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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 ternational  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 agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62341 -6-4  has  been  prepared  by I EC techn ica l  committee  1 1 0:  
E lectron ic d isp lay devices.  

The  text of th is  I n ternational  Standard  i s  based  on  the  fo l lowing  documents :  

FDIS  Report  on  voti ng  

1 1 0/843/FDIS  1 1 0/866/RVD  

 

Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

A l i s t of a l l  parts  i n  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 .  
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The  committee  has  decided  that the  con ten ts  of th is  document 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 document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The  'colour inside'  l ogo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  wh ich  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.  
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ORGANIC LIGHT EMITTING  DIODE (OLED)  DISPLAYS –  
 

Part 6-4:  Measuring  methods  of transparent properties  
 
 
 

1  Scope 

This  part of I EC  62341  speci fi es  the  standard  measurement cond i ti ons  and  measuring  
methods  for determ in ing  the  optical  performance  of transparen t properti es  of organ ic  l igh t 
em i tti ng  d iode  (OLED)  d isp lay panels  and  modu les.  Th is  document i ncludes  the  d isp lay 
performance under darkroom  cond i ti ons,  and  front  and  back i l l um ination .  

2  Normative references  

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

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

I EC 62341 -6-1 ,  Organic light emitting diode (OLED)  displays – Part 6-1 :  Measuring methods 
of optical and electro-optical parameters 

I EC 62341 -6-2 ,  Organic light emitting diode (OLED)  displays – Part 6-2:  Measuring methods 
of visual quality and ambient performance  

I SO 9241 -307,  Ergonomics of human-system interaction – Part 307: Analysis and compliance 
test methods for electronic visual displays 

I SO 1 1 664-2 ,  Colorimetry – Part 2: CIE standard illuminants 

CIE  1 5-2004,  Colorimetry 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I EC  62341 -1 -2  and  the  
fol l owing  appl y.  

I SO and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia .org /  

•  I SO  On l ine  browsing  p latform :  avai l ab le  at h ttp : //www. iso.org/obp  

3. 1   
transmittance factor  
ratio  of the  rad ian t or l um inous  fl ux transm itted  i n  the  d i rection  del im i ted  by the  g i ven  sol id  
ang le  cone  to  that transm i tted  i n  the  same d i rection  and  sol i d  ang le  cone  by a  perfect  
transm itti ng  d i ffuser identical l y i rrad iated  or i l l um inated  

Note  1  to  en try:  When  the  term  transm i ttance  factor i s  used  i n  th i s  document,  i t  refers  to  the  photop ical l y-
weighted  l um inous  fl u x.  

http://www.iso.org/obp
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3.2   
spectral  transmittance factor 
ratio  of the  spectra l  rad ian t fl ux transm i tted  in  the  d i rection  del im i ted  by the  g i ven  sol i d  ang le  
cone  to  that transm i tted  i n  the  same d i rection  by a  perfect transm i tti ng  d i ffuser i den tical l y 
i rrad iated  

3.3   
transmitted  haze  
percentage  of transm itted  l um inance,  pass ing  through  a  specimen ,  wh ich  deviates  from  the  
i nciden t l i gh t by no  more  than  0 , 044  rad  (2 , 5° )  by forward  scattering  

3.4   
puri ty 
ratio  of the  l um inance  measured  in  the  0 , 2°  reg ion  to  the  l um inance of the  tota l  transm i tted  
l i gh t  

Note  1  to  en try:  The  puri ty i s  defi ned  as  how clearl y the  see-th rough  image  cou l d  be  seen .  The  puri ty i s  deri ved  
from  the  measurement  of d i storted  l i gh t  d ue  to  d i ffraction  or refraction .  

3.5   
on-screen  performance  
optica l  performance that can  be  measured  on  the  transparent  screen  when  viewing  an  image  
on  the  screen  

4 Measuring  condi tions  

4.1  Standard  measuring  environmental  conditions  

Measurements  shal l  be  carried  ou t under the  standard  envi ronmental  cond i ti ons:  

Temperature:  25  ºC  ±  3  ºC  

Relative  hum id i ty:  25  %  RH  to  85  %  RH  

Atmospheric pressure:  86  kPa  to  1 06  kPa  

When  d i fferen t  environmental  cond i ti ons  are  used ,  they shal l  be  noted  i n  the  measurement 
report.  

4.2  Standard  l i ghting  condi tions  

4.2. 1  Darkroom  cond i tions  

The l um inance  con tribution  from  the  background  i l l um ination  reflected  off and /or transm i tted  
through  the  test d isp lay shal l  be  l ess  than  0, 01  cd /m 2  or 1 /20  of the  d i sp lay’s  b lack state  
l um inance,  wh ichever i s  l ower.  I f these  cond i ti ons  are  not  satisfied ,  then  background  
subtraction  i s  requ ired  and  i t  shal l  be  noted  in  the  report.  I n  add i tion ,  i f the  sensi ti vi ty of the  
l igh t measuring  device  (LMD)  i s  i nadequate  to  measure at  these  l ow l evels,  then  the  l ower 
l im i t of the  LMD  shal l  be  noted  in  the  measurement report.  

4.2.2  Ambient i l lumination  conditions  

Ambient l igh ti ng  cond i tions  can  make  a  l arge  impact on  the  performance of a  transparen t 
d isplay.  For observers  who  wi l l  watch  a  transparen t d isplay,  various  ambien t cond i ti ons  shal l  
be  suggested  based  on  previous  research .  Table  1  shows the  standard  i ndoor and  dayl i ght  
ambien t i l l um ination  cond i ti ons.  
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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 ighti ng  i n  
a  room  or the  hem ispherical  skyl igh t i nciden t  on  the  d isplay,  wi th  sun  occluded .  The  detai l  
i n formation  to  s imu late  those  ambient  cond i ti ons  i s  described  in  I EC 62341 -6-2  and  IDMS [1 ] 1 .  

Table  1  –  Standard ambient conditions 

Design  screen  
i l l uminance  

I ndoor and  dayl igh t i l l umination  envi ronment  
Recommended  

i l l umination  geometry 

Up to  200  l x  
(mostl y)  General  bu i l d i ng  areas  ( I SO  9241 -307)  60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

Up  to  300  l x  
(mostl y)  General  mach ine  work,  rough  assembly work,  
(general )  museum  (I SO  9241 -307),  offi ce  envi ronment  [8 ]   

60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

Up  to  500  l x  
Med ium  assembly and  decorati ve  work,  s imple  i nspection ,  
counters,  l i brari es ,  (mostl y)  educational  areas,  con trol  rooms  
( I SO 9241 -307)  

60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

Up  to  750  l x  
F i ne  work,  techn i cal  d rawing  ( I SO  9241 -307)  60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

Up  to  1  000  l x  
Precis ion  work,  q ual i ty control ,  i nspection ,  med ical  
exam inati on  and  treatment ( I SO  9241 -307)  

60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

Up  to  1  500  l x  
H igh  precis ion  work ( I SO  9241 -307)  60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

>  1  500  l x 
Specia l  workpl aces  i n  the  med ical  area  ( I SO  9241 -307)  60  %  hem ispherical ,  

40  %  d i rectiona l  at  45°  

80  000  l x  

The  dayl i gh t  con trast  rati o  and  colou r shal l  be  calcu lated  
us ing  a  combinati on  of hem ispheri cal  d i ffuse  i l l um ination  (wi th  
specu lar i ncl uded )  and  d i rectional  i l l um ination  i ncident  on  a  
d i splay su rface  i n  a  verti cal  ori en tation  [8] [9]  

1 5  000  l x  hem ispherical ,  

65  000  l x d i rectional  at  45°  

 

4.2.3  Ambient i l lumination  spectra  

The ambient performance of the  d isp lay can  be  s i gn i fican tl y impacted  by the  spectral  
d istribu tion  of the  i l l um ination  source.  Un less  i t  i s  speci fi ed  otherwise,  the  source  i l l um ination  
shal l  closel y approximate  CIE  I l l um inant D65  (see  CIE  1 5).  The  source  i l l um ination  used  for 
measuring  the  d isp lay reflection  and  transm iss ion  properties  shal l  have  a  spectral l y smooth  
and  broadband  em iss ion .  Spectral  reflection  and  transm ission  measurements  can  then  be  
used  to  pred ict the  ambient  d isplay performance  for any des i red  i l l um ination  spectra.  

When  evaluating  the  d isp lay’s  ambien t indoor performance,  i t  i s  recommended  to  use  the  
same spectral  d is tribution  for the  hem ispherical  and  d i rectional  source  i l l um ination .  L i gh t 
source  spectra  approximating  CI E  I l l um inant  A,  I l l um inan t D50,  and  I l l um inan t D65 are  
recommended  for i ndoor appl ications.  For s imu lati ng  ou tdoor appl ications,  I l l um inant  D50  is  
recommended  for the  d i rectional  i l l um ination ,  and  I l l um inan t D75 is  recommended  for 
hem ispherical  i l l um ination .  

4.3  Standard  setup  cond itions  

4.3. 1  Starting  cond itions  of measurements  

Standard  setup  cond i ti ons  are  g iven  below.  Measurements  shal l  be  started  after the  
transparent  OLED  d isplay and  measuring  i nstruments  ach ieve  stabi l i ty.  Sufficien t warm-up  
time has  to  be  a l lowed  for the  transparent OLED  d isplay panels  and  modu les  to  reach  a  

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i bl i ography.  
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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 isplay 
image.  

4.3.2  Cond itions  of measuring  equ ipment  

The general  cond i ti ons  of th is  measurement shal l  be  as  fo l l ows .  

1 )  The  standard  measurement setup  i s  shown  i n  F igure  1 .  The  LMD  shal l  be  a  l um inance  
meter,  co lourimeter,  or a  spectrorad iometer capable  of measuring  spectral  rad iance  over 
at  least the  380  nm  to  780  nm  wavelength  range,  wi th  a  maximum  bandwid th  of 1 0  nm  for 
smooth  broadband  spectra.  For l i gh t sources  that have  sharp  spectral  features,  l ike  LEDs  
and  fl uorescent l amps,  the  spectrorad iometer’s  maximum  bandwid th  shal l  be  <  5  nm .  The  
spectral  bandwid th  of the  spectrorad iometer shal l  be  an  i n teger mu l tip le  of the  sampl ing  
i n terval .  For example,  a  5  nm  sampl i ng  i n terval  can  be  used  for a  5  nm  or 1 0  nm  
bandwid th .  Care  shal l  be  taken  to  ensure  that the  device  has  enough  sens i ti vi ty and  
d ynam ic range  to  perform  the  requ ired  task.  

2)  The  l i gh t measuring  device  shal l  be  focused  on  the  image  p lane  of the  transparent d isplay 
for on-screen  performance  and  on  the  image p lane  of the  background  for transm ission  
performance.  The  LMD  wi l l  be  a l igned  perpend icu larl y to  i ts  surface,  un less  stated  
otherwise.  

3)  The  re lati ve  uncertain ty and  repeatabi l i ty of a l l  the  measuring  devices  shal l  be  main ta ined  
by fol lowing  the  i nstrument suppl ier’s  recommended  cal i bration  schedu le.  

 

F igure 1  – 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  two  hundred  frame periods.  

5)  When  measuring  matrix d isplays,  the  l i ght  measuring  devices  shal l  be  set  to  a  
measurement fi e ld  that i ncludes  more  than  500  p ixels .  I f smal l er measurement areas  are  
necessary,  equ iva lence  to  500  p ixels  shal l  be  confi rmed .  

