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ORGANIC LIGHT EMITTING  DIODE (OLED)  DISPLAYS – 

 
Part 6-2:  Measuring  methods  of visual  qual i ty and  ambient performance 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  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 ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  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 cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti 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  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  d amage  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 cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  I EC  62341 -6-2  has  been  prepared  by I EC techn ica l  committee  1 1 0:  
E lectron ic d isp lay devices.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i ti on  publ ished  i n  201 2.  Th is  ed i tion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  Contents  of 7 . 4  are  changed .  

b)  Contents  and  i tems of Annex C  are  changed .  

c)  Annex B  is  added .  
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The  text of th is  standard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

1 1 0/695/FDIS  1 1 0/71 8/RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table .  

A l i st  of a l l  parts  of the  I EC  62341  series,  publ i shed  under the  general  t i t l e  Organic light 
emitting diode (OLED)  displays,  can  be  found  on  the  I EC websi te .  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC D irectives,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

 

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

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  

 

International  Electrotechnical  Commission

 



I EC 62341 -6-2 : 201 5  © I EC 201 5  – 7  –  

 

ORGANIC LIGHT EMITTING  DIODE (OLED)  DISPLAYS – 
 

Part 6-2:  Measuring  methods  of visual  qual i ty and  ambient performance 
 
 
 

1  Scope 

This  part of I EC  62341  speci fies  the  s tandard  measurement cond i tions  and  measurement 
methods  for determ in ing  the  visual  qua l i ty and  ambient  performance of organ ic l i gh t  em i tti ng  
d iode  (OLED)  d isp lay modu les  and  panels.  Th is  document main l y appl ies  to  colour d isplay 
modu les.   

2  Normative references   

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 60050  (a l l  parts) ,  International Electrotechnical Vocabulary (avai lab le  at  

www.electroped ia .org )   

I EC 61 966-2-1 ,  Multimedia systems and equipment – Colour measurement and management 

– Part 2-1 : Colour management – Default RGB colour space -  sRGB  

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

CIE  1 5: 2004,  Colorimetry 

3 Terms,  defin i tions  and  abbreviations  

3.1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g i ven  i n  I EC  60050-845 and  
IEC 62341 -1 -2 ,  as  wel l  as  the  fo l lowing  appl y.  

3.1 . 1   
visual  inspection  
means  for checking  image  qual i ty by human  vi sual  observation  for class i fication  and  
comparison  against l im i t sample  cri teria  

3.1 .2   
subpixel  defects   
al l  or part of a  s i ng le  subpixel ,  the  m in imum  colou r e lement,  wh ich  i s  vis ib l y brigh ter or darker 
than  surround ing  subpixels  of the  same colour.   

Note  1  to  en try:  Further cl ass i fi cati ons  of subpi xel  defects  are  made  depend i ng  on  the  number and  confi guration  
of mu l ti p l e  subpi xe l  defects  wi th i n  a  reg ion  of the  d i splay.   

Note  2  to  en try:  For monochromatic  d i splays,  the  term  “dot  defect”  may be  used .   
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3. 1 .3   
bright  subpixel  defects  
defects  in  subpixels  or dots  wh ich  are  vis ibl y bri ghter than  surround ing  subpixels  of the  same 
colour when  addressed  wi th  a  un i form  dark or grey background  

3.1 .4   
dark subpixel  defects   
defects  in  subpixels  or dots  wh ich  are  vis ib l y darker than  su rround ing  subpixels  of the  same 

colour when  addressed  wi th  a  un i form  brigh t background  (e. g .  >  50  %  fu l l  screen  l um inance)   

3. 1 .5   
partial  subpixel  defects  
defects  in  subpixels  or dots  wi th  part of the  em ission  area  obscured  such  that a  vis ib le  
d i fference  i n  brigh tness  i s  observed  in  comparison  wi th  neighboring  subpixels  of the  same 
colour  

3.1 .6   
clustered  subpixel  defects  
subpixel  or dot  defects  gathered  i n  a  speci fi ed  area  or wi th in  a  speci fied  d istance  

Note  1  to  en try:  Th i s  i s  a l so  known  as  “close  subpi xel  defect” .  

3.1 .7   
unstable  subpixel  

subpixel  or dot  that changes  lum inance  i n  an  uncontrol l able  way  

3.1 .8   
pixel  shrinkage  
reduction  i n  the  acti ve  em issive  area  of one  or more  subpixels  (or dots)  over time  

3.1 .9   
panel  edge shrinkage  

reduction  i n  the  acti ve  em issive  area  from  the  edges  of the  d isplay area  over time  

3.1 . 1 0   
l ine  defects  
defects  i n  a  vertical  or hori zon ta l  bri gh t  or dark l i ne  paral le l  to  a  row or column  observed  
against  a  dark or bright  background ,  respective l y  

3.1 . 1 1   
bright  l ine  defects  

defects  i n  l i nes  appearing  brigh t when  d isp layed  wi th  a  un i form  dark or grey pattern  

3. 1 . 1 2   
dark l ine  defects  

defects  i n  l i nes  appearing  dark when  d isp layed  wi th  a  un i form  bright or g rey pattern   

3.1 . 1 3   
mura  
vis ib le  defects  i n  reg ions  i n  wh ich  the  l um inance and  colour non -un i form i ty general l y vary 
more  gradual l y than  subpixel  l evel  defects  

Note  1  to  en try:  For cl assi fi cation ,  the  maximum  d imension  shou ld  be  l ess  than  one  fourth  of the  d i sp lay wid th  or 
heigh t.  

3.1 . 1 4   
l ine  mura  
variation  i n  l um inance  consisting  of one  or more  l i nes  extend ing  horizontal l y or vertica l l y 
across  a l l  or a  portion  of the  d isplay  
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3.1 . 1 5   
colour mura   
mura  that appears  primari l y i n  on l y one  colour channel  and  resu l ts  i n  a  local  variation  of the  
wh i te  poin t  (or CCT)   

3.1 . 1 6   
spot  mura  
vis ib le  defects  i n  reg ions  i n  wh ich  the  l um inance  variation  i s  l arger than  a  s ing le  pixel ,  and  
wh ich  appear as  a  l ocal i zed  s l ightl y darker or bri ghter reg ion  wi th  a  smooth l y varying  edge   

3.1 . 1 7   
mechanical  defects  
image artefacts  aris i ng  from  defects  i n  protecti ve  and  contrast enhancement fi lms,  coatings,  
mechan ical  fixturing ,  or other e lements  wi th in  the  acti ve  area  of the  d isp lay  

3.1 . 1 8   
scratch  defect  
defect appearing  as  fi ne  s ing le  or mu l ti p le  l i nes  or scratches,  general l y l i gh t i n  appearance on  
a  dark background ,  and  i ndependent of the  d isp lay state  

3.1 . 1 9   
dent  defect  
l ocal i zed  spot general l y wh i te  or grey i n  appearance  on  dark background  and  i ndependent of 
the  d isplay state   

3.1 .20   
foreign  material   
defect caused  by a  foreign  materia l  l i ke  dust or thread  i n  between  the  contrast  enhancement  
fi lms,  protecti ve  fi lms,  or on  an  em i tting  surface  wi th in  the  active  area  of the  d isplay  

3.1 .21   
bubble  
defect caused  by a  cavi ty i n  or between  seal ing  materia ls ,  adhesives,  contrast enhancement 
fi lms,  protecti ve  fi lms,  or any other fi lms  wi th in  the  active  area  of the  d isplay  

3. 1 .22   
ambient contrast ratio  
contrast ratio  of a  d isplay wi th  external  natural  or arti ficia l  i l l um ination  i nciden t onto  i ts  surface  
and  wh ich  includes  indoor i l l um ination  from  l um inaires,  or ou tdoor dayl i ght  i l l um ination  

3. 1 .23   
colour gamut boundary 

surface  determ ined  by a  colour gamut's  extremes  

3. 1 .24   
colour gamut volume 
sing le  number for characterizing  the  colour response  of a  d isp lay device  i n  a  three-
d imensional  colour space   

Note  1  to  en try:  Typical l y the  colou r gamut vol ume  i s  ca lcu lated  i n  the  CIELAB  colour space.   

3.1 .25   
ambient colour gamut volume 
sing le  number for characterizing  the  colour response  of a  d isplay device,  under a  defi ned  
ambien t i l l um ination  cond i ti on ,  i n  a  three-d imensional  colour space  

Note  1  to  en try:  Typical l y the  colou r gamut vol ume  i s  ca lcu lated  i n  the  CIELAB  colour space.  
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3.2  Abbreviations  

For the  purposes  of th is  document,  the  fol l owing  abbreviations  appl y.  

CCT correlated  colour temperature  

CIE  Commission  I n ternationale  de  l ’Ecla i rage  ( I n ternational  Commission  on  
I l l um ination)  

CI ELAB   CIE  1 976  (L*a*b*)  colour space  

DUT device  under test  

HD  h igh  defin i ti on  

I SO  I n ternational  Organ ization  for Standard ization  

LED   l igh t em i tti ng  d iode  

LMD  l igh t measuring  device  

LTPS  l ow temperature  pol ys i l icon  

OLED  organ ic l i gh t em i tti ng  d iode  

PL   photolum inescence  

QVGA quarter video graph ics  array 

RGB  red ,  green ,  b lue  

SDCM   standard  deviation  of colour match ing  

sRGB  standard  RGB  colou r space as  defined  i n  I EC  61 966-2-1  

TFT th in  fi lm  transistor 

TV  te levis ion  

UV  u l travio let  

4 Structure of measuring  equipment 

The system  d iagrams  and/or operating  cond i tions  of the  measuring  equ ipment shal l  comply 
wi th  the  s tructure  speci fi ed  in  each  i tem .  

5 Standard  measuring  conditions  

5.1  Standard  measuring  environmental  conditions  

Electro-optical  measurements  and  visual  inspection  shal l  be  carried  ou t  under the  standard  

envi ronmental  cond i tions,  at  a  temperature  of 25  °C ± 3  °C,  a  re lati ve  hum id i ty of 25  %  to  
85  % ,  and  a  pressure  of 86  kPa  to  1 06  kPa.  When  d i fferent envi ronmental  cond i ti ons  are  used ,  
they shal l  be  noted  i n  the  visual  i nspection  or ambien t performance report.  

5.2  Standard  l i ghting  condi tions  

5.2. 1  Dark-room  cond itions  

The  l um inance  contribution  from  the  background  i l l um ination  reflected  off the  test  d isplay 

shal l  be   ≤  0 , 01  cd /m2  or l ess  than  1 /20  the  d isp lay’s  b lack state  l um inance,  wh ichever is  
l ower.  I f these  cond i ti ons  are  not satisfied ,  then  background  subtraction  is  requ ired  and  i t  
sha l l  be  noted  in  the  ambient performance  report.  I n  add i tion ,  i f the  sensi ti vi ty of the  LMD is  
i nadequate  to  measure  at these  l ow levels,  then  the  l ower l im i t  of the  LMD shal l  be  noted  i n  
the  ambient performance  report.  

Un less  s tated  otherwise,  the  s tandard  l i ghting  cond i ti ons  shal l  be  the  dark-room  cond i ti ons.  
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5.2.2  Ambient i l lumination  condi tions  

5.2.2 .1  Ambient i l lumination  conditions  for visual  inspection  

Ambient i l l um ination  cond i ti ons  have  a  s trong  impact on  the  abi l i ty of the  i nspector to  resolve  
defects ,  and  l arge  variations  of l i gh t i n tensi ty i n  the  visual  fi e ld  can  l ead  to  i nspector fati gue  
and  a  resu l ting  l oss  of sens i ti vi ty to  defects .  Refer to  I SO  9241 -31 0  for general  gu idance on  

optimal  i l l um ination  cond i ti ons  for visual  i nspection  of p ixel  defects .  [1 ] 1  

For i nspector comfort and  consistency of inspection  cond i ti ons,  an  average  ambien t 
i l l um inance of between  50  l x  and  1 50  lx  i s  suggested  in  the  inspector’s  work area.  Th is  
ambien t i l l um inance  may be  measured ,  for example,  wi th  an  i l l um inance  meter facing  d i rectl y 
upward  i n  a  hori zon tal  p lane  at the  approximate  eye  l evel  of the  i nspector.  Care  shal l  be  
taken  to  use  d i ffuse  i l l um ination  and  d i ffuse  textures  i n  the  i nspection  environment,  to  avoid  
g lare  i n  the  visual  fi e ld  of the  i nspector.  An  example  of the  measurement geometry i s  shown  
i n  F igure  1 .  

The  d isplay under test shal l  be  p laced  to  avoid  d i rect i l l um ination  from  ambien t room  l i gh t  
sources.  I n  add i ti on ,  dark l i ght-absorbing  materia ls  shal l  be  used  to  cover specu lar surfaces  
that may be  viewed  by the  i nspector i n  d i rect  reflection  from  the  d isp lay su rface.  I n  any case,  
to  l im i t  degradation  of the  d isp lay contrast from  ambient  l i gh t,  the  ambien t i l l um inance i ncident 

from  room  l igh t  sources  on  the  d isp lay surface  measured  wi th  the  d isp lay off shal l  be  <  20  l x.  
I f ambien t i l l um inance at the  d isp lay surface  i s  > 20  lx,  i t  shal l  be  noted  i n  the  visual  
i nspection  report.  

 

Figure 1  –Example  of visual  inspection  room  setup   
for control  of ambient  room  l ighting  and  reflections   

5.2.2 .2  Ambient i l lumination  conditions  for electro-optical  measurements  

The fol l owing  i l l um ination  cond i tions  are  prescribed  for e lectro-optica l  measurements  of 
d isplays  i n  ambient i ndoor or ou tdoor i l l um ination  cond i ti ons.  Ambien t i ndoor room  
i l lum ination  and  ou tdoor i l l um ination  of clear sky dayl igh t,  on  a  d isplay shal l  be  approximated  
by the  combination  of two  i l l um ination  geometries. [2 ]  Un i form  hem ispherical  d i ffuse  
i l l um ination  wi l l  be  used  to  s imu late  the  background  l i gh ting  i n  a  room,  or the  hem ispherical  
skyl igh t i ncident  on  the  d isplay,  wi th  sun  occluded .  A d i rected  source  i n  a  dark room  wi l l  
s imu late  the  effect  of d i rectional  i l l um ination  on  a  d isp lay by a  l um inaire  i n  a  room,  or from  
d i rect sun l ight.   

