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he International Electrotechnical Commission (IEC) is a worldwide organization for standardization-Cempr
Il national electrotechnical committees (IEC National Committees). The object of IEC is 0™ pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards, Technieal\Specificat]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee interg

the subject dealt with may participate in this preparatory work. International,, governmental and

overnmental organizations liaising with the IEC also participate in this preparation.”IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance with\ conditions determine|
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

EC Publications have the form of recommendations for international,'se and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made~to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible fef,the way in which they are used or for
isinterpretation by any end user.
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h order to promote international uniformity, IEC National Committees undertake to apply IEC Publicafions

ansparently to the maximum extent possible in theirnational and regional publications. Any diverg
etween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation of cenformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fof

services carried out by independent certification bodies.

Il users should ensure that they have the'latest edition of this publication.
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embers of its technical committees and IEC National Committees for any personal injury, property dama
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International Standard IEC 62341-5-3 has been prepared by IEC technical committee 110:
Electronic displays.

This second edition replaces the first edition published in 2013. This edition constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the measurement vehicle for lifetime is only for the module;

b) t
c)t
d) t
e)t
f) t

The

Full

he measurement method for monitor or TV devices IS modified,

he digital signage display is included as an example of OLED devices;

he measurement method with HDR (high dynamic range) for image sticking is added;
he analysis method with CIEDE 2000 is added for image sticking;

he information method for evaluating image sticking is modified.

text of this standard is based on the following documents:

FDIS Report on voting
110/1134/FDIS 110/1154/RVD

information on the voting for the approval on this standard can be found in the repor

[ on

voting indicated in the above table.

Thig publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A ligt of all the parts in the IEC 62341 series, under the general title Organic light emifting
diode (OLED) displays, can be found on the IEC website.

Thel committee has decided that thé~contents of this publication will remain unchanged yntil
the |stability date indicated on the’ IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication: At this date, the publication will be

e feconfirmed;

e Withdrawn;

e feplaced by a revised edition, or

e Amended.

IMPIORTANT — The ‘colour inside' logo on the cover page of this publication indicates

that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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diode (OLED) display panels and modules, except finalized display products~for |end
cusfomers, such as TV sets, monitor sets and mobile phones.-# The measuring-method for
the fifetime mainly applies to modules.

2 |[Normative references

The| following documents are referred to in the text in such a way,that some or all of their
content constitutes requirements of this document. For dated reférences, only the edition
citefd applies. For undated references, the latest edition of the referenced document (includgling
anylamendments) applies.

IECI80050 (all narte) International Elactroteehnical /ocabilary (availabhle at
rM=orvovovoo A\l | AL K] T TTatTroTTaT =TUUtTrotoTrmoar voovduouiary (Voo ot
IEC|60050-845, International Electrotechnical/\\Yocabulary (IEV) - Part 845: LigHhting
(available at <http://www.electropedia.org>)

IECI62087-2011—Methods—of -measurement for-the-power-consumption—of-audio—videofand
related-equipment

IEC|62341-1-2:200%, Organic light emitting diode (OLED) displays — Part 1-2: Terminojogy
and|letter symbols

IEC|62341-6-1:2009201, Organic light emitting diode (OLED) displays — Part 6-1: Measuying
methods of optical apd~electro-optical parameters

IEC and
mat

ISO|11864~1, Colorimetry — Part 1: CIE standard colorimetric observers

CIE 152004, Colorimetry

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62341-1-2:2007 and

IEC

60050-845:498% and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

add

resses:

e |EC Electropedia: available at http://www.electropedia.org/
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SO Online browsing platform: available at http://www.iso.org/obp

1
ivalent current density

average current density of a certain pixel calculated from a varying luminance per frame
image in a moving picture so that luminance degradation becomes similar at the same time

Note

1 to entry: See Annex A.

3.1.2

equ

ivalent signal level

digi
lum
Notel
3.2

For

AP
CIE

DUT
EOT

FW
HDH
LML

OET
OLED

PQ
SDF

4

4.1

The
with
sho

al code value from 0 to 255 (in the case of 8 bits) fransformed from the normaljzed
nance of a certain pixel by a-gamma specified opto-electronic transfer function (OETF

1 to entry: See Annex A.
Abbreviated terms
the purposes of this document, the following abbreviated terms apply?

average picture level

|_AB CIE 1976(L*a*b*) colour space
devices under test

F electro-optical transfer function

HM full-width-at-half-maximum

R high dynamic range

D light measuring device

F opto-electronic transfer function

organic light emitting diode

perceptual quantizer

R standard dynamic range

Measuring configuration

General

system diagrams and/or operating conditions of the measuring equipment shall comply
the structure.'specified in each item. The measuring system and its arrangement|are
vn in Figure-1. The details are given in Clause 5.

OLED
d'Sp,Ia,y Display surface
mouguiIc
K"; Light measuring device
e S 1 S
aqx
Driving Driving
power .
signal
source

IEC

Figure 1 — Measuring system and arrangement
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Light measuring device-{LMD)

019

The optical properties of displays shall generally be expressed in photometric or colorimetric
units using the CIE 1931 standard colorimetric two-degree observer (see I1SO 11664-1).
Luminance can be measured by a photometer, and the CIE tristimulus values (X, Y, Z) or CIE
chromaticity coordinates by a colorimeter. A spectroradiometer can also obtain photometric

and _colorimetric values through a numerical conversion of the measured spectral radiance
datg (see, for example, [1]1). The following requirements are given for these instruments:

The] LMD shall be a luminance meter, colorimeter, or a spectroradiometer. ForyDUTs that
have sharp spectral peak full-width-at-half-maximums (FWHMs) smaller than.“20 nnj, a
speftroradiometer should be used. A filter colorimeter should generally not bg-used for light
soufces with sharp spectral peaks. If they are used, the colorimeter shall beyealibrated with a
narfjow bandwidth spectroradiometer to give the same results for thévspecific spectqum.
Report the characteristics of the spectroradiometer which is used fdx’calibration. For light
soufces with sharp spectral peaks, the maximum bandwidth of the sp€ctroradiometer shall be
< 8 nm. The higher resolution spectroradiometer produces'|a” more accurate cojour
megsurement. In those cases, the wavelength accuracy shall be within £0,5 nm. [The
speftroradiometer shall be capable of measuring spectral radiance over at least the 380 nin to
780|nm wavelength range, with a maximum bandwidthe 6f¥10 nm for smooth broadband
speftra (i.e. broad spectrum with no sharp spikes).

Carp shall be taken to ensure that the LMD has{enough sensitivity and dynamic rang¢ to
perform the required task. Before measuring theXRUT, the LMD specification shall be chedked.
5 |Standard measuring conditions

5.1| Standard measuring environmental conditions

The| standard measuring environmental conditions specified in IEC 62341-6-1:20092017, p.1,
sha|l be applied. For image.sticking measurements, the environmental temperature shal| be
confrolled at 25 °C +-2 3 °C,jotherwise a temperature-controlled detector shall be used. (The
stability of the LMD shall be less than 1/5 of the intended detecting difference level$ of
lum[nance and colour.)