6)  The  angu lar apertu re  shal l  be  less  than  or equal  to  5° ,  and  measurement fie ld  ang le  shal l  
be  l ess  than  or equal  to  2°  (see  F igure  1 ) .  The  measuring  d is tance  and  the  measurement-
fie l d  ang le  may be  ad j usted  to  ach ieve  a  measurement fie ld  greater than  500  pixels  i f 
setting  the  above  measurement-fie l d  ang le  i s  d i fficu l t.  

7)  D isp lay modu les  shal l  be  operated  at  the ir des ign  fie ld  frequency.  When  us ing  separate  
d ri vi ng  s i gnal  equ ipment to  operate  a  panel ,  the  d ri ve  cond i ti ons  shal l  be  noted  i n  the  
performance report.  

Any deviations  from  these  cond i tions  shal l  be  noted  in  the  performance  report.  
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5 Measuring  methods  of transparent properties  

5.1  Measuring  methods  of transmission  performance  

5. 1 . 1  Hemispherical  transmittance  factor wi th  specu lar included  

5. 1 . 1 . 1  Purpose  

The purpose of this method  is to measure the transm itted  l i gh t,  i ncl ud ing  the  specu lar component,  
th rough  a  transparen t OLED  d isplay.  

5.1 . 1 .2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:   

1 )  l i gh t measuring  device  that  can  measure  l um inance or spectral  rad iance;  

2)  d ri ving  power source;   

3)  d ri vi ng  s ignal  equ ipment;   

4)  i n tegrating  sphere  wi th  ports  and  a  s tabi l i zed  l i gh t source  (see  F igure  2),  wh ich  shal l  
be  as  fol lows:  

i )  The  l i ght  source  i n  the  i n tegrating  sphere  shou ld  have  a  smooth  broadband  
spectrum  approximating  CI E  s tandard  I l l um inant  D65,  as  speci fi ed  i n  I SO  1 1 664-2 .  
The  in tegrating  sphere  shou ld  have  a  photopic optical  detector wh ich  mon i tors  the  
re lati ve  l um inance  l evel  m i ns ide  the  sphere.  The  mon i tor shal l  be  fi tted  wi th  

baffl es  to  prevent  l ight  from  the  l i gh t source  or the  sample  port  from  fal l i ng  on  i t  
d i rectl y.  The  spectra l  characteristics  of the  l i ght  source  shal l  be  kept  constan t 
during  measurements  on  a  transparent  OLED d isplay.  The  measurement 
cond i ti ons  shal l  be  such  that  the  transparent  OLED d isplay temperatu re  does  not 
i ncrease  wh i l e  measurements  are  made.  

i i )  The  i n tegrati ng  sphere  may be  of any d iameter as  long  as  the  tota l  port  area  does  
not exceed  4 , 0  %  of the  i n ternal  area  of the  sphere.  I t  i s  recommended  that the  
d iameter of the  i n tegrating  sphere  is  not l ess  than  1 50  mm  so  that specimens  of a  
reasonable  s ize  can  be  used .  When  d iameter of the  i n tegrating  sphere  i s  1 50  mm  
and  the  d iameters  of the  sample,  compensation  and  l i gh t trap  ports  are  30  mm ,  the  
ratio  of the  tota l  port  area  to  the  i n ternal  area  of the  sphere  i s  3, 0  %.  For specu lar 
i ncluded  measurements ,  a  port p lug  or d i ffuse  wh i te  standard  wi th  s im i lar 
reflectance  to  the  i nner wal l  can  be  used  to  fi l l  the  port.  A sphere  geometry may 
a lso  be  used  i nstead  for the  configuration  i l l ustrated  i n  F igure  2  (see  Annex A) .  I f 
the  in tegrati ng  sphere  does  not  have  a  compensation  port,  and  p lacing  the  OLED  
d isp lay at  the  sample  port s ign i ficantl y changes  the  spectral  d is tribu tion  of the  l i ght  
i n  the  sphere,  the  a l ternate  sphere  method  in  Annex A shal l  be  used .  I n  add i tion ,  i f 
i t  i s  necessary to  measure  the  hem ispherical  transm ittance  factor wi th  the  OLED  
d isp lay on ,  then  the  al ternate  sphere  method  shal l  be  used .  

i i i )  I t  i s  recommended  to  use  a  sample  port  between  30  mm  to  75  mm .  I f a  
compensation  port i s  used ,  the  sample  and  compensation  ports  of the  i n tegrati ng  
sphere  shal l  be  ci rcu lar and  of the  same si ze.  The  compensation  port sha l l  be  
pos i tioned  at  an  ang le  of less  than  1 , 57  rad  (90°)  from  the  sample  port.  The  
sample  port,  compensation  port and  l i gh t trap  port shal l  not l i e  on  the  great  ci rcle  
of the  sphere.  The  ports  shal l  be  des igned  in  such  a  way that  samples  p laced  at  
the  port  wi l l  l i e  at  nearl y the  same surface  as  the  i nner sphere  wal l .  

i v)  The  surfaces  of the  i n terior of the  in tegrati ng  sphere  and  the  baffles  shal l  be  of 
substan tia l l y equal  l um inous  reflectance  wh ich  shal l  be  90  %  or more  and  shal l  not  

vary by more  than  ± 3  %.  The  sphere  wal l  reflectance  can  be  determ ined  re lati ve  to  

a  known  reflection  standard  using  the  method  described  i n  Annex A.  
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v)  Using  th is  i nstrument,  the  repeatabi l i ty s tandard  deviation  shal l  be  0, 2  %  or l ess.  
The  wi th in -l aboratory reproducib i l i ty over l ong  time  i n tervals  shal l  not  exceed  the  
repeatabi l i ty by a  factor of more  than  3 .  

vi )  The  fl at sample  shal l  be  held  against the  sample  port  so  that the  normal  of the  
sample  i s  wi th in  2o  of the  normal  of the  sample  port.  The  sphere  i n terior shou ld  
provide  un i form  i l l um ination  on  the  screen ,  wi th  the  screen  receiving  a  constan t 
l um inance over i ts  hem ispherical  incl i nation  ang les.  Th is  cri teri on  i s  often  satisfied  
when  the  sphere’s  i n ternal  l i ght source  dom inates  the  i l l um inance  i nside  the  
sphere  compared  to  any sample  contribu tion .  

vi i )  The  LMD  is  a l i gned  normal  to  the  cen tre  of the  sample  port  at  an  approximate  
d istance  of 0 , 5  m .  The  measurement fi e ld  shal l  be  focused  on  the  sample  port  
p lane.  

b)  Standard  measuring  envi ronmental  cond i tions:  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

5. 1 . 1 .3  Measuring  method  

The  method  is  s im i l ar to  ASTM  D1 003  [2] ,  and  analogous  to  I SO  1 3468-1  [3 ] .  Th is  method  
assumes  that  the  transm ission  properties  of the  transparen t OLED  d isplay are  not  affected  by 
the  i l l um ination  level  on  the  d isplay.  

1 )  I f the  in tegrating  sphere  has  a  l i gh t  trap  port,  p lace  a  port  p l ug  or d i ffuse  wh i te  standard  at  
the  port.  Turn  on  the  i n tegrating  sphere  l i ght  source  and  a l l ow the  l i ght  source  and  LMD  to  
stabi l i ze.  The  measurement configuration  i n  F igure  2  shal l  be  set  up  i n  a  dark room,  and  
i ngress  of external  l i ght  i n to  the  in tegrating  sphere  shal l  be  prevented .   

2)  I f the  i n tegrating  sphere  has  a  compensation  port,  p l ace  the  backside  of the  transparen t 
OLED  d isp lay against that port.  The  d isp lay is  tu rned  off.  

3)  Measure  the  l um inance  Lref  or spectral  rad iance  at the  sample  port,  and  record  the  
mon i tor detector va lue  mref.  

4)  P lace  the  backside  of the  transparent  OLED  d isplay against  the  sample  port.  I f the  
i n tegrating  sphere  has  a  compensation  port,  p lace  a  l i gh t trap  at  that port.  Measure  the  
transm i tted  lum inance (or spectral  rad iance)  at  the  sample  port Ld i /0 ,  and  record  the  
mon i tor detector value  md i /0 .  

5)  Calcu late  the  l um inous  hem ispherical  transm i ttance  factor wi th  specu lar i ncl uded  Td i /0  
us ing  Formu la  (1 ) :  

 

ref

di/0

ref

di/0

di/0 m

m

L

L
T ⋅=  (1 )  

6)  Repeat the  read ings  for Lref,  m ref,  Ld i /0 ,  and  md i /0 ,  making  add i tional  read ings  wi th  the  
specimen  in  pos i tions  selected  to  determ ine  un i form i ty.  

7)  Carry ou t  the  procedure  three  times,  and  use  the  average  of the  three  calcu lated  resu l ts  
as  the  l um inous  hem ispherical  transm ittance  factor value.  

8)  Al l  d eta i l s  are  requ ired  to  be  recorded  for i denti fication  of the  test  specimens  and  the  
source  of the  specimens  (type  of l i gh t source  used ,  i n formation  of transparent OLED  
d isp lay).  

I f the  transm iss ion  properties  of the  transparent OLED d isplay are  d i fferent  i n  the  off from  the  
on  state,  then  the  a l ternate  sphere  method  i n  Annex A shal l  be  used .  
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Figure  2  – S ide view of measuring  concept for the  hemispherical  transmittance   
factor measurement wi th  specu lar included  or excluded  

5. 1 .2  Transmitted  haze under hemispherical  i l lumination  

5. 1 .2 .1  Purpose  

The purpose  of th is  method  is  to  measure  the  amount of haze  transm itted  to  the  viewer from  a  
transparent  OLED  d isplay back-i l l um inated  wi th  hem ispherical  i l l um ination .   