Some d isp lays  can  em i t photolum inescence (PL)  when  exposed  to  certa in  l i gh t.  The  re lati ve  
impact  of PL  on  the  reflection  measurement can  be  determ ined ,  and  is  described  in  Annex A.  
An  i l l um ination  cond i ti on  that causes  a  s ign i ficant reflection  measurement error due  to  the  
presence of PL  shou ld  be  treated  carefu l l y.  I f the  same i l lum ination  spectral  d istribu tion  and  

___________ 
1  Numbers  i n  square  brackets  refer to  the  B i b l i ography.  

IEC  

Di ffuse  l i g h t  sou rce  
No  d i rectional  
sources  

No  d i rectional  
sources  
 

 
Wal l s  or room  
fu rn i sh ings  

  Dark,  l ight-      
  absorbing material  

Baffl e  
   OR 
Ligh t  sh i e l d  
 

D i splay device  

I nspector 

International  Electrotechnical  Commission

 



 – 1 2  – I EC 62341 -6-2 : 201 5  © I EC 201 5  

i l l um ination/detection  geometry i s  used  for the  reflection  measurements  and  the  ca lcu lation  of 
ambien t contrast ratio  and  colour,  then  the  PL can  be  incorporated  i n to  the  reflection  
coefficien ts.  However,  i f the  i l l um ination  spectrum  used  i n  the  ca lcu lations  is  s ign i ficantl y 
d i fferent,  then  the  reflected  component  shal l  be  measured  separatel y from  the  PL  component.  
The  l atter case  i s  not addressed  i n  th is  document.   

I t  shou ld  a lso  be  confi rmed  that the  d isplay l um inance i s  not  sens i ti ve  to  the  ambien t  
i l l um ination  i ncident  on  the  d isplay.  Annex B  provides  a  s imple  d iagnostic to  confi rm  th is .  

The  fo l lowing  i l l um ination  cond i ti ons  shal l  be  used  to  s imu late  i ndoor and  ou tdoor d isp lay 
viewing  envi ronments :   

a)  I ndoor room  i l l um ination  cond i tions:  

1 )  Un i form  hem ispherica l  d i ffuse  i l l um ination  – Use  a  l i gh t  source  closel y approximating  
CIE  Standard  I l l um inant A,  CIE  Standard  I l l um inan t D65,  or CIE  Standard  I l l um inan t 
D50  as  defined  i n  CI E  1 5: 2004.  The  use  of an  i n frared-blocking  fi l ter i s  a lso  

recommended  to  m in im ize  sample  heating  from  the  i l l um inants.  The  UV reg ion  (< 380  
nm)  of a l l  l i gh t  sources  shal l  be  cu t  off.  Add i ti onal  sources  may a lso  be  used ,  
depend ing  on  the  i n tended  appl ication .  For spectra l  measurements,  i f i t  can  be  

demonstrated  that the  d i splay does  not exh ib i t  s ign i ficant PL  (< 1  %  PL,  see  Annex A)  
for the  se lected  reference  source  spectra,  then  a  spectra l l y smooth  broadband  source  
(such  as  an  approximation  to  CIE  Standard  I l l um inant A)  may be  used  to  measure  the  
spectral  reflectance.  Wi thou t s i gn i fican t  PL,  a  measurement of the  spectra l  reflectance  
us ing  a  broad  source  ( l ike  I l l um inant  A)  enables  the  ambien t contrast  ratio  and  colour 
to  be  ca lcu lated  later for the  desi red  reference  spectra  (for example  D65).  The  i ndoor 
room  con trast ratio  shal l  be  calcu lated  us ing  60  lx  of un i form  hem ispherical  i l l um ination  
(wi th  specu lar i ncluded)  i ncident on  the  d isp lay su rface  for a  typ ical  TV viewi ng  room ,  
and  300  l x  for an  office  envi ronment. [3]  The  actual  hem ispherical  d i ffuse  reflectance  
measurement may requ i re  h i gher i l l um ination  l evels  for better measurement accuracy.  
The  resu l ts  are  then  scaled  to  the  requ i red  i l l um ination  level .  

2)  D i rectional  i l l um ination  – The  same source  spectra  shal l  be  used  as  wi th  un i form  
hem ispherical  d i ffuse  i l l um ination .  I f a  d i fferent spectral  source  i s  used ,  i t  sha l l  be  
noted  i n  the  ambien t performance report.  The  presence of s ign i fican t PL (see  Annex A)  
shal l  a lso  be  determ ined  for the  measured  source,  and  the  preced ing  l im i tations  be  
appl ied  when  PL is  present.  The  i ndoor room  contrast ratio  or colour shal l  be  
calcu lated  us ing  d i rectional  i l l um ination  of 40  l x i nciden t on  the  d isp lay surface  for a  
typ ical  TV viewing  room,  and  200  l x  for an  office  envi ronment wi th  the  d i splay i n  the  
vertical  orien tation .  The  actual  reflectance  factor measurement may requ i re  h igher 
i l l um ination  levels  for better measurement accuracy.  The  d i rected  source  shal l  be  45°  

above  the  surface  normal  (θs=  45° ,  θd=  0° ;  see  F igure  3)  and  have  an  angu lar 
subtense  of no  more  than  8° .  The  angu lar subtense  is  defined  as  the  fu l l  ang le  span  of 
the  l i gh t source  from  the  cen tre  of the  d isplay’s  measurement area.  

Other i l l um ination  levels  may be  used  i n  add i tion  to  those  defined  above for calcu lating  
the  ambient  con trast ratio  under i ndoor i l l um ination  cond i tions.  However,  
approximatel y 60  %  of the  total  i l l um inance  shou ld  be  un i form  hem ispherical  d i ffuse  
and  40  %  d i rectional  i l l um ination .  

b)  Dayl i gh t i l l um ination  cond i ti ons:  

1 )  Un i form  hem ispherical  d i ffuse  i l l um ination  – Use  a  l i gh t  source  closel y approximating  
skyl igh t wi th  the  spectral  d istribu tion  of CI E  I l l um inan t D75. [4 ]  Add i ti onal  CIE  dayl igh t  
i l l um inants  may a lso  be  used ,  depend ing  on  the  i n tended  appl icati on .  An  i n frared-

b locking  fi l ter i s  recommended  to  m in im ize  sample  heating .  The  UV reg ion  (< 380  nm)  
of the  l i ght  source  shal l  be  cu t  off.  For spectral  measurements,  i f i t  can  be  
demonstrated  that the  d i sp lay does  not exh ib i t  s i gn i ficant  PL for a  7  500  K corre lated  
colour temperature  (CCT)  source,  then  spectra l  reflectance  factor measurements  can  
be  made us ing  a  spectral l y smooth  broadband  source  (such  as  an  approximation  to  
CIE  Standard  I l l um inant  A).  The  contrast ratio  or colour can  be  calcu lated  l ater for the  
D75 i l l um inant spectra.  The  dayl i gh t contrast ratio  and  colour shal l  be  calcu lated  us ing  
1 5  000  l x of un i form  hemispherical  d i ffuse  i l l um ination  (wi th  specu lar i ncluded)  i ncident  
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on  a  d isplay surface  i n  a  vertical  orien tation . [4] , [5]  The  actual  hem ispherical  d i ffuse  
reflectance  measurement may be  taken  at  lower i l l um ination  levels.   

2)  D i rectional  i l l um ination  – The  d i rectional  l i gh t source  shal l  approximate  CIE  dayl i ght  
I l l um inant D50. [4 ]  

 
 Add i ti onal  CI E  dayl i gh t  i l l um inan ts  may a l so  be  used ,  depend ing  on  

the  in tended  appl ication .  The  use  of an  i n frared -blocking  fi l ter i s  recommended  to  

m in im ize  sample  heating .  The  UV reg ion  (< 380  nm)  of the  l i gh t source  shal l  be  cu t  off.  
I f i t  can  be  demonstrated  that the  d isp lay does  not exh ib i t  s ign i fican t PL  for a  source  
approximating  I l l um inant D50,  then  a  spectral l y smooth  broadband  source  (such  as  an  
approximation  to  CIE  Standard  I l l um inan t A)  may be  used  for the  reflectance  factor 
measurement.  The  ambien t con trast  ratio  or colour can  be  calcu lated  l ater wi th  the  
D50  I l l um inant  spectra.  The  dayl i gh t contrast  ratio  or colour shal l  be  ca lcu lated  us ing  

65  000  l x  for a  d i rected  source  at  an  i ncl i nation  ang le  of θs  =  45°  to  the  d isplay surface  
(see  F igure  3). [4 ] , [5]  The  actual  reflectance  factor measurement may be  taken  at  l ower 
i l l um ination  l evels,  and  the  con trast  ratio  and  colour ca lcu lated  for the  correct 
i l l um inance.  The  d i rected  source  shal l  have  an  angu lar subtense  of approximatel y 0 , 5° .   

For dayl i ght  contrast ratio  and  colour calcu lations  from  spectra l  reflectance  factor 
measurements ,  the  re lative  spectral  d is tribu tions  of CIE  I l l um inan ts  A,  D65,  D50  and  
D75  tabu lated  i n  CIE  1 5:2004  shal l  be  used .  Add i tional  CIE  dayl i gh t i l l um inants  shal l  
be  determ ined  us ing  the  appropriate  e igenfunctions,  as  defined  i n  CI E  1 5: 2004 .  

5.2.2 .3  Un iform  hemispherical  d i ffuse i l lumination  

An  in tegrati ng  sphere,  sampl ing  sphere,  or hem isphere  shal l  be  used  to  implement un i form  
hem ispherical  i l l um ination  cond i ti ons .  Two possib le  examples  of the  measurement geometry 
are  shown  i n  F igure  2 .  I f an  i n tegrati ng  sphere  that i s  at  l east seven  times  the  phys ical  ou ter 
d iagonal  of the  d isp lay i s  avai l ab le,  the  d isplay can  be  mounted  i n  the  cen tre  of the  sphere  
(Figure  2 ,  configuration  A).  For large  d isplays,  a  sampl ing  sphere  (configuration  B)  or 
hem isphere  wou ld  be  more  su i table.  I n  a l l  cases,  the  configuration  shal l  fol l ow the  standard  
di/8°  to  di/1 0°  i l l um ination/detection  geometry,  where  di  i s  the  standard  notation  for d i ffuse  

wi th  specu lar i ncluded .  

  

Configuration  A ( top  view)  Configuration  B  (s i de  view)  

Figure 2  –Example  of measurement geometries  for a  un iform  hemispherical   
d i ffuse i l l umination  condition  using  an  in tegrating  sphere and  sampl ing  sphere   

1 )  The  d isplay i s  placed  i n  the  cen tre  of an  i n tegrati ng  sphere/hem isphere,  or against  the  
sample  port of a  sampl ing  sphere.  The  reflected  l um inance off the  d isplay from  the  sphere  

shal l  be  much  greater (> 1 0)  than  the  l um inance  from  the  d isplay-generated  l i gh t.  For 
d isp lays  wi thout s i gn i ficant PL,  the  reflected  l um inance  from  the  sphere  can  be  estimated  
wi th  the  d isplay turned  OFF.   

2)  For dayl igh t measurements  wi th  an  approximate  7  500  K CCT l i ght  source,  an  i n frared-
blocking  fi l ter i s  recommended  to  m in im ize  sample  heating .  The  colour temperature  and  
i l l um ination  spectra  can  be  measured  from  the  reflected  l i gh t of a  wh i te  d i ffuse  reflectance  
standard  near the  d isplay measurement area  (F igure  2 ,  configuration  A) ,  or the  sampl ing  
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sphere  wal l  ad j acent to  the  sample  port  (F igu re  2 ,  configuration  B) .  The  type  of l i gh t 
source  used ,  and  i ts  CCT,  sha l l  be  noted  i n  the  ambient performance  report .  

3)  The  LMD  is  a l i gned  to  view the  cen tre  of the  d isplay th rough  a  measurement port  i n  the  

sphere  wal l  at  an  2
0
°8 +  ang le  from  the  d isplay normal .  The requ i red  LMD  ang le  of 

i ncl i nation  can  a lso  be  real ised  by ti l t ing  the  d isp lay wi th in  the  i n tegrati ng  sphere.  The  
LMD is  focused  on  the  d i splay surface.  

4)  The  measurement port  d iameter shal l  be  20  %  to  30  %  l arger than  the  effecti ve  aperture  
of the  LMD  lens.  Care  needs  to  be  taken  to  avoid  any d i rect l i gh t from  the  sources,  or any 
bright  reflections  off any surface  (other than  the  screen  i tse l f) ,  from  h i tti ng  the  lens  of the  
LMD  in  order to  m in im ise  vei l i ng  g lare  con tam ination  of the  reflected  l um inance  
measurement.  The  LMD  shal l  be  moved  back from  the  hole  so  that the  bri gh t wal ls  of the  
sphere  are  not vis ib le  to  the  LMD.  I n  add i tion ,  the  sample  port  d iameter wi l l  typ ical l y need  
to  be  l arger than  25  mm  in  order for the  l um inance meter’s  or spectrorad iometer’s  fie l d  of 
view to  be  complete l y contained  wi th in  the  sample  port.  

5)  The  measurement port shal l  be  bevel l ed  away from  the  l ens.  The  smal l  d iameter of the  
bevel  i s  toward  the  LMD,  and  the  l arge  d iameter on  the  i ns ide  of the  sphere.  

6)  The  spectral  i rrad iance  or i l l um inance  on  the  d i splay can  be  measured  us in g  a  wh i te  
d i ffuse  reflectance  s tandard  wi th  known  hem ispherica l  d i ffuse  spectra l  reflectance  factor 

ρstd(λ) ,  or the  photopical l y-weighted  (or lum inous)  hem ispherical  d i ffuse  reflectance  factor 

ρstd .  The  wh i te  d i ffuse  reflectance  standard  shal l  be  cal ibrated  under un i form  
hemispherical  d i ffuse  i l l um ination  i n  an  i n tegrati ng  sphere.  When  an  i n tegrating  sphere  
(configuration  A)  or hemisphere  is  used ,  the  wh i te  d i ffuse  reflectance  standard  shal l  be  
p laced  on  the  d isplay surface.  I f t  i s  the  th ickness  of the  wh i te  d i ffuse  reflectance  standard ,  

then  i t  sha l l  be  p laced  on  the  surface  at  a  d istance  of 5  ×  t  to  7  ×  t  from  the  measurement 
area.  The  wh i te  reflectance  standard  can  a lso  be  p laced  ad jacent to  and  in  the  same  
p lane  as  the  d isplay i f the  sphere  i l l um ination  i s  un i form  over that d istance.  I n  the  case  of 
the  sampl i ng  sphere,  the  spectral  i rrad iance  can  be  determ ined  by a  measurement of the  
i n terior sphere  wal l  ad jacent to  the  sample  port. [6]  The  hem ispherical  d i ffuse  spectral  
reflectance,  or the  l um inous  hem ispherical  d i ffuse  reflectance,  of the  i n terior sphere  wal l  
can  be  determ ined  by comparing  the  spectra l  rad iance  (or l um inance)  of the  wal l  wi th  that  

of a  ca l i brated  wh i te  d i ffuse  reflectance  standard  p laced  at the  sample  port ( i . e .  ρwal l=  ρstd  
×  (Lwal l /Lstd )) .  