5.2| Standard ‘measuring darkroom conditions

The| standardymeasuring darkroom conditions specified in IEC 62341-6-1:20092017, 5.2, ghall
be applied-

5.3 | “\Standard setup conditions

5.3.1 General

1

Numbers in square brackets refer to the Bibliography.
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Adjustment of OLED display-modules

5.3142,

’

1:20092017

6

Starting conditions of measurements

i

min. Repeated measurements shall be taken for a peniod of at least 15 min after star

Test patterns

monitors and T\/clara

tast nattarns for disnlav devices such asrmobile nhones table PCs

—vVoare

In tha case of mobilesand tabhlet PCs denendina on-the size of the OILED
HAEe-CaSe- oMo heS Rt ab et oS, GepenGiigonmeSiZe orheo

for monitors—and-T\Vs Such as Fiaure 2b) mav he used

Standard setup conditions are given below. Any deviations from these conditions.shall be

recgrded.

5.3.2

The| adjustment of the OLED display-medules specified in I[EC 62341

sha|l be applied.

5.3.8

Wainm-up time is defined as the time elapsed from the moment of switching on the supply

voltage until repeated measurements of the display show a vatiation in luminance of less than
%

2

Thelluminance variations shall also not exceed 5 % during the total measurement.

5.3.4

TIh

o tCo T Pa T io 1O GiopPiay G VICTO Ou T T oo oo T P oo, taotC T oo, ionmoroatta

sholyn in Eiaqura 2

OOV T TgurS—==

disdlav nanals ar modules and measurament distance hatwean tha dienlavy and tha | MD

In order to-aet repneatabilithof
to—getrepeatadtt

HH—oTract

Vo OouTT oo T Iigur o= Thay oC—uotu-

HHoOTHHto ro—atta

CHo™giay PartCio O MoTdoiTo antU I oaouTr CRre Tt OrotaticC ottty SO e oropiay arra th T =ihvia 5 1t

faXsT<d
Caop 1O+t
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5.3.4.1 SDR displays

Thel| test patterns for SDR display devices such as mobile phones, tablet PCs, monitors, [TVs
and| digital signage are shown-in Figure 2. The test pattern for SDR displays is divided [into
two|groups.

1) [Test pattern for mabiles and tablet PC displays

In the case of mabites and tablet PCs, the measurement distance between the display and|the
LMD depends~on the size of the OLED display panels or modules. The measuring distgnce
and|the apertiire angle may be adjusted to achieve a measuring field greater than 500 pikels
if the seiting” of the measurement field angle is not applied. For display devices exg¢ept
monitars, )TVs and digital signage, the test pattern with a white level at the 4 % window [box
locqdted,in the centre and a black level in the background, is used in Figure 2a).

2) Test pattern for monitors, TVs and digital signage displays

For monitors, TVs and digital signage, the test pattern is extracted by video analysis to reflect
the characteristics of the video sample. For the test pattern, the maximum code value is
allocated at the 4 % window box in the centre and the average code value is in the
background. The examples of the maximum and average gray code values are shown in
Table 1. The example of the test pattern is shown in Figure 2b). The maximum and average
code values between 0 and 255 (in the case of 8 bits) could be extracted from the
accumulating image for all frames of the video sample, which is converted as equivalent
grayscale from each colour channel.

NOTE 1 Image sticking is influenced by the characteristics of the OLED displays [5], [7]. Some manufacturers of
OLED displays apply various algorithms to optimize the quality of each device, and this also influences the image
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sticking. To consider the characteristics of an OLED display, the method in Annex A is used for the test pattern
reflecting the characteristics of the OLED display.

n - - H .
[l | -¢ L
IEC I IECI
a) Test pattern for mobiles b) Test pattern for monitors,"TVs
and tablet PC displays and digital signage displays

Figure 2 — Test pattern for SDR displays

Table 1 - Examples of maximum and average code value extra¢ted from video samp
Examples of test video Maximum code value Average code value
IEC 62087:2011 107 84
Broadcast video sample 183 102

NOTE 2 For the test pattern, any video samples could «b& selected as needed. Table 1 shows two king

reprg

ente
are

apply.
3) Measuring area
In order to get repeatability of measurement, the measuring area from P, to P, for display

set fo consider the uniformjitinef the OLED display panels or modules, as shown in Figure
the centre window size is chdanged, then it should be reported in Table 2.

es

s of

sentative examples. The broadcast video sample eXample is constructed by considering the viewing rafio of
the |content of TV programmes based on the Kdrgéa broadcast media use environmental survey report:

tainment (30,9%), news (20,2 %), drama (16,8%,); and so on [4]. The average gray level and test pattern
ifferent between SDR and HDR in TVs. Depgnding on the purpose of the test, Figure 2b) or Figure 4a) W

_H5_

V15

_\'U
O

cssssbesnssssnan decctecnces msssensssssboncnsssnne

A
\i

IEC

Figure 3 — Image sticking measuring area

4) Checking the test pattern

size
ould

s is

B. If

For SDR displays, the output luminance can be different although they have the same digital
code value inputs. To check the brief information of the selected test pattern, the output

lumi

nance for the test pattern should be measured and reported.
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Apply the test pattern on OLED displays and measure the output luminance on the measuring
area from P, to P, as shown in Figure 3. The results of the output luminance of the test

pattern should be reported in Table 2.

5.3.4.2 HDR displays

In 5.3.4.1, the test pattern for SDR displays is described. The test pattern for HDR displays is
shown in Figure 4a). It is based on the PQ curve and 10 bits. The test pattern for HDR
displays is proposed separately because the characteristics of the contents of the SDR and
HDR are different. The test pattern for SDR or HDR can be used as needed. The background
code value should be 510. The size of the box window should be 10 %. which is located in the

cenjre. The code value of the 10 % box window should be 710. The measured luminancg of
the pbox window and the background luminance should be reported. To get repeatabilj flthe
megsurement data, the measuring area from P, to P, is the centre of the boxes, a owp in
Figure 4b). The measurement data should be reported in Table 2. N
X
v x0,34 7 x0,32 "b &
~ v x032 ¥V x032%"V x032 P
5] - > '\,,<
o N~
i x T Lo X Ty
T P,
Y C)Q)q’ H %032
s ‘ P P
- \Q/ 0 2 I

,:O/(\-

A
Y

Y

\'C

@,H x 0,34
()

)

a) HDR test pattern A\ b) Measurement area

Flgur@;}'— Test pattern for HDR displays

n29
U0z

LL
1

IEC

NOTE The code value of the 1(@0\box window and background is the result of the analysed data of HDR conjents

which are HDR games, draSnd documentary.
5.3.p Conditio measuring equipment

The| general co«@«ons in IEC 62341-6-1:20092017, Clause 5, shall be applied.

6 Me@ing methods of image sticking

6.1 &uﬁpese

The purpose of this method is to measure the image sticking of an OLED display-panels—er

modules.