5.1 .2 .2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:  

1 )  l igh t measuring  device  that can  measure  l um inance or spectra l  rad iance;  

2)  d rivi ng  power source;   

3)  d rivi ng  s i gnal  equ ipment;  

4)  i n tegrati ng  sphere  wi th  ports  and  a  stabi l i zed  l i gh t source  (see  F igure  2),  wh ich  shal l  
be  as  fol lows:  

i )  The  l i ght  source  i n  the  i n tegrating  sphere shou ld  have  a  smooth  broadband  
spectrum  approximating  CI E  s tandard  I l l um inant D65,  as  speci fi ed  i n  I SO  1 1 664-2 .  
The  in tegrati ng  sphere  shou ld  have  a  photopic optical  detector wh ich  mon i tors  the  
re lati ve  lum inance  l evel  m  ins ide  the  sphere.  The  mon i tor shal l  be  fi tted  wi th  
baffles  to  prevent l i ght  from  the  l i gh t source  or the  sample  port  from  fal l i ng  on  i t  
d i rectl y.  The  spectra l  characteristics  of the  l i ght  source  shal l  be  kept constan t 
during  measurements  on  a  transparent  OLED  d isplay.  The  measurement 
cond i tions  shal l  be  such  that  the  transparent  OLED  d isp lay temperature  does  not  
i ncrease  wh i l e  measurements  are  made.  

i i )  The  tota l  port area  of the  i n tegrati ng  sphere  shou ld  not exceed  4 , 0  %  of the  
i n ternal  area  of the  sphere.  I t  i s  recommended  that the  d iameter of the  i n tegrati ng  
sphere  is  not  l ess  than  1 50  mm  so  that specimens  of a  reasonable  s i ze  can  be  
used .  When  the  d iameter of the  i n tegrating  sphere  i s  1 50  mm  and  the  d iameters  of 
the  sample,  compensation  and  l i gh t trap  ports  are  30  mm ,  the  ratio  of the  tota l  port  
area  to  the  in ternal  area  of the  sphere  i s  3 , 0  % .  I f the  i n tegrating  sphere  does  not  
have  a  compensation  port,  and  p lacing  the  OLED  d isplay at the  sample  port does  
not s i gn i ficantl y change  the  spectral  d is tribu tion  of the  l i gh t in  the  sphere,  the  
mon i tor detector shal l  be  used  to  compensate  for change  in  the  sphere  i l l um inance  
due  to  the  presence  of the  d isplay at the  sample  port.  

i i i )  A detai led  i l l ustration  of the  specu lar excluded  and  transm i tted  haze  geometry i s  
g i ven  i n  F igure  3.  
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i v)  The  sample  port  and  l i ght  trap  port sha l l  be  cen tred  on  the  same optical  axis  as  
the  LMD.  The  d iameter of the  sphere  zs ,  and  the  l i gh t trap  port  d iameter dLT  shal l  

be  s i zed  such  that  the  open ing  of the  l i ght  trap  port sha l l  subtend  θLT  =  8°  from  the  
cen tre  of the  sample  port.  The  LMD shal l  be  posi ti oned  a  d istance  zLMD  away from  
the  sphere,  producing  a  measurement fi e l d  of d iameter dmf  focused  at the  sample  
port,  where  dmf  =  zddpmf/(zLMD+zs)  and  dpmf  i s  the  proj ected  measurement fi e l d  
d iameter at the  l i ght trap  port.  The  LMD and  sphere  shal l  be  set up  such  that the  

angu lar gap  (annu lus)  ξ  =  θLT/2  -  arctan [dpmf/(2  zs)]  between  the  projected  
measurement fi e ld  d iameter dpmf  and  the  l i ght  trap  port  d iameter shal l  g ive  

ξ  =  1 , 3° .  When  the  above  requ i rements  are  sati sfied ,  the  maximum  ang le  φ  that 
any measured  l ight  ray can  have  re lati ve  to  the  normal  i s  l ess  than  3° .  Ensure  that 
the  LMD  measurement fi e ld  i s  con tained  wi th in  the  image  of the  l i ght  trap  port  area.  

b)  Standard  measuring  envi ronmental  cond i tions:  

1 )  darkroom  cond i tions;   

2)  standard  set-up  cond i ti ons.  

5.1 .2 .3  Measuring  method  

The method  i s  s im i l ar to  ASTM  D1 003  [2 ]  and  analogous  to  I SO  1 4782  [4] .  

NOTE  1  Th i s  method  assumes  that  the  transm iss ion  properties  of the  transparent  OLED  d i splay are  not  affected  
by the  i l l um inati on  l eve l  on  the  d i splay.  

NOTE  2  Th i s  method  a l so  assumes  that  the  transm iss ion  properti es  are  i n varian t  to  the  rendered  col ou r on  the  
d i splay,  and  a l l ows  the  transm ission  properties  to  be  measured  wi th  the  d i spl ay tu rned  off.  

1 )  P lace  a  port  p l ug  or d i ffuse  wh i te  standard  at  the  l i gh t trap  port.  Turn  on  the  i n tegrating  
sphere  l i gh t source  and  a l l ow the  l i ght  source  and  LMD  to  stabi l i ze.  The  measurement 
configuration  i n  F igure  2  sha l l  be  set up  in  a  dark room,  and  i ngress  of external  l i gh t  i n to  
the  i n tegrati ng  sphere  shal l  be  prevented .  

2)  I f the  i n tegrating  sphere  has  a  compensation  port,  p lace  the  backsi de  of the  transparen t 
OLED  d isplay against that port.  The  d isplay i s  tu rned  off.  

3)  Al ign  the  LMD  normal  to  the  sample  port  and  focus  the  measurement fi e l d  at  the  centre  of 
the  port.  Measure  the  l um inance  L1  at  the  cen tre  of the  sample  port,  and  record  the  
mon i tor detector value  m1 .  

4)  P lace  the  backside  of the  transparen t OLED against the  sample  port.  I f the  i n tegrating  
sphere  has  a  compensation  port,  p lace  a  l i gh t trap  at that port.  

5)  Measure  the  transm itted  l um inance L2  th rough  the  d isplay at the  centre  of the  sample  port,  
and  record  the  mon i tor detector value  m2 .  

6)  Replace  the  port  p l ug  or d i ffuse  wh i te  standard  at the  l i gh t trap  port wi th  a  l i gh t trap.  I f the  
i n tegrati ng  sphere  has  a  compensation  port,  p l ace  the  port p lug  or the  d i ffuse  wh i te  
standard  at that port.  Measure  the  transm itted  l um inance  L4  th rough  the  d isplay at  the  
cen tre  of the  sample  port,  and  record  the  mon i tor detector value  m4 .  

7)  Remove  the  transparen t OLED d isplay from  the  sample  port.  Measure  the  l um inance  L3  a t  
the  centre  of the  sample  port,  and  record  the  mon i tor detector va lue  m3 .  

8)  The  l um inous  hem ispherical  transm ittance  factor wi th  specu lar excluded  Tde/0  i s  g i ven  as:  

 











−=

231

123

4

4

de/0Q, mLL

mLL

m

L

L

m
T

1

1
 (2)  

where  each  variable  i s  associated  wi th  the  measurement configuration  l i s t  i n  Table  2 .  

9)  The  percent  l um inous  hem ispherica l  transm itted  haze  Hde/0  i s  determ ined  by:  
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Table  2  –Measuring  conditions  of the  ports   

Measured  
luminance  

Sample  port  Light trap  port  Compensation  port  

L
1
  Wh i te  reference  D isplay sample  

L
2
 Display sample  Wh i te  reference  Li ght  trap  

L
3
  L i gh t  trap  Wh i te  reference  

L
4
 Display sample  L i gh t  trap  Wh i te  reference  

 

1 0)  Al l  detai l s  are  requ ired  to  be  recorded  for i denti fication  of the  test specimens  and  the  
source  of the  specimens,  such  as  type  of l i gh t source  used ,  i n formation  on  transparent  
OLED  d isplay.  

 

Figure 3  – Schematic  arrangement of haze  measurement  

5. 1 .3  Di rectional  transmittance  factor 

5. 1 .3 .1  Purpose  

The purpose of this method is to measure the transm ittance  factor of a  transparent  OLED d isplay 
that  i s  back-i l l um inated  wi th  a  d i rectional  l i gh t  source.  

5. 1 .3.2  Measuring  conditions  

For th is  measurement,  the  fo l l owing  cond i ti ons  shal l  be  appl ied .  

a)  Apparatus:   

1 )  l i gh t measuring  device  that can  measure  l um inance  or spectra l  rad iance;  

2)  d riving  power source;  

3)  d riving  s i gnal  equ ipment;   

4)  wh i te  reflectance  standard ;   

5)  ri ng  l i ght  wi th  a  s tabi l i zed  l i ght  source,  wh ich  shal l  be  as  fol l ows:  

i )  D i rectional  i l l um ination  shal l  be  s imu lated  by a  ri ng  l i gh t (F igu re  4)  cen tred  abou t 
the  d isp lay normal .  A fi bre  optic ri ng  l i gh t designed  for a  working  d istance  that  
approximates  45°  l i gh t  i ncl i nation  at  the  centre  of the  measurement posi ti on  is  
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recommended .  The  i l l um ination  wi th in  the  measuring  fi e ld  area  on  the  d isplay shal l  
be  un i form  <  5  %.  

i i )  For the  ri ng  l i ght,  the  source  shou ld  have  an  em i tter angu lar subtense  of 
approximatel y 0 , 5° .  The  ri ng  l i ght  em i tting  p lane  shal l  be  co-planar wi th  the  d isplay 
surface  and  cen tred  about the  measurement area.  The  cen tral  clear aperture  of 
the  ring  l ight  shal l  be  at  l east 30  %  larger than  the  effective  aperture  of the  LMD 
l ens.  

i i i )  The  ri ng  l i gh t  source  shou ld  have  a  smooth  broadband  spectrum  approximating  
CI E  standard  I l l um inan t D65,  as  speci fi ed  i n  I SO  1 1 664-2.  The  spectral  
characteristics  of the  l i ght source  shal l  be  kept constan t during  measurements  on  
a  transparent OLED  d isplay.  The  measurement cond i tions  shal l  be  such  that the  
transparent  OLED d isplay temperature  does  not i ncrease  wh i l e  measurements  are  
made.  

b)  Standard  measuring  envi ronmental  cond i tions:  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

5.1 .3.3  Measuring  method  

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

NOTE  1  Th i s  method  assumes  that  the  scatter properties  of the  transparen t OLED  d i splay are  i ndependent of the  
i l l um ination  l evel  on  the  d i splay.  

NOTE  2  I t  i s  noted  that  i t  i s  not  uncommon  for the  OLED  transm ission  properties  to  be  l argel y i nvariant  wi th  the  
rendered  colou r.  

NOTE  3  I f that  can  be  demonstrated ,  then  the  transm ission  properti es  can  be  measured  wi th  the  d i spl ay tu rned  
off.  

1 )  P lace  a  wh i te  reflectance  standard  at  the  sample  p lane  used  for the  d isp lay 
measurements .  Un less  the  viewing  d istance  i s  speci fied ,  pos i ti on  the  LMD approximatel y 
0, 5  m  from  the  sample  p lane  and  a l i gn  the  optica l  axis  of the  LMD  cen tred  and  normal  to  
the  reflectance  s tandard  surface.  P lace  the  ri ng  l i ght  facing  the  reflectance  standard ,  
cen tred  on  the  optical  axis,  and  pos i tioned  at  a  d i stance  such  that i ts  l i ght  i s  i ncident at a  
45°  i ncl ination  ang le  to  the  centre  of the  measurement fie ld .  

2)  Al low the  ri ng  l i gh t  source  to  stabi l i ze.  Ensure  that the  LMD  measurement fie l d  i s  cen tred  
wi th in  the  un i form  i l l um ination  of the  ri ng  l i gh t i l l um ination  on  the  reflectance  standard .  

Measure  the  l um inance  Lstd  or spectral  rad iance  Lstd(λ)  of the  l i ght  refl ected  from  the  
reflectance  standard .  

3)  Calcu late  the  i l l um inance  Ed i r  (or spectral  i rrad iance  Ed i r(λ))  of the  ri ng  l i gh t at the  sample  
p lane  using  the  known  l um inous  reflectance  factor Rstd  (or spectral  refl ectance  factor  

Rstd (λ))  of the  wh i te  standard  for the  same i l l um ination /detector configuration :  
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The  calcu lation  of the  spectral  i rrad iance  has  the  same form .  

4)  Replace  the  reflectance  standard  wi th  the  transparent  OLED  d isplay posi tioned  at  the  
same sample  p lane,  wi th  the  back surface  normal  of the  d isplay paral le l  wi th  the  LMD  
optical  axis .  The  des ired  measurement location  on  the  d isplay shal l  be  centred  about the  
measurement fi e ld  of the  LMD.  

