i n formation  shou ld  be  provided  by the  manufacturer on  the  product or i n  the  
accompanying  i nstruction  sheets.   

Phase-cu t d immers  requ i ring  more  than  one  con trolgear to  function  properly shou ld  be  
marked  wi th  the  requ i red  m in imum  number of connected  controlgear.  

Phase-cu t d immers  requ i ring  a  m in imum  l oad  shou ld  be  marked  wi th  the  requ i red  m in imum  
load .  

Phase-cu t d immers  shou ld  be  marked  wi th  the  fol l owing  ind ication :  

DIM       

6 Description  of the  l ighting  system  and  i ts  components  

6.1  Wiring  method  

The  wi ri ng  of the  devices  i s  i n  accordance  wi th  the  i nstal lation  ru les  g iven  in  the  IEC  60364  
series  and  a l so  wi th  the  national  wi ring  ru les  appl icable  i n  the  country where  the  devices  are  
i nstal led .  

6.2  Wiring  d iagram  

The  wi ring  of the  l i gh ting  system  uses  the  trad i tional  method  of connecting  the  phase-cu t 
d immer to  the  mains  and  to  the  controlgear.  F igure  1  i s  an  example  of a  l i gh ti ng  system  wi th  
one  phase-cu t d immer and  one  or two  con trolgear(s).  
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Regard ing  the  connections  of the  phase-cu t d immer shown  i n  F igure  1 ,  the  d rawn  l i nes  
represent a  two-wire  instal lation  and  the  dashed  l i ne  represents  the  d i rect connection  of the  
phase-cu t d immer to  the  mains  wh ich  i s  used  i n  th ree-wire  i nstal lations.  

The  d i rect connection  of the  phase-cu t d immer to  neu tral  (dashed  l i ne  i n  F igure  1 )  wi l l  have  
consequences  on  the  power supply requ i rements  and  synchron ization  to  the  phase-cu t 
d immer.  

Th is  document defines  requ i rements  that enable  compatib i l i ty between  phase-cu t d immers  
and  con trolgear i n  two-wire  instal lations.  However,  a l l  pred ications  are  a l so  val id  for th ree-
wire  phase-cu t d immers  to  ensure  proper operation  of con trolgear.  

 

Figure  1  – Example  of wiring  d iagram 

7  Electrical  speci fication  

7.1  Overview 

To describe  the  e lectrical  characteristi cs  of the  e lectrical  i n terface,  the  fol lowing  abbreviations  
are  used :  

αx  Ang le  where  the  test vol tage  starts  ri s i ng  wi th  the  g iven  s lew rate  SR as  shown  i n  
F igure  A. 1  

βx  Ang le  where  the  test vol tage  starts  fa l l i ng  wi th  the  g iven  s lew rate  SR as  shown  i n  
F igure  A.2  

Cf  F i l ter capaci tor to  reduce  h igh  frequency d isturbances  

EC_CG Equ ivalen t ci rcu i t  that represents  a  con trolgear for phase-cu t d immer testi ng  
purposes  

EC_D Equ ivalen t ci rcu i t  that represents  a  phase-cu t d immer for controlgear testi ng  
purposes  

ICG  Curren t th rough  the  i npu t terminals  of the  con trolgear (see  F igure  1 )  

ICG_pk  Repeti ti ve  peak curren t of the  con trolgear i n  l ead ing  edge  mode  

ICG_SL Curren t-carrying  capabi l i ty of the  controlgear wi th  VCG  ≤  VSW  i n  l ead ing  edge  mode  

ICG_STH  Curren t -carrying  capabi l i ty of the  controlgear wi th  VCG  ≤  VSW  i n  tra i l i ng  edge  mode  

ICG_STL  Curren t-carrying  capabi l i ty of the  controlgear wi th  VCG  >  VSW  i n  trai l i ng  edge  mode 

ID  Cu rren t th rough  the  l oad  s ide  terminal  of the  phase-cu t d immer (see  Figure  1 )  

ID_nc  Maximum  curren t th rough  the  phase-cu t d immer during  the  non-conducting  period ,  
l im i ted  by the  phase-cu t d immer 

IPO  M in imum  current carrying  capabi l i ty of the  controlgear during  the  e lectron ic off state  

Itrans  Curren t sourced  by the  phase-cu t d immer during  the  transi tion  from  the  conducting  to  
the  non-conducting  state  i n  trai l i ng  edge  mode  

  L 

Dimmer Controlgear Controlgear 

N  

VD  

ID  

ICG  ICG  
VCG  VCG  
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n  Requ i red  m in imum  number of con trolgear connected  wi th  one  phase-cu t d immer 
(named  i n  phase-cu t d immer i nstal lation  sheet)  

PCG  Rated  i npu t power of the  con trolgear (as  marked)  

Pmax  Maximum  permissib le  nominal  l oad  of phase-cu t d immer (accord ing  to  the  i nstal lation  
sheet)  

Pmin  M in imum  nominal  l oad  requ i red  by phase-cu t d immer (accord ing  to  the  i nstal lation  
sheet)  

RR  Resistance  value  of ohmic l oad  R  i n  re lation  to  the  relevant mains  vol tage  accord ing  
to  Tables  7  to  1 1 ,  representing  the  maximum  permissible  load  of phase-cu t d immer 
Pmax 

SR  Absolu te  value  of the  s lew rate  of the  decrease  of the  vol tage  across  the  i npu t 
terminals  of a  controlgear i n  tra i l i ng  edge  d imming  mode  when  the  phase-cu t d immer 
swi tches  off at time  ts1  (see  F igure  3)  

SRL  Absolu te  value  of the  s lew rate  of the  i ncrease  of the  vol tage  across  the  i nput  
terminals  of a  con trolgear i n  l ead ing  edge  d imming  mode  when  the  phase-cu t d immer 
under test swi tches  on  (accord ing  to  Clause  8)  

SRT  Absolu te  value  of the  slew rate  of the  decrease  of the  vol tage  across  the  i npu t 
terminals  of a  con trolgear i n  trai l i ng  edge  d imming  mode  when  the  phase-cu t d immer 
under test swi tches  off (accord ing  to  Clause  8)  

tHW  Time  re lated  to  previous  zero  crossing  of the  mains  to  the  subsequent zero  crossing  
of the  mains  (duration  of a  ha l f wave)  

ts  Time  related  to  previous  zero  crossing  of the  mains  when  l ead ing  edge  phase-cut 
d immer reduces  i ts  impedance  towards  zero  by activating  i ts  power swi tch  

ts1  Time  related  to  previous  zero  crossing  of the  mains  when  trai l i ng  edge  phase-cu t 
d immer i ncreases  i ts  impedance  towards  i n fin i te  by deactivating  i ts  power swi tch  

ts2  Time  re lated  to  previous  zero  crossing  of the  mains  when  the  vol tage  VCG  fa l l s  below 
VSW  i n  tra i l i ng  edge  method  

ts3  Time  re lated  to  previous  zero  crossing  of the  mains  when  the  transi tion  from  the  
conducting  period  to  the  non-conducting  period  i s  fi n ished  

tSW  Time  related  to  previous  zero  crossing  of the  mains  when  vol tage  VCG  crosses  VSW  

tt  Transi tion  time  for trai l ing  edge  mode,  equals  ts2  –  ts1  

VCG  Vol tage  across  the  i npu t terminals  of the  con trolgear (see  F igure  1 )  