6.2 Measuring method

6.2.1 Measuring equipment

The following equipment defined in IEC 62341-6-1:20092017,-8-4-2 5.3.4, shall be used:

a) power supplies and signal sources for driving,
b) LMD.
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6.2.2 Measuring procedure

The

OLED display-medules shall be set in darkroom conditions for measurement.

a) Initial measurements on full screen pattern

Apply a full white screen driving signal to the OLED display-medules-over-thefull-sereen, and

©

set aII power supplles to the standard operatlon condltlons#ewever—fer—sem&drsptay
Medsure the initial spectral radiance or tristimulus values-eF-white at P, to P, as show

Figu
be 1

b)

re-2¢) 3. The initial spectra radiance or tristrimulus values of the primary colours may
heasured individually.

mage-bura-in stress usmg the test pattern

h in
also

O G O aa \/ B4
o-the OLED disnlavmodiules to-aenerate a0 % luminance level overthedfull secreen and s
o+the- D= GiSpayRoatheSto-geheratea v~ diHRahcetever—overAne+dr-screenafa—a
heak luminance at the test nattern which-is located - at the centre of the=disnlav-as showln-in
bR ceattRietesStpatteri-wiHech1S+ocateaatthe-cetre-otfRe<aispayasSShowihRh
Ciaure 23) For monitor-and T\, _setthe neak luminance level oversthe 4 % window natlern
Higufre—~<a)—F o RoRhitorahca———SetthRepeakidtiHhRaRce1e Ve oVveitRe 44— WRGoOW-pPaterh
cated i a ntre dis with 1 i ce f n
catea— e e &S t ce t

Forlimage stress, the test pattern based on 5.3.4 for disptay devices should be applied to|the
OLHED display.

Keegp the test pattern until the specified time, considering the luminance degradation cufve.
For|example, the measurement time can be, every 1 h during the first 6 h, and every 24 h
during the first 120 h, then every 72 h until” the target time in the standard measurement
conflition. Alternatively keep the test pattern until the target time in the standard measurement
congition.

c) Measurements on full screen pattern after image stress

Befpre the measurement, tutRioff the OLED display and stabilize it to the standard operation
confition. Then turn on the OLED display again and apply a full white screen driving signal to
the |[OLED display-medules over the full screen. Set all power supplies also to the standard
opefration conditions—~Measure the spectral radiance or the tristimulus values at the same

med
trist

For
suc
5.3.

suring location jas the initial measurement. The initial and final spectra radiancs
rimulus values of the individual primary colours may also be measured and reported.

h as~4&ed, green and blue, each test pattern should be designed following the method
U cand each full primary colour screen pattern should be used for measurement.

or

the measurement method, only white tone is considered. For the other primary colgurs

5 of

All measurements shall be done at the target time of-400-and 500 h and shall be reported. In
Figure-3 5, an example of-the-burn-in image stress is shown.
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US4 kel

Fiaure 3 — loof the_burn-ini

IEC
Figure 5 - Example of the resulting image after image stress

6.3| Analysis and report
6.3.1 Analysis
6.3./1.1 Luminance and chromatic deviation method

Imape sticking can be characterized by luminance and chromatic deviation.

Thelimage sticking of luminance IS(¢) for white is calculated as follows:

D LO}L (1)
ISt =[1-—=

4

{Z L (1)} Ly (1)

x100 (%) (1)

whéte

t is the specified measurement time;
to is the initial measurement time;

L; is the luminance of the measurement location from P;.

Chromatic deviation 4u’v’(t) caused by image sticking at Py over time for white is calculated
as follows:

Au'v(t)y = (') —u'(8)12 + (0 (1) — v () 12 2)

where
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t is the specified measurement time;

to is the initial measurement time;

(u’(2), v'(2) is the white chromaticity value at the specified time;
(u(tg), v'(tg)) is the white chromaticity value at the initial time.

The average of the chromatic deviation 4u’v’(t)pyg caused by image sticking between
different measuring locations from P, to P, for white is calculated as follows:

4
=/ 2 2 .
AUV =2 W (O)=u i)y ~v,(()=Vv, D)y )/ 4 (3)
i=1
where
t is the specified measurement time;

(u;{z), v’ ,(r)) are the chromaticity coordinates of the measuring locations-of P; (i = 1, 2, 3| 4).

The| value of u' and v’ can be calculated from the tristimulus valuexX, Y, and Z using|the
follgwing formula:

u'=4X /(X +15Y+32)

, (4)
v'=9Y /(X +15Y+32)

6.3.1.2 Colour difference method
6.3.1.2.1 General

The] image sticking shall be analyzed with‘AE*,, of the three-dimensional, CIE 1976 L*q*b*
colqur space (see CIE 15-2004) following\the procedure in 6.2.2. Additional three-dimensipnal
unifprm-celoeur-spaces—and colour spaces may also be used and identified in the test regort.
Each colour point can be plotted on the L*, a*, and b* axes of the CIE L*a*b* colour spac¢ by
referencing the peak white tristimwlus value (X, Y,, Z,) in the measuring location P, at|the
initial time 79 and using the following transformation formula:

L* (t)=116x f(Y.(1)/Y,)-16
a* (t) =900x[f(X,®)/ X,)- f(Y,(1)/Y,)] (5)
b* (1)=200x[f(Y()/Y,)- f(Z,(0)/ Z,)]

whdre
{13 2 (6/29)3
J(x)=
1(2)2x+i otherwise
3 6 29
t is the specified measurement time;
LEab® L* a*, b* is the CIELAB colour coordinates of the measuring locations of P;
(i=0,1,2,3,4);
X, Y, Z,) is the tristimulus value of the reference white in the measuring location P at

the initial time .

6.3.1.2.2 CIE 1976

The colour difference formula AE*,(¢), caused by image sticking at Py over time for white is
calculated as follows:
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AE*, (t), = \/{L * ()—-L%, (to)}z +a*y ()-a*, (to)}2 +{b%, (t)-b% (to)}2 (6)
where
t is the specified measurement time;
to is the initial measurement time;
EEa¥b®y L *qa* b*, are the CIELAB colour coordinates of the measuring locations of Py,.

The average of the colour difference formula AE*,(t)pyg Caused by image sticking between

diffgrent measuring focations from P4 10 P, for white is calculated as 101loOwWS:

3 2 2 2 7
AE*,, (Dpe =| DAL* ()= L*, ()} +{a* (1) —a*, (1)} +{b* (1)~ b*, (1)} 14 (7)

i=1

whdre

t is the specified measurement time;

Lrafb®, L* a*, b*  are the chromaticity coordinates of the measuring locations of P, (i F 1,

2,3,4).

2.
oot e e nn s octedac o borooenind il the peenll of the cernonniecn
betWween-the=feference luminanceratio-the chromatic-deviation—and-the colourdifferencej-as
shon ib-TFable-3-

Factor Threshold Estimated time
Luminance ratio{1S) 3%
. ) _— ],,1]9 P,
0,004

Colour differenceA£* atP
ab{tho 0
Average-of-colourdifference=E£~, (1, yg
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Fime
:‘ Factor Result-data
Lumi o (1S
Chromatic-deviation-Auy{tgat P
400 A ‘ . o WENEAR \%
Colour-difference-AL* | {1}, at-P, QQ‘
Average-of-colourdifference4E* (1), o N
Vv
6.3.2.1 Information of test pattern <0' )
’

Befpre reporting the measurement data, information on the used»(ést pattern should| be
rep¢rted, as shown in Table 2. It includes the type of test pattern, size of the window Ipox,
the jallocated code values located at the centre and background(@ d the output luminancg of
OLHD displays for the test pattern. If other test patterns n isted in 5.3.4 are used, fhey
sholld be reported in accordance with Table 2. 5)

;\\
Table 2 - Information on (es pattern
— v
Types of test pattern \\Y (SDR, HDR, etc.)
—
Size of window box QO - %
Centre \'\(\Q - (based on 8 or 10 bits)
Code value 3
Backgrogr@ — (based on 8 or 10 bits)
R\
Q‘
Output (iedre (Po)
. g
luminance A ground (average of from P, to P,)
AN

C)\
6.32.2 MeasureE)&& &ata record

The| typical valu cga?mage sticking can be reported following the format shown in Table 3.[For
the Jtypical va he initial data should be reported and other data at the specified time [can
be gelected owing the measuring procedure of image stress.