5)  Move  the  LMD  to  the  front of the  transparen t OLED  d isplay,  main tain ing  the  same 
measurement d istance,  and  al i gn  the  LMD  to  the  same optica l  axis  and  measurement fie ld  
pos i tion  as  i n  the  last  measurement.  A test pattern  may be  used  to  pos i ti on  the  
measurement fi e ld  to  the  same l ocation .  

6)  With  the  d isplay rendering  the  des ired  colour  Q,  measure  the  l um inance  LT, 45/0  or spectra l  

rad iance  LT, 45/0(λ)  of the  transm i tted  l i ght  through  the  d isplay.  
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7)  Turn  off the  ring  l i ght sou rce  and  measure  the  darkroom  em ission  from  the  d isp lay Lem .  

8)  The  l um inous  d i rectional  transm i ttance  factor T45/0  for the  45°  back i l l um ination/normal  
detection  configuration  is  g i ven  as:  

 

( )
dir

em45/0 T,

45/0
E

LL
T

−
= π  (5)  

The  express ion  for the  spectral  d i rectional  transm i ttance  factor T45/0(λ)  has  the  same form .  

 

Figure 4 – S ide view of measuring  concept for the  hemispherical  transmittance   
factor measurement wi th  specu lar included  or excluded  

5. 1 .4  Measurement method  of puri ty 

5. 1 .4. 1  Purpose  

The purpose  of th is  method  is  to  measure  the  puri ty of a  transparent  OLED  d isplay.  

5. 1 .4.2  Measuring  condi tions  

For th is  measurement,  the  fol lowing  cond i tions  shal l  be  appl ied .  

a)  Apparatus:  

1 )  l i gh t measuring  device  (LMD)  that can  measure  l um inance;  

2)  reference  d isplay device  to  d isplay the  test pattern  beh ind  the  transparen t d isplay;  

3)  d ri ving  power source;  

4)  d ri ving  s i gnal  equ ipment.  

b)  Standard  measuring  envi ronmenta l  cond i ti ons:  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

5. 1 .4.3  Measuring  method  

For th is  measurement,  the  fol l owing  method  shal l  be  appl ied .  

1 )  Set  a  reference  d isplay device  to  d isplay the  test pattern  as  shown  in  F igure  5  (a) ,  and  
a l l ow the  apparatus  su fficien t time to  reach  thermal  equ i l i bri um  before  making  any 
measurements .  

2)  D isplay the  test pattern  on  the  reference  d isp lay device  and  measure  the  l um inance of a l l  
the  test patterns  i n  F igure  6  i n  sequence at the  cen tre  of the  screen  us ing  an  LMD having  
a  measurement fie l d  of 0 , 2° .  The  LMD  measurement fi eld  shou ld  be  conta ined  completel y 
wi th in  the  0, 2°  target area,  and  shou ld  sample  at least 500  d isplay p ixels .  I f the  

IEC  

Detector  

Display  
Ring  l i gh t  

LT  Lstd  

Whi te  

standard  
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measurement fi e l d  con tains  fewer than  500  d isplay p ixe ls ,  i t  shou ld  be  confi rmed  that  the  
same l um inance  can  be  obtained  wi th  more  than  500  p ixe ls.  

3)  Calcu late  the  puri ty reference value  us ing  Formu la  (6) ,  and  check the  val id i ty of the  
measurement us ing  Formu la  (7).  Un less  Formu la  (7)  i s  satisfied ,  ad j ust the  al i gnment of 
setup  and  repeat the  measurement.  The  2  %  i n  Formu la  (7)  i s  the  maximum  lum inance  
accuracy fl uctuation  of the  LMD.  

 
refFK,refFW,

refFK,refCW,

ref
LL

LL
P

−

−
=  (6)  

 %2100 ≤×
−

−−−

refCW,refFW,

refCK,refFK,refCW,refFW,

LL

LLLL

 (7)  

where  

Pref  i s  the  ratio  of the  l um inance  range  wi th  fu l l  screen  patterns  to  the  pattern  of 0 , 2°  

measurement fi e ld  restriction ;  

LCW, ref  i s  the  reference l um inance of the  wh i te  0, 2°  ci rcle ,  

LFK, ref  i s  the  reference l um inance for the  fu l l  b l ack screen ,  

LFW, ref  i s  the  reference l um inance  for the  fu l l  wh i te  screen ,  

LCK, ref  i s  the  reference l um inance of the  b lack 0, 2°  ci rcle .  

4)  The  transparen t  OLED  d isplay shal l  be  mounted  between  the  measuring  i nstrument and  
the  reference  d isplay device,  and  OLED  d isplay except the  ci rcle  speci fied  i n  F igure  5  (b)  

shou ld  be  covered  so  that l i gh t from  reference  d isplay pass  th rough  the  ci rcle  on l y  (see  

Figure  5(b)) .  

5)  With  the  test pattern  on  the  OLED d isplay fixed ,  measure  the  l um inance  of a l l  the  
reference  d isp lay test patterns  i n  F igure  6  th rough  the  transparen t OLED  d isp lay us ing  an  

LMD  having  a  measurement fie ld  of 0 , 2 ° .  The  LMD shou ld  sti l l  be  focused  on  the  

reference  d isplay.  

6)  Calcu late  the  sample  va lue  us ing  Formu la  (8) ,  and  check the  va l i d i ty of the  measurement 
us ing  Formu la  (9).  Un less  Formu la  (9)  i s  satisfied ,  ad j ust the  al i gnment of setup  and  
repeat the  measurement.  

 
sampleFK,sampleFW,

sampleFK,sampleCW,

sample
LL

LL
P

−

−
=  (8)  

 %2100 ≤×
−

−−−

CW,sampleFW,sample

CK,sampleFK,sampleCW,sampleFW,sample

LL

LLLL

 (9)  

7)  Calcu late  the  puri ty of the  transparent OLED  d isplay us ing  Formu la  (1 0).  

8)  Report the  resu l ts  of measurements  as  shown  in  the  examples  in  Table  3.  
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a)  

 

b)  

Figure 5  – Measuring  configuration  for puri ty measurement  

 

  
  

a)  fu l l  wh i te   
test pattern  

b)  fu l l  b l ack  
test pattern  

c)  ci rcle  of wh i te  (CW)  
test pattern  

d )  ci rcl e  of black (CK)  
test pattern  

Figure 6  – Test  patterns  for puri ty measurement 
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Table  3  – Measured  example for puri ty 

 
L
FW

 L
FK
 L

CW
 L

CK
 

Validity P
ur
 

cd /m 2  

Reference  49, 50  0 , 1 4  48, 99  -  -  99%  

Sample  20, 03  0 , 06  1 6 , 46  3, 65  0 , 64  %  82%  

Puri ty 83  %  

 

5.1 .5  Colour variation  caused  by a  transparent d isplay 

5. 1 .5. 1  Purpose  

The purpose  of th is  method  is  to  measure  the  colour variation  caused  by a  transparen t OLED  
d isplay.  

5. 1 .5.2  Measuring  condi tions  

For th is  measurement,  appl y the  fol l owing  cond i ti ons.  

a)  Apparatus:  

1 )  spectrorad iometer or equ iva len t  l ight  measuring  device  that  can  measure  chromatici ty 
of transparen t d isplay device;  

2)  CI E  Standard  I l l um inant  A,  or a  reference d isplay device  to  d isplay the  test pattern  
beh ind  the  transparent  d i splay.  

NOTE  Th is  reference  d i splay can  be  used  for eval uati on  of colou r vari ati on ;  d ri vi ng  power sou rce;  and  
d ri vi ng  s i gnal  equ ipment.  

b)  Standard  measuring  envi ronmental  cond i ti ons:  

1 )  darkroom  cond i ti on ;  

2)  standard  setup  cond i tions.  

5.1 .5.3  Measuring  method  

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

1 )  Set a  CIE  Standard  I l l um inant A or reference  d isplay device.  I f CI E  Standard  I l l um inan t A 
is  chosen  as  l i gh t source,  measure  the  CIE  1 931  chromatici ty coord inates  (x,  y)  of the  
i l l um inant and  proceed  from  1 0) .  

2)  Turn  on  the  fu l l  screen  wh i te  and  4  %  window s ized  s i gnal  at a  1 00  %  grey l evel .  

3)  Measure  the  CIE  1 931  chromatici ty coord inates  W(x,  y)  at  the  cen tre  of the  screen  of the  
reference  d isp lay.  

4)  Turn  on  the  fu l l  screen  red  and  4  %  window s ized  red  s ignal .  

5)  Measure  the  CIE  1 931  chromatici ty coord inates  R(x,  y)  at  the  centre  of the  screen  of the  
reference  d isplay.  

6)  Turn  on  the  fu l l  screen  green  and  4  %  window si zed  green  s i gnal .  

7)  Measure  the  CIE  1 931  chromatici ty coord inates  G(x,  y)  at  the  cen tre  of the  screen  of the  
reference  d isplay.  

8)  Turn  on  the  fu l l  screen  b lue  and  4  %  window s i zed  b lue  s ignal .  

9)  Measure  the  CIE  1 931  chromatici ty coord inates  B(x,  y)  at  the  cen tre  of the  screen  of the  
reference  d isplay.  

1 0)  Calcu late  u ’ ,  and  v’  from  the  measured  x,  y va lues  us ing  Formu la  (1 1 ).  
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yx

x
u

1 223

4'

+−
=    ,   

yx

y
v

1 223

9'

+−
=  (1 1 )  

1 1 )  Set the  transparent d isplay i n  the  des ignated  p lace  between  the  reference d isplay and  the  
measuring  i nstrument.  

1 2)  Measure  the  chromatici ty values  for wh i te,  red ,  green ,  and  b lue  colour pattern  on  the  
same location  wi th  the  transparen t d isp lay.  

1 3)  Calcu late  the  colour variation  wi th  and  wi thout the  transparen t d isplay for wh i te  and  
primary colours.  Formu la  (1 2)  i s  used  for th is  calcu lation .  

 ( ) ( )2ji
2

ji vvuuvu ′−′′−′=′′ ＋Δ  (1 2)  

1 4)  Report the  values  for the  colour d i fference for each  test pattern  (wh i te,  red ,  green ,  and  
b lue).  Table  4  shows the  example  of the  resu l ts.  

1 5)  Various  colours  can  be  selected  and  measured  for th is  measurement method  such  as  the  
Munsel l2 colour reference.  

Table  4 – Working  example  for colour variation  index 

Colour variation  i ndex Test pattern  

wh i te  red  green  blue  

Wi thout transparent 
d isplay 

u’ 0, 1 87  2  0 , 458  5  0 , 1 22  6  0 , 1 79  7  

v’ 0, 437  9  0 , 524  6  0 , 567  1  0 , 1 48  9  

With  transparen t 
d isplay 

u’ 0, 1 90  2  0 , 460  0  0 , 1 24  3  0 , 1 77  2  

v’ 0, 454  1  0 , 524  3  0 , 562  3  0 , 1 54  8  

Colour variation  Δu'v' 0, 01 6  5  0 , 001  5  0 , 005  1  0 , 006  4  

 

5.2  Measuring  methods  of on-screen  performance  in  a  darkroom  

5.2. 1  Luminance and  i ts  un i formity 

5.2. 1 . 1  Purpose  

The  purpose  of th is  method  is  to  measure the  fu l l -screen  and  peak l um inance,  l um inance 
l oad ing  and  un i form i ty of l um inance for a  transparen t OLED d isp lay.  