7)  I f a  sampl ing  sphere  i s  used ,  the  d isplay measurement area  shal l  con tain  more  than  500  
d isp lay p ixels.  I t  i s  recommended  that the  sampl i ng  sphere  be  at l east th ree  times  l arger 
than  the  sample  port d iameter.  I f there  i s  a  s i gn i ficant  d is tance  between  the  d isp lay 
em i tti ng  surface  and  the  sample  port entrance,  then  the  s i ze  of the  sample  port may need  
to  be  i ncreased . [7]  

8)  The  i l l um inance  across  the  d isplay measurement area  shal l  vary l ess  than  ±5 %  from  the  
average.  

5.2.2 .4  Di rected  source  i l lumination  

Directional  i l l um ination  shal l  be  s imu lated  by an  i so lated  d i rected  source  (F igure  3)  a t  a  
defined  ang le  of i ncl ination  to  the  d isplay surface  normal ,  or ri ng  l i gh t (F igu re  4)  cen tred  about 
the  normal .  Th is  measurement shal l  be  performed  i n  a  dark room ,  wi th  a l l  poten tia l  reflective  
room  surfaces  having  a  matt  b lack coating .  L i gh t  from  the  i solated  d i rected  source  that  i s  
reflected  off the  d isplay i n  the  specu lar d i rection  can  be  col l ected  by a  l i gh t trap  to  m in im ize  
i ts  contribu tion  to  s tray l ight  contam ination .  The  isolated  d i rected  source  i s  the  preferred  
d i rected  source.  I f the  d isplay exh ib i ts  strong  asymmetric scatter (matrix scatter [8] ) ,  then  a  
ri ng  l i gh t  sha l l  be  used .  

1 )  Posi tion  the  LMD normal  (θd  =  0° )  to  the  d isp lay,  and  focus  on  the  d isp lay surface.  The  

isolated  d i rected  l i gh t source  is  a l i gned  in  the  same vertical  p l ane  (φs  =  90°)  as  the  d isp lay 
normal  and  LMD,  bu t at  an  i ncl ination  ang le  θs  from  the  horizon tal  p lane.  The  d istance  
between  the  d isplay and  d i rected  source  Cs  can  be  ad j usted  so  that the  l i gh t source  has  

an  angu lar subtense  of <  8°  for indoor applications,  or approximatel y 0 , 5°  angu lar subtense  
from the centre of the d isplay measurement area for outdoor appl ications.  For ri ng  l i gh t sources,  
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a  fi bre-optic  ri ng  l i gh t sha l l  be  used ,  wi th  an  em i tter angu lar subtense  of approximatel y 
0, 5°.  The  ri ng  l igh t em i tti ng  p lane  shal l  be  co-planar wi th  the  d isplay surface  and  cen tred  

about the  measurement area.  The  i ncl ination  of the  l i ght θs  can  be  set by ad j usting  the  

ri ng  l igh t working  d istance  to  the  d isplay.  The  cen tra l  clear aperture  of the  ring  l i gh t  shal l  
be  at  least 30  %  l arger than  the  effecti ve  aperture  of the  LMD  l ens.  Add i ti onal  
source/detector geometries  can  be  used ,  bu t shal l  be  noted  i n  the  ambient performance 
report.   

2)  The  reflected  l um inance  off the  d isp lay from  the  d i rected  source  shal l  be  much  greater 

(> 1 0)  than  the  l um inance  from  the  d isplay-generated  l i gh t.   

3)  The  spectral  i rrad iance  or i l l um inance  at  the  d isplay measurement pos i tion  can  be  
determ ined  by a  wh i te  d i ffuse  reflectance  s tandard  wi th  a  known  spectra l  reflectance  
factor or photopical l y weigh ted  (or l um inous)  reflectance  factor.  The  wh i te  d i ffuse  
reflectance  standard  shal l  be  p l aced  at the  same measurement pos i tion  as  the  d isplay,  
wh ich  may requ ire  the  d isplay to  be  moved  away for the  measurement of the  wh i te  d i ffuse  
reflectance  s tandard .  The  wh i te  d i ffuse  reflectance  standard  shal l  be  ca l ibrated  at the  
same source-detector geometry as  the  d isplay measurement.  For photometric  
measurements ,  the  wh i te  d i ffuse  reflectance  standard  shal l  be  ca l i brated  wi th  the  same 
source  spectra l  d is tribution  that i s  to  be  used  for the  con trast calcu lation .  The  type  of l i gh t  
source  used ,  and  i ts  correlated  colour temperature,  shal l  be  noted  i n  the  ambien t 
performance  report .  

4)  The  i l l um inance  across  the  d isp lay measurement area  shal l  vary l ess  than  ±5 %  from  the  
average.  The  d isplay may a l so  be  rotated  90°  wi th  the  l i ght source  i n  the  horizon tal  p l ane  
i n  F igure  3 .  

  

Figure 3  – Di rectional  source measurement geometry using  an  isolated  source   

 

Figure 4 – Di rectional  source measurement geometry using  a  ring  l ight source   
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5.3  Standard  setup  cond itions  

5.3. 1  General  

Standard  setup  cond i ti ons  are  g iven  be low.  Any deviations  from  these  cond i tions  shal l  be  
noted  in  the  ambien t performance report.  

5.3.2  Adjustment of OLED d isplay modu les  

The d isplay shal l  be  measured  at  i ts  factory defau l t  settings.  I f other setti ngs  are  used ,  they 
shal l  be  noted  i n  the  test  report.  These  settings  shal l  be  held  constan t for a l l  measurements,  
un less  s tated  otherwise.   

5.3.3  Starting  cond itions  of measurements  

Measurements  shal l  be  started  after the  OLED  d isplay modu les  and  measuring  i nstruments  
ach ieve  s tabi l i ty.  Sufficient  warm-up  time  has  to  be  a l lowed  for the  OLED  d isplay modu les  to  

reach  a  l um inance  stabi l i ty l evel  of l ess  than  ±5 %  over the  en ti re  measurement for a  g i ven  
d isp lay image.  

5.3.4  Cond itions  of measuring  equ ipment  

The  measuring  cond i tions  shal l  comply wi th  the  fo l lowing  cond i ti ons:  

1 )  The  standard  measurement setup  i s  shown  i n  F igure  5.  The  LMD  shal l  be  a  l um inance 
meter,  or a  spectrorad iometer capable  of measuring  spectral  rad iance  over at l east the  
380  nm  to  780  nm  wavelength  range,  wi th  a  maximum  bandwid th  of 1 0  nm  for smooth  
broadband  spectra.  For l igh t sou rces  that  have  sharp  spectral  features,  l i ke  LEDs and  

fluorescent l amps,  the  maximum  bandwid th  shal l  be  < 5 nm .  The  spectra l  bandwid th  of the  
spectrorad iometer shal l  be  an  i n teger mu l tiple  of the  sampl ing  in terval .  For example,  a  
5  nm  sampl i ng  in terval  can  be  used  for a  5  nm  or 1 0  nm  bandwid th .  

Care  shal l  be  taken  to  ensure  that the  LMD  has  enough  sensi ti vi ty and  dynam ic range  to  
perform  the  requ ired  task.  The  measured  LMD  s ignal  sha l l  be  at  l east ten  times  greater 
than  the  dark l evel  of the  LMD.  

2)  The  l i ght-measuring  device  shal l  be  focused  on  the  image  p lane  of the  d isplay and  a l i gned  
perpend icu lar to  i ts  surface,  un less  stated  otherwi se.   

3)  The  re lative  uncertain ty and  repeatabi l i ty of a l l  the  measuring  devices  shal l  be  main tained  
by fol l owing  the  i nstrument suppl ier’s  recommended  cal i bration  schedu le.  

 

Figure 5  – Layout d iagram  of measurement setup 

4)  The  LMD  i n tegration  time shal l  be  an  i n teger number of frame  periods,  synchron ized  to  
the  frame rate,  or the  i n tegration  time shal l  be  greater than  200  frame periods.  
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5)  When  measuring  matrix d isplays,  the  l i ght  measuring  devices  shal l  be  set  to  a  
measurement fiel d  that i ncludes  more  than  500  p ixels .   I f smal l er measurement areas  are  
necessary,  equ ivalence  to  500  p ixels  shal l  be  confi rmed .  

6)  The  standard  measuring  d istance  lxo  i s  2 , 5  ×  V ( for V ≥ 20  cm)  or 50  cm  (for V < 20  cm),  
where  V i s  the  heigh t of the  d isplay acti ve  area,  or the  shorter d imension  of the  acti ve  
area.  The  measuring  d istance  shal l  be  noted  i n  the  ambient performance report.  

7)  The  angu lar aperture  shal l  be  l ess  than  or equal  to  5° ,  and  the  measurement fie ld  ang le  
shal l  be  less  than  or equal  to  2°  (F igure  5) .  The  measuring  d istance  and  the  aperture  
ang le  may be  ad j usted  to  ach ieve  a  measuring  fi e ld  g reater than  500  p ixels  i f setti ng  the  
above  aperture  ang le  is  d i fficu l t.  

8)  D isplay modu les  shal l  be  operated  at the ir design  frame frequency.  When  us ing  separate  
d riving  s ignal  equ ipment to  operate  a  panel ,  the  d ri ve  cond i tions  shal l  be  noted  i n  the  
ambien t performance report.  

6 Visual  inspection  of static images  

6.1  General  

I n  recen t  years,  efforts  have  been  made  to  u ti l i ze  au tomated  mach ine  vis ion  i nspection  as  a  
means  of detecting  visual  defects ,  bu t  at  the  present t ime a  rigorous  system  to  connect  the  
human  phys iolog ical  response to  the  measured  quanti ti es  i s  not complete  for a l l  cl asses  of 
defects.  Therefore,  human  visual  i nspection  and  comparison  against  l im i t  samples  remain  the  
most un iversal  system  for g rad ing  and  classi fi cation  of visual  defects .  For purposes  of 
communicati ng  fa i l u re  modes  and  setti ng  speci fication  cri teria,  a  standard  classi fication  
scheme and  measurement method  for visual  i nspection  of OLED d isplay panels  and  modu les  
is  needed .    

6.2  Classification  of visible  defects  

6.2. 1  General  

To a id  in  commun icating  and  speci fying  visual  defects,  as  wel l  as  i n  determ in ing  fa i lu re  
modes,  i t  i s  usefu l  to  speci fy a  cl ass i fication  scheme for visual  defects.  F i gure  6  depicts  a  
cl assi fication  scheme.  There  are  two  general  types  of defects :  those  that  depend  on  the  
e lectro-optical  response  and  those  that are  mechan ical  i n  ori g i n .  E lectro-optical  defects  are  
ordered  from  top  to  bottom  based  on  the  clari ty of the  defect edge  typical l y observed .  
Mechan ica l  defects  general l y orig inate  from  process  damage or contam ination .  

 

Figure 6  – Classification  of vis ible  defects  

6.2.2  Reference  examples  for subpixel  defects  

Figu re  7a)  provides  an  example  of one  bright  subpixel  defect of red ,  green  and  b l ue,  
respectivel y.  I t  shou ld  be  understood  that the  defect  des ignations  described  here  appl y to  
other subpixel  arrangements  that may be  contemplated  (for example  i nclusion  of a  wh i te  
subpixel ) .  F igure  7b)  shows  examples  of two ad jacent  bright  subpixel  defects  connected  or 
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d isconnected  in  hori zon ta l  and  vertica l  orientation .  F i gure  7c)  shows  examples  of three  
ad jacent bri gh t subpixel  defects  connected  i n  hori zon tal  and  vertical  orientations.  

 

Figure  7a)  – S ing le  brigh t subpixel  defect  

 

Figure  7b)  – Two ad jacent bri ght subpixel  defects  

 

Figure  7c)  – Three  ad jacent bright subpixel  defects  

Figure 7  – Bright subpixel  defects  

I f mu l ti p le  subpixel  defects  are  separated  by a  d istance  that  i s  greater than  or equal  to  a  
speci fied  d istance  ds ,  they are  class i fied  as  i nd ividual  subpixel  defects.  I f they occur wi th in  a  
speci fied  d istance  ds,  they are  class i fied  as  a  close  (or cluster)  subpixel  defect.  F igure  8a)  
and  F igure  8b)  depict  the  cri teria  for class i fying  brigh t  and  dark subpixel  defects ,  respectivel y.  
The  speci fied  d istance  ds  i s  compared  to  the  actual  d istance  d between  two bri gh t  or dark 
subpixels .  Note  that the  speci fied  d istance  ds  appl ies  to  the  separation  between  subpixels  

a long  any d i rection .  
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Figure  8a)  – Bright subpixel  cri teria  for clustered  defect classi fi cation  

 

Figure  8b)  – Dark subpixel  cri teria  for clustered  defect classi fication  

Figure 8  – Cri teria  for classi fying  bright and  dark subpixel  defects  

6.2.3  Reference  example  for l ine  defects  

Line  defects  are  eviden t as  horizon ta l  or vertical  brigh t or dark l i nes  extend ing  partia l l y or fu l l y 
across  the  image.  F igure  9  depicts  an  image  wi th  several  bri gh t and  dark l i ne  defects .   

 

Figure 9  – Bright and  dark l ine  defects  

6.2.4  Reference  example  for mura  defects  

Mura  defects  comprise  reg ions  of l um inance and  colour non-un i form i ty that  general l y vary 
more  gradual l y than  subpixel  l evel  defects.  The  vis ibi l i ty of such  defects  is  s trong l y dependen t 
on  the  length  scale  of the  defect as  wel l  as  the  l ocal  peak-to-peak l um inance  variation .  Such  
features  are  vis ib le  for l um inance  variations  as  l ow as  1  %  to  2  % .  Typical l y the  m in imum  

wid th  or he ight of such  features  i s  ∼0, 5  mm  to  2  mm.   