D
\@C)

Table 3 — Example of typical value

Measurement data
(.:-12?1?) Colour P, Average of P, to P,
X Y z X Y z
0 White
1 White
White

6.3.2.3 Image sticking data

Image sticking should be reported with the result of the comparison between the reference
luminance ratio, the chromatic deviation, and the colour difference, following the format
shown in Table 4. Each result data should be calculated from Formulae (1) to (7), and should
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be reported in Table 4. The designated time is 500 h. If the time is changed, it should be

reported.
Table 4 — Reporting format of the image sticking data at target time
Time Factor Result data
(hours)
Luminance ratio (IS)
Chromatic deviation Au’v'(z), at P,
500 Average of chromatic deviation Au'v'(),v.q
Colour difference AE* (1), at P,
Average of colour difference AE™*_ (1) ,yq
It i recommended to refer to AE*yy using the method in Annex B, if it dg-hecessar
caldulate the colour difference with CIEDE2000 instead of AE* ;.
6.3.2.4 Image sticking time

Imape sticking can also be reported as the estimated time withthe thresholds as show

Tab
lum

It id
calg

7

7.1

The

e 5. The thresholds of the image sticking can be set depending on the display size, p
nance and so on. They can be selected as needed and shauld be reported.

Table 5 — Reporting format of the image sticking time with threshold

Factor Thireshold Estimated time

Luminance ratio (IS) -

Chromatic deviation Au'v’(), at P,

Average of chromatic deviation 4u’v’(ay g

Colour difference 4E*, (¢,) at P

Average of colour difference (4 E¥,, (¢) oy

recommended to refer/to AE*;, using the method in Annex B, if it is necessar
ulate colour differenige*with CIEDE2000 instead of AE*,.

Measuringimethods of the luminance lifetime

Purpose

purpese of this method is to measure the luminance lifetime of the OLED display-paf

to

n in
eak

to

hels

oF I

nodules. The lifetime is the elapsed time required for the luminance to decrease to

the

specified fraction of the initial luminance set in operation. Unless otherwise specified, half
luminance lifetime shall be used for lifetime measurements. When describing the lifetime, the
initial luminance, the evaluation temperature and degradation ratio shall be specified.

7.2

Measuring method

7.21 Measuring equipment

The following equipment shall be used:

a)
b)

power supplies and signal sources for driving,
LMD.
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7.2.2 Measuring procedure

The OLED display-panels—or-meodules shall be set in the standard measuring conditions. The
darkroom conditions shall be applied when the luminance is measured. Apply a full white
screen driving signal to the OLED display-paneleormeodule at 100 % gray level, and set all
power supplies to the standard operation conditions. However, for some display applications,
the full screen luminance can be reduced, according to-73-4-eof IEC 62341-6-1:20092017, 6.3.

Measure the initial luminance, keep the above operating conditions and measure the
luminance of the-device-undertest{ DUT)} at the specified time. The specified time can be (1,
2, 5 10, 20, 50, 100, 200, 500, 1 000 and 2 000) days. In Figure 6. an example of the
lum|nance behavior in operation is shown. When measuring the luminance lifetime,| an
acceleration method-may can be acceptable (see-AnrnexB A.2.2). If an acceleration methqgd is
applied, the acceleration condition, the acceleration ratio and the theoretical basis of|the
method shall be reported.

Relative luminance (%)
(e}
o
/
/
%

60 LA Swo

50 > ==
0 10 000 20 000 30 000 40 000 50 000 60 000

Time (h)

IEC]

Figure 6 — Example of luminance behavior in operation
for an OLED display-panel-or module

7.2.3 Estimation of luminance lifetime

Thel| direct measurement of luminance lifetime would typically take an impractically long time,
exceeding-several tens of thousands of hours of panel operation. Extrapolation methods|are
applied (to) shorten the measuring period. Luminance lifetime is a degradation phenomenop of

the [light emission from OLED displays. An extrapolation method can be applied to estimate
the mwmmmmmmmﬂ sed

on the knowledge of the degradation phenomenon.

1/n
L(t) = L(O)exp{— [Lj w 8)
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InIn(L(0)/ L(¢))] = 1/ nIn(z) - 1/ nIn(a)

degradation phenomenon shows exponential degradation as follows ffD'S]:

L(t) = L(0)exp {_Gjﬂ L(/O@({/b

S

re Q
is the operating time; Q
is the luminance value of the degradation p@gomena at time 1,
is the initial luminance value of L(¢); @s\0

is the constant (relaxation time); \‘g\
is the coefficient.
2

ormula (11), there is a linear {@,ﬁ\tlon between log [In (L(0)/L(z))] and log (7).
oF

N
log[In(Z(0) / L(1))] = Alog(t) - Blog(a)

-
.

10)

11)
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log[In(L(0)/L(1))]

16 - A A A A A A A A A v B
20 22 24 26 28

) )

log(?)
IEC

Figure 7 — Example of lifetime estimation with the extrapolation method

Wit
(Fi
med
cald
4 74
drif
sign

the linear relation, the lifetime-may can, be estimated, using the extrapolation method
ure 7). For example, the formula y 20,555 6x — 2,584 4 is defined based on the feal
surement data. y could be -0,541.847 by calculating log [In (L(0)/(0,75 x L(0))]. After
ulating the formula to get the time{it is possible to estimate the life time which is alpout
3 h where L(z) is 0,75 times L(0). To check the suitability of the degradation formula,|the
of the estimated lifetime should be used. If the formula is appropriate, there will bg no
ificant drift of the estimated,value with the driven time. Examples are shown in Figure 8.
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<
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7 80 000 -
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70 000 -

66-660 Y

° \S
50 000 - —_— Oy R
(&) ° O—O >—*—$
[} @ o9 y\q
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o 9 "1/
30000 - o9 !
’
20000 - ¢ (bb‘
10 000 - ' ' (b '
0 2000 4000 6 OO%/C) 8 000 10 00d
Time. lapsed for lifetime measurement [h)

O IEC
X

Figure 8 — Examples of estimated lifeti 2 depending on the time elapsed

QO

g '
Q/ K 10 1 Shape factor: 7,10
\ Scale factor: 27 426,6

o] AVETAgE. 25 074,71
3 . Std. dev.: 4 257,51
2
1 1 U T

15 000 20 000 30 000

Lifetime (h) IEC 2159/13
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Typical-values
Senbieies 27427
Standard deviation 4258
Shape-factor 10
B 19977
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The| purpose of this method is to define the procedure for calculating the equivalent.si
levdl for the image sticking of-a—\/type monitors, TVs, or digital signage devices usihg vi
sanjples. Through the calculation of the equivalent signal level, the characteristi€s of
OLHD display can be reflected.