VD  Vol tage  between  the  l i ne  s ide  (L)  and  l oad  s ide  terminal  of the  phase-cu t d immer 
(see  F igure  1 )  

VM  Mains  vol tage  (rated  nominal  va lue)  

VME  Phase-cu t vol tage  for testing  purposes,  s inusoidal  part of the  waveform  (α1  to  tHW,  0  

to  β )  equ ivalent to  mains  vol tage  

VPO  Lower l im i t  for vol tage  across  the  inpu t terminals  of the  con trolgear to  provide  a  
cu rren t carrying  capabi l i ty IPO  d uring  the  e lectron ic off state  

VSW  Vol tage  across  the  inpu t terminals  of the  controlgear at the  time  that l eads  to  

d isabl ing  (VM (t)  >  VSW)  or enabl ing  (VM (t)  <  VSW)  a  current path  having  a  curren t 
carrying  capabi l i ty of ICG_SL  or ICG_STH  

Vtest  Va lue  of test vol tage  (accord ing  to  8 . 3  of I EC  TR 63037:–)  

xx(t)  I nstantaneous  values  of cu rrent or vol tage  xx  

ZCG  Impedance  across  the  inpu t terminals  of the  controlgear 

ZD Impedance  between  the  l i ne  s ide  (L)  and  the  l oad  s ide  terminals  of the  phase-cu t 
d immer 

ZD_max Maximum  impedance  between  the  l i ne  s ide  (L)  and  l oad  s ide  terminal  of the  phase-
cu t d immer,  defined  by the  techn ical  properties  of the  phase-cu t d immer 
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ZD_min  Min imum  impedance  between  the  l i ne  s i de  (L)  and  the  l oad  s i de  terminal  of the  
phase-cu t d immer,  defined  by the  power properties  of the  phase-cu t d immer 

7.2  General  

Al l  i n formation  g iven  i n  th is  document i s  related  to  a  hal f wave  of the  mains.  Due  to  the  
polari ty change  between  subsequent hal f waves,  a l l  values  have  to  be  regarded  as  absolu te  
values.  

The  l i gh ting  system  i s  e i ther i n  on  state  or i n  off state.  I n  on  state,  l i gh t sources  control l ed  by 
con trolgear being  part of the  l i gh ti ng  system  emi t  l i gh t.  I n  off state,  l i gh t sources  control led  by 
con trolgear being  part of the  l i gh ting  system  do  not emi t l i gh t.  

The  off state  may be  real ized  as  mechan ical  off state  by open ing  the  curren t l oop  of the  
l i gh ting  system  wi th  mechan ical  means,  for example  a  swi tch .  For th is  case,  no  requ i rements  
need  to  be  fixed .  

Al ternatively,  the  off state  may be  real ized  as  e lectron ic off state.  I n  th is  case,  the  phase-cu t 
d immer i ncreases  i ts  impedance  ( i . e.  stops  producing  phase-cu t)  wh i le  con tinu ing  i ts  
operation ,  for example  to  keep  i ts  con trol  i n terface  activated .  I n  th is  case,  the  connected  
con trolgear i s  not energ ized  su fficiently to  operate  a  l i gh t source,  bu t provides  a  current path  
that a l l ows  the  phase-cut d immer to  d raw curren t con tinuously from  the  mains.  

NOTE  Appl i cati ons  that  provide  a  connecti on  to  neu tra l  a l l ow the  u se  of a  th ree-wi re  device,  enabl i ng  the  u sage  
of l amps  that  do  not  provi de  a  cu rren t  carryi ng  capabi l i ty accord i ng  to  7 . 3  and  7 . 4 .  

During  the  on  state  and  the  e lectron ic off state,  i t  shou ld  be  ensured  that the  phase-cu t 
d immer i s  suppl ied  su fficien tly wi th  power and  that the  synchron ization  of phase-cu t d immer 
and  con trolgear wi th  the  mains  i s  ensured .  

7.3  Electrical  characteristics  during  the  on  state  of a  l ighting  system  

7.3.1  General  

For the  on  state  of a  l i gh ti ng  system,  speci fications  are  dependent on  the  d imming  method ,  
l ead ing  edge  or tra i l i ng  edge.  

Each  hal f wave  i s  d i vided  i n to  two  periods,  the  conducting  period  and  the  non-conducting  
period  of the  phase-cu t d immer.  

During  the  conducting  period  of the  phase-cu t d immer,  the  mains  vol tage  i s  appl ied  to  the  
controlgear.  During  the  non-conducting  period ,  the  vol tage  between  terminals  of the  phase-cu t 

d immer i s  a lmost equal  to  the  mains  vol tage  (VD  ≈  VM ) .  

7.3.2  Electrical  characteristics  for leading  edge d imming  method  

7.3.2 .1  General  

Starting  from  the  mains  zero  crossing ,  the  phase-cu t d immer remains  in  a  non-conducting  
state  un ti l  i ts  tim ing  e lement activates  the  power swi tch  at ts .  Afterwards,  the  phase-cu t 
d immer suppl ies  power to  the  load  for the  en ti re  remain ing  part of the  mains  hal f wave  
(see  F igure  2).  

To  ach ieve  synchron ization  wi th  the  mains  and  to  con trol  the  phase-cu t ang le  correctl y,  
l ead ing  edge  phase-cu t d immers  need  to  d raw a  curren t a l so  during  the  non-conducting  state.  

Thus,  the  con trolgear i s  able  to  conduct a  current ICG_SL ,  wh ich  a l l ows  synchron ization  of the  
phase-cu t d immer wi th  the  mains  and  ensures  the  supply of power to  the  phase-cu t d immer 
even  i n  a  two-wi re  i nstal lation .  
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Figure  2  – Timing  lead ing  edge  d imming  method  

7.3.2.2  Electrical  characteristics  during  the  non-conducting  period  

During  the  non-conducting  period ,  the  phase-cu t d immer shou ld  comply wi th  the  e lectrical  
characteristics  l i sted  in  Tables  1  to  5 .  

The  non-conducting  period  starts  at  the  zero  crossing  of the  mains  and  ends  at  time  ts  when  
the  tim ing  element of the  phase-cu t d immer activates  the  power swi tch .  

During  th is  period ,  the  con trolgear provides  a  cu rrent path  wi th  a  m in imum  current-carrying  
capabi l i ty of ICG_SL .  

The  con trolgear may deactivate  i ts  curren t-carrying  capabi l i ty during  the  non-conducting  
period  after i t  has  not detected  an  i npu t vol tage  waveform  showing  an  unsteady waveform  
( lead ing  edge  characteristic)  for 1 00  ms.  