An  example  of a  l i ne  mura  is  i l l ustrated  in  F igure  1 0 .  Nonun i form  l i nes  run  across  the  d isplay 
when  an  image of a  un i form  wh i te  background  i s  rendered  on  the  d isp lay.  
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Figure 1 0  –Sample  image of l ine  mura  

Nonun i form  lum inance  variations  wi th  l im i ted  exten t  in  both  wid th  and  heigh t  are  classi fied  as  
spot mura.  An  example  of a  spot  mura  i s  i l l ustrated  i n  F igure  1 1 .  L i ne  mura  or spot mura  
defects  that exh ibi t  a  nonun i form i ty i n  colour as  wel l  as  lum inance are  class i fi ed  as  colour 
mura.  

 

Figure  1 1  – Example  of spot mura  

6.3  Visual  i nspection  method  and  cri teria  

6.3. 1  Standard  inspection  conditions  

6.3. 1 . 1  Environmental  cond itions  

Un less  stated  otherwise,  the  standard  envi ronmental  cond i tions  for visual  inspection  wi l l  be  
used .  

6.3. 1 .2  Ambient l ighting  condi tions  for visual  inspection  

Un less  stated  otherwise,  the  standard  ambient  l i gh ting  cond i tions  for visual  i nspection  shal l  
be  used .  Any deviation  from  these  cond i tions  shal l  be  noted  i n  the  visual  inspection  report.  

I t  i s  recogn ized  that  speci fic  ambient  l igh ti ng  cond i ti ons  may depend  on  the  i nspection  
purpose  or i n tended  appl ication  use  for the  OLED  d isplay panels  or modu les  even  though  
such  cond i ti ons  may not  be  optimal  for i nspector comfort or sens i ti vi ty to  defects .  Any 
deviation  from  the  s tandard  room  l i gh ting  cond i ti ons  shal l  be  noted  i n  the  visual  i nspection  
report  and  shal l  i nclude  measurement of the  i l l um inance  normal  to  the  d isplay surface,  
average  ambien t i l l um inance of the  i nspector work area  (as  described  i n  5. 2. 2 . 1 )  and  any 
other detai ls  re levant to  the  appl ication  environment such  as  the  use  of a  dark room  
environment or d i rect i l l um ination  sources.   

L ighti ng  cond i ti ons  shal l  be  main tained  during  the  i nspector’s  session  and  from  inspector to  
i nspector.  I nspectors  shou ld  adapt to  the  l ighti ng  cond i ti ons  for a  period  of 1 0  m in  prior to  
beg inn ing  an  i nspection  session .  
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6.3. 1 .3  Visual  cond itions  

6.3. 1 .3. 1  Viewing  d i rection  

Visual  i nspection  shal l  be  conducted  nom inal l y viewing  the  d isplay at normal  i ncidence  un less  
otherwise  stated .  

6.3. 1 .3.2  Viewing  d istance  

The  d istance  between  the  OLED d isplay panel  or modu le  and  the  i nspector’s  eyes  shal l  be  
noted  i n  the  visual  i nspection  report.  A visual  acu i ty of 1 , 0  corresponds  to  an  ab i l i ty of the  
i nspector to  resolve  features  of 0 , 3  mrad  (1  m inu te  of arc)  spacing .  An  optimal  viewing  
d istance,  Dopt,  correspond ing  to  twice  the  d istance  at  wh ich  i nd ividual  subpixels  are  resolved  

is  recommended :  Dopt  =  2  ×  L  /  0 , 3  mrad ,  where  L  i s  the  horizon tal  d istance  between  
subpixels .  For example,  a  2 , 2- inch  (56  mm)  d iagonal  QVGA (320  p ixels  x   240  p ixels)  d isplay 

wi th  ~50  µm  subpixel  wid th  is  recommended  to  be  viewed  at 330  mm.  For a  37- inch  (940  mm) 
d iagonal  fu l l  HD  d isp lay (1  920  p ixels  ×  1  080  p ixels)  wi th  1 40  µm  subpixel  wid th ,  the  
recommended  viewing  d i stance  i s  950  mm.  The  m in imum  viewing  d istance  shal l  be  300  mm.  

6.3. 1 .4  Human  inspection  

The  i nspector shal l  have  normal  colour vis ion  and  visual  acu i ty (corrected  to)  ≥ 1 , 0  in  decimal  
notation  as  determ ined  by a  qual i fied  eye  care  professional  or physician  us ing  methods  
cons isten t wi th  those  defined  by the  I n ternational  Counci l  on  Oph thalmology. [9 ] , [1 0]  For 
colour vis ion ,  the  I sh ihara  test i s  recommended  and  for visual  acu i ty the  Snel len  test or 
Landol t  C  test i s  recommended .  

6.3. 1 .5  Electrical  driving  cond i tion  

6.3. 1 .5. 1  Driving  cond i tion  of OLED  d isplay panels  or modules   

The value  of the  d riving  vol tage  shal l  be  suppl ied  i n  the  speci fication  of OLED  d isplay panels  
or modu les.   

6.3. 1 .5.2  Test pattern  

The test  patterns  to  be  used  for visual  i nspection  shal l  i ncl ude  fu l l  screen  patterns  wi th  0  % ,  
1 0  %  to  30  % ,  and  1 00  %  grey l evel  depend ing  on  appl ication  requ irements.  Test  patterns  for 
s i ng le  colour channels  or monochrome d isplays  shal l  i nclude  fu l l  screen  patterns  of a l l  colour 
subpixels  or dots  (e . g .  red ,  green ,  b l ue ,  or wh i te)  wi th  0  %,  1 0  %  to  30  %,  and  1 00  %  grey 
l evel  for each  respective  colour channel  depend ing  on  appl ication  requ i rements .  The  grey 
l evel  of the  fu l l  screen  pattern  shal l  be  speci fi ed  in  the  deta i led  speci fication .  

6.3.2  Standard  inspection  method  

6.3.2 . 1  Setup  the  inspection  equ ipment and  OLED  d isplay panels  or modu les  

The DUT wi l l  be  i nsta l led  on  a  fixture  rotati ng  the  horizon tal  and  vertica l  viewing  ang le .  Turn  
on  the  d i rect  curren t  power supply and  pattern  generator.  Suppl y the  d riving  curren t  and  
pattern  to  the  OLED d isplay panel  or modu le  as  speci fied  for each  defect  i nspection .  

The  area  su rround ing  the  d isplay subtend ing  an  ang le  of 70°  from  the  posi tion  of the  i nspector 
shal l  be  made  of a  l i gh t-absorbing  d i ffuse  materia l  to  con trol  ambient l i gh t scattering  i n to  the  
visual  fi el d  of the  i nspector as  shown  i n  F igure  1 2.   
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Figure 1 2  – Setup  cond i tion  for visual  i nspection  of e lectro-optical  visual  defects  

6.3.2 .2  Inspection  method  for e lectro-optic defects  

A fu l l  screen  b lack test  pattern  (0  %  grey l evel ,  d isplay in  turned-on  s tate)  i s  appl ied  to  
i nspect for bri gh t  subpixel  defects .  

A fu l l -screen  test pattern  of between  1 0  %  to  30  %  grey level  i s  appl ied  to  inspect for mura  
defects .  A grey level  of 1 0  %  shal l  be  used  un less  otherwise  speci fied  i n  the  deta i led  
speci fication .  The  l um inance  level  shal l  be  recorded  in  the  visual  i nspection  report.  Observed  
defects  shal l  be  compared  against  l im i t samples.   

A test pattern  of fu l l  screen  wh i te  (1 00  %  grey l evel )  i s  appl ied  to  inspect for dark subpixel  
defects .  

For colour d isplays,  and  i f speci fied  i n  the  detai l ed  speci fication ,  test  patterns  for i nd ividual  
co lour channels  may be  appl ied  to  i nspect for and  clari fy the  nature  of subpixel  and  mura  
defects .  

Observed  defects  shal l  be  recorded  i n  the  visual  i nspection  report.  

6.3.2 .3  Inspection  method  for mechan ical  defects  

Side  i l l um ination  of the  d isplay using  edge  l i ghting  (as  shown  in  F igure  1 2)  wi th  an  average  

i l l um inance of >  500  lx  over the  d isp lay area,  measured  normal  to  the  d isp lay surface  over the  
area  of the  d isplay,  i s  the  preferred  cond i ti on  for i nspection  of mechan ica l  defects.  I nspection  
of mechan ical  defects  shal l  be  conducted  over a  wide  range  of viewing  d i rections.  Care  shal l  
be  taken  to  b lock d i rect  viewing  of the  l i ght  source  by the  i nspector.   

Two  test  patterns  shal l  be  appl ied  for mechan ical  defect i nspection :  a  fu l l  screen  b lack s i gnal  
(0  %  grey l evel )  to  detect  vis ib le  defects  i n  fi lms  and  coatings  wh ich  scatter i nciden t l igh t  and  
a  fu l l  screen  wh i te  s i gnal  (1 00  %  grey l evel )  to  detect mechan ica l  defects  that occlude  a  
portion  of the  d isplay area.  For the  fu l l  screen  wh i te  pattern ,  edge  l i gh ting  shal l  be  turned  off.  

The  i nspector shal l  record  observations  and  classi fication  of mechan ica l  defects  i n  the  visual  
i nspection  report.  

6.3.2 .4  Inspector and  l imit  sample  for visual  inspection   

The  i nspector shal l  be  period ical l y tra ined  by a  qual i fi ed  person  wi th  a  document of the  
speci fied  procedures  and  l im i t  samples  for visual  i nspection .  L im i t  samples  shal l  be  
main ta ined  by a  qual i fi ed  person  to  ensure  effecti veness.   

θ  ≥  70°  

 
I nspector 

Di splay 

L i gh t-absorbing  
surround  

Baffl e  

Edge  l i gh t  
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6.3.2 .5  Inspection  and  record  of resu l t  

The  i nspector shal l  record  the  resu l ts  of each  test i n  the  visual  inspection  report.  

6.3.3  Inspection  cri teria  

6.3.3. 1  Bright  subpixel  defects  

The maximum  number of each  bright defect sha l l  be  speci fied  i n  the  speci fication .  

Partia l  subpixel  (any colour)  Speci fied  i n  the  detai l  speci fication   

Subpixel  (any colour)  Speci fied  i n  the  detai l  speci fication   

Clustered  subpixels  Speci fied  i n  the  deta i l  speci fication   

Total  number of brigh t subpixels  Speci fied  i n  the  deta i l  speci fication  

6.3.3.2  Dark subpixel  defects  

The maximum  number of each  dark defect shal l  be  speci fied  i n  the  speci fication .  

Partia l  subpixel  (any colour)  Speci fied  i n  the  deta i l  speci fication  

Subpixel  (any colour)  Speci fied  i n  the  detai l  speci fication  

Clustered  subpixels   Speci fied  i n  the  detai l  speci fication  

Tota l  number of dark subpixels  Speci fied  i n  the  detai l  speci fication  

6.3.3.3  Unstable  subpixel  

No unstable  subpixel  defects  are  a l l owed .   

6.3.3.4  Bright  l ine  defect  

No bright  l i ne  defects  such  as  vertica l ,  hori zon tal  or cross  are  a l l owed .  

6.3.3.5  Dark l ine  defect  

No dark l i ne  defects  such  as  vertica l ,  hori zontal  or cross  are  a l lowed .  

6.3.3.6  Mura 

A l im i t  sample  provid ing  a  variation  in  l um inance or colour of various  classi fications  of mura  
defects  provides  a  reference  for acceptable  mura  defects.  The  l im i t sample  shal l  exh ibi t  the  

same average l um inance  as  the  DUT wi th in  ±  20  %.  Colour mura  l im i t samples  shal l  exh ib i t  
the  same chromatici ty coord inates  averaged  over the  d isplay area  as  the  DUT wi th in  

∆u’v’< 0, 006  as  defined  i n  CIE  1 5: 2004.  Al l  the  types  of mura  defects  exceed ing  the  l im i t  

sample  shal l  be  recorded  i n  the  visual  i nspection  report.   

6.3.3.7  Mechan ical  defects  

The scratch ,  dent,  fore ign  materia l ,  and  bubble  defect  cri teria  are  defined  in  Table  1  and  
F igu re  1 3 .  The  symbols  a  and   b  i nd icate  the  major and  m inor axes  of the  defect.  
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Table  1  – Defin i tions  for types  of scratch  and  dent defects  

Defect  Cri teria  

Scratches  Li near (  a > 2b)  
m in imum  ≤  wi d th  [mm ]  ≤  maximum ,  m in imum  ≤  l eng th  [mm]  ≤  maximum,  

N (number of defects)  ≤ maximum  

Dent  
E l l i pti cal  (  a 

≤  2b )  
m i n imum  ≤  average  d iameter,  (a+b)/2  [mm]  ≤  maximum,   

N (number of defects)  ≤  maximum  

Fore ign  
materia l s  

 
m in imum  ≤  a  (major axi s)[mm]  ≤  maximum,  

N (number of defects)  ≤  maximum  

Bubbl e   
m in imum  ≤  a  (major axi s)[mm]  ≤  maximum,  

N (number of defects)  ≤maximum  

NOTE  1  Extraneous  substances  wh ich  can  be  wiped  off,  l i ke  fi nger pri n ts ,  parti cl es,  etc.  are  not  considered   
as  a  defect.  

NOTE  2  Defects  wh ich  are  on  the  b l ack matri x (ou ts ide  of the  acti ve  area)  are  not  considered  defects .  

 

 

Figure  1 3  – Shape of scratch  and  dent defect  

7 Electro-optical  measuring  methods  under ambient i l lumination  

7. 1  Reflection  measurements   

7. 1 . 1  Purpose  

The purpose  of th is  method  is  to  measure  the  reflection  properties  of an  OLED  d isplay modu le  
under defined  indoor or dayl i gh t i l l um ination  cond i tions .  I f the  OLED exh ibi ts  s ign i ficant PL,  
the  PL  wi l l  a lso  be  i ncorporated  in to  the  reflection  coefficient.  I n  that  case,  th is  measuring  
method  i s  on l y val i d  when  the  same i l l um ination  spectral  d is tribu tion  i s  used  to  ca lcu late  the  
ambien t contrast  ratio  and  colour.   

7. 1 .2  Measuring  conditions  

1 )  Apparatus:  A d ri vi ng  power source,  a  d ri ving  s i gnal  equ ipment,  an  in tegrating  sphere,  
sampl i ng  sphere,  or hem isphere,  and  a  d i rectional  l i gh t source  shal l  be  used .  For spectra l  
measurements ,  a  spectrorad iometer that  can  measure  l um inance  and  spectral  rad iance  is  
needed  as  wel l  as  a  wh i te  d i ffuse  reflectance  s tandard  wi th  known  hem ispherical  d i ffuse  
spectral  reflectance  and  d i rected  spectral  reflectance  factor cal ibrated  for the  in tended  
measurement geometry.  For photometric  measurements ,  a  detector i s  requ ired  that can  
measure  l um inance  as  wel l  as  a  wh i te  d i ffuse  reflectance  standard  wh ich  i s  requ i red  wi th  
known  l um inous  hem ispherical  d i ffuse  reflectance  and  d i rected  reflectance  factor 
cal i brated  for the  i n tended  measurement geometry and  source  spectra.  