A.2] Determining the equivalent signal level

A.2

Singe OLED degradation is generally not proportional to currefat density, the quantitie
normalized luminance intensity and equivalent current density, which are proportiona
OLED degradation, are defined [6]. It is possible to apply“this quantity to the usage mo

bas
line
con
ach

A.2

Thel equivalent current density is calcifated using the OLED degradation function. The O
degradation function that is normalized by initial luminance is given empirically by
strefched exponential function:

whdre L(0) is theninitial luminance, 4, K and m are fitting coefficients depending on the dey

Jis

and| m are(determined from the measurement data.—s=4/#—n—is—theacceleration—f3
accprdingsto-Equations{8)and{9)- m = B B is the coefficient according to Formula (10)

For
acc

- 24 — IEC 62341-5-3:2019 RLV © IEC 2

Annex A
(informative)

caleulati hod of eauivalent sianal lovel

Calculating method for equivalent signal level to reflect the
characteristics of the OLED display

Purpose

019

1 General

bd image sticking measuring method. The normalized™Muminance intensity is in the H
ar space and can be converted to the equivalent signal level to apply linear to non-lin
version. Further, accurate image sticking simulation for a specific application can

2 Calculation of the normalized luminance intensity

&(x p— m
70) Aexp(=KJt™) (

the current density of the OLED device in subpixel, and ¢ is the time of the test duratio

uta_{11). Figure A.1 shows the measured luminance degradations and fitted |
Frding to Formula (A.1).

gnal
deo
the

5 of
| to
del-
GB
ear

be

eved by computing one image in terms of normalized luminance intensity or equivalent
curfent density of various kinds of the actual usage images and image sources.

LED
the

A1)
ice,
N. K

and
nes
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Degradation time

€ 10mA/cm? A 40mA/cm?

B 20mA/cm? € 80mA/cm?

As {
fung
ass
whi
the
ove

a)

b)

Figure A.1 — Measured 10 mA/cm? to 80 mA/cm2 QLED degradation values
and corresponding modelled functions with m =1 /1,7

Iiming that degradation is additive, one can.derive a degradation function for a subp
th is degraded by exposure to multiple current densities over time. Therefore, D, whio
degradation of a pixel by the temporal sequence of current densities J; .J, .J3...'Jn an
 a time period # is defined. D,, is calculated as follows. s

ds:

hown in Figure A.1, this model accurately accounts for the degradation of the OLED as a
tion of both time and current density for a typical OLED. By applying this model fand

ixel
his
dN

Consider a first degradation of an“OLED, resulting from exposure to current density J;
pver a time period #. This degradation is expressed as:

D, = Aexp(-KJt") (A.2)
Consider an alternative degradation D, of an OLED resulting from current density J, gver
p time period ¢~ This degradation is expressed as:

D, = Aexp(-KJ,t," ) (A.3)
5 can now be defined, such that it is the time required to make D, equal to |Dj.
Accordingly 7, can be calculated from Formula (A.2) and Formula (A.3), and is expregsed

pa
t, = (‘%J t, (A.4)

Using Formula (A.4), time period ¢, can be scaled to account for differences betw

een

current densities J; and J,. Therefore, after an OLED is exposed to J; for a first time

period and J, for a second time period, the resulting degradation can be expressed as:
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m

1 1
AR (2¢,)" (A.5)

D, = Aexp(—KJ, (t, +1 )’") = dexp| -K

c) Consider the degradation of an OLED over a third time interval t3 with exposure to current
density J3. Degradation D,, can then be expressed as:

D, = Aexp(-KJt,") (A.6)

Again, defining 73 such that it is the time required to make D, and D,, equal,\fg is
calculated from Formula (A.5) and Formula (A.6) and is expressed as:

I am ) A

2t,) (A7)

S 2 J3%1 (

herefore, after the third time interval, the degradation D5 is expressed as:

1 1 1 m
T/ g+ J

D3 = AeXp(—KJ3 ([3 -|—tf )m) = AeXp -K 3 (3tf )m (5\8)
[hus, after N intervals, D, is expressed as:
D, = Aexp(—KJeﬂ (N, )”’) (h.9)
where J¢ is the equivalent current@ensity and is expressed as:
1 m
(, )Az
Jy = ZT (Al 10)

n

Similarly, since.infensity is proportional to current density (i.e., current density can be
computed by, scaling intensity by the efficiency, luminance, and area of the OLED),
normalized. luminance intensity I ¢ in the RGB linear space can also be expressed as:

Y
Ieﬁ=(z—(1"7\)[ 1 (Al11)

N J

The normalized luminance intensity /4 can be transformed to the equivalent signal level
I’ g5 by using the Formulae (7) and (8) specified in IEC 61966-2-1:1999 as follows:

If 1., <0,003 130 8
I'y =12,92x1, (A.12)

orif I, >0,003 130 8

1,0
I' =1,055x%1 V24 —0,055 (A.13)

€


https://iecnorm.com/api/?name=270c80c3f67802901d7869d9b1353144

IEC

62341-5-3:2019 RLV © IEC 2019 - 27 -

where signal level I’ is the normalized value from 0 to 1.

Another linear to non-linear conversion can also be used for the normalized luminance

ntensity to the equivalent signal level transformation.

NOTE Some OLED displays control the peak luminance differently by the APL of the input signal. In this case, the
luminance intensity 7, for each frame of video could be influenced by its characteristics. The characteristics of the
OLED display which control the peak luminance by APL could be measured following the measurement method of
luminance loading in [7].

A.2.

3

loop Examples of extracted equivalent signal level

Fhe
leve

loog
7, and the transformation Formula (8) specified in IEC 61966-2-1:1999 forpgoh-linegr to

11,
line
IEC
ave
sho
bits
levd
The
gan

In the case of an RGB pixel format display, the test input signal to the OLED display panel

moq
max
66+
levd

pangls or modules have more than three primaries (i.e. RGBW), the procedure should
arated into multiple procedures with the multiple combination of the equivalent signals

sep
folldg

Pro
1O

Examples of extraction of the maximum and the-minimum average equivalent_si
Is are demonstrated by using the IEC 62087:20113 10-min video loop. If the another, vi
is used, then it should be following this method. Assuming the experimental data of

ar and linear to non-linear conversion, OLED device primaries are the same as tha

rage equivalent signal levels are summarized in Table A.1. For example, the values
vn in the case where m = 1/1,7, gamma is 2,2,-the-whitepeoint-is- D65 and the signal
m is the experimental value, so the maximum and the-mirimum average equivalent si
Is are recalculated from Formula (A.10) or Formula (A.11) in the-case of another m va
y are also re-calculated from Formula (A.12) and Formula)(A.13) in case of ano
ma value. The images and distribution of signal levels aré_shown in Figures A.2 and

ules can be set to generate-165—460,—and-163 143,437, and 142, respectively, as
imum equivalent signal level over the 4 % window{located in the centre of the display
656—and-65 121, 117, and 116, respectively, as. the-mirimum average equivalent si
| over the remaining area simultaneously. However, for the case where the OLED dis

WS:

86 66 66-asthe minimum sianall
06506500 a5+ SHighai¢

hnal
deo
m -

tin

61966-2-1, and take both the RGB and RGBW formats. The maximum~and the-minispum

are
is 8
gnal
lue.
ther
A.3.
S or
the
and
gnal
blay

Pro
Pro
Pro
Pro

oo

cedure A: 102, 8,\0' as the maximum signal level, 81, 0, 0 as the average signal level
cedure B: ONA7, 0 as the maximum signal level, 0, 65, 0 as the average signal level
cedure C+0, 0, 100 as the maximum signal level, 0, 0, 80 as the average signal level

cedure D: 135, 135, 135 as the maximum signal level, 114, 114, 114 as the average si

jnal

lev

3 This publication has been withdrawn.
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signal levels (8 bits)

RGB pixel format RGBW pixelformat
tevel level level level
T = = 56,606,600 515115
RGB pixel format RGBW pixel format
Avg. signal Max. signal Avg. signal Max. sigpal
level level level level
Red 121, 0,0 143, 0,0 81,0,0 192,70, 0
Green 0,117, 0 0, 137, 0 0, 65,0 Q,77,0
Blue 0,0, 116 0, 0, 142 0, 0, 80 0, 0, 100
White - - 114, 114 114 135, 135, 135
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€i,gure A.2 — Example of accumulated colour intensity
C 62087:2011 10-min video loop in RGB subpixel format
equivalent signal distribution chart based on the left images
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Figure A.3 — Example of accumulated colour intensity of
the IEC 62087:2011 10-min video loop in W, R, G, and B format,
with equivalent signal distribution chart based on the left images
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Annex B
(informative)

Colour difference with CIEDE2000

Purpose

The purpose of this method is to calculate the colour difference with CIEDE2000 at a target
time or at an estimated time with threshold [2], [3].

B.2

The
whift

wheg

t
lo

L*,
C*p
H*g

The
diffe

colour difference formula [3, 4] AE*y,(2) o caused by image sticking at @o er timg for
e is calculated as follows:

re

average of the colour c\ nce formula AE* OO(t)AVG caused by image sticking betwjeen
rent measuring Iocat|o

3

Calculation of colour difference Qy
O

(5.
<o/

LYy 0-L% (1)) [ CH0-Ch @)Y (H* @b, )
k.S, keSe & VRS

AE ¥y, (1) =
o [CR0-CH @) HA (-1 %, (to)A,C)
koS, s Sy ;\SV
QQ
is the specified measurement time; s\\)

is the initial measurement time;

is the CIELAB lightness of the m §ur|ng locations of Py,

is the CIELAB weighted chrom@o the measuring locations of Py,.
is the CIELAB weighted h;{g)of the measuring locations of Py,

rom P, to P, for white is calculated as follows:

2 2 2 y
(L*,-a)—L*o(to)J +(C*,-(t)—c“*‘o(to)] +(hﬂ:-(t)—H*o(to)j ’
(
/4

k.S, keSg ky Sy B.2)
R [C ()-C*% (to)](H*,- ()~ H* (to>j
' kCSC kHSH

is the specified measurement time;

is the CIELAB lightness of the measuring locations of P,.

is the CIELAB weighted chroma of the measuring locations of P;.
is the CIELAB weighted hue of the measuring locations of P,.
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EOREWORDND
T VTN VYV UT N
he International Electrotechnical Commission (IEC) is a worldwide organization for standardization.Cempr
Il national electrotechnical committees (IEC National Committees). The object of IEC is M0~ pro
international co-operation on all questions concerning standardization in the electrical and electronic field
this end and in addition to other activities, IEC publishes International Standards, Technieal“Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee intere
im the subject dealt with may participate in this preparatory work. International,, governmental and
overnmental organizations liaising with the IEC also participate in this preparation. lEC collaborates cld
ith the International Organization for Standardization (ISO) in accordance with\ conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

— o

IEC Publications have the form of recommendations for international'Gse and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are made~to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible fof, the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC Nationall Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in theirnational and regional publications. Any diverg
hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation of cehformity. Independent certification bodies provide confo
Isessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible for
rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.
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ther damage of any nature~whatsoever, whether direct or indirect, or for costs (including legal fees)
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This second edition replaces the first edition published in 2013. This edition constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the measurement vehicle for lifetime is only for the module;

b) the measurement method for monitor or TV devices is modified;

c) the digital signage display is included as an example of OLED devices;

d) the measurement method with HDR (high dynamic range) for image sticking is added;

e) the analysis method with CIEDE 2000 is added for image sticking;

f)

the information method for evaluating image sticking is modified.
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The text of this standard is based on the following documents:

Full
voti

FDIS Report on voting
110/1134/FDIS 110/1154/RVD

information on the voting for the approval on this standard can be found in the report on
ng indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A li

diode (OLED) displays, can be found on the IEC website.

5t of all the parts in the IEC 62341 series, under the general title Organic light emilting

Thel committee has decided that the contents of this publication will remain unchanged until

the

stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

reconfirmed;

vithdrawn;

Ab

feplaced by a revised edition, or

hmended.

lingual version of this publication may be issued at{a later date.

IMPORTANT - The 'colour inside’' logo on‘the cover page of this publication indicates
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it contains colours which are“considered to be useful for the correct

understanding of its contents. Usefs should therefore print this document using a
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ur printer.
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 5-3: Measuring methods of image sticking and lifetime

1 Scope

Thig—parte 623 os—the—standard-n RGO OFFF g-the—image
sticking and lifetime of organic light emitting diode (OLED) display panels and meddles,
except finalized display products for end customers, such as TV sets, monitor sets and.mqgbile
phohes. The measuring method for the lifetime mainly applies to modules.

2 |[Normative references

The| following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated referénces, only the edition
citefl applies. For undated references, the latest edition of the referenced document (inclugling
any|lamendments) applies.

IEC|60050-845, International Electrotechnical Vocabulary (IEV) — Part 845: Lighting
(available at <http://www.electropedia.org>)

IEC|62341-1-2, Organic light emitting diode (OLED) displays — Part 1-2: Terminology land
letter symbols

IEC|62341-6-1:2017, Organic light emitting" diode (OLED) displays — Part 6-1: Measufing
methods of optical and electro-optical parameters

ISO| 11664-1, Colorimetry — Part 1~CIE standard colorimetric observers

CIE|15, Colorimetry

3 |Terms, definitions and abbreviated terms

3.1| Terms and. definitions

For|the purposes of this document, the terms and definitions given in IEC 62341-1-2 [and
IEC|60050-845 and the following apply.

ISOLand |IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.
equ

1
ivalent current density

average current density of a certain pixel calculated from a varying luminance per frame
image in a moving picture so that luminance degradation becomes similar at the same time

Note

1 to entry: See Annex A.
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3.1.2

equ

ivalent signal level

digital code value from 0 to 255 (in the case of 8 bits) transformed from the normalized

lumi

Note
3.2

For

nance of a certain pixel by a specified opto-electronic transfer function (OETF)

1 to entry: See Annex A.
Abbreviated terms

the purposes of this document, the following abbreviated terms apply.

