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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -
Part 5-3: Measuring methods of image sticking and lifetime

FOREWORD

1) The
all
inter
this
TecHh
Publ
in tH

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationceomprising
ational electrotechnical committees (IEC National Committees). The object of IEC ish{o-[promote
hational co-operation on all questions concerning standardization in the electrical and electronic fields. To
end and in addition to other activities, IEC publishes International Standards, Technical| Specifjcations,
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refesred to ps “IEC
cation(s)”). Their preparation is entrusted to technical committees; any IEC National,€ommittee interested
e subject dealt with may participate in this preparatory work. International, jgevernmental ahd non-

govegrnmental organizations liaising with the IEC also participate in this preparation\JEC collaborateg
with [the International Organization for Standardization (ISO) in accordance with“conditions detern
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical cammittee has representation
interpsted IEC National Committees.

3) IEC |Publications have the form of recommendations for internationaluse and are accepted by IEC
Compittees in that sense. While all reasonable efforts are made{o ensure that the technical conten
Publ|cations is accurate, IEC cannot be held responsible for\the way in which they are used or
misipterpretation by any end user.

4) In oyder to promote international uniformity, IEC NationalyCommittees undertake to apply IEC Pub
trangparently to the maximum extent possible in their ‘national and regional publications. Any di
betwleen any IEC Publication and the corresponding.national or regional publication shall be clearly ind
the Iatter.

5) IEC ftself does not provide any attestation of gohformity. Independent certification bodies provide cg
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg

6) All upers should ensure that they have the“latest edition of this publication.

mempbers of its technical committees and IEC National Committees for any personal injury, property da
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

8) Attention is drawn to the) Normative references cited in this publication. Use of the referenced public
indispensable for the'correct application of this publication.