NOTE  Th i s  i s  for reduci ng  power l osses  i n  case  a  con trol gear i s  used  wi thou t  a  phase-cu t d immer.  

During  th is  period ,  the  phase-cu t d immer shou ld  l im i t  the  current ID  to  n  x ID_nc  as  l i sted  i n  the  
Tables  1  to  5 ,  whereby ID_nc  i s  re lated  to  Pmin  of the  phase-cu t d immer.  

IEC  

VCG  

VSW 

VD 

ICG ,  ID 

ICG_STL 

tSW ts1  
tHW 

t  

t  

t  

ts2  

ts3  

ICG_STH  
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EXAMPLE  For Tab l e  4 :  I
D
(t)  ≤  I

D_nc
=  n  x  5 , 4  mA/W x P

m in   
With  n  =  2 (number of l amps) ,  P

m in
 o f the  d immer  

equa l s   3  W,  then  I
D
(t)  i s  l ower than  32 , 4mA.  

Table  1  – Nominal  mains  vol tage  1 00  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Current  l im i ts  

0  to  t
s
 

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  

n  x  1 2 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  n  x  1 49  mA 

 

Table  2  – Nominal  mains  vol tage  1 20  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Current  l im i ts  

0  to  t
s
 

P
m in
 <  1 2  W:  

I
D
(t)   ≤  I

D_nc
 =  

n  x  1 0 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)≤  I

D_nc
 =  n  x  1 24 , 2  mA 

 

Table  3  – Nominal  mains  vol tage  200  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Current  l im i ts  

0  to  t
s
 

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  

n  x  6 , 2  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)≤  I

D_nc
 =  n  x  74 , 5  mA 

 

Table  4  – Nominal  mains  vol tage  230  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Current  l im i ts  

0  to  t
s
 

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
=  

n  x  5 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)≤  I

D_nc
 =  n  x  65  mA 
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Table  5  – Nominal  mains  vol tage  277  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Current  l im i ts  

0  to  t
s
 

P
m in
 <  1 2  W:  

I
D
(t)   ≤  I

D_nc
 =  

n  x  4 , 5  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)≤  I

D_nc
 =  n  x  54  mA 

 

7.3.2 .3  Electrical  characteristics  during  transition  from  the  non-conducting  to  the  
conducting  period  

The  transi tion  from  the  non-conducting  to  the  conducting  state  of the  phase-cu t d immers  
starts  at  time  ts .  

S tarting  from  time  ts ,  the  impedance  ZD  of the  phase-cu t d immer decreases  un ti l  i ts  m in imum  
ZD_min  i s  reached .  The  vol tage  VCG  appl ied  to  the  con trolgear i ncreases  towards  the  
i nstantaneous  value  VM (t)  of the  mains  m inus  the  vol tage  d rop  across  the  phase-cu t d immer.  

The  absolu te  value  of the  slew rate  of the  vol tage  change  of VD  d u ring  the  transi tion  period  
shou ld  not exceed  the  values  as  l i sted  in  Table  6  when  the  phase-cu t d immer i s  connected  to  
the  marked  maximum  resisti ve  l oad .  

The  s lew rate  shou ld  be  calcu lated  based  on  the  measurement of the  vol tage  s lope  of VD  by 
measuring  the  time  (dt)  between  VD  =  0 , 8  x VD(ts)  and  VD  =  0 , 1  x VD(ts)  and  by calcu lating  the  
d i fferentia l  vol tage  dVD  =  0 , 8  x VD(ts)  – 0 , 1  x VD(ts) .  

When  the  vol tage  VCG  exceeds  VSW,  the  controlgear may deactivate  i ts  bypass  ci rcu i try 
(see  F igure  2),  thus  possib ly no  current can  flow through  the  con trolgear.  

NOTE  Val ues  for s l ew rate  represen t  a  compromise  between  EMC,  repeti ti ve  peak cu rren t  i n  the  con tro l gear and  
swi tch i ng  l osses  i n  the  phase-cu t  d immer power sem iconductors .  

Table  6  – Slew rate  for vol tage  decrease across  the  phase-cut d immer 

V
M
 [V]  1 00  1 20  200  230  277  

dV
D
/dt|  [V/µs]  ≤  6 , 5  ≤  300  ≤  6 , 5  ≤  6 , 5  ≤  300  

 

7.3.2 .4 Electrical  characteristics  during  the  conducting  period  

During  the  conducting  period ,  the  phase-cu t d immer shou ld  comply wi th  the  e lectrical  
characteristics  l i sted  in  Tables  7  to  1 1 .  

During  th is  period ,  fu l l  power shou ld  be  appl ied  con tinuously to  the  controlgear from  the  
phase-cu t d immer to  a l l ow power to  be  suppl ied  to  the  con trolgear.  

During  th is  period ,  i ndependently from  the  curren t ID  =  ICG ,  the  impedance  ZD  of the  phase-
cu t d immer shou ld  remain  constantly at  i ts  m in imum  value  ZD_min .  

The  impedance  ZD  of the  phase-cu t d immer i s  ZD_min  when  the  vol tage  VD(t)  across  the  
phase-cu t d immer i s  l ess  than  0 , 1  x VM (t)  during  the  en ti re  conduction  period .  
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NOTE  Mu l ti p l e  swi tch ing  cycl es  of the  power swi tch  d u ri ng  the  conducti ng  peri od  resu l t  i n  non -constan t  Z
D
 o f the  

phase-cu t d immer.  Th i s  i s  not desi red .  

Due  to  the  low impedance  of the  phase-cu t d immer during  the  conducting  period ,  the  i npu t 
vol tage  of the  con trolgear i s  a lmost equal  to  the  mains  vol tage.  

At time  tsw,  the  i npu t vol tage  VCG  of the  con trolgear fal l s  below VSW.  

From  time  tsw  to  the  end  of the  period ,  the  controlgear provides  a  curren t path  wi th  a  m in imum  
current-carrying  capabi l i ty of ICG_SL .  

Table  7  – Nominal  mains  vol tage  1 00  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

NOTE  At  t
s
,  Z

D
 s tarts  to  d ecrease  

t
sw
 to  t

HW  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

 

Table  8  – Nominal  mains  vol tage  1 20  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut  d immer:  
Impedance  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

NOTE  At  t
s
,  Z

D
 s tarts  to  decrease  

t
sw
 to  t

HW  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

 

Table  9  – Nominal  mains  vol tage  200  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

NOTE  At  t
s
,  Z

D
 s tarts  to  d ecrease  

t
sw
 to  t

HW  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max (0 , 1  x  V

M
(t) ,  1 0  V)  
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Table  1 0  – Nominal  mains  vol tage  230  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

NOTE  At  t
s
,  Z

D
 s tarts  to  d ecrease  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

 

Table  1 1  – Nominal  mains  vol tage  277  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

NOTE  At  t
s
,  Z

D
 s tarts  to  d ecrease  

t
s
 to  t

sw  

Z
D
 =  Z

D_m i n
 

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

 

7.3.3  Electrical  characteristics  for trai l ing  edge  d imming  method  

7.3.3.1  General  

Starting  from  the  mains  zero  crossing ,  the  phase-cu t d immer operates  in  conducting  state  
un ti l  i ts  tim ing  e lement deactivates  the  power swi tch  at  time  ts1 .  Afterwards,  the  phase-cu t 
d immer i s  not s ign i ficantl y supplying  power to  the  l oad  for the  en ti re  remain ing  part of the  
mains  hal f wave  (see  F igure  3).  