5.2. 1 .2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl ied .  

a)  Apparatus:  

1 )  l i gh t measuring  devices  that can  measure  l um inance;   

2)  d rivi ng  power source;   

3)  d ri ving  s i gnal  equ ipment.  

b)  Standard  measuring  envi ronmental  cond i ti ons:  

1 )  darkroom  cond i tions;  

2)  standard  setup  cond i tions.  

___________ 

2 The  Munsel l  Co lor system  i s  an  example  of a  su i tab le  product avai l abl e  commercial l y.  Th i s  i n formati on  i s  g i ven  
for the  conven i ence  of users  of th i s  document and  does  not  consti tu te  an  endorsement  by I EC of th i s  products.  
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5.2. 1 .3  Measurement method  of fu l l  screen  luminance  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

1 )  Fol low the  fu l l  screen  darkroom  wh i te  l um inance  measurement procedure  described  i n  
I EC 62341 -6-1 .  

2)  Report  the  fu l l  screen  darkroom  wh i te  l um inance.  

5.2. 1 .4  Measurement method  of 4  %  window luminance  

This  method  is  used  to  measure  the  maximum  time-averaged  l um inance  of a  smal l  em i tting  
reg ion  in  the  centre  of the  active  area.  The  cen tre  l um inance of a  4  %  window wi l l  be  used  as  
the  maximum  window lum inance.  

1 )  Fol low the  4  %  window darkroom  wh i te  l um inance  measurement procedure  described  i n  
I EC 62341 -6-1 .  The  4  %  window test  pattern  is  i l l u strated  i n  F igure  7.  

2)  Report  the  4  %  window darkroom  wh i te  l um inance.  

 

Figure 7  – Test  pattern  for 4  %  window luminance  

5.2. 1 .5  Measurement method  of luminance load ing  

This  method  is  used  to  measure  the  l um inance of a  wh i te  box wi th  a  b l ack background  as  the  
s ize  of the  box is  ad justed  from  a  smal l  fraction  of the  screen  to  fu l l  screen .  

1 )  Set  the  transparent  OLED d isp lay under the  standard  measuri ng  cond i ti ons.  

a)  Set  up  the  measurement fol l owing  the  l ayout d iagram  shown  i n  F igure  1 .  

b)  Use  a  sequence  pattern  of centred  wh i te  windows  on  a  b l ack background  wi th  the  s i ze  

of the  window being  kH x kV,  where  k  =  0 , 2 ,  0 , 3 ,  ⋯ ,  1 , 0.  For example,  the  k  =  0 , 2  

s i tuation  i s  show i n  F igure  8.  

2)  For a  monochromatic d isplay,  appl y a  s ignal  a t the  h ighest grey level .  For a  colour d isplay,  
appl y a  wh i te  s ignal  l evel  of 1 00  % .  

3)  Measure  the  time-averaged  l um inance at  the  centre  of the  acti ve  area  in  both  front-plane  
view and  back-plane  view part  and  p lot  the  l um inance  of the  window versus  the  k  factor or 
the  area  (k2)  of the  window.  
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2
V
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V
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Table  5  – Worked  example  for luminance loading  

k k2  % 
Window l uminance  

cd/m 2  

0 , 2  4  300  

0 , 3  9  295  

0 , 4  1 6  290  

0 , 5  25  288  

0 , 6  36  260  

0 , 7  49  245  

0 , 8  64  225  

0 , 9  81  21 0  

1 , 0  1 00  200  

 

  

a)  Luminance accord ing  to  l ength  ratio  b)  Luminance  accord ing  to  area ratio  

Figure 8  – Example of l uminance loading  measurement 

5.2. 1 .6  Measurement method  of sampled  luminance non-uniformity 

For th is  measurement,  the  fol l owing  method  shal l  be  appl ied .  

1 )  Fol low the  fu l l  screen  wh i te  sampled  l um inance non-un i form i ty measurement procedure  
described  in  I EC 62341 -6-1 .  The  measurement l ocations  are  described  i n  F igure  9 .  

2)  Report  a l l  of the  lum inance  measurements  at  each  of the  sampled  d isplay posi ti ons  as  
shown  i n  Table  5.  Also,  report the  average  l um inance  Lav,  the  maximum  l um inance  Lmax,  
the  m in imum  lum inance Lmin ,  and  the  percent l um inance  deviation  from  the  average  at  

each  d isplay pos i tion .  The  l um inance  non-un i form i ty of the  d isplay i s  characterized  as  the  

maximum  value  of the  percent l um inance deviation  (ΔL i /Lav  ×  1 00  %) .  The  non-un i form i ty 
is  reported  i n  percent to  no  more  than  three  s i gn i fican t figures.  The  dri ving  s ignal ,  such  as  
AC  or pu lse,  shal l  be  speci fi ed ,  a l ong  wi th  the  number of measurement posi tions.  
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Figure 9  – Measurement locations 

Table  6  – Example  of luminance  non-un iformity 

Measuring  point  Luminance  L
i
 (△L

i
/L

av
)  ×  1 00  %  

 cd /m 2  %  

P
0
 2 1 0  +1 , 9  

P
1
 205  -0, 5  

P
2
 208  +1 , 0  

P
3
 1 99  -3, 4  

P
4
 1 95  -5, 3  

P
5
 2 1 1  +2 , 4  

P
6
 2 1 5  +4, 4  

P
7
 204  -1 , 0  

P
8
 207  +0, 5  

L
max

:  21 5  cd /m 2 ;  L
mi n
:  1 95  cd /m 2 ;  Average  l um inance:  206  cd /m 2  

 

5.2.2  Chromatici ty and  colour non-uniformity 

5.2.2 .1  Purpose  

The purpose  of th is  method  is  to  measure  the  CIE  1 931  chromatici ty coord inates  (x ,  y)  or 
CIE  1 976  un i form  colou r space (UCS)  chromatici ty coord inates  (u’,  v’) ,  and  the  colour 

non-un i form i ty of a  transparent OLED  d isplay i n  a  dark room .  

5.2.2 .2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:  

1 )  spectrorad iometer or equ ivalen t l i gh t  measuring  devices  that can  measure  the  
chromatici ty of the  em i tted  l i gh t;  

2)  d ri vi ng  power source;  
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3)  d ri vi ng  s ignal  equ ipment.  

b)  Standard  measuring  envi ronmental  cond i ti ons:  

1 )  darkroom  cond i tions;  

2)  standard  setup  cond i tions.  

5.2.2 .3  Measurement method  of chromatici ty 

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

1 )  Fol low the  procedure  described  in  I EC  62341 -6-1  to  measure  the  CIE  1 931  and  CIE  1 976  
chromatici ty coord inates  for a  maximum  lum inance  wh i te  and  the  red ,  green ,  and  bl ue  
primaries.  The  chromatici ty coord inates  shal l  be  measured  at  the  screen  cen tre  us ing  a  
fu l l  screen  and  4  %  l um inance  test  pattern .  

2)  Report the  chromatici ty coord inates  for a l l  the  colours.  

5.2.2 .4  Measurement method  of sampled  colour non-uniformity 

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

1 )  Fol low the  sampled  colour non-un i form i ty measurement procedure  described  i n  
I EC 62341 -6-1  for at l east a  fu l l  screen  wh i te  test  pattern  at  the  maximum  lum inance  l evel .  

2)  Report the  chromatici ty coord inates  for of the  rendered  colour at each  screen  posi tion  as  
shown  in  the  examples  i n  Table  6 .  Use  the  CIE  1 976  chromatici ty coord inates  (u’,  v’)  at  
each  l ocation  P i  (see  F igure  9)  to  determ ine  the  colour d i fference between  pa irs  of 
sampled  colours  us ing  the  colour d i fference  formu la  (Formu la  (1 2))  for  i,  j  =  0  to  4  or i,  

j =  0  to  8 ,  and  i  ≠  j.  Colour non-un i form i ty i s  defined  as  the  l argest sampled  colour 
d i fference  (∆u’v’)max  between  any two  poin ts .  

Table  7  – Example  of colour un i formity measurement 

Measuring  
point  x

i
 y

i
 u ′

i
 v′

i
 

∆u’v’ 

P
0

 P
1

 P
2

 P
3

 P
4

 P
5

 P
6

 P
7

 P
8

 

P
0
 0 , 31 1   0 , 325   0 , 1 98   0 , 466   0 , 000           

P
1
 0 , 330   0 , 320   0 , 21 4   0 , 466   0 , 01 6   0 , 000          

P
2
 0 , 307   0 , 323   0 , 1 96   0 , 464   0 , 003   0 , 01 8   0 , 000         

P
3
 0 , 309   0 , 328   0 , 1 96   0 , 467   0 , 002   0 , 01 8   0 , 003   0 , 000        

P
4
 0 , 31 0   0 , 326   0 , 1 97   0 , 466   0 , 001   0 , 01 7   0 , 002   0 , 001   0 , 000       

P
5
 0 , 303   0 , 31 9   0 , 1 95   0 , 461   0 , 006   0,020   0, 003   0 , 006   0 , 005   0 , 000      

P
6
 0 , 31 1   0 , 324   0 , 1 99   0 , 465   0 , 001   0 , 01 5   0 , 003   0 , 004   0 , 002   0 , 006   0 , 000     

P
7
 0 , 31 5   0 , 320   0 , 203   0 , 464   0 , 005   0 , 01 1   0 , 007   0 , 008   0 , 006   0 , 009   0 , 004   0 , 000    

P
8
 0 , 31 4   0 , 327   0 , 1 99   0 , 467   0 , 001   0 , 01 5   0 , 004   0 , 003   0 , 002   0 , 007   0 , 002   0 , 005   0 , 000   

Max∆u ′v′  =  0 , 020  

 

5.2.3  Darkroom  contrast  ratio  

5.2.3.1  Purpose  

The purpose  of th is  method  is  to  measure  the  darkroom  contrast ratio  (DRCR)  of the  

transparent OLED d isplay.  

5.2.3.2  Measuring  conditions  

For th is  measurement,  the  fo l l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:  
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1 )  l i gh t measuring  devices  that can  measure  l um inance;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment.  

b)  Standard  measuring  envi ronmental  cond i ti ons:  

1 )  darkroom  cond i tions;  

2)  standard  setup  cond i tions.  

5.2.3.3  Measuring  methods  

5.2.3.3. 1  Measurement method  of fu l l  screen  darkroom contrast  ratio  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

1 )  Fol low the  fu l l  screen  darkroom  con trast ratio  measurement procedure  described  i n  
I EC 62341 -6-1 .  

2)  Report the  fu l l  screen  wh i te  and  b lack l um inance,  and  the  fu l l  screen  DRCR .  

5.2.3.3.2  Measuring  method  of 4  %  window darkroom  contrast ratio  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

1 )  Fol low the  4  %  window darkroom  contrast  ratio  measurement procedure  described  in  
I EC 62341 -6-1 .  

2)  Report  the  4  %  window l um inance,  the  fu l l  screen  b lack l um inance,  and  the  4  %  window 
darkroom  contrast ratio.  

5.2.4  Grey scale  and  gamma characteristics  

5.2.4. 1  Purpose  

The purpose  of th is  method  i s  to  measure  the  l um inance  of grey scale  and  gamma of the  
transparent  OLED  d isplay.  

5.2.4.2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:  

1 )  l igh t measuring  devices  that can  measure  l um inance;  

2)  d riving  power source;  

3)  d rivi ng  s i gnal  equ ipment.  

b)  Standard  measuring  cond i ti ons;  

1 )  darkroom  cond i ti ons;  

2)  standard  set-up  cond i ti ons.  