2)  I l l um inance  cond i ti on :  

The  standard  ambient i l l um ination  cond i tions  for an  i ndoor room  and  clear sky dayl i gh t  
shal l  be  used .  Add i ti onal  i l l um ination  cond i tions  may a lso  be  used ,  depend ing  on  the  
appl ication .  

3)  Except for the  s tandard  ambient i l l um ination  cond i ti ons,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  
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7. 1 .3  Measuring  the  hemispherical  d i ffuse  reflectance  

1 )  P lace  the  d isplay in  an  i n tegrati ng  sphere  or against the  sample  port of a  sampl ing  sphere,  
as  ind icated  i n  F igu re  2 .  Turn  ON  the  i n tegrati ng  sphere  or sampl ing  sphere  hem ispherical  
d i ffuse  i l l um ination  to  the  des ired  CCT.  Al low the  l i gh t source  to  stabi l i ze.  

NOTE  1  Any change  i n  sphere  i l l um inance  can  be  mon i tored  by a  photopic detector attached  to  the  sphere.  

2)  Set the  test i nput  s ignal  to  the  d isp lay to  generate  a  fu l l  screen  colou r Q.  For natural  static 

image  and  video appl ications,  a  4  %  area  window at a  1 00  %  grey l evel  may a l so  be  used  
to  characterize  the  contrast  ratio,  or a  variety of d isplay colours  can  be  measured  wi th  the  
4  %  window to  determ ine  the  colour gamut.  The  4  %  window shal l  be  1 /5  the  wid th  and  
height d imensions  of the  acti ve  area,  and  l ocated  i n  the  cen tre  of the  d isplay.  A contrast 
ratio  measured  wi th  a  smal l  area  window wi l l  be  referred  to  as  a  h i gh l i ght  con trast ratio.  
The  test report shal l  note  when  a  h i gh l i ght  measurement is  used .   

3)  Al ign  the  LMD through  the  measurement port,  focused  at the  centre  of the  d isp lay,  and  at 
an  8°  to  1 0°  ang le  to  the  d isplay surface  normal .  Turn  the  room  l igh ts  OFF.  Measure  the  
spectral  rad iance  LQ, hem i -ON(λ)  or l um inance  LQ,hem i -ON  at  the  cen tre  of the  coloured  
pattern  wi th  the  hem ispherical  su rround  ON .  For spectral  measurements,  the  d isplay 
l um inance LQ,hem i -ON  can  be  ca lcu lated  us ing  Equation  (1 ) :   

 ∫=
λ

λλλ dVLL )()(683  (1 )  

where  V(λ)  i s  the  photopic l um inous  efficiency function  as  defined  i n  CIE  1 5: 2004.  

NOTE  2  I n  th i s  document,  spectral  measu rements  l i ke  spectral  rad iance  wi l l  be  speci fi cal l y  i den ti fi ed  by thei r 
wavel ength  dependence  (e. g .  LQ,hem i -ON(λ ) ),  whereas  thei r photometri c  equ i valent  l um inance  wi l l  h ave  no  
exp l i ci t  wavel ength  dependence  (e. g .  LQ,hem i -ON).   

4)  Al ign  the  LMD to  the  cen tre  of the  cal i brated  wh i te  d i ffuse  reflectance  standard  and  
measure  i ts  spectral  rad iance  SQ,hem i -ON(λ)  or l um inance SQ, hem i -ON  wi th  the  
hem ispherical  surround  ON  and  the  d isplay i n  i ts  colour state  Q.  For the  sampl i ng  sphere  
case,  the  SQ, hem i -ON(λ)  or SQ,hem i -ON  i s  the  spectral  rad iance  and  l um inance,  respectivel y,  
measured  from  the  sphere  wal l  ad jacent  to  the  sample  port.  

5)  Turn  OFF  the  i n tegrati ng  sphere  or sampl ing  sphere  hem ispherical  d i ffuse  i l l um ination .  
Th is  may be  accompl ished  by tu rn ing  off the  l i gh t source.  I f the  sphere  l i gh t i s  input by a  
portable  source  ( l ike  an  optical  fi bre  bund le),  then  the  l i gh t can  be  turned  OFF  by 
d isconnecting  at the  l igh t source  end  so  that the  i n terior cond i tions  and  performance of 
the  sphere  are  not changed .  

6)  Measure  the  spectral  rad iance  SQ, hem i -OFF(λ)  or l um inance  SQ,hem i -OFF  of the  reflectance  
standard ,  or sampl ing  sphere  wal l ,  wi th  the  surround  OFF  and  the  d isplay i n  i ts  colou r 
state  Q.  

7)  Al ign  the  LMD to  the  cen tre  of the  d isplay.  Measure  the  screen  spectral  rad iance  LQ, hem i -

OFF(λ)  or l um inance LQ,hem i -OFF  i n  the  cen tre  of the  d isplay wi th  the  d i ffuse  surround  OFF.  

8)  Calcu late  the  hem ispherical  d i ffuse  spectral  reflectance  ρQ(λ) ,  or l um inous  hem ispherica l  

d i ffuse  reflectance  ρQ ,  of the  colour Q  d isplay pattern  for the  measured  
i l l um ination/detection  geometry.   

For spectra l  measurements ,  the  fol l owing  re lation  is  used :  

 ( ) ( )
( ) ( )[ ]
( ) ( )[ ]λλ

λλ
λρλρ

 OFF-hemi Q, ON-hemi Q,

OFFhemiQ,ONhemiQ,
stdQ SS

LL

-

- --=  (2)  

where  ρstd(λ)  i s  the  known  hem ispherical  spectral  reflectance  for the  wh i te  d i ffuse  

reflectance  s tandard ,  or sampl ing  sphere  wal l ,  i n  the  same  geometry.  The  lum inous  

hem ispherical  d i ffuse  reflectance  ρQ  of a  d isp lay rendering  colour Q  u nder the  des ired  
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hem ispherical  d i ffuse  i l l um ination  spectra  i s  determ ined  us ing  the  spectra l  reflectance  

factor ρQ(λ)  i n  the  fol lowing  equation :  

 

( ) ( ) ( )

( ) ( )∫

∫
=

λ

λ
λλλ

λλλλρ

ρ
dVE

dVE

CIE

CIEQ

Q  (3)  

where  ECIE(λ)  i s  the  relati ve  spectral  d istribu tion  of the  des i red  i l l um ination .  The  spectral  

d istribu tions  of CI E  I l l um inants  A,  D65,  D50  and  D75  tabu lated  i n  CIE  1 5: 2004  shal l  be  
used .  I f add i tional  dayl i gh t  i l l um inants  are  des i red ,  the  fol lowing  re lation  from  CIE  1 5: 2004  
shal l  be  used :  

 ( ) ( ) ( ) ( )λλλλ 22110CIE EMEMEE ++=  (4)  

where  the  E0 ,  E1 ,  and  E2  e i genfunctions  are  tabu lated  i n  CI E  1 5: 2004,  and  M1  and  M2  are  
e igenvalues  defined  i n  the  same document.  For example,  M1  and  M2  are  g i ven  i n  Table  2  

for the  case  of D50  and  D75.  

Table  2  – E igenvalues  M1  and  M2  for C IE  dayl ight I l luminants  D50  and  D75  

Eigenvalues  
Correlated  colour temperature  

5  000  K 7  500  K 

M
1
 –1 , 040  1  0 , 1 43  58  

M
2
 0 , 366  66  –0, 759  93  

 

For l um inance  measurements,  the  photometric  equ ivalen t of Equation  (2)  i s  used :  

 
[ ]
[ ] OFF-hemi Q, ON-hemi Q,

OFFhemiQ,ONhemiQ,
stdQ SS

LL

-

- --= ρρ  (5)  

However,  the  l um inous  hem ispherical  d i ffuse  reflectance  ρQ  of the  d isplay wi th  a  screen  

colour Q,  and  the  wh i te  d i ffuse  reflectance  standard  ρstd ,  shal l  on l y be  used  for 
hem ispherical  d i ffuse  l i gh t  sources  wi th  the  same geometry and  spectral  d is tribution  as  
that  used  i n  th is  measurement.  Therefore,  any ambient con trast ratio  or colour ca lcu lation  

us ing  the  lum inous  hem ispherical  d i ffuse  reflectance  ρQ  determ ined  by the  photometric  

method  i n  Equation  (5)  i s  on l y val id  for l i gh t sources  wi th  s im i l ar spectra  and  geometry.  

To  ensure  measurement i n tegri ty,  the  reflected  componen t of the  sphere  i l l um ination  shal l  

be  much  g reater than  the  d isplay em iss ion  ( i . e .  LQ,hem i -ON(λ)>>LQ, hem i -OFF(λ) ) .  The  same 

appl ies  for the  photometric equ iva len ts  i n  Equation  (5) .  

9)  Report  the  CCT of the  d isplay test  i l l um ination ,  ρQ ,  the  detector parameters  ( i nciden t  
ang le,  measurement fi e ld  ang le,  and  d istance  to  sample)  and  i l l um ination  source  
geometry used  i n  the  measurements  i n  the  test  report.  

7. 1 .4  Measuring  the  reflectance  factor for a  d i rectional  l ight  source   

1 )  Al ign  the  LMD perpend icu lar to  the  d isplay.  

2)  Set the  test i nput  s ignal  to  the  d isplay to  generate  a  fu l l  screen  colour Q.  For natural  static 
image,  video  appl ications,  or l arge  screens,  a  4  %  area  window at a  1 00  %  and  0  %  grey 
l evel  may a lso  be  used  to  characterize  the  h igh l i gh t  con trast  ratio,  or a  variety of d isp lay 
colours  can  be  measured  wi th  the  4  %  window to  determ ine  the  colour gamut.  The  4  %  
window shal l  be  1 /5  the  wid th  and  he ight  d imensions  of the  acti ve  area,  and  l ocated  i n  the  
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cen tre  of the  d isplay.  The  ambien t performance report  shal l  note  when  a  h igh l ight  
measurement is  used .   

3)  Measure  the  spectral  rad iance  LQ(λ) ,  or l um inance  LQ ,  a t the  centre  of the  colour pattern  
under dark room  cond i ti ons.  For spectral  measurements,  the  d isplay l um inance LQ  can  be  
calcu lated  us ing  Equation  (1 ) .  

4)  Posi tion  the  d i rected  source  i n  the  geometry defined  for i ndoor or dayl i gh t i l l um ination  
cond i tions.  I n  general ,  the  isolated  d i rected  source  geometry shal l  be  used ,  un less  the  
d isplay exh ib i ts  s trong  matrix scatter.  Turn  ON  the  d i rected  l i ght  source  at the  desi red  
CCT,  and  wai t  for the  l i ght  source  to  s tabi l i ze.  Ad just  the  source  in tensi ty so  that the  l i ght 
reflected  off the  d isplay produces  a  strong  s ignal  at the  LMD.   

5)  Measure  the  spectral  rad iance  LQ,d i r(λ)  or the  l um inance  LQ,d i r  from  the  centre  of the  
em i tti ng  d isplay wi th  d i rected  source  i l l um ination  ON .  For spectral  measurements ,  the  
l um inance LQ, d i r  from  the  d isplay wi th  d i rect i l l um ination  can  be  ca lcu lated  us ing  
Equation  (1 ) .  

To  ensure  measurement i n tegri ty,  the  d isplay ambient  spectral  rad iance  wi th  the  d i rected  
source  ON  shal l  be  much  greater than  the  d isplay spectra l  rad iance  i n  a  dark room  ( i . e.  

LQ,d i r(λ)  >>  LQ (λ) ) .  The  same appl ies  for the  photometric equ ivalents.   

6)  Remove  the  d isplay and  p lace  the  wh i te  d i ffuse  reflectance  standard  i n  the  same 
measurement p lane  as  the  LMD.  

7)  Measure  the  spectra l  rad iance  Sd i r(λ)  or l um inance  Sd i r  from  the  cal ibrated  wh i te  d i ffuse  
reflectance  s tandard .  For spectral  measurements,  the  spectral  i rrad iance  Ed i r(λ)  on  the  
wh i te  d i ffuse  reflectance  standard  (and  consequen tl y the  d isplay)  can  be  determ ined  by 

us ing  Equation  (6) ,  wi th  E(λ)=Ed i r(λ) ,  L(λ)=Sd i r(λ) ,  and  where  R(λ)=Rstd  (λ)  i s  the  known  

spectral  reflectance  factor for the  wh i te  d i ffuse  reflectance  standard  i n  the  same geometry:   

 ( ) ( )
( )λ
λπ

λΕ
R

L
=  (6)  

The  i l l um inance EV  can  be  obta ined  from  the  spectral  i rrad iance  E(λ)  by:  

 ( ) ( ) λλλΕΕ
λ

dV∫= 683V  (7)  

where  for the  d i rected  source  case,  the  d isplay i l l um inance  EV =  Ed i r  i s  obtained  from  
E(λ)  =  Ed i r  (λ) .  For photometric  measurements,  an  analogous  re lation  to  Equation  (6)  i s  
used  to  calcu late  the  i l l um inance  Ed i r.   

8)  Calcu late  the  spectral  reflectance  factor RQ (λ) ,  or l um inous  reflectance  factor RQ ,  of the  

colour d isplay pattern  wi th  d i rectional  i l l um ination  for the  measured  i l l um ination /detection  
geometry.   

For spectral  measurements ,  the  spectral  reflectance  factor RQ (λ)  i s  determ ined  us ing  the  

fol lowing  equation  [2] :  

 ( )
( ) ( )

( ) ( )
( ) ( )

( )λ
λλ

λ
λΕ

λλ
πλ

dir

Qdir,Q
std

dir

Qdir,Q
Q

S

LL
R

LL
R

-
=

-
=  (8)  

The  fo l l owing  equation  shal l  be  used  to  ca lcu late  the  l um inous  reflectance  factor RQ  for a  
colour Q  d isplay pattern  under d i rectional  i l l um ination  having  the  des ired  spectra l  

d istribu tion :  
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( ) ( ) ( )

( ) ( )∫

∫
=

λ

λ
λλλ

λλλλ

dVE

dVER

R

CIE

CIEQ

Q  (9)  

where  ECIE(λ)  i s  the  re lati ve  spectra l  d istribution  for the  desi red  CIE  i l l um ination  spectra.   