APL
CIE
DU
EOT
FW
HDH
LML
OET
OLH
PQ
SDF

4

4.1

The
with
sho

dverage picture tevet
| AB CIE 1976(L*a*b*) colour space

i devices under test

F electro-optical transfer function

M full-width-at-half-maximum

R high dynamic range

D light measuring device

F opto-electronic transfer function

D organic light emitting diode
perceptual quantizer

R standard dynamic range

Measuring configuration

General

system diagrams and/or operating.eonditions of the measuring equipment shall con
the structure specified in eachitem. The measuring system and its arrangement
vn in Figure 1. The details are given in Clause 5.

OLED

diszlaly N Display surface
module
h\ 3 é Light measuring device

_ . [l
______________________ [ v B

Driving
power
source

Driving
signal

hply
are

IEC

Figure 1 — Measuring system and arrangement
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Light measuring device

019

The optical properties of displays shall generally be expressed in photometric or colorimetric
units using the CIE 1931 standard colorimetric two-degree observer (see ISO 11664-1).
Luminance can be measured by a photometer, and the CIE tristimulus values (X, Y, Z) or CIE
chromaticity coordinates by a colorimeter. A spectroradiometer can also obtain photometric
and colorimetric values through a numerical conversion of the measured spectral radiance
a (see, for example, [1]1). The following requirements are given for these instruments:

dat

ctroradiometer should be used. A filter colorimeter should generally not be used for
‘ces with sharp spectral peaks. If they are used, the colorimeter shall be calibrated wi
ow bandwidth spectroradiometer to give the same results for the specific 'spect
ort the characteristics of the spectroradiometer which is used for calibration. For
‘ces with sharp spectral peaks, the maximum bandwidth of the spectroradiémeter shal
8% nm. The higher resolution spectroradiometer produces a more-accurate co
gdsurement. In those cases, the wavelength accuracy shall be within +0,5 nm.

780/nm wavelength range, with a maximum bandwidth of 10 nmi\for smooth broadb
spegtra (i.e. broad spectrum with no sharp spikes).

Carg shall be taken to ensure that the LMD has enough sensitivity and dynamic rang
perform the required task. Before measuring the DUT, the.LMD specification shall be ched

5

5.1

Standard measuring conditions

Standard measuring environmental conditions

The| standard measuring environmental conditions specified in IEC 62341-6-1:2017, 5.1, S

be

applied. For image sticking measurements, the environmental temperature shall

conjrolled at 25 °C + 3 °C, otherwise (@ temperature-controlled detector shall be used. (

sta

Rility of the LMD shall be less “than 1/5 of the intended detecting difference level

lum|nance and colour.)

5.2

Standard measuring darkroom conditions

The| standard measuring-darkroom conditions specified in IEC 62341-6-1:2017, 5.2, shal
applied.

5.3

Standardisetup conditions

A General

Stapdard setup conditions are given below. Any deviations from these conditions shal

5.3

ight
h a
um.
ight
| be
our
The

ctroradiometer shall be capable of measuring spectral radiance over atleast the 380 nin to

and

b 1o
ked.

hall

be
The
5 of

be

be

oo

.2 Adjustment of OLED display

The adjustment of the OLED display specified in IEC 62341-6-1:2017, 5.3.2, shall be applied.

1

Numbers in square brackets refer to the Bibliography.
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5.3.3 Starting conditions of measurements

Warm-up time is defined as the time elapsed from the moment of switching on the supply
voltage until repeated measurements of the display show a variation in luminance of less than
2 %/min. Repeated measurements shall be taken for a period of at least 15 min after starting.

The

luminance variations shall also not exceed 5 % during the total measurement.

5.34 Test patterns

5.3.41 SDR displays

The
and
two

1)

In the case of mobiles and tablet PCs, the measurement distance between the display and
D depends on the size of the OLED display panels or modules. Theésmeasuring distance

LMI
and
if tH
morj
locd

2)

For
the

allo
bac
Tab]
cod
acc

gray

NOT]
OLE
stickl
refle

A

test patterns tor SDR display devices such as mobile phones, tablet PCs, monitors,
digital signage are shown in Figure 2. The test pattern for SDR displays is divided
groups.

Test pattern for mobiles and tablet PC displays

the aperture angle may be adjusted to achieve a measuring field greater than 500 pi
e setting of the measurement field angle is not applied. For.-display devices ex
itors, TVs and digital signage, the test pattern with a white devel at the 4 % window
ted in the centre and a black level in the background, is used'in Figure 2a).

Test pattern for monitors, TVs and digital signage displays

monitors, TVs and digital signage, the test patterndis extracted by video analysis to ref
characteristics of the video sample. For the test pattern, the maximum code valu
cated at the 4 % window box in the centretand the average code value is in
ground. The examples of the maximum.and average gray code values are show
e 1. The example of the test pattern is shown in Figure 2b). The maximum and aver
e values between 0 and 255 (in thé“Case of 8 bits) could be extracted from

scale from each colour channel.

F 1 Image sticking is influenced by\the characteristics of the OLED displays [5], [7]. Some manufacture]
D displays apply various algorithms-to optimize the quality of each device, and this also influences the in

Cting the characteristics of the OLED display.

Vs
into

the

xels
cept
box

lect
B s
the
nin
age
the

imulating image for all frames of the video sample, which is converted as equivalent

rs of
hage

ng. To consider the characteristics of an OLED display, the method in Annex A is used for the test pattern

IEC

a) Test pattern for mobiles b) Test pattern for monitors, TVs
and tablet PC displays and digital signage displays

Figure 2 — Test pattern for SDR displays
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Table 1 - Examples of maximum and average code value extracted from video samples

Examples of test video Maximum code value Average code value
IEC 62087:2011 107 84
Broadcast video sample 183 102

NOTE 2 For the test pattern, any video samples could be selected as needed. Table 1 shows two kinds of
representative examples. The broadcast video sample example is constructed by considering the viewing ratio of
the content of TV programmes based on the Korea broadcast media use environmental survey report:
enteftainment (30,9%), news (20,2 %), drama (16,8 %), and so on [4]. The average gray level and test pattern|size
are (ifferent between SDR and HDR in TVs. Depending on the purpose of the test, Figure 2b) or Figure 4a)\would

apply.
3) Measuring area

In order to get repeatability of measurement, the measuring area from P, to P) for displays is
set o consider the uniformity of the OLED display panels or modules, as shown in Figure B. If
the centre window size is changed, then it should be reported in Table 2.

_HI5
y
A ! H : 0
.......... SRR NSS! SN T\ 4
P® | ¢ 1
il I PO PO O & <
........................ PO
V ' : ' '
- H L

IEC

Figure 3= Image sticking measuring area
4) [Checking the test pattern

For[SDR displays, the_gutput luminance can be different although they have the same digital
codg value inputs. To“check the brief information of the selected test pattern, the oufput
lum|nance for the test pattern should be measured and reported.

Apply the test¢attern on OLED displays and measure the output luminance on the measuring
aregq from Py to P, as shown in Figure 3. The results of the output luminance of the ftest
pattern should be reported in Table 2.