To  ach ieve  synchron ization  wi th  the  mains  and  to  con trol  the  phase-cu t ang le  correctly,  
tra i l i ng  edge  phase-cu t d immers  need  to  d raw a  cu rren t a l so  during  the  non-conducting  state.  

Thus,  the  controlgear i s  able  to  conduct a  curren t ICG_STH ,  wh ich  a l lows  synchron ization  of 
the  phase-cu t d immer wi th  the  mains  and  ensures  the  supply of power to  the  phase-cu t 
d immer even  in  a  two-wire  i nstal l ation .  

S ince  the  negative  vol tage  s lope  that i s  triggered  by the  swi tch-off of the  power swi tch  of the  
phase-cu t d immer i s  not on ly determined  by the  curren t ICG_STL  that i s  conducted  by the  
con trolgear,  bu t a l so  by the  effective  capaci tance  of the  wi ring  and  the  capaci tance  being  
effective  i n  paral le l  to  the  phase-cu t d immer,  the  sum  of these  capaci tances  has  to  be  
considered .  

Th is  document and  al l  l i sted  values  are  based  on  systems  having  a  maximum  capaci tance  of 
the  wi ring  of 1 0  nF  being  effective  i n  paral le l  to  the  con trolgear.  
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Figure  3  – Timing  trai l ing  edge d imming  method  

7.3.3.2  Electrical  characteristics  during  the  conducting  period  

The  conducting  period  starts  at the  zero  crossing  of the  mains  and  ends  at time  ts1  when  the  
tim ing  e lement of the  phase-cu t d immer deactivates  the  power swi tch  and  the  impedance  of 
the  phase-cu t d immer ZD  i ncreases  towards  ZD_max.  

During  the  conducting  period ,  the  phase-cu t d immer shou ld  comply wi th  the  e lectrical  
characteristics  l i sted  i n  Table  1 2 .  

During  th is  period ,  the  phase-cu t d immer shou ld  con tinuously apply fu l l  power to  the  
con trolgear.  Therefore,  the  impedance  ZD  of the  phase-cu t d immer shou ld  remain  
con tinuously at i ts  m in imum  value  ZD_min ,  i ndependently from  the  curren t ID  =  ICG .  

The  impedance  ZD  of the  phase-cu t d immer i s  ZD_min  when  the  vol tage  VD(t)  across  the  
phase-cu t d immer i s  l ess  than  0 , 1  x VM (t)  during  the  en ti re  conduction  period .  

Due  to  the  low impedance  of the  phase-cu t d immer during  the  conducting  period ,  the  i npu t 
vol tage  of the  con trolgear i s  a lmost equal  to  the  mains  vol tage.  

IEC  

VCG  

VSW 

VD 

ICG ,  ID 

ICG_STL 

tSW ts1  
tHW 

t  

t  

t  

ts2  

ts3  

ICG_STH  
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From  the  zero  crossing  of the  mains  to  time  ts1 ,  the  con trolgear provides  a  curren t path  wi th  a  
m in imum  curren t-carrying  capabi l i ty of ICG_STL.   

Table  1 2  – Nominal  mains  vol tage  from1 00  to  277  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

0  to  t
s1
 

Z
D
 =  Z

D_m i n  

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0  V)  

 

7.3.3.3  Electrical  characteristics  during  the  transition  from  the  conducting  to  the  
non-conducting  period  

The  transi tion  from  the  conducting  to  the  non-conducting  state  of the  phase-cu t d immer starts  
at time  ts1  and  ends  at time  ts3 .  

At the  time  ts1 ,  the  impedance  ZD  of the  phase-cu t d immer shou ld  start  to  i ncrease  towards  
ZD_max.  From  time  ts1  to  ts2 ,  the  phase-cu t d immer shou ld  l im i t  the  curren t ID  to  the  value  that 
i s  l i sted  i n  Tables  1 3  to  1 7 .  

The  m in imum  value  for tt  =  ts2  –  ts1  shou ld  be  as  l i sted  i n  Tables  1 3  to  1 7 .  

S ince  the  con trolgear provides  a  cu rren t path  wi th  a  m in imum  current-carrying  capabi l i ty of 
ICG_STL,  the  vol tage  across  the  inpu t terminals  of the  con trolgear decreases  towards  zero  and  
fa l l s  below the  vol tage  VSW  at ts2  (see  F igure  3).  

NOTE  1  Th i s  requ i remen t  i s  to  ensu re  that  parasi ti c  capaci ti es  of the  i n sta l l ati on ,  the  active  capaci ty C
f
 between  

the  term inal s  of the  phase-cu t  d immer (see  F i gu re  3)  and  a  capaci tor that  m i gh t  be  assembled  i ns i de  the  
con trol gear and  that  i s  connected  d i rectl y wi th  the  mai ns  term ina l s  of the  con trol gear are  d i scharged  i n  a  
reasonable  time  to  a l l ow the  phase-cu t d immer to  suppl y i tse l f su ffi ci en tl y.  

NOTE  2  The  rati o  between  the  va l ues  for the  peri od  t
s2
 to  t

HW
 as  g i ven  i n  Tabl es  1 3  to  1 7  for the  d i fferen t  mai ns  

vol tages  i s  proporti onal  to  the  rati o  of the  re l evant  mains  vol tages.  The  val ues  for I
CG_STH

 scal e  i n versely wi th  the  
mai ns  vol tage.  The  va lue  for V

SW
 sca l es  d i rectl y wi th  the  mai ns  vol tage.  The  va l ue  for I

D_nc
 i s  a lways  1 0%  l ower 

than  the  re l evan t  I
CG_STH

.  

The  s lew rate  SR shou ld  be  calcu lated  based  on  the  measurement of the  vol tage  s lope  of VCG  
by measuring  the  time  (dt)  between  VCG  =  0 , 8  x VCG (ts1 )  and  VCG  =  VSW  and  by calcu lating  
the  d i fferen tia l  vol tage  dVCG  =  0 , 8  x VCG (ts1 )  – VSW.  

When  the  vol tage  VCG  fa l l s  below VSW  ( time  ts2) ,  the  con trolgear provides  a  cu rrent path  wi th  
a  m in imum  curren t-carrying  capabi l i ty of ICG_STH .  

NOTE  3  The  val ues  for V
SW
 and  I

CG_STH
 are  se lected  to  ach i eve  a  good  compromise  between  the  ab i l i ty of the  

phase-cu t d immer to  supp l y i tsel f on  one  s i de  and  the  appeari ng  power l oss  i n  the  con trol gear on  the  other s i de.  