For indoor contrast  ratio  measurements,  the  same source  spectra  shal l  be  used  i n  th is  
calcu lation  as  for the  hem ispherical  d i ffuse  reflectance  factor (Equation  (3)) .  When  
ca lcu lating  the  ou tdoor ambient contrast ratio ,  CI E  I l l um inan t D50  shal l  be  used  for ECIE(λ)  

fol l owing  CIE  1 5: 2004  tabu lated  data.    

For photometric measurements,  an  analogous  re lation  to  Equation  (8)  i s  used :  

 
dir

QdirQ,
Q

E

LL
R

-
= π  (1 0)  

The  l um inous  reflectance  factor i n  Equation  (1 0)  shal l  on l y be  used  to  calcu late  the  
ambien t contrast of the  same source  spectra  and  geometry as  that used  i n  the  
measurement.  

9)  Report  the  CCT of the  d isplay test  i l l um ination ,  the  detector parameters  ( i nciden t ang le,  
measurement fi el d  ang le,  d istance  to  sample),  i l l um ination  source  parameters  ( i ncident 
ang le,  angu lar subtense,  d is tance  to  sample,  beam  d ivergence)  used  i n  the  
measurements ,  RQ ,  and  the  measured  i l l um ination  l evel  Ed i r  i n  the  test report.   

7.2  Ambient contrast ratio   

7. 2. 1  Purpose  

The purpose  of th is  method  i s  to  determ ine  the  ambien t  contrast ratio  of an  OLED  d isplay 
modu le  under defined  i ndoor or dayl ight  i l l um ination  cond i ti ons.   

NOTE  I f the  OLED  exh i b i ts  s i gn i fi can t  PL,  then  the  ambien t  contrast  rati o  calcu l ation  i s  on l y val i d  for the  same  
i l l um ination  spectra  and  geometry used  to  measure  the  refl ecti on  coeffi ci en ts .  

7.2.2  Measuring  conditions  

1 )  Apparatus:  A lum inance  meter or spectrorad iometer that can  measure  the  lum inance,  a  
d ri vi ng  power source,  and  a  d ri ving  s ignal  equ ipment shal l  be  used .   

2)  I l l um inance  cond i ti on :  

The  s tandard  ambien t i l l um ination  cond i ti ons  for an  i ndoor room  or clear sky dayl i gh t shal l  
be  used .  Add i tional  i l l um ination  cond i ti ons  may a lso  be  used ,  depend ing  on  the  appl ication .  

3)  Except for the  standard  ambient i l l um ination  cond i tions,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.2.3  Measuring  method   

The ambient  contrast ratio  i s  determ ined  from  reflection  measurements  of the  d isp lay under 
hem ispherical  d i ffuse  and  d i rected  source  i l l um ination  cond i ti ons.

 
[2]  The  measuring  methods  

for hem ispherical  d i ffuse  reflectance  and  d i rected  reflectance  factor of the  d isp lay for the  
requ ired  i l l um ination  spectra  are  defined  i n  7. 1 .  These  reflection  parameters  are  used  to  
ca lcu late  the  combined  (em i tted  and  reflected)  l um inance  of a  d isplay wi th  a  b lack screen  and  
wh i te  screen  at the  requ i red  i l l um inance l evels .  The  ambien t contrast  ratio  i s  the  ratio  of the  
combined  wh i te  screen  lum inance  to  the  combined  b lack screen  lum inance.  

Measure  the  b lack l um inance  LK  a t  the  cen tre  and  perpend icu lar to  the  d i splay at  a  0  %  grey 

l evel  for a  fu l l  b lack screen  under dark room  cond i ti ons.  Set the  test i npu t s i gnal  to  the  d isplay 
to  generate  a  1 00  %  grey l evel  over the  fu l l  screen  or a  4  %  window located  in  the  cen tre  of 
the  d isplay (depend ing  on  the  i n tended  appl ication).  Measure  the  wh i te  l um inance  LW  a t  the  

International  Electrotechnical  Commission

 



I EC 62341 -6-2 : 201 5  © I EC 201 5  – 29  –  

cen tre  and  perpend icu lar to  the  wh i te  d isp lay pattern  under dark room  cond i tions.  Calcu late  
the  i ndoor room  or dayl i gh t contrast ratio  of a  fu l l  wh i te  screen ,  or the  h i gh l i gh t ambient  
con trast  ratio  wi th  a  4  %  window,  using  the  fol lowing  equation  [2]

:
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where  the  defau l t  parameters  are  Ehem i=  60  l x,  θs=45° ,  and  Ed i rcosθs=  40  l x  for a  TV viewing  

room ;  Ehem i=  300  lx,  θs  =45° ,  and  Ed i rcosθs  =  200  l x for an  office;  and  Ehem i=  1 5  000  lx,  

θs  =45° ,  and  Ed i rcosθs=  65  000  l x for the  ou tdoor dayl i ght contrast ratio.  The  hem ispherical  

d i ffuse  reflectance  coefficien ts  ρW  and  ρK  for the  d isplay wi th  a  fu l l  wh i te  or b lack screen ,  

respectivel y,  are  calcu lated  from  Equation  (3)  us ing  a  CI E  Standard  I l l um inan t  A,  CIE  
Standard  I l l um inan t D65,  or CIE  Standard  I l l um inan t D50  spectrum  for i ndoor i l l um ination ,  or 
the  CIE  I l l um inant  D75  spectrum  for dayl i ght  i l l um ination .  The  d i rectional  source  reflectance  
factor coefficien ts  RW  and  RK  for the  d isp lay wi th  a  fu l l  wh i te  or b lack screen ,  respective l y,  are  
calcu lated  from  Equation  (9)  us ing  the  same CIE  Standard  I l l um inant  A,  CIE  Standard  
I l l um inant D65,  or CIE  Standard  I l l um inan t D65 spectrum  for i ndoor i l l um ination ,  and  the  CIE  
I l l um inant D50  spectrum  for dayl i ght i l l um ination .  I f add i tional  geometries  or i l l um inance levels  
are  used ,  they shal l  be  noted  i n  the  test report.  Al l  values  used  to  calcu late  the  ambient  
con trast ratio  shal l  be  recorded  i n  the  test  report.  

7.3  Display dayl ight  colour  

7. 3. 1  Purpose  

The  purpose  of th is  method  i s  to  measure  the  ambient colour of an  OLED  d isplay modu le  
under defined  dayl i ght  i l l um ination  cond i ti ons .   

NOTE  I f the  OLED  exh ibi ts  s i gn i fi cant  PL,  then  the  dayl i gh t  d i splay co lou r cal cu lati on  i s  on l y val i d  for the  same 
i l l um ination  spectra  and  geometry used  to  measure  the  refl ecti on  coeffi ci en ts .  

7.3.2  Measuring  conditions  

1 )  Apparatus:  A spectrorad iometer that can  measure  spectral  rad iance,  a  d rivi ng  power 
source,  and  a  d ri vi ng  s ignal  equ ipment shal l  be  used .   

2)  I l l um inance  cond i ti on :  

The  s tandard  ambient i l l um ination  cond i tions  for cl ear sky dayl i ght  shal l  be  used .  
Add i tional  i l l um ination  cond i tions  may a lso  be  used ,  depend ing  on  the  appl i cation .  

3)  Except for the  standard  ambient i l l um ination  cond i tions,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.3.3  Measuring  method  

The chromatici ty of a  d isplay under hem ispherical  d i ffuse  and  d i rectional  i l l um ination  
cond i tions  i s  a  combination  of the  d isplay’s  i n tri ns ic l igh t em iss ion  and  reflected  ambient l i gh t.  
The  ambient  chromatici ty of a  d isplay at  a  g i ven  colour state  (e . g .  wh i te,  b l ack,  red ,  green ,  or 
b lue  screen)  under i l l um ination  cond i ti ons  is  determ ined  by i ts  equ ivalen t d ispl ay dayl i gh t 
tris timu lus  values.  These  va lues  can  be  obtained  from  dark room  measurements  at  the  
desi red  colour state,  and  reflection  measurements  of the  d isplay under hem ispherical  d i ffuse  
and  d i rectional  source  i l l um ination  cond i ti ons  at that  colou r.  The  measuring  methods  for the  
hem ispherical  d i ffuse  spectral  reflectance  and  d i rected  spectral  reflectance  factor of the  
d isplay are  described  i n  7. 1 .  

Measure  the  spectral  rad iance  LQ(λ )  a t  the  cen tre  and  perpend icu lar to  the  d isp lay for the  

des ired  colour s tate  Q  (e. g .  wh i te  screen)  under dark room  cond i ti ons.  The  total  ambient  
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spectral  rad iance  LQ,day(λ )  measured  by a  detector perpend icu lar to  the  d isplay,  wi th  

reflections  from  the  hem ispherica l  d i ffuse  and  d i rectional  sources  i ncluded ,  wi l l  be:  

 ( ) ( ) ( ) ( ) ( ) ( )
π

θλλ

π

λλρ
λλ sERE

LL
cosdirQhemiQ

QdayQ, ++=  (1 2)  

where  Ehem i(λ )  and  Ed i r(λ )  are  the  i rrad iance  spectra  for the  standard  hem ispherical  d i ffuse  

and  d i rected  sources,  respectivel y.  The  re lati ve  i rrad iance  spectra  of CI E  I l l um inan ts  D75  and  

D50  for dayl ight i l l um ination  are  defined  by Equation  (4)  and  Table  2 .  Ehem i(λ )  and  Ed i r(λ )  

are  obtained  by mu l tip l yi ng  the  relati ve  spectra  by an  appropriate  constant  that  wou ld  produce 

the  defau l t i l l um ination  levels  Ehem i=  1 5  000  lx  and  Ed i rcosθs=  65  000  lx  at  θs=45°  for ou tdoor 
dayl i gh t  under clear sky cond i ti ons  when  i n tegrated  us ing  Equation  (7).  The  effecti ve  d isplay 
dayl i gh t tristimu lus  va lues  of the  d isp lay under these  i l l um ination  cond i tions  are:  

 ( ) ( ) λλλ dxLX
-

∫= dayQ,dayQ, 683  (1 3)  

 ( ) ( ) λλλ dyLY
-

∫= dayQ,dayQ, 683  (1 4)  

 ( ) ( ) λλλ dzLZ
-

∫= dayQ,dayQ, 683  (1 5)  

where  x-(λ ) ,  Error!  Bookmark not defined. y-(λ ) ,  and  z-(λ )  are  the  colour match ing  functions  (see  

CIE  1 5: 2004).  The  ambien t 1 931  CIE  x  ×  and  y  chromatici ty coord inates  of the  em i tti ng  
d isplay at  the  desi red  colour state  Q  u nder the  s tandard  dayl ight  i l l um ination  cond i ti ons  are:   
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7.4  Dayl ight  colour gamut volume 

7.4. 1  Purpose  

The purpose  of th is  method  is  to  measure  the  ambient colour gamut volume of the  colour 
gamut boundary of an  OLED  d isplay modu le  under defined  dayl i gh t i l l um ination  cond i ti ons.  
Th is  colour gamut volume shal l  be  compared  to  the  I EC sRGB standard  ( I EC  61 966-2-1 )  
colour gamut volume wi th  a  D65 wh i te  poin t.  Th is  method  i s  l im i ted  to  OLED  d isplay modu les  
wi th  RGB primaries.  

NOTE  I f the  OLED  exh ib i ts  s i gn i fi can t  PL,  then  the  ambient  colou r gamut  vo lume  calcu lati on  i s  on l y val i d  for the  
same i l l um ination  spectra  and  geometry used  to  measu re  the  refl ection  coeffi cien ts .  

7.4.2  Measuring  conditions  

1 )  Apparatus:  A spectrorad iometer that can  measure  spectra l  rad iance ,  a  d rivi ng  power 
source,  and  a  d riving  s i gnal  equ ipment shal l  be  used .  The  s ignal  equ ipment shal l  be  used  
to  del i ver the  appropriate  analog  or d ig i ta l  ou tpu t s ignal  to  the  OLED  d isplay modu le  i n  
order to  produce  the  requ ired  colour test pattern .   

2)  I l l um inance  cond i ti on :  
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The  s tandard  ambient i l l um ination  cond i tions  for clear sky dayl i gh t  sha l l  be  used  (see  
5. 2. 2 .2) .  Add i ti onal  i l l um ination  cond i ti ons  may a lso  be  used ,  depend ing  on  the  appl ication .  

3)  Except for the  standard  ambient i l l um ination  cond i tions,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.4.3  Measuring  method  

The dayl i gh t colour gamut volume wi l l  be  calcu lated  from  the  reflectance  factor and  tristimu lus  
values  measured  for each  d isplayed  colour fol l owing  the  procedures  in  7 . 3 .  The  
measurements  and  ca lcu lations  shal l  be  cons istentl y performed  for a  4  %  box window colour 
on  a  0  %  grey l evel  background .   

The  dayl igh t colour gamut wi l l  be  represented  by the  span  of d isplay colours  under the  
standard  ambient  l i gh ti ng  cond i tions  con tained  wi th in  the  measured  CIELAB  colour space.  
The  volume of that  colou r space  under standard  ambient  d isplay i l l um ination  i s  determ ined  by 
the  fol lowing  procedure:   

1 )  Appl y a  4  %  box window pattern ,  for at l east 8  defi ned  colours .  The  colours  shal l  u n i form ly 
sample  the  d isplay’s  colour capabi l i ty.  For example,  a  3-primary d i splay shal l  be  
measured  for at  l east  red ,  green ,  b lue,  cyan ,  ye l low,  magen ta,  b l ack and  1 00  %  grey l evel  
wh i te  (see  Table  3) .  Each  colour (except  b lack)  i s  d isp layed  at  i ts  maximum  signal  l evel .   

2)  The  dark room  spectral  rad iance  and  spectral  reflection  coefficien ts  shal l  be  measured  for 
each  d isplay colour,  as  d iscussed  in  7 . 1 .  I f i t  can  be  shown  that the  spectra l  reflection  
coefficien t i s  i nvariant to  the  d isplayed  colour at  maximum  s ignal  level ,  then  a  common  
hem ispherical  d i ffuse  spectral  reflectance  or d i rectional  spectral  reflectance  factor can  be  
used  for a l l  the  colours  at maximum  signal  l evel .  The  dayl i gh t tristimu lus  values  for each  
d isplay colour under the  standard  i l l um ination  cond i tions  are  calcu lated  using  Equations  
(1 3)  to  (1 5) .  