5.3.4°Z HDR displays

In 5.3.4.1, the test pattern for SDR displays is described. The test pattern for HDR displays is
shown in Figure 4a). It is based on the PQ curve and 10 bits. The test pattern for HDR
displays is proposed separately because the characteristics of the contents of the SDR and
HDR are different. The test pattern for SDR or HDR can be used as needed. The background
code value should be 510. The size of the box window should be 10 %, which is located in the
centre. The code value of the 10 % box window should be 710. The measured luminance of
the box window and the background luminance should be reported. To get repeatability of the
measurement data, the measuring area from P, to P, is the centre of the boxes, as shown in
Figure 4b). The measurement data should be reported in Table 2.
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a) HDR test pattern b) MeasureOS::)area

/

Figure 4 — Test pattern for HDR displays ™
h are HDR games, drama and documentary. C)

b Conditions of measuring equipment g\\<</

®)

general conditions in IEC 62341-6-1:2017, CIauﬁ, shall be applied.

<

Measuring methods of image stickin@

Z
Purpose \\S\

purpose of this method is to me@@e the image sticking of an OLED display.

.

Measuring method \{:\O
at

A Measuring equip@}}l

following equipm%&\défined in IEC 62341-6-1:2017, 5.3.4, shall be used:

power suppliesand signal sources for driving,

| MD.
Q.
p @Qu ring procedure

%gtg display shall be set in darkroom conditions for measurement.

o 7 x032 7 x032 ¥ x032
o
S
i x o
= | . P,
Y H %032
. P, Py P, ]
P
y >
- V & &u“
‘ = > ol
= &) ]
IEC N 3

FE  The code value of the 10 % box window and background is the result o@l’analysed data of HDR contents

11

IEC

a) Initial measurements on full screen pattern

Apply a full white screen driving signal to the OLED display, and set all power supplies to the
standard operation conditions.

Measure the initial spectral radiance or tristimulus values at Py to P, as shown in Figure 3.
The initial spectra radiance or ftristrimulus values of the primary colours may also be
measured individually.

b) Image stress using the test pattern

For image stress, the test pattern based on 5.3.4 for display devices should be applied to the
OLED display.
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Keep the test pattern until the specified time, considering the luminance degradation curve.
For example, the measurement time can be every 1 h during the first 6 h, and every 24 h
during the first 120 h, then every 72 h until the target time in the standard measurement
condition. Alternatively keep the test pattern until the target time in the standard measurement
condition.

c) Measurements on full screen pattern after image stress

Before the measurement, turn off the OLED display and stabilize it to the standard operation
condition. Then turn on the OLED display again and apply a full white screen driving signal to
the OLED display over the full screen. Set all power supplies also to the standard operation
con . ing
locgtion as the initial measurement. The initial and final spectra radiance or tristrimulus values
of the individual primary colours may also be measured and reported.

For[the measurement method, only white tone is considered. For the other_primary colgurs
such as red, green and blue, each test pattern should be designed following ithe methodps of
5.3.4, and each full primary colour screen pattern should be used for measurement.

All neasurements shall be done at the target time of 500 h and shall be reported. In Figurge 5,
an example of image stress is shown.

IEC
Figure 5 — Examplé)of the resulting image after image stress

6.3| Analysis and report
6.3.1 Analysis
6.3.1.1 Luminance and chromatic deviation method

Imape stickingycan be characterized by luminance and chromatic deviation.

The|image sticking of luminance IS(¢) for white is calculated as follows:

PWAGHING
IS(t) = [1 - —i=1 x100 (%) (1)

4

L) Lo (1)

where
t is the specified measurement time;
to is the initial measurement time;

L; is the luminance of the measurement location from P,.

Chromatic deviation 4u’v’(t) caused by image sticking at Py over time for white is calculated
as follows:
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Au'v(E)y = (') = (8)12 + (' (1) — v () 12

where

t

lo

is the specified measurement time;

is the initial measurement time;

(u’(2), v'(2) is the white chromaticity value at the specified time;

(u’(zg), v'(tg)) is the white chromaticity value at the initial time.

(2)

The
diffq

The
folld

6.3.
6.3.

The
cold
unif
can

peak white tristimulus value (X

usin

average of the chromatic deviation 4u’v’(t)pyg caused by image sticking betw
rent measuring locations from P, to P, for white is calculated as follows:

Au'v(t) pve = (Z\/{u Oy (O (O -v, (0} /4

re

is the specified measurement time;
t), v’,(t)) are the chromaticity coordinates of the measuring’locations of P, (i = 1, 2, 3

value of ' and v’ can be calculated from the tristimulus value X, Y, and Z using
wing formula:

u'=4X /(X +15Y +32)
v'=9Y /(X +15Y +32)

1.2 Colour difference method
1.2.1 General

image sticking shall be analyzed with 4E*,, of the three-dimensional, CIE 1976 L*g
ur space (see CIE 15) following the procedure in 6.2.2. Additional three-dimensi
brm colour spaces may-also be used and identified in the test report. Each colour p
be plotted on the.l¥ a* and b* axes of the CIE L*a*b* colour space by referencing
Y, Z,) in the measuring location P, at the initial time ¢,
g the following.transformation formula:

L* (t)=116x f(Y,(¢)/Y,)-16
a* (1) =300x[f(X;(t)/ X,) - f(X,(t)/ Y,)]

hk (N 2005l £LV NIV £L7 (N 7 \]

een

(3)

4).
the

(4)

Hp*
bnal
oint

the
and

(5)

RSN A YA A AR VA A S A AT YA

where
X3 x>(6/29)
f(x)=
1(2)2x+i otherwise
3 6 29
t is the specified measurement time;
L*; a* b* is the CIELAB colour coordinates of the measuring locations of
(i=0,1,2,3,4)
X, Y, Z) is the tristimulus value of the reference white in the measuring location P

the initial time .

P;

Oat
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6.3.1.2.2 CIE 1976

The colour difference formula AE*,(¢), caused by image sticking at Py over time for white is
calculated as follows:

AE*, (t), = \/{L * () —-L% (to)}2 +{a*, (t)-a*, (to)}‘2 +{b%*, (1)-b*, (to)}2 (6)
where
t is the specified measurement time;
fo is the initial measurement time;

L*yq¢*qb*, are the CIELAB colour coordinates of the measuring locations of Py,.

The] average of the colour difference formula AE*,,(¢)pyg caused by image sticking between
diff¢rent measuring locations from P, to P, for white is calculated as follows:

AE* 0 (D pve {iJ{L * ()= L*, (1,)}7 +{a*, (t)—a*, (1)} + by () - b*, (%)}2)/4 (7)

whdre

t is the specified measurement time;
L* la*,;b*  are the chromaticity coordinates of the'measuring locations of P; (i = 1, 2, 3| 4).

6.3.2 Report
6.3.2.1 Information of test pattern

Befpre reporting the measurement .data, information on the used test pattern should] be
rep¢rted, as shown in Table 2. It includes the type of test pattern, the size of the window box,
the [allocated code values located. 'at the centre and background, and the output luminance of
OLED displays for the test pattern. If other test patterns not listed in 5.3.4 are used, they
sholild be reported in accordance with Table 2.

Table 2 — Information on test pattern

Types of test pattern (SDR, HDR, etc.)
Size of window box - %
Centre — (based on 8 or 10 bits)
Code value
Background — (based on 8 or 10 bits)
Output Centre (Py)
luminance Background (average of from P, to P,)

6.3.2.2 Measurement data record

The typical value of image sticking can be reported following the format shown in Table 3. For
the typical value, the initial data should be reported and other data at the specified time can
be selected following the measuring procedure of image stress.
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