NOTE  4  t
s2
 i s  defined  by the  time  at  wh ich  V

CG
 fa l l s  be l ow V

SW
.   V

CG
 and  I

D
 can  be  measured  s imu l taneousl y wi th  

a  4 -channel  osci l l oscope,  and  the  va l ue  of I
D
 between  t

S1
 and  t

S2
 can  be  determ ined .  The  break i n  s l ope  of V

D
 a t  

t
S2
 ( i f such  a  break i n  s l ope  exi sts)  i s  not  a  cri teri on  to  d efi ne  t

S2
.  
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Table  1 3  – Nominal  mains  vol tage  1 00  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s1
 to  t

s2
 

 

t
s2
 –  t

s1
 ≥  t

t
 

t
t
 =  ( 1  /  SR)  x  V

M
(t
s1
)  

t  =  t
s1
:  

Z
D
 =  Z

D_m i n
 

t
s1
 <  t  ≤  t

s2
:  

Z
D
 i ncreases  towards  Z

D_max 
I
D
 ≤  (I

tran s
 x  P

m in
)  /  W wi th  dV

D
/dt  ≤  

0 , 09  V/µs  and  
I
tran s

 =  2 , 8  mA 

t
s2
 to  t

HW  

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  

n  x  1 2 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  n  x  1 49  mA 

 

Table  1 4  – Nominal  mains  vol tage  1 20  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s1
 to  t

s2
 

 

t
s2
 –  t

s1
 ≥  t

t
 

t
t
 =  ( 1  /  SR)  x  V

M
(t
s1
)  

t  =  t
s1
:  

Z
D
 =  Z

D_m i n
 

t
s1
 <  t  ≤  t

s2
:  

Z
D
 i ncreases  towards  Z

D_max 
I
D
 ≤  (I

tran s
 x  P

m in
)  /  W wi th  dV

D
/  dt  ≤  

0 , 1 05  V/µs  and  
I
tran s

 =  2 , 3  mA 

t
s2
 to  t

HW  

P
m in
 <  1 2  W:  

I
D
( t)  ≤  I

D_nc
 =  

n  x   1 0 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
( t)  ≤  I

D_nc
 =  n  x  1 24 , 2  mA 

 

Table  1 5  – Nominal  mains  vol tage  200  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s1
 to  t

s2
 

 

t
s2
 –  t

s1
 ≥  t

t
 

t
t
 =  ( 1  /  SR)  ·  V

M
(t
s1
)  

t  =  t
s1
:  

Z
D
 =  Z

D_m i n
 

t
s1
 <  t  ≤  t

s2
:  

Z
D
 i ncreases  towards  Z

D_max 
I
D
(t)  ≤  (I

tran s
 x  P

m in
)  /  W wi th  dV

D
/dt  ≤  

0 , 1 75  V/µs  and  
I
tran s

 =  1 , 4  mA 

t
s2
 to  t

HW  

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  

n  x  6 , 2  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  n  x  74 , 5  mA 
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Table  1 6  – Nominal  mains  vol tage  230  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s1
 to  t

s2
 

 

t
s2
 –  t

s1
 ≥  t

t
 

t
t
 =  ( 1  /  SR)  ·  V

M
(t
s1
)  

t  =  t
s1
:  

Z
D
 =  Z

D_m i n
 

t
s1
 <  t  ≤  t

s2
:  

Z
D
 i ncreases  towards  Z

D_max 
I
D
(t)  ≤  (I

tran s
 x  P

m in
)  /  W wi th  dV

D
/  dt  ≤  

0 , 2  V/µs  and  
I
tran s

 =  1 , 2  mA 

t
s2
 to  t

HW  

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
=  

n  x 5 , 4  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  n  x  65  mA 

 

Table  1 7  – Nominal  mains  vol tage  277  V – Frequency 50  Hz or 60  Hz 

Time  related  to  previous  zero  
crossing  of mains  vol tage  

Phase-cut d immer:  
Impedance  

t
s1
 to  t

s2
 

 

t
s2
 –  t

s1
 ≥  t

t
 

t
t
 =  ( 1  /  SR)  ·  V

M
(t
s1
)  

t  =  t
s1
:  

Z
D
 =  Z

D_m i n
 

t
s1
 <  t  ≤  t

s2
:  

Z
D
 i ncreases  towards  Z

D_max 
I
D
(t)  ≤  (I

tran s
 x  P

m in
)  /  W wi th  dV

D
/dt  ≤  

0 , 245  V/µs  and  
I
tran s

 =  1 , 0  mA 

t
s2
 to  t

HW  

P
m in
 <  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  

n  x  4 , 5  mA/W x P
m in
 

 

P
m in
 ≥  1 2  W:  

I
D
(t)  ≤  I

D_nc
 =  n  x  54  mA 

 

7.3.3.4 Electrical  characteristics  during  the  non-conducting  period  

During  the  non-conducting  period ,  the  phase-cu t d immer shou ld  comply wi th  the  electrical  
characteristics  l i sted  in  Tables  1 3  to  1 7 .  

The  non-conducting  period  ends  at  the  next zero  crossing  of the  mains  at time  tHW.  

During  th is  period ,  the  con trolgear provides  a  cu rren t path  wi th  a  m in imum  current-carrying  
capabi l i ty of ICG_STH .  At  smal l  i nput vol tages  of the  con trolgear when  ICG_STH  cannot be  
reached  due  to  the  characteristics  of i ts  i npu t ci rcu i try (e. g .  i n rush  curren t l im i ting  e lements),  
on ly i ts  impedance  ZCG  i s  defined .  

During  th is  period ,  the  phase-cu t d immer shou ld  l im i t  the  cu rren t ID  to  n  x  ID_nc  as  l i sted  i n  
Tables  1 3  to  1 7 ,  whereby ID_nc  i s  re lated  to  Pmin  of the  phase-cut d immer.  

The  con trolgear may deactivate  i ts  current-carrying  capabi l i ty during  the  non-conducting  
period  after i t  has  not detected  an  inpu t vol tage  waveform  showing  tra i l ing  edge  
characteristics  for 1 00  ms.  
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NOTE  Th i s  i s  for reduci ng  power l osses  i n  case  a  con trol gear i s  used  wi thou t  a  phase-cu t d immer.  

7.4 Electrical  characteristics  during  the  off state  of a  l ighting  system  

The  off state  of a  l i gh ting  system  i s  when  no  lamp  connected  wi th  a  controlgear i s  em i tting  
l i gh t.  

To  set a  controlgear i n  the  off state,  the  phase-cu t d immer shou ld  i ncrease  i ts  impedance  ZD  
u n ti l  the  controlgear i s  not su fficien tly suppl ied  wi th  power to  operate  the  lamp.  

A phase-cu t d immer that needs  no  supply during  the  off state  of a l l  connected  controlgear 
may open  the  curren t l oop  of the  system,  for example  by means  of a  mechan ical  swi tch .  