Table  3  – Example  of m in imum colours  requ ired   
for gamut volume calcu lation  of a  3-primary 8-bi t  d isplay  

Colour 8-bi t Dig i tal  S ignal  Level  (V)  

Red  Red  =  255,  Green  =  0 ,  B l ue  =  0  

Green  Red  =  0 ,  Green  =  255,  B l ue  =  0  

B l ue  Red  =  0 ,  Green  =  0 ,  B l ue  =  255  

Yel l ow Red  =  255,  Green  =  255,  B l ue  =  0  

Magenta  Red  =  255,  Green  =  0 ,  B l ue  =  255  

Cyan  Red  =  0 ,  Green  =  255,  B l ue  =  255  

Wh i te  Red  =  255,  Green  =  255,  B l ue  =  255  

B lack Red  =  0 ,  Green  =  0 ,  B l ue  =  0  

 

3)  The  normal i zed  dayl i gh t  tristimu lus  values  wh ich  are  calcu lated  for a l l  defined  d isplay 
colours  and  s ignal  l evels  shal l  be  transformed  i n to  the  three-d imensional ,  CIELAB  colour 
space  (see  CIE  1 5: 2004) .  Add i ti onal  th ree-d imensional  un i form  colour spaces  may also  be  
used ,  and  i denti fi ed  i n  the  ambien t performance  report.  Each  colour poin t can  be  plotted  
on  the  L*,  a*,  and  b*  axes  of the  CIELAB  colour space  by referencing  the  peak wh i te  
dayl i gh t tristimu lus  values  (XW,day,  YW,day  and  ZW,day)  and  using  the  fo l lowing  
transformation  equations:  

 ( ) 1 61 1 6* dayW,dayQ, -×= YYfL  (1 8)  

 ( ) ( )dayW,dayQ,dayW,dayQ,500* YYfXXfa -×=  (1 9)  
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 ( ) ( )dayW,dayQ,dayW,dayQ,200* ZZfYYfb -×=  (20)  

where  
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An  example  of the  ambien t colour data  in  the  CIELAB  un i form  colour space  i s  g i ven  i n  
F igu re  1 4 .   

 

Figure 1 4 –Example  of range in  colours  produced  by a  g iven  d isplay  
as  represented  by the  CIELAB  colour space  

4)  Calcu late  the  colour gamut volume correspond ing  to  the  possib le  range  of ambien t d isp lay 
colours  as  represented  i n  the  CIELAB colour space.  See  Annex C  for a  deta i led  
description  of the  anal ysis  recommended  to  calcu late  the  colour gamut volume.  Other 
gamut calcu lation  methods  may be  used  i f they yie ld  the  same resu l ts  as  the  reference  
method  described  i n  Annex C.  

7.4.4  Reporting  

The CIELAB  colour gamut volume shal l  be  reported  in  the  ambien t performance  report  a long  
wi th  the  characteristics  of the  s tandard  ambient  i l l um ination  that  were  used .  I f add i ti onal  
co lour spaces  are  used ,  they shal l  be  reported  as  wel l .  Report the  spectral  reflectance  factors.  
The  measured  ambien t tris timu lus  values  shal l  a l l  be  reported  as  i l l ustrated  in  Table  4 .  
Table  4  shal l  i nd icate  the  ori g ina l  effecti ve  tristimu lus  values,  i . e . ,  i t  sha l l  not  be  normal i zed  to  
1 00.  For each  ambient i l l um ination  cond i ti on ,  a  separate  tab le  i s  requ i red .  The  CCT and  wh i te  
poin t,  obtained  by applying  Equations  (1 6)  and  (1 7)  i n  the  darkened  room  and  dayl i ght  
cond i ti ons,  shal l  be  reported  i n  Table  5 .  The  percent  of colour gamut volume relati ve  to  the  
I EC  sRGB standard  colour space  ( I EC 61 966-2-1 )  wi th  a  D65  wh i te  poin t  shal l  be  reported  i n  
a  form  described  by Table  6.  
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Table  4 – Measured  tristimu lus  values  for the  min imum set of colours   
(see  Table  3)  requ ired  for gamut volume  calcu lation  under the  specified   

ambient i l lumination  condition  

Colour X
Q, amb

 Y
Q, amb

 Z
Q, amb

 

Red     

Green     

B l ue     

Yel l ow    

Magenta     

Cyan     

Wh i te     

B l ack    

 

Table  5  – Calcu lated  wh ite  point  in  the  darkened  room  and  dayl ight ambient condition  

Colour Surround  x y  CCT 

Whi te  
Dark room     

Dayl i gh t  cond i ti on     

 

Table  6  – Colour gamut volume in  the  C IELAB  colour space  

Colour Gamut Volume  

Ambient  i l l um ination  
Percent  re lati ve  to  sRGB  

(8, 20  ×  1 05 )  

Dark room  %  

Dayl i gh t  cond i ti on  %  
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Annex A 
(informative)  

 
Measuring  relative  photoluminescence   

contribution  from d isplays  

A.1  Purpose  

The purpose  of th is  method  is  to  estimate  the  re lati ve  amount of PL em i tted  by a  d isplay 
under i l l um ination  re lati ve  to  the  reflected  componen t.  

A.2  Measuring  conditions  

1 )  Apparatus:  A spectrorad iometer that can  measure  spectral  rad iance  over at l east the  
380  nm  to  780  nm  wavelength  range,  and  a  spectral l y tunable  unpolari zed  l igh t source  
capable  of producing  l i gh t from  at  l east 380  nm  to  780  nm  shal l  be  used .  The  tunable  l igh t  

source  and  detector shal l  be  s table  to  <  1  %  over the  time period  of the  measurement.  The  
spectral  bandwid th  of the  detector and  l i ght  source  shal l  not  exceed  1 0  nm .  The  spectral  
bandwid th  of the  spectrorad iometer shal l  be  an  i n teger mu l ti p le  of the  sampl ing  i n terval .   

2)  I l l um inance  cond i tion :  

The  s tandard  ambien t i l l um ination  cond i tions  for cl ear sky dayl i gh t sha l l  be  used .  The  PL 
i s  assumed  to  be  l i near over the  i l l um inance range  of i n terest.  Therefore,  any i l l um ination  
l evels  that provide  a  strong  s ignal  may be  used .  However,  the  resu l ts  are  on l y va l i d  for the 
spectral  d is tribu tion  used  i n  th is  measurement.  

3)  Except  for the  defined  i l l um ination  sources,  the  measurements  wi l l  be  performed  in  a  dark 
room  wi th  the  d isplay i n  the  OFF  or b lack state.  

A.3  Measuring  the bi -spectral  photoluminescence of the  d isplay 

1 )  P lace  the  d isplay to  be  measured  i n  the  hem ispherical  d i ffuse  or d i rectional  i l l um ination  
geometry of i n terest (as  defined  i n  C lause  5) .  For s imu lating  the  effect of PL under 
standard  dayl i ght  i l l um ination ,  the  d i rectional  source  geometry i s  recommended  as  an  
i n i tia l  test  case.  

2)  The  spectrorad iometer shal l  be  focused  on  the  d isplay surface  and  cen tred  on  the  active  
area.  

3)  The  tunable  l i gh t source  shal l  produce  un i form  i l l um ination  (wi th in  ±5 %)  over the  
measurement fi e ld  area  of the  d isplay.  

4)  The  spectrorad iometer shal l  measure  the  spectral  rad iance  L(λ , λex)  for monochromatic  
source  i l l um ination  E0(λex)  a t  each  inciden t wavelength  λex.  

5)  Replace  the  d isplay wi th  a  wh i te  d i ffuse  reflection  standard  wi th  known  spectral  
reflectance  factor Rstd(λex)  for the  i l l um ination/detection  geometry used .  The  reflection  

standard  used  shal l  not  exh ib i t  any PL  over the  wavelength  range  of i n terest.  

6)  The  spectrorad iometer shal l  measure  the  reflected  spectral  rad iance  S(λ , λex)  for 
monochromatic  source  i l l um ination  E0(λex)  a t  each  wavelength  λex.  

A.4  Determining  the relative PL contribution  from the d isplay  

1 )  The  spectra l  rad iance  LE (λ , λex)  of the  d isp lay spectra  under the  desi red  reference  spectral  
i rrad iance  E(λex)  at  the  same i l l um ination/detection  geometry can  be  calcu lated  from  the  
measured  spectral  rad iance  L(λ , λex)  a t  each  i l l um ination  wavelength  λex  u s i ng  the  re lation  
below:  
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An  example  of the  three-d imensional  representation  of the  scaled  b i -spectral  d isp lay 
response i s  g i ven  in  F igu re  A. 1 .   

 

Figure A. 1  – Scaled  bi -spectral  photoluminescence response  from  a  d isplay 

The  pure  reflection  s i gnal  does  not exh ibi t  a  wavelength  sh i ft,  and  i s  represented  by the  
red  d iagonal  peak i n  F igure  A. 1 .  S ince  the  PL wi l l  a lways  be  em i tted  at wavelengths  
l onger than  λex,  the  PL  contributions  are  confined  to  the  upper d iagonal  e lemen ts  i n  

F igure  A. 1 .  

2)  The  re lative  contribution  of the  PL can  be  estimated  by decomposing  the  data  i n  F igure  
A. 1  i n to  the  PL component ( the  upper d iagonal )  and  the  reflection  component (the  peak 
a long  the  d iagonal )  as  shown  i n  F igure  A. 2.  The  background  noise  shal l  be  subtracted  to  
improve the  accuracy of the  anal ys is.  

 

Figure A.2  – Decomposed  bi -spectral  photoluminescence  response from  a  d isplay 

3)  I f the  d isp lay was  i l l um inated  wi th  the  enti re  i l l um ination  spectrum  E(λex)  at  once,  then  the  

rad iance  contribution  for the  PL  and  reflected  components  can  be  ca lcu lated  by 
i n tegrati ng  over the  row e lemen ts  i n  F igure  A. 2 :  
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∑=

ex

),()( exPL,EPL

λ

λλλ LL    for λ>λex+∆λ/2    (A.2)  

and  

∑=
ex

exLL

λ

λλλ ),()( Refl,ERefl    for λ  <(λex  +∆λ /2 )  to  λ  ≥(  λex  -∆λ/2)  (A. 3)  

where  ∆λ  i s  the  bandwid th  of the  spectral  rad iance  reflection  peak at  each  λex.  

4)  The  photopical l y-weighted  contribu tion  of the  PL  (LPL)  and  reflected  (LRefl )  components  
can  be  calcu lated  by appl ying  the  resu l ts  from  Equations  (A. 2)  and  (A. 3) ,  and  us ing  
Equation  (A. 1 ) .  

5)  The  photopical l y-weighted  contribu tion  of the  PL  component re lative  to  the  total  can  then  
be  expressed  by the  ratio:  

 
ReflPL

PL

LL

L

+
 (A. 4)  
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Annex B  
(informative)  

 
Diagnostic for observing  d isplay luminance  

dependence from ambient i l lumination   

B.1  Purpose  

The purpose  of th is  method  is  to  confi rm  that the  d isp lay l um inance exh ib i ts  a  s i gn i ficant  
dependence  on  the  ambient i l l um ination ,  especia l l y when  i l l um inated  at h igh  ou tdoor 
i l l um inance l evels  approach ing  1 00  000  l x.  

B.2  Measuring  method  

A s imple  d iagnostic  can  be  used  to  determ ine  i f the  d isp lay’s  em iss ion  characteristics  are  
sens i ti ve  to  h i gh  i l l um ination  l evels .  A h i gh  i n tensi ty fl ash l i ght  (preferabl y LED-based)  can  be  
used  to  sh ine  the  l i ght  beam  on  the  d isplay su rface.  The  i ncident l i gh t  shou ld  have  m in imal  
spectral  i rrad iance  below 380  nm .  Render a  peak wh i te  box in  the  centre  of the  d isp lay,  and  
sh ine  the  fl ash l igh t i n  the  cen tre  of the  box.  I f the  area  of the  d isplay i l l um inated  by the  
flash l ight beg ins  to  darken ,  then  the  reflection  measurement methods  described  in  th is  
document may not  be  val i d .  Consequentl y,  the  estimation  of the  d isplay ambient performance  
characteristics  (e . g .  ambient  contrast ratio  and  d isplay dayl ight  colour)  at  the  h i gh  l evels  
speci fied  for ou tdoor i l l um ination  may not be  correct and  shou ld  not  be  used .  

I f the  lum inance  dependence  i s  revers ible ,  the  darkened  area  created  by the  flash l igh t  
i l l um ination  shou ld  move wi th  the  l i gh t beam.  An  example  of the  i n fluence  of external  
i l l um ination  on  the  d isplay l um inance  is  shown  i n  F igu re  B. 1  

 

Figure B. 1  – Example  of d isplay luminance reduction  caused  by the  h igh  i l l uminance  
from  a  h igh  i n tensity LED  flash l ight d i rected  at the  d isplay surface  

IEC  
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Annex C  
(informative)  

 
Calculation  method  of dayl ight colour gamut volume 

C.1  Purpose  

The purpose  of th is  method  i s  to  describe  a  procedure  to  calcu late  the  colour gamut volume of 
scattered  colour poin ts  i n  the  three-d imensional  CIELAB  colour space.   

C.2  Procedure for calculating  the colour gamut volume 

 

Figure C. 1  – Analysis  flow chart  for calcu lating  the  colour gamut volume 

1 )  At  a  m in imum,  at  least  the  red ,  green ,  b l ue,  cyan ,  magenta,  yel l ow,  b lack and  wh i te  
colours  of the  d isplay shou ld  be  measured  under the  s tandard  dayl i gh t cond i ti ons  
accord ing  to  7 . 4 . 2.  Table  C. 1  provides  an  example  us ing  sRGB  primaries,  u nder dark 
room  i l l um ination  cond i tions  and  wi th  the  wh i te  l um inance  (Y)  normal i zed  to  1 00  (%):  

IEC  

Calcu l ate  and  sum  up  the  vol ume 

of tetrahedrons  

End  

Define  tetrahedrons  i n  CI ELAB  hu l l  

Convert  a l l  XYZ to  CI ELAB  

Calcu l ate/measure  g radation  of colour 

between  black and  the  others  

Measure the spectral  rad iance of colour  

Start  
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Table  C . 1  – Tristimulus  values  of the  sRGB  primary colours  

Colour x
Q
 y

Q
 X

Q, amb
 Y

Q,amb
 Z

Q, amb
 

Red  0 , 640  0 , 330  41 , 239  21 , 264  1 , 933  

Green  0 , 300  0 , 600  35, 758  71 , 51 7  1 1 , 91 9  

B l ue  0 , 1 50  0 , 060  1 8, 048  7, 21 9  95, 053  

Cyan  0 , 225  0 , 329  53, 806  78, 736  1 06, 973  

Magenta  0 , 321  0 , 1 54  59, 287  28, 483  96, 986  

Yel l ow 0 , 41 9  0 , 505  76, 998  92 , 781  1 3, 853  

B lack 0 , 000  0 , 000  0 , 000  0 , 000  0 , 000  

Wh i te  0 , 31 3  0 , 329  95, 046  1 00, 000  1 08, 906  

 

2)  Convert  a l l  co lours  poin ts  i n to  the  CIELAB  colour space  using  Equations  (1 8)  to  (20) .  See  
Table  C. 2  and  F igure  C. 2  for an  example  of the  sRGB colour set i n  the  CIELAB colour 
space.  