5.2.4.3  Log-log  gamma measurement 

For th is  measurement,  the  fol l owing  measurement methods  shal l  be  appl i ed .  

1 )  Set up  the  transparent OLED  d isp lay under s tandard  measuring  cond i tions.  

2)  D isp lay the  test patterns  and  measure  the  l um inance.  The  test patterns  shou ld  have  
cen ter areas  that represent even l y spaced  grey l evels  from  black to  wh i te  as  described  i n  
F igure  1 0 .  The  number of measuring  levels  i s  chosen :  9,  1 7 ,  33,  etc.  For example,  the  
measuring  grey l evels  are  0 ,  31 ,  63,  95,  1 27,  1 59,  1 91 ,  223  and  255  when  the  number of 
l evels  i s  9  and  the  sample  is  an  8-b i t  d isplay.  I f the  sample  has  the  property of l um inance 
l oad ing ,  the  snaking  constant  pixel  l evel  (SCPL)  pattern  i n  F igure  1 0  (c)  i s  recommended .  
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3)  P lot the  b lack-subtracted  l um inance and  the  grey l evel  wi th  l og  scale  and  i den ti fy the  
gamma va lue,  γ ,  us ing  Formu la  (1 3).  

 ( )[ ] ( ) ( )aVVLvL logloglog +−=− kjkj g  (1 3)  

where  V i s  the  grey l evel ,  L i s  the  l um inance and  subscript  k means  black.  Subscript  j  i s  

from  1  to  the  number of measuring  l evels.  

4)  Report the  resu l ts  of measurements  as  shown  in  the  examples  in  Table  8.  

   

a)  Fu l l -screen  pattern  b)  Box pattern  c)  Snaking  constan t pixel  l evel  
(SCPL)  pattern  

Figure 1 0  – Measuring  patterns  for gamma measurement  

Table  8  – Example  of gamma measurement  

j V L(V
i
)  L(V

i
) -  L

k
 log  (V

i
 –  V

k
)  l og[L(V

i
)  – L

k
]  

1  255  389, 1  388, 95  2 , 407  2 , 590  

2  223  308, 8  308, 65  2 , 348  2 , 489  

3  1 91  21 9, 4  21 9, 25  2 , 281  2 , 341  

4  1 59  1 47, 6  1 47, 45  2 , 201  2 , 1 69  

5  1 27  89, 67  89, 52  2 , 1 04  1 , 952  

6  95  47, 1  46, 95  1 , 978  1 , 672  

7  63  1 7 , 47  1 7, 32  1 , 799  1 , 239  

8  31  3 , 1 89  3 , 039  1 , 491  0 , 483  

9  0  01 5  -  -  -  

gamma,  γ  2 , 31  l og(a)  -2 , 931  correl ation  
coefficient  

0 , 9987  

 

5.2.4.4  Average  gamma measurement 

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

1 )  Set up  the  transparent OLED  d isplay under standard  measuring  cond i tions.  

2)  D isp lay the  test patterns  and  measure  the  lum inance.  The  test patterns  shou ld  have  
cen ter areas  that represent even l y spaced  grey l evels  from  black to  wh i te  as  described  i n  
F igure  1 0 .  

3)  Calcu late  the  gamma for each  i npu t and  average  the  gamma values,  us ing  Formu la  (1 4).  

 ∑
−

=
−

=
1

2 jnorm,

jnorm,
AV

log

log

2

1
n

j
V

L

n )(

)(
g  (1 4)  

where  

γAV  i s  the  average  gamma;  

IEC  IEC  IEC  
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n  i s  the  number of i npu ts  (1 st  to  n th) ,  Ln  =  L(255),  L1  =  Lk;  

Lnorm , j  i s  the  normal i zed  value  of the  l um inance  measured  at each  l evel  except b lack,  
(L j  −  Lk)  /  (Ln  −  Lk) ;  

Vnorm , j  i s  the  normal ized  value  of i nput  d i g i ta l  va lue.  

5.2.4.5  Colour gamma measurement 

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

1 )  Set  up  the  transparent OLED  d isplay under standard  measuring  cond i tions.  

2)  D isp lay the  primary-colour test patterns  wh ich  have  even  space  from  black to  the  
maximum  primary colour l evel ,  and  measure  the  l um inance  of each  pattern .  

3)  P lot  the  b lack-subtracted  l um inance  and  the  colour l evel  wi th  l og  scale  and  identi fy the  
gamma value  γ,  us ing  Formu la  (1 3) .  

5.2.5  Colour gamut 

5.2.5. 1  Purpose  

The purpose  of th is  method  i s  to  measure  the  colour gamut of the  transparent OLED  d isplay.  

5.2.5.2  Measuring  conditions  

For th is  measurement,  the  fol lowing  cond i tions  shal l  be  appl i ed .  

a)  Apparatus:  

1 )  spectrorad iometer or equ iva len t l i gh t  measuring  devices  that  can  measure  the  
chromatici ty of the  em i tted  l i gh t;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment.  

b)  Standard  measuring  cond i tions :  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

5.2.5.3  Colour gamut area and  colour reproduction  range measurement  

For th is  measurement,  the  fol l owing  method  shal l  be  appl ied .  

1 )  Fol low the  darkroom  cen tre  chromatici ty and  colour gamut,  and  colour gamut area  
measurement procedure  described  in  I EC 62341 -6-1 .  

2)  Report the  fu l l -screen  CIE  1 931  and  CIE  1 976  chromatici ty coord inates  of the  primary 
colours  (R,  G ,  and  B).  

3)  Report the  calcu lated  colour gamut area  A  of the  transparen t OLED i n  a  darkroom .  

4)  Calcu late  the  colour reproduction  range,  S,  us ing  Formu la  (1 5) .  The  colour reproduction  
range  is  defi ned  as  the  percentage  of the  colour gamut area  to  the  reference  area.  
Reference areas,  A ref,  are  presented  in  Table  9.  The  colour reproduction  range  i s  reported  
wi th  the  reference  area.  

 1 00
ref

×=
A

A
S  (1 5)  
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Table  9  – Reference  areas  for the  colour reproduction  range  

  x y u’ v’ A
ref

(u’v’)  

NTSC  

R 0, 67  0 , 33  0 , 476  9  0 , 528  5  

38  %  G  0 , 21  0 , 71  0 , 075  7  0 , 575  7  

B  0 , 1 4  0 , 08  0 , 1 52  2  0 , 1 95  7  

BT.  709  
[5]  (sRGB)  

R 0, 64  0 , 33  0 , 450  7  0 , 522  9  

33  %  G  0 , 30  0 , 60  0 , 1 25  0  0 , 562  5  

B  0 , 1 5  0 , 06  0 , 1 75  4  0 , 1 57  9  

Adobe 

RGB 3 

R 0, 64  0 , 34  0 , 441  4  0 , 527  6  

38  %  G  0 , 21  0 , 71  0 , 075  7  0 , 575  7  

B  0 , 1 5  0 , 06  0 , 1 75  4  0 , 1 57  9  

 

5.2.5.4  Colour gamut variation  ratio  measurement  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

1 )  The  measuring  method  i s  the  same as  i n  5. 2 . 5. 3 ,  bu t  wi th  each  primary at a  defined  colour 
l evel  j  (where  j  can  be  255,  1 91 ,  e tc. ) .  

2)  The  fu l l -screen  patterns  of primary colour l evel  are  measured  and  the  colour gamut area  
and  colou r reproduction  range  are  ca lcu lated  repeated l y for each  colour l evel  j.  

3)  The  colour gamut variation  ratio  GR  i s  ca lcu lated  us ing  Formu la  (1 6) .  

 100×=
max

j

j
S

S
GR  (1 6)  

where  

Sj  i s  the  colour reproduction  range  of the  colour l evel  j;  

Smax  i s  the  colour reproduction  range  of the  maximum  colour l evel .  

4)  Report the  resu l ts  of measurements  as  shown  in  the  examples  in  Table  1 0.  

Table  1 0  – Example  of measurement for the  colour  
gamut variation  ratio  

Colour 
l evel  

R G B  
S GR 

u’ v’ u’  v’  u’  v’  

255  0, 454  7  0 , 524  5  0 , 1 27  1  0 , 559  5  0 , 1 79  3  0 , 1 45  8  1 03, 0  %  1 00  %  

1 91  0, 452  5  0 , 523  1  0 , 1 26  9  0 , 558  9  0 , 1 79  5  0 , 1 45  8  1 02 , 2  %  99  %  

1 27  0, 447  6  0 , 520  0  0 , 1 27  1  0 , 557  9  0 , 1 79  7  0 , 1 48  1  99, 7  %  97  %  

63  0, 41 7  0  0 , 500  2  0 , 1 29  4  0 , 549  9  0 , 1 80  2  0 , 1 66  4  83, 0  %  81  %  

S  i s  ca l cu lated  wi th  the  reference  area  of BT. 709  (sRGB),  A
ref
 =  33  % .  

 

___________ 

3 Adobe® RGB  (1 998)  i s  the  trade  name  of a  product  suppl i ed  by Adobe  Systems  I ncorporated .  Th i s  i n formation  
i s  g i ven  for the  conven ience  of users  of th i s  d ocument and  does  not  consti tu te  an  endorsement  by I EC of the  
product named .  Equ ivalent  products  may be  used  i f they can  be  shown  to  l ead  to  the  same resu l ts .  
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5.2.6  Di rectional  optical  characteristics  

5.2.6.1  Purpose  

The purpose  of th is  method  i s  to  measure  the  d i rectional  optical  characteristics  of the  
transparent OLED  d isplay.  Al l  the  measurement methods  i n  5. 2 . 6  are  taken  from  
IEC 62341 -6-3  [6 ] .  

5.2.6.2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl ied :  

a)  Apparatus:  

1 )  spectrorad iometer or equ ivalen t l i gh t  measuring  devices  that  can  measure  the  
l um inance and  chromatici ty of the  em i tted  l i ght;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment.  

b)  Standard  measuring  cond i ti ons :  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

5.2.6.3  Measuring  methods  

For th is  measurement,  the  fol lowing  methods  shal l  be  appl ied .  

1 )  The  measuring  methods  are  same as  i n  5. 2. 1  to  5. 2. 5 .  Each  i tem  is  measured  at  speci fic 
viewing  ang les  rendering  a  red ,  g reen ,  and  b l ue  fu l l  screen  in  sequence.  

2)  Report the  measurement resu l ts  wi th  the  perpend icu lar measurement.  The  d i rectional  
d istortion  ratio,  Dθ ,  of the  e lectro-optical  value  (for l um inance  and  gamma)  i s  ca lcu lated  
us ing  Formu la  (1 7) :  

 100)(

0

0 ×
−

=




M

MM
MD

θ

θθ
 (1 7)  

where  θ  i s  the  viewing  ang le  and  M
θ
 i s  the  e lectro-optica l  va lue.  When  evaluati ng  the  

colour d i rectional  d is tortion ,  the  CIE  1 976  chromatici ty coord inates  are  used  wi th  Formu la  
(1 8).  