A phase-cu t d immer that needs  a  power supply a l so  during  the  off s tate  of a l l  connected  
con trolgear requ i res  that the  connected  controlgear provide  a  curren t path ,  a l though  no  l amp 
i s  operated  (electron ic off state) ,  i n  order to  provide  power to  the  e lectron ic ci rcu i ts  wi th in  the  
d immer to  enable  return ing  to  the  on-state  when  demanded .  

I f none  of the  connected  con trolgear i s  able  to  provide  the  cu rren t carrying  capabi l i ty due  to  
i nsu fficien t power,  the  impedance  ZCG  of the  con trolgear wi l l  i ncrease.  

The  phase-cu t d immer may reduce  i ts  impedance  ZD  to  supply power to  the  connected  
con trolgear i n  order to  reestabl ish  a  cu rren t carrying  capabi l i ty that carries  the  needed  supply 
cu rren t ID_nc.  

By reducing  ZD ,  the  vol tage  VD  wi l l  decrease  and  the  vol tage  VCG  wi l l  i ncrease,  thus  a l l  
connected  controlgear i s  energ ized  and  the  requested  curren t path  i s  generated  in  the  system  
to  carry the  requ i red  supply curren t ID  of the  phase-cu t d immer.  

The  con trolgear provides  a  m in imum  curren t carrying  capabi l i ty of IPO  when  the  vol tage  VCG  
i s  i n  the  range  of VPO  to  VSW  (see  Table  1 8) .  For vol tages  VCG  smal ler than  VPO  and  h igher 
than  VSW,  the  curren t carrying  capabi l i ty of the  con trolgear i s  not defined .  

The  controlgear does  not operate  the  l amp  when  the  vol tage  VCG  i s  below VSW,  so  no  l i gh t i s  
em i tted .  

The  phase-cu t d immer shou ld  l im i t  the  current to  a  l evel  that ensures  that the  vol tage  VCG  that 
i s  appl ied  to  the  con trolgear does  not exceed  VSW.  

Table  1 8  – Currents  and  vol tages  for controlgear during  the  electron ic  off state  

V
M
 [V]  1 00  1 20  200  230  277  

V
PO

 [V]  1 5  1 5  30  30  30  

I
PO

 [mA]  20  20  1 0  1 0  1 0  

I
PO_rms

 [mA]  8  8  4  4  4  

 

Values  for vol tages  and  cu rren ts  are  i nstantaneous  values  except IPO_rms .  

8  Test procedures  

8.1  General  

Devices  supporting  lead ing  and  tra i l ing  edge  operation  such  as  so  cal led  un iversal  phase-cu t 
d immers  shou ld  be  tested  for both  operation  modes.  
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To s impl i fy the  description  of the  test setups  and  the  test procedures,  testing  cond i tions  for 
d immers  related  to  speci fic moments  i n  time  are  defined  in  degree  phase  ang le  re lated  to  the  
mains  zero  crossings.  Thus,  a  defin i tion  of d i fferen t values  for the  moments  i n  time  such  as,  
for example,  ts1 ,  ts2  or tHW  i s  not necessary for d i fferen t mains  frequencies.  

To  test the  phase-cu t d immer,  i n  some tests  equ ivalen t controlgear (EC_CG)  shou ld  be  used  
as  i nd icated .  Th is  EC_CG  shou ld  be  constructed  as  shown  in  Annex A.  

Table  1 9  – Parameters  for testing  purposes  

V
M
 [V]  1 00  1 20  200  230  277  

R
R  

max

2
M
P

V
 

max

2
M
P

V
 

max

2
M
P

V
 

max

2
M
P

V
 

max

2
M
P

V
 

V
test

 [V]  0  to  23  0  to  23  0  to  45  0  to  45  0  to  45  

V
1
 [V]  8  8  8  8  8  

SR
L
 [V/µs]  Refers  to  Table  6  

α
L
 90°  

β
L
 1 20°  

SR
T
 [V/ms]  200  200  200  200  200  

α
T
 1 20°  

 

8.2  Tests  for leading  edge phase-cut d immers  

8.2 .1  General  

Tests  concern ing  e lectrical  characteristics  shou ld  ensure  compl iance  of devices  wi th  th is  
document i n  terms  of e lectrical  behavior of phase-cu t d immers  during  d i fferen t periods  of the  
mains  waveform  accord ing  to  7 . 3 . 2 .  

8.2.2  Test related  to  the  non-conducting  phase 

For th is  test,  there  are  2  d i fferen t methods  of testing  the  phase-cu t d immer curren t.  On ly one  
of these  methods  needs  to  be  used  when  performing  th is  test.  

Method  1  

A test ci rcu i t  as  shown  i n  F igure  4  shou ld  be  used  to  test the  properties  of the  phase-cu t 
d immer during  the  non-conducting  phase.  The  resistance  of the  resistor RR  shou ld  be  chosen  
accord ing  to  Table  1 9.  
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Figure  4  – Circu i t  to  test the  properties  of the  phase-cut d immer 
during  the  non-conducting  phase  (Method  1 )  

Pre-cond i ti on :  

Con trol  devi ce  appl i ed  to  an  AC  test  vol tage  sou rce  (V
ME
)  provi d ing  the  re l evan t mai ns  vo l tage  accord ing  to  

C l ause  A. 3  wi th  the  val ues  of V
1
,  β

L
 and  SR

T
 as  g i ven  i n  Tabl e  1 9 .  Swi tch  S1  i s  open .  Ad j ust  the  phase-cu t  

d immer so  that  the  swi tch  i n  the  phase-cu t  d immer i s  swi tched  on  at  the  time  t
s
 (β1 ) .  Cl ose  swi tch  S1 .  

I f necessary for the  functi on  of the  phase-cu t  d immer,  appl y for one  m i nu te  the  mai ns  vol tage  V
M
 (e . g .  for the  

cal i brati on  of un i versa l  phase-cu t  d immer).  Ad j ust  the  phase-cu t  d immer cl ose  to  the  phase  ang le  of t
s
.  S1  i s  

opened  i n  th i s  phase.  Change  V
M
 to  V

ME
 (accord i ng  to  C l ause  A. 3)  and  cl ose  S1 .  

Time  re l ated  to  l ast  zero  crossi ng :  0  to  t
s
 

Test:  Measu re  I
D
 

Expected  resu l t:  

I
D
 ≤  I

D_nc  
as  l i s ted  i n  Tabl es  1  to  5  

(I
D_nc

 d epends  on  P
m in
 and  n  g i ven  by the  speci fi cati on  of the  manu factu rer)  

 

To  keep  the  test as  s imple  as  possib le,  the  d immer i s  connected  to  a  test vol tage  wh ich  
represents  the  vol tage  across  the  d immer.  

Th is  test method  covers  the  worst case  scenario  by using  the  worst controlgear,  wi thout 
having  any parasi tic  effects  caused  by synthetic l oads.  