Table  C .2  –Example  of sRGB colour set represented  in  the  CIELAB  colour space  

Colour a* b* L* 

Red  80, 1 05  67, 223  53, 233  

Green  –86, 1 88  83, 1 86  87, 737  

B l ue  79, 1 94  –1 07, 854  32, 303  

Cyan  –48, 084  –1 4, 1 28  91 , 1 1 7  

Magenta  98, 250  –60, 833  60, 320  

Yel l ow –21 , 561  94, 488  97, 1 38  

B lack 0  0  0  

Wh i te  0  0  1 00  

 

 

Figure C.2  – Graphical  representation  of the  colour gamut volume for sRGB   
in  the  C IELAB  colour space  
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3)  Compute  the  colour gamut volume by add ing  up  a l l  the  tetrahedrons  con tained  wi th in  the  
d isplayed  colour poin ts  and  report as  a  percen tage  of the  volume compared  wi th  the  
sRGB colour gamut volume.  An  example  of a  d isp lay i n  a  dark room  wi th  the  sRGB  colour 
gamut volume calcu lated  i n  the  CIELAB  colour space  i s  provided  in  Table  C. 3.  

Table  C .3  –Example  of sRGB colour gamut volume in  the  C IELAB colour space  

Colour gamut volume  

Total  8 , 20  ×  1 05  

Percent  re lati ve  to  sRGB  1 00  %  

 

C.3  Surface subdivision  method  for CIELAB gamut volume calculation   

C.3.1  Purpose  

This  a l gori thm  accepts  an  arb i trary set  of gamut corner cases  speci fied  i n  CIE  1 931  XYZ tri -
stimu lus  values.  The  m in imum  set  of colou rs  wou ld  be  red ,  green ,  b l ue,  cyan ,  magenta,  
yel l ow,  b lack and  wh i te.  The  XYZ values  are  arranged  i n  the  rows  of the  i npu t variab le  P,  wi th  
a  m in imum  of e i ght  colour corner cases  requ i red .  The  ou tpu t value  i s  the  calcu lated  colour 
gamut volume.  

C.3.2  Assumptions  

I t  i s  assumed  that the  colour gamut i n  CIE  XYZ colour space wi l l  be  defined  as  the  convex 
hu l l  of g i ven  corner cases.  The  colour gamut i n  the  CIELAB colour space  wi l l  be  th is  convex 
hu l l ,  normal ised  i n  the  CIE  XYZ space  by the  corner case  wi th  the  maximum  lum inance  (taken  
as  the  wh i te  poin t),  and  trans lated  i n to  CIELAB  colour space  where  i t  wi l l  no  l onger be  en ti re l y 
convex.  

C.3.3  Algori thm  

1 )  The  convex hu l l  (see  Note  1 )  of the  colour corner poin ts  shou ld  be  obtained  i n  P.  The  
tessel lation  of the  surface  of th is  hu l l  i s  s tored  i n  T.  A tota l  vo lume v  i s  i n i ti a l ised  to  0.  

2)  The  average  of the  poin ts  P  i s  ca lcu lated  to  be  used  as  a  gamut m id-poin t and  store  in  Pm .  

3)  For each  tri angu lar surface  ti l e  i n  T 

i )  Let  s  equal  the  number of edges  that have  extents  (see  Note  2)  i n  L*,  a*,  b*  
coord inates  greater than  1 0 .  

i i )  I f s  =  0  then  ca lcu late  the  volume defined  between  the  vertices  of the  surface  ti le  and  
Pm .  Add  th is  volume to  v .  

i i i )  I f s =  3  then  ca lcu late  the  m id -poin ts  i n  the  CIE  XYZ space and  subd ivide  the  tri angu lar 
ti l e  i n to  4  sub-ti les  defined  by each  corner vertex wi th  the  two  nearest m id -poin ts  and  
the  three  m id -poin ts .  Repeat s tep  3)  for each  triangu lar sub-ti l e.  

4)  I f s  =  1  or 2  then  calcu late  the  m id-poin t i n  the  CIE  XYZ space  of the  edge  wi th  the  largest 
extents  i n  the  CIELAB and  subd ivide  the  triangu lar t i l e  i n to  two  sub-ti les  a long  the  l i ne  
between  the  m id -poin t and  opposi te  vertex.  Repeat step  3)  for each  tri angu lar sub-ti l e.  
Return  the  tota l  volume now con ta ined  i n  v.  

NOTE  1  Where  the  corner poi n ts  are  the  standard  RGBCMYKW.   

NOTE  2  Exten ts  are  used  rather than  l eng th  as  they are  faster to  calcu l ate.  

C.3.4  Software example execution  

I n  order to  execute  the  Matlab  program  below,  the  fol lowing  command  is  execu ted  wi th  the  
correspond ing  sRGB data  l oaded  in to  memory:  
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>>  P=GetGamutCorners('sRGB')  

Defau l t  D65 wh i te  used  

P  =  

         0          0          0  

    0 , 41 2  4     0 , 21 2  6     0 , 01 9  3  

    0 , 770  0     0 , 927  8     0 , 1 38  5  

    0 , 357  6     0 , 71 5  2     0 , 1 1 9  2  

    0 , 538  1     0 , 787  4     1 , 069  7  

    0 , 1 80  5     0 , 072  2     0 , 950  5  

    0 , 592  9     0 , 284  8     0 , 969  9  

    0 , 950  5     1 , 000  0     1 , 089  1  

where  the  data  matrix  corresponds  to  the  fol l owing  tris timu lus  coord inates  as  exempl i fi ed  by 
F igure  C. 1 :  

XK YK ZK 

XR YR ZR  

XY YY ZY  

XG YG  ZG  

XC YC ZC  

XB  YB  ZB  

XM  YM  ZM  

XW YW ZW  

The  CIELAB colour gamut volume is  obtained  by execu ting  the  fol lowing  command:  

>>  C I ELabVol_subd(P)  

ans  =  

   8 , 201  3  ×  1 05  
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CIELabVol_subd. m 
 
function  [ v]  =  CI ELabVol_subd( P)  
%Each  row of  P  contains  XYZ  tri-stimulus  values  of  gamut  corner  points .  
%The  3D  gamut  is  defined as  the  convex  hull  of  these  points  i n  XYZ  s pace.  
%The  s urface  is  recursively s ubdivided down  to  a  threshold s cale  in  CI ELAB  
%and the  volume  made  by each  s urface  tile  to  a  central  point  is  s ummed 
 
thresh=1 0 ;  %CI ELab  s ubdivision  threshold 
 
%Get  the  hull  defined by the  points  
T=convhulln( P) ;  
 
%Get  the  white  point  ( taken  as  the  primary with  the  maximum Y)  
[ W, i ] =max( P( : , 2 ) ) ;  
W=P( i , : ) ;  
 
%Normalise  the  gamut  to  the  white  point  
Pn=P. / ( repmat( W, siz e( P, 1 ) , 1 ) ) ;  
 
%get  the  mid-point  
Pm=mean( Pn) ;  
 
% add-on  the  CI ELab  points  
Pn=[ Pn,  XYZ2 Lab( Pn) ] ;  
Pm=[ Pm,  XYZ2 Lab( Pm) ] ;  
 
% calculate  and s um the  Lab  volume  of  each  s urface  ti le  to  the  mid-point  
v=0 ;  
for  n=1 : size( T, 1 ) ,  
    v=v+SubDLabVol( Pn( T( n, : ) , : ) , Pm, thresh) ;  
end 
 
% %  s ub-functions  
%  XYZ2 Lab  converts  XYZ  values  arranged in  columns  to  L*  a*  b*  
    function  [  t  ]  =  XYZ 2 Lab(  t  )  
    i =( t>0 . 0 0 8 8 56 ) ;  
    t ( i ) =t( i ) . ^ ( 1 / 3 ) ;  
    t ( ~i ) =7 . 7 8 7 * t( ~i ) +1 6/ 1 1 6 ;  
    t=[ 1 1 6* t( : , 2 ) -1 6 ,  5 0 0 * ( t( : , 1 ) - t( : , 2 ) ) ,  2 0 0 * ( t( : , 2 ) - t( : , 3 ) ) ] ;  
    end 
 
%Recurs ive  function  to  devide  up  the  s urface  tile  then  return  the  volume  
    function  [  v  ]  =  S ubDLabVol(  vp, c, th  )  
        % Get  the  max  extent  of  each  edge  ( quicker  than  length  calculation)  
        m=max( abs( vp-circshift( vp, 1 ) ) , [ ] , 2 ) ;  
        % Count  how many edges  have  extents  larger  than  the  threshold 
        s =sum( m>th) ;  
         
        i f  ( s ==0 ) ,  %no  edges  larger:  return  the  volume  
            v=abs( det( vp( : , 4 : 6 )  -  repmat( c( 1 , 4 : 6 ) , 3 , 1 ) ) / 6 ) ;  
  
        el s eif  ( s==3 ) , %all  edges  l arger:  divide  tile  in  four             
            % get  edge  mid-points  
            i p=( vp( : , 1 : 3 ) +circshift( vp( : , 1 : 3 ) , 1 ) ) / 2 ;  
 

% calculate  CI ELab  points  of  the  mid-points  
            i p=[ ip, XYZ2 Lab( ip) ] ;  
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%and call  recurs ively for  each  s ub-tile      
            v=SubDLabVol( [ vp( 1 , : ) ; ip( 1 : 2 , : ) ] , c, th) ;   
            v=v+SubDLabVol( [ vp( 2 , : ) ; ip( 2 : 3 , : ) ] , c, th) ;   
            v=v+SubDLabVol( [ vp( 3 , : ) ; ip( 1 : 2 : 3 , : ) ] , c, th) ;   
            v=v+SubDLabVol( ip, c, th) ;              
             
        el se  %one  or  two  edges  larger:  s plit  the  tile  on  the  larges t  edge  
            % s hift  the  order  s o  1 - 2  has  the  largest  extent  
            [ m, i ] =max( m) ;  
            vp=circshift( vp, 2 -i ) ;  
             
            % calculate  the  mid-point  of  1 - 2  and the  CI ELab  point  
            i p=( vp( 1 , 1 : 3 ) +vp( 2 , 1 : 3 ) ) / 2 ;  
            i p=[ ip, XYZ2 Lab( ip) ] ;  
 
            % and call  recurs ively for  the  two  s ub-tiles  
            v=SubDLabVol( [ vp( [ 1  3 ] , : ) ; ip] , c, th) ;   
            v=v+SubDLabVol( [ vp( 2 : 3 , : ) ; ip] , c, th) ;   
        end 
    end 
end 
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GetGamutCorners . m 
 
function  [  P  ]  =  GetGamutCorners(  P  , wh)  
%GET  PRIM returns  a  s et  of  colour  corner  points  based on  a  s tandard gamut  
%    i nput  s tring  must  contain  one  of:  
%        ' s RGB' ,  ' Rec7 0 9 ' ,  ' EBU' ,  ' NTSC'  
%            o ptionally one  of  
%        ' D50 ' ,  ' D55 ' ,  ' D65 ' ,  ' D7 5 ' ,  ' I llA' ,  ' I llE '  
    i f  ischar( P)  
        i f  nargin<2  
            wh=P;  
        end 
        i f  s trfind( P, ' sRGB' )  | |  s trfind( P, ' Rec7 09 ' )  
            prim=[ 0 . 64 , 0 . 33 ; 0 . 3 , 0 . 6 ; 0 . 1 5 , 0 . 0 6 ] ;  
        el seif  s trfind( P, ' EBU' )  
            prim=[ 0 . 64 , 0 . 33 ; 0 . 2 9 , 0 . 6 ; 0 . 1 5 , 0 . 0 6 ] ;  
        el seif  s trfind( P, ' NTSC' )  
            prim=[ 0 . 67 , 0 . 33 ; 0 . 2 1 , 0 . 7 1 ; 0 . 1 4 , 0 . 0 8 ] ;  
        el se  
            e rror( ' non-valid colour  primary s pecification' ) ;  
        end 
        P=prim;  
    end 
    i f  is char( wh)  
        i f  s trfind( wh, ' D5 0 ' )  
            wh=[ 0 . 3 4 5 7 , 0 . 358 5 ] ;  
        e l seif  s trfind( wh, ' D55 ' )  
            wh=[ 0 . 3 32 4 , 0 . 34 7 4 ] ;  
        e l seif  s trfind( wh, ' D65 ' )  
            wh=[ 0 . 3 1 2 7 , 0 . 32 90 ] ;  
        e l seif  s trfind( wh, ' D7 5 ' )  
            wh=[ 0 . 2 990 , 0 . 31 4 9 ] ;  
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elseif  s trfind( wh, ' I llA' )  
            wh=[ 0 . 4 4 7 57 , 0 . 4 0 7 4 5 ] ;  
        el seif  s trfind( wh, ' I llE' )  
            wh=[ 0 . 3 33 3 , 0 . 333 3 ] ;  
        el se  
            wh=[ 0 . 3 1 2 7 , 0 . 3 2 90 ] ;  
            display( ' Default  D65  white  used' ) ;  
        end 
    end 
    wh=[ wh,  1 -sum( wh) ] / wh( 2 ) ;  
    P=[ P,  1 -s um( P, 2 ) ] ;  
    P=P. * repmat( ( wh/P) ' , 1 , 3 ) ;  
    % P=[ KRYGCBMW] '  
    P=[ 0  0  0 ; P( 1 , : ) ; s um( P( 1 : 2 , : ) ) ; P( 2 , : ) ; s um( P( 2 : 3 , : ) ) ; . . .  
        P( 3 , : ) ; s um( P( [ 1  3 ] , : ) ) ;  s um( P) ] ;  
end 
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