 
2

0

2

0
)''()''()''(


vvuuvuD −+−=∆

θθθ
 (1 8)  

3)  Report the  resu l ts  of measurements  as  shown  in  the  examples  in  Table  1 1 .  
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Table  1 1  – Example of measurement for the  d i rectional   
electro-optical  characteristic  

Viewing  ang le  0°  30°  45°  60°  80°  

Luminance  (L
W

)  402  377  348  301  1 83  

D
θ
 (L)  -  6  %  1 3  %  25  %  54  %  

Gamma 2, 21  2 , 20  2 , 21  2 , 21  2 , 23  

D
θ
 (Gamma)  -  0 , 1  %  0 , 1  %  0 , 0  %  1 , 1  %  

 u’ v’ u’ v’ u’ v’ u’ v’ u’ v’ 

Chromati ci ty 

R 0, 455  0 , 525  0 , 457  0 , 525  0 , 459  0 , 525  0 , 460  0 , 525  0 , 460  0 , 524  

G 0, 1 27  0 , 560  0 , 1 24  0 , 561  0 , 1 23  0 , 562  0 , 1 21  0 , 564  0 , 1 1 9  0 , 564  

B 0, 1 79  0 , 1 46  0 , 1 78  0 , 1 49  0 , 1 77  0 , 1 50  0 , 1 77  0 , 1 50  0 , 1 79  0 , 1 47  

D
θ
 (△u’v’)  

R -  0 , 002  0 , 004  0 , 006  0 , 005  

G  -  0 , 003  0 , 005  0 , 007  0 , 009  

B -  0 , 004  0 , 005  0 , 005  0 , 001  

 

6 Measuring  methods  of reflection  properties  

6.1  Hemispherical  reflectance  factor wi th  specular included  

6. 1 . 1  Purpose  

The purpose  of th is  method  is  to  measure  the  fraction  of refl ected  l i ght,  i ncl ud ing  the  specu lar 
component,  from  the  fron t of a  transparen t OLED  d isplay when  i l l um inated  wi th  hem ispherical  
i l l um ination .  

6. 1 .2  Measuring  conditions  

For th is  measurement,  the  fol l owing  cond i ti ons  shal l  be  appl ied :  

a)  Apparatus:  

1 )  l i gh t measuring  device  that  can  measure  l um inance or spectral  rad iance;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment;  

4)  i n tegrati ng  sphere  or sampl i ng  sphere  wi th  a  s tabi l i zed  l i gh t source.  

b)  Speci fic  gu idance  for the  sphere  des ign  and  measurement best practice  is  g iven  i n  
I EC 62341 -6-2 .  

c)  Standard  measuring  envi ronmental  cond i ti ons:  

1 )  darkroom  cond i tions;  

2)  standard  set-up  cond i tions.  

6.1 .3  Measuring  method  

For th is  measurement,  the  fol lowing  methods  shal l  be  appl ied .  

NOTE  1  Th i s  method  assumes  that  the  scatter properties  of the  transparen t OLED  d i splay are  i ndependent of the  
i l l um ination  l evel  on  the  d i splay.  

NOTE  2  I t  i s  noted  that  i t  i s  not  uncommon  for the  OLED  refl ection  properti es  to  be  l argel y i nvari ant  wi th  the  
rendered  colou r.  

NOTE  3  I f that  can  be  demonstrated ,  then  the  refl ection  properti es  can  be  measu red  wi th  the  d i spl ay tu rned  off.  
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1 )  The measuring  method  in  I EC  62341 -6-2  shal l  be  used  to  measure  the  l um inous  

hem ispherical  refl ectance  ρ  or spectral  hem ispherica l  refl ectance  ρ(λ) ,  wi th  specu lar 
i ncl uded ,  for the  front of the  transparent OLED  d isplay wi th  the  d isplay rendering  the  
des ired  colour Q .  

2)  Al l  other necessary colou rs  wi l l  be  measured  in  the  same fash ion  i n  turn .  

6.2  Di rectional  reflectance factor 

6.2. 1  Purpose  

The purpose  of th is  method  is  to  measure  the  fraction  of reflected  l i ght,  re lati ve  to  an  i deal  
Lambertian  d i ffuser,  from  the  fron t of a  transparen t OLED  d isplay when  i l l um inated  by a  
d i rectional  source  at a  45°  i ncl i nation  ang le.  

6.2.2  Measuring  conditions  

For th is  measurement,  the  fo l l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:   

1 )  l i gh t measuring  device  that can  measure  l um inance  or spectra l  rad iance;  

2)  d ri vi ng  power source;  

3)  d riving  s i gnal  equ ipment;  

4)  ri ng  l i ght  wi th  a  s tabi l i zed  l i ght  source.  

b)  Speci fic  gu idance  for the  sphere  design  and  measurement best practice  i s  g i ven  i n  
I EC 62341 -6-2 .  

c)  Standard  measuring  envi ronmental  cond i tions:  

1 )  darkroom  cond i ti ons;  

2)  standard  set-up  cond i ti ons.  

6.2.3  Measuring  method  

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  

NOTE  1  Th i s  method  assumes  that  the  scatter properties  of the  transparen t OLED  d i splay are  i ndependent of the  
i l l um ination  l evel  on  the  d i splay.  

NOTE  2  I t  i s  noted  that  i t  i s  not  uncommon  for the  OLED  refl ection  properti es  to  be  l argel y i nvari ant  wi th  the  
rendered  colou r.  

NOTE  3  I f that  can  be  demonstrated ,  then  the  refl ection  properti es  can  be  measu red  wi th  the  d i spl ay tu rned  off.  

1 )  The  ring  l igh t measuring  method  i n  I EC 62341 -6-2  shal l  be  used  to  measure  the  lum inous  
d i rectional  reflectance  factor R  or spectral  d i rectional  reflectance  factor R(λ)  for the  front  of 
the  transparen t OLED  d isp lay wi th  the  d isplay rendering  the  desi red  colour Q.  

2)  Al l  other necessary colours  wi l l  be  measured  in  the  same fash ion  i n  turn .  

7 Optical  on-screen  performance under ambient i l lumination  

7. 1  Ambient contrast ratio  

7. 1 . 1  Purpose  

The purpose  of th is  method  is  to  determ ine  the  ambient contrast ratio  of a  transparen t OLED  
d isp lay modu le  under defined  i ndoor or dayl i gh t 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  on -screen  ambient  con trast  rati o  ca lcu lation  i s  on l y val i d  for 
the  same i l l um ination  spectra  and  geometry used  to  measure  the  transm ission  and  refl ection  coeffi cien ts.  
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7. 1 .2  Measuring  condi tions  

For th is  measurement,  the  fol lowing  cond i tions  shal l  be  appl ied .  

a)  Apparatus:  

1 )  l i gh t measuring  device  that  can  measure  l um inance or spectral  rad iance;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment;  

4)  d i rectional  l i gh t sou rce;  

5)  i n tegrati ng  sphere  or sampl i ng  sphere  wi th  a  s tabi l i zed  l i gh t sou rce.  

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

1 )  the  s tandard  ambient i l l um ination  cond i ti ons  for an  indoor room  or cl ear sky dayl i ght 
sha l l  be  used ,  as  speci fi ed  i n  Clause  4;  

2)  add i tional  i l l um ination  cond i tions  may a lso  be  used ,  depend ing  on  the  appl i cation .  

c)  Standard  measuring  envi ronmental  cond i tions:  

1 )  darkroom  cond i ti ons;  

2)  standard  setup  cond i tions.  

7. 1 .3  Measuring  method  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  

NOTE  1  The  ambien t contrast  rati o  i s  d eterm ined  from  the  transm ission  and  refl ection  measurements  of the  
d i splay u nder hem ispherical  d i ffuse  and  d i rected  source  i l l um ination  cond i ti ons.  

NOTE  2  These  measu ring  methods  are  described  i n  5 . 2 . 3 . 3 .  

NOTE  3  The  resu l ti ng  transm iss ion  and  refl ection  coeffi ci en ts  wi l l  be  used  to  calcu l ate  the  combined  (em i tted ,  
transm i tted ,  and  refl ected )  l um inance  of a  d i splay wi th  a  b l ack screen  and  wh i te  screen  at  the  requ i red  i l l um inance  
l evel s .  

NOTE  4  The  ambient  con trast  rati o  i s  the  rati o  of the  combined  wh i te  screen  l um inance  to  the  combined  b l ack 
screen  l um inance.  

1 )  Measure  the  b lack l um inance Lmin  a t  the  centre  and  perpend icu lar to  the  d isplay at a  0  %  

grey l evel  for a  fu l l  b l ack screen .  

2)  Set the  test i npu t s ignal  to  the  d isplay to  generate  a  1 00  %  grey l evel  over the  fu l l  screen  
or 4  %  window (see  5. 2 .3 .3 . 2)  l ocated  i n  the  cen tre  of the  d isplay,  depend ing  on  the  
i n tended  appl ication .  

3)  Measure  the  wh i te  l um inance  Lmax  at  the  cen tre  and  perpend icu lar to  the  wh i te  d isplay 
pattern  under dark room  cond i tions.  

4)  Calcu late  the  ambien t con trast ratio  as  speci fi ed  for the  in tended  appl i cation  us ing  the  
fol lowing  formu la:  

 

ambmin,

ambmax,max

j
 LL

LL
ACR

+

+
=

min

 (1 9)  

and  

π
θ

ππ
θρ

π
ρ sB,hemiB,Q,45/0hemiB,di/0Q,sF,hemiF,Q,45/0hemiF,di/0Q,

ambQ,

coscos ××
+

×
+

××
+

×
=

ETETEE
L (20)  

where  

Q  represents  the  measured  values  wi th  the  d i sp lay i n  the  wh i te  state  
(maximum)  or b l ack state  (m in imum);   
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ρQ, d i /0  i s  the  front reflectance  for un i form  hem ispherical  i l l um ination  wi th  specu lar 
i ncl uded ;  

EF, hem i  i s  the  fron t  i l l um inance  for un i form  hem ispherical  i l l um ination  of the  spectral  

source  to  be  evaluated ;  

RQ,45/0  i s  the  front  spectral  refl ectance  factor for a  d i rectional  l ight  source  at  an  

i ncl i nation  ang le  θF, s  =  45° ;  

EF, d i rcosθF, s  i s  the  front i l l um inance  at an  incl i nation  ang le  θF, s  for the  d i rectional  source  
to  be  evaluated ;  

TQ, d i /0  i s  the  transm ittance  factor for un i form  hem ispherical  i l l um inati on  on  the  back 
of screen ;  

EB, hem i  i s  the  back i l l um inance  for un i form  hem ispherica l  i l l um ination  of the  spectral  
source  to  be  evaluated ;  

TQ,45/0  i s  the  transm ittance  factor for a  d i rectional  l i gh t  source  at  an  i ncl ination  

ang le  θB, s  =  45°  on  the  back of the  screen ;  

EB, d i rcosθB, s  i s  the  back i l l um inance  at an  i ncl ination  ang le  θB, s  for the  d i rectional  source  
to  be  evaluated .  

5)  I f the  reflection  and  transm ission  coefficien ts  of the  transparent OLED d isp lay are  not 
dependent on  the  rendered  colour,  then  Lmax, amb =  Lmin , amb .  The  spectra l  rad iance  
vers ion  of Formu la  (1 9)  has  the  same form .  

6)  The  actual  va lues  to  be  used  to  calcu late  the  ambient contrast ratio  shal l  be  speci fied  
based  on  the  i n tended  appl ication .  Recommend  va lues  are  g iven  i n  Table  1  and  4 . 2 . 3.  