Therefore  the  vol tage  across  the  d immer looks  l i ke  a  tra i l i ng  edge  waveform.  

To  reduce  the  i n fl uence  on  the  cu rren t th rough  the  load  taken  by the  d immer,  the  
impedance  of the  test vol tage  source  shou ld  be  as  l ow as  possib le.  

Due  to  the  overcurren t protection  of the  d immer,  S1  i s  closed  after the  test vol tage  has  
been  appl ied  to  the  d immer.   

Method  2  

IEC  

S1  RR  /  4  

RR  

 

Device  under 
test (DUT)  

AC (VME)  
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Appl icable  test ci rcu i t,  see  F igure  5.  

 

Figure  5  – C ircu i t  to  test the  properties  of the  phase-cut d immer 
during  the  non-conducting  phase (Method  2)  

Pre-cond i ti on :  

Phase-cu t  d immer l oaded  wi th  the  ci rcu i t  of F i gu re  B . 1 ,  system  powered  wi th  re l evan t  mains  vol tage.  Va l ues  of 
R20  and  C20  shou l d  be  set  accord i ng  to  Annex B  us i ng  the  val ues  of I

D_nc
 g i ven  i n  Tables  1  to  5 .  

Time  re l ated  to  l ast  zero  crossi ng :  0  to  t
s  

Test:  Measu re  I
D
 

Expected  resu l t:  

I
D
 ≤  I

D_nc
 as  l i s ted  i n  Tabl es  1  to  5  

(I
D_nc  

 d epends  on  the  P
m in
 and  n  g i ven  by the  speci fi cati on  of the  manu factu rer)  

 

8.2.3  Test related  to  the  transition  from  the  non-conducting  to  the  conducting  phase 

A test ci rcu i t  as  shown  in  F igure  6  shou ld  be  used  to  test the  phase-cu t d immer’s  properties  
during  the  transi tion  from  the  non-conducting  to  the  conducting  phase.  

IEC  

AC 
mains  

ID  
DUT 

EC_CG 
according to  
Clause A.2 
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Figure  6  – Circu i t  to  test the  properties  of the  phase-cut d immer during  the  transition  
from  the  non-conducting  to  the  conducting  phase 

Pre-cond i ti on :  

Phase-cu t  d immer l oaded  wi th  a  res i sti ve  l oad  R  h avi ng  a  maximum  resi stance  R
R
 (see  Tab l e  1 9)  as  shown  i n  

F i gu re  6 ,  system  powered  wi th  re l evan t  mai ns  vol tage,  phase-cu t d immer ad j usted  to  the  conduction  ang le  of 
90° .  

Time  re l ated  to  l ast  zero  crossi ng :  t
s
 

Test:  Measu re  V
D
 or vo l tage  across  res i stor R  over time  

Expected  resu l t:  

Absolu te  va l ue  of vo l tage  s l ope  across  the  DUT (V
D
)  or R  d oes  not  exceed  the  l im i ts  g i ven  i n  Tabl e  6 .  

 

8.2.4 Test related  to  the  conducting  phase 

A test ci rcu i t  as  shown  in  F igure  6  shou ld  be  used  to  test the  phase-cu t d immer’s  properties  
during  the  conducting  phase.  

Pre-cond i ti on :  

A phase-cu t  d immer l oaded  wi th  a  res i sti ve  l oad  R  h avi ng  a  maximum  res i stance  R
R
 (see  Tab l e  1 9)  as  shown  i n  

F i gu re  6 ,  system  powered  wi th  re l evan t  ma ins  vol tage,  phase-cu t d immer ad j usted  to  the  conduction  ang le  of 
1 20° .  

Th i s  test  shou l d  be  performed  for the  m i n imum  and  maximum  l oad ,  such  as  R
Rmax

 (V
M
2 /P

max
)  and  R

Rm in
 

(V
M
2 /P

m in
)  

Time  re l ated  to  l ast  zero  crossi ng :  t
s
 to  t

HW
 

Test:  Measure  V
D
 over time  

Expected  resu l t  for V
M
(t)  >  1 1 V:  

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0V)  

 

8.3  Tests  for trai l ing  edge  phase-cut d immers  

8.3.1  General  

Tests  concern ing  the  e lectrical  characteristics  shou ld  ensure  compl iance  of devices  wi th  th is  
document i n  terms  of e lectrical  behavior of phase-cu t d immers  during  d i fferent periods  of the  
mains  waveform  accord ing  to  7 . 3 .3 .  

8.3.2  Test related  to  the  conducting  phase 

Appl icable  test ci rcu i t,  see  F igure  6 .  

IEC  

AC 
mains  

ID  

DUT 

R 
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P re-cond i ti on :  

Phase-cu t  d immer l oaded  wi th  a  res i sti ve  l oad  having  a  maximum  resi stance  R
R
 (see  Tabl e  7) ,  system  powered  

wi th  re l evan t  mai ns  vol tage,  phase-cu t d immer ad ju sted  to  the  conduction  ang l e  of 1 20° .  

Th i s  test  shou l d  be  performed  for the  m i n imum  and  maximum  l oad ,  such  as  R
Rmax

 (V
M
2 /P

max
)  and  R

Rm in
 

(V
M
2 /P

m in
)  

Time  re l ated  to  l ast  zero  crossi ng :  0  to  t
s1
 

Test:  Measure  V
D
 over time  

Expected  resu l t  for V
M
(t)  >  1 1 V:  

V
D
(t)  <  max(0 , 1  x  V

M
(t) ,  1 0V)  

 

8.3.3  Test related  to  the  transition  from  the  conducting  phase  to  the  non-conducting  
phase  and  related  to  the  non-conducting  phase 

For th is  test,  there  are  2  d i fferent methods  of testing  the  phase-cu t d immer current.  On ly one  
of these  methods  needs  to  be  used  when  performing  th is  test.  

Method  1 :  

A test ci rcu i t  as  shown  in  F igure  4  shou ld  be  used  to  test the  phase-cu t d immer’s  properties  
during  the  transi tion  from  the  conducting  phase  to  the  non-conducting  phase  and  the  non-
conducting  phase.  

Pre-cond i ti on :  

A con trol  device  appl i ed  to  an  AC  test  vol tage  sou rce  (V
ME
)  provi d i ng  the  re l evant  mai ns  vo l tage  accord ing  to  

C l ause  A. 2  wi th  the  val ues  of V
1
,  α

T
 and  SR

T
 as  g i ven  i n  Tabl e  1 9 .  S1  i s  open .  Ad j ust the  phase-cu t d immer so  

that  the  swi tch -off takes  p l ace  at  time  t
S1
.  C l ose  S1 .  

I f necessary for the  fu ncti on  of the  phase-cu t  d immer,  expand  (V
ME
 )  so  that after power up  for a  peri od  of 1  m in ,  

the  nominal  mai ns  vol tage  i s  appl i ed  (e . g .  for the  cal i brati on  of u n i versal  phase-cu t  d immers  ) .  Ad j ust  the  phase-
cu t  d immer cl ose  to  the  phase  ang l e  of t

1
.  S1  i s  opened  i n  th i s  phase.  Cl ose  S1  when  the  AC  test  vol tage  sou rce  

(V
ME
)  accord i ng  to  Annex A i s  appl i ed .  