7)  Al l  va lues  used  to  calcu late  the  ambien t contrast  ratio  shal l  be  recorded  in  the  test report.  

7.2  Display ambient  colour measurement  

7.2. 1  Purpose  

The purpose  of th is  method  i s  to  determ ine  the  on-screen  ambien t colour of a  transparent 
OLED  d isplay modu le  under defined  i ndoor or dayl igh t i l l um ination  cond i tions .  

NOTE  I f the  OLED exh ibi ts  s i gn i fi cant  PL ,  then  the  ambien t  con trast  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  transm ission  and  refl ection  coeffi cien ts .  

7.2.2  Measuring  conditions  

For th is  measurement,  the  fo l l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:  

1 )  spectrorad iometer that can  measure  spectral  rad iance;  

2)  d ri vi ng  power source;  

3)  d ri vi ng  s ignal  equ ipment;  

4)  d i rectional  l i ght  source;  

5)  i n tegrati ng  sphere  or sampl i ng  sphere  wi th  a  s tabi l i zed  l i gh t source.  

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

1 )  the  standard  ambient i l l um ination  cond i ti ons  for an  indoor room  or cl ear sky dayl ight 
sha l l  be  used ,  as  speci fi ed  i n  C lause  4.  

2)  add i ti onal  i l l um ination  cond i tions  may a lso  be  used ,  depend ing  on  the  appl ication .  

c)  Except for the  standard  ambien t i l l um ination  cond i tions,  a l l  other cond i ti ons  are  the  
standard  cond i tions .  
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7.2.3  Measuring  method  

7.2.3. 1  General  

For th is  measurement,  the  fol lowing  method  shal l  be  appl ied .  The  chromatici ty of a  d isplay 
under hem ispherical  d i ffuse  and  d i rectional  i l l um ination  cond i ti ons  i s  a  combination  of the  
d isplay’s  i n tri ns ic l igh t em ission ,  transm itted  and  reflected  ambien t l i gh t.  

– The  ambien t chromatici ty of a  d isplay at a  g i ven  colour state  Q  (e . g .  wh i te,  b l ack,  red ,  
green ,  or b l ue  screen)  under i l l um ination  cond i tions  i s  determ ined  by i ts  equ ivalen t d isplay 
ambien t tristimu lus  va lues.  

– These  va lues  can  be  obtained  from  darkroom  measurements  at the  desi red  colour state,  
combined  wi th  transm ission  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 tions  at that  colour.  

– The  measuring  methods  used  to  characterize  the  transm ission  and  reflection  coefficien ts  
for the  d isplay under hem ispherica l  and  d i rectional  i l l um ination  are  g i ven  i n  Cl auses  5  and  
6 .  

7.2.3.2  Measurement and  calcu lations  

For th is  measurement,  the  fol lowing  measurement and  calcu lations  shal l  be  appl i ed .  

1 )  The  tota l  ambien t spectral  rad iance  LQ, tot(λ)  wi th  transm ission  and  reflection  contributions  
i ncluded  wi l l  be:  

 )()()( ambQ,QtotQ, λλλ LLL +=  (21 )  

where  

LQ(λ)  i s  the  darkroom  spectral  rad iance  of the  transparent OLED  d isplay measured  at  
the  centre  and  perpend icu lar to  the  d isplay for the  desired  colour state  Q;  

LQ,amb(λ)  i s  the  spectral  form  of Formula  (1 9) .  

2)  The actual  va lues  to  be  used  to  calcu late  the  total  ambient spectral  rad iance  for a  g iven  
rendered  d isplay colour shal l  be  speci fied  based  on  the  in tended  appl ication .  Recommend  
values  are  g iven  in  Table  1  and  4. 2 .3.  

3)  Al l  values  used  to  calcu late  the  total  ambien t spectral  rad iance  shal l  be  recorded  i n  the  
test report.  

4)  The effective  d isplay dayl i gh t tristimu lus  values  of the  d isplay under these i l l um ination  
cond i tions  are:  

 λλλ

λ

dxLX )()(683 totQ,totQ, =  (22)  

 λλλ

λ

dyLY )()(683 totQ,totQ, =  (23)  

 λλλ

λ

dzLZ )()(683 totQ,totQ, =  (24)  

where  

( )λx ,  ( )λy ,  and ( )λz  are  the  colour match ing  functions  (see CIE  1 5-2004).  
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5)  The  ambien t 1 931  CIE  x  and  y  chromatici ty coord inates  of the  em i tting  d isp lay at the  
des i red  colour state  Q  under the  speci fi ed  i l l um ination  cond i ti ons  are:  

 
totQ,totQ,totQ,

totQ,
Q

ZYX

X
x

++
=  (25)  

 

totQ,totQ,totQ,

totQ,

Q
ZYX

Y
y

++
=  (26)  
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Annex A 
(normative)  

 
Al ternative  method  for measuring  the  hemispherical  transmittance  

factor of a  transparent OLED display 

A.1  Purpose  

An  a l ternative  method  i s  described  to  measure  the  hem ispherica l  transm i ttance  factor of a  
transparent OLED  d isplay.  Th is  shal l  be  the  preferred  method  i f the  presence of the  OLED  
d isplay against the  sphere  s ign i ficantl y changes  the  spectral  i rrad iance  on  the  sphere  wal ls.  I t  
i s  a lso  necessary to  use  th is  method  i f the  OLED  d isplay needs  to  be  measured  in  i ts  on  state.  

A.2  Measuring  condi tions  

For th is  measurement,  the  fo l l owing  cond i ti ons  shal l  be  appl i ed .  

a)  Apparatus:   

1 )  spectrorad iometer as  defined  i n  4 . 3 . 2 ;  

2)  a  smooth  broadband  l i ght  source  shal l  be  used  to  produce  sufficien t spectra l  i rrad iance  
from  380  nm  to  780  nm  i ns ide  a  sampl i ng  sphere.  The  in tens i ty at  each  wavelength  i n  
that range  shou ld  be  also  stable  to  l ess  than  1  %;  

3)  a  sampl ing  sphere  shal l  be  used  to  implement un i form  hem ispherica l  d i ffuse  
i l l um ination  cond i ti ons.  The  configuration  shal l  fo l l ow the  standard  8°  to  1 0°  detection  
geometry,  wh ich  is  shown  i n  F igure  A. 1 .  General  gu idance  is  g i ven  i n  I EC 62341 -6-2  
for making  optical  measurements  using  a  sampl ing  sphere.  

b)  I l l um inance  cond i tion :  the  s tandard  ambient i l l um ination  shou ld  be  used ,  such  as  CIE  
i l l um inant A,  or CIE  Dayl i gh t I l l um inants,  as  recommended  i n  Table  1  or defi ned  i n  the  test 
speci fication .  

c)  The  measurements  wi l l  be  performed  i n  a  dark room  wi th  an  OLED  d isp lay rendering  the  
des ired  colour Q .  I t  shou ld  be  noted  that i t  i s  not uncommon  for the  OLED transm iss ion  

properties  to  be  largel y i nvariant  wi th  the  rendered  colour.  I f that can  be  demonstrated ,  
then  the  trasm ission  properties  can  be  measured  wi th  the  d isplay turned  off.  

A.3  Measuring  the transmittance  

For th is  measurement,  the  fo l l owing  method  shal l  be  appl ied .  
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Figure A. 1  – Measurement geometry using  a  sampl ing  sphere  

1 )  A spectrorad iometer i s  a l i gned  i n  such  a  way that  i ts  fi e l d  of view i s  cen tred  on  the  
detector port ( l eft port i n  F i gu re  A. 1 ),  and  i ts  measurement fie l d  i s  focused  and  centred  on  
the  sample  port  (ri gh t s ide  of sampl ing  sphere) .  

2)  P lace  a  wh i te  reflectance  standard ,  of known  spectral  refl ectance  ρstd (λ)  for hem ispherical  
i l l um ination ,  against the  sample  port.  After the  l i gh t source  has  stabi l i zed ,  measure  the  

spectral  rad iance  of the  reflectance  standard  Lstd (λ) .  

3)  Rotate  the  spectrorad iometer about  the  detector port  such  that the  measurement fi el d  i s  
pos i tioned  on  the  i nner wal l  of the  sampl i ng  sphere  ad jacent to  the  sample  port.  Measure  

the  spectra l  rad iance  of the  sphere  i nner wal l  Lwal l (λ) .  The  spectral  reflectance  of the  
sphere  i nner wal l  ρwal l (λ)  i s  obtained  by:  

 
)(

)(
)()(

std

wall
stdwall λ

λ
λρλρ

L

L
⋅=  (A. 1 )  

4)  P lace  the  back of the  transparent d isp lay against the  sample  port of the  sampl i ng  sphere.  
Turn  on  the  d isplay to  the  des ired  colour state  Q ,  where  Q  may be  off,  red ,  green ,  b lue,  
etc.  Al low the  d isp lay to  stabi l i ze.  

5)  Measure  the  spectra l  rad iance  of the  sphere  inner wal l  LQ,wal l (λ)  u nder sphere  i l l um ination  
wi th  the  d isplay rendering  a  colour Q.  

6)  The  spectral  i rrad iance  EQ(λ)  on  the  d isplay from  the  sphere  hem ispherical  i l l um ination  i s  
g i ven  by:  

 
)(

)(
)(

wall

wallQ,
Q λρ

λπ
λ

L
E =  (A. 2)  

NOTE  To  ensure  measu rement i n teg ri ty,  the  spectral  i rrad iance  E
Q
(λ)  i s  d om inated  by the  i l l um inati on  

ori g i nati ng  from  the  sphere  l i gh t  source.   

7)  Move the  spectrorad iometer to  the  fron t of the  transparent OLED d isplay.  Al i gn  the  
spectrorad iometer normal  to  the  d isplay surface,  and  cen tre  the  measurement fie l d  i n  the  
cen tre  of the  sample  port.  The  LMD  d istance  to  the  d isplay shal l  be  obtained  from  the  test 

speci fication ,  otherwise  i t  sha l l  be  0, 5  m .  Measure  the  total  spectral  rad iance  LQ,T(λ)  
transm i tted  through  the  transparen t OLED  d isp lay.  

8)  Main ta in  the  posi tion  of the  transparen t OLED  d isplay,  and  remove the  sphere.  Whi l e  the  

d isplay i s  sti l l  rendering  the  same colour Q,  measure  the  spectral  rad iance  LQ(λ)  of the  
transparent OLED  d isp lay i n  a  dark room.  I f the  d isplay em ission  i s  s table  and  
reproducible,  the  dark room  measurement can  be  done  i ndependen tl y of the  sphere  
measurements.  

IEC  

Sampl i ng  

sphere  

Detector  

Whi te  

s tandard  

Display  
Lamp  

Lwal l  

LSTD  LT  
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9)  The  hem ispherical  spectral  transm ittance  factor TQ,d i /0(λ)  of the  transparent OLED  d isplay 
wi th  the  d isplay rendering  a  colour Q  i s  g iven  by:  

 
( )

)(

)()(
)(

Q

QTQ,
di/0Q, λ

λλπ
λ

E

LL
T

−
=  (A. 3)  

The  l um inous  transm ittance  factor TQ  for any CIE-defined  i l l um ination  spectrum  ECIE(λ)  
can  be  calcu lated  us ing  the  fol lowing  formu la:  

 
λλλ

λλλλ

λ

λ

dVE

dVET

T
)()(

)()()(

CIE

CIEQ

Q

∫

∫
=  (A. 4)  

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