Time  re l ated  to  l ast  zero  crossi ng :  t
s1
 to  t

s2  
and  t

S2
 to  t

HW  

Test:  Measure  I
D
 from  t

s1
 to  t

HW
 

Expected  resu l ts :  

From  t
s1
 to  t

s2
:  I
D
 ≤  (I

tran s
 x  P

m in
)  /  W as  l i s ted  i n  Tabl es  1 3  to  1 7  

From  t
s2
 to  t

HW
:   I

D
 ≤  I

D_nc  
as  l i s ted  i n  Tabl es  1 3  to  1 7  

(I
D_nc  

 d epends  on  P
m in
 and  n  g i ven  by the  speci fi cati on  of the  manufactu rer)  
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Method  2 :  

Appl icable  test ci rcu i t,  see  F igure  5.  

Pre-cond i ti on :  

Phase-cu t  d immer l oaded  wi th  the  ci rcu i t  of F i gu re  B . 1 ,  system  powered  wi th  re l evan t  mains  vol tage.  Va l ues  of 
R20  and  C20  shou l d  be  set  accord i ng  to  Annex B ,  us i ng  the  val ues  of I

D_nc
 and  SR  g i ven  i n  Tables  1 3  to  1 7 .  

Time  re l ated  to  l ast  zero  crossi ng :  t
s1
 to  t

s2  
and  t

S2
 to  t

HW  

Test:  Measure  I
D
 from  t

s1
 to  t

HW
 

Expected  resu l ts :  

From  t
s1
 to  t

s2
:   I

D
 ≤  (I

tran s
 x   P

m in
)  /  W as  l i s ted  i n  Tables  1 3  to  1 7  

From  t
s2
 to  t

HW
:   I

D
 ≤  I

D_nc  
as  l i s ted  i n  Tabl es  1 3  to  1 7  

(I
D_nc  

 d epends  on  P
m in
 and  n  g i ven  by the  speci fi cati on  of the  manufactu rer)  

 

8.4 Tests  for characteristics  during  electronic off state  

Tests  concern ing  the  e lectrical  characteristics  shou ld  ensure  compl iance  of devices  wi th  th is  
document i n  terms  of e lectrical  behavior of phase-cu t d immers  during  the  e lectron ic off-state  
of a  l i gh ti ng  system  accord ing  to  7 . 3 .  

Appl icable  test ci rcu i t,  see  F igure  7 .  

 

Figure  7  –  C i rcu i t  to  test the  properties  of the  phase-cut d immer 
during  the  electron ic  off-state  

Pre-cond i ti on :  

Phase-cu t  d immer connected  to  an  AC  sou rce  (V
M
) .  

Con figu re  the  phase-cu t d immer to  be  i n  the  e l ectron ic  off s tate  before  connecti ng  i t  to  the  ci rcu i t  shown  i n  
F i gu re  7 .  For example,  the  swi tch  S  and  the  res i stance  R

R
 as  shown  i n  F i gu re  7  can  be  u sed .  

After th i s  i n i ti a l  phase,  set the  phase-cu t d immer to  the  e l ectron ic  off s tate  and  open  swi tch  S .  

Test:  Measu re  V
CG  

and  I
PO_rms

 

Expected  resu l ts :  

V
CG  

<  V
SW 

as  l i s ted  i n  Tabl es  1  to  5 ,  7  to  1 1 ,  1 3  to  1 7  

I
D_RMS  

≤  I
PO_rms  

as  l i s ted  i n  Tab l e  1 8  

 

IEC  

AC 
mains  

RR  

DUT 

S 

EC_CG 
according  to  
Clause A.3 
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Annex A 
(normative)  

 
Waveforms for AC vol tage source 

A.1  General  

A test AC vol tage  source  (VME)  wi th  the  waveform  as  shown  in  F igure  A. 1  or F igure  A. 2  
shou ld  be  used  as  i nd icated  i n  the  defined  tests.  The  detai l ed  settings  for time  and  vol tage  

shou ld  be  set wi th  an  accuracy of ≤  1  %.  The  in ternal  resistance  of th is  vol tage  source  shou ld  
not exceed  1  Ω.  

A.2  Waveform  description  – Leading  edge 

0°  to  α° :  constant vol tage  wi th  the  value  V1  

α°  to  α1 ° :  constan t s lew rate  (SR)  

α1 °  to  1 80° :  s inusoidal  vol tage  accord ing  to  VM  

 

Figure  A. 1  – Waveform of AC  vol tage  source  – Leading  edge 

A.3  Waveform  description  – Trai l ing  edge 

0°  to  β° :  s i nusoidal  vol tage  accord ing  to  VM   

β°  to  β1 ° :  constan t s lew rate  (SR)  

β1 °  to  1 80° :  constan t vol tage  wi th  the  value  V1  

 

  

α1 °  

dt 

dV 

VME  

1 80°  α°  0°  

V1  

푆푆 =
푑푑

푑푑
 

ang l e  
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Figure  A.2  – Waveform  of AC  vol tage  source  – Trai l ing  edge 
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β 1 °  

dt 

dV 

VME  

1 80°  β°  0 °  
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Annex B  
(normative)  

 
Equivalent circui t for controlgear in  on  state  (EC_CG)   

 

Figure  B. 1  – Equ ivalent ci rcu i t  for controlgear in  the  on  state  
to  be  used  during  d immer tests  

 

IEC  

Load l ine  

N  

C20  
R22  

1 K 

R23  20Ω  

R21  0  01 µF  

Q20  

1 0  Vdc 
TLV431  

R21  1 K 

R20  

1  
8  *  ID_nc  

R20  =  

Tra i l i ng  edge  

Lead ing  edge  

Val ue  of C20  Farad  

1 , 25*  1 0 -6  
SR  *  R20  

R20  =  

R20  D i sconnected  

SR  =  S l ew rate  i n  un i ts  of V/µs  
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Annex C  
(normative)  

 
Equ ivalent ci rcuit for controlgear being  in  off state 

The  g iven  ci rcu i t  i s  exemplary (see  F igure  C. 1 ) .  For testi ng  a  phase-cut d immer,  the  ci rcu i t 
shou ld  be  ad justed  i n  a  way that:  

a)  the  zener vol tage  of the  zenerd iode  D1  equals  the  value  VPO  as  g i ven  in  Table  1 8  wi th  a  
to lerance  of at most 5  %;  

b)  the  curren t source  comprised  of T1 ,  R1 ,  R3,  R4  and  D2  i s  ad justed  to  a  maximum  current 
carrying  capabi l i ty IPO

 as  g iven  i n  Table  1 8.  

 

Figure  C.1  – Equ ivalent ci rcu i t  for controlgear being  in  off state  
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Br 

D1  

T1  

R1  R4  

R3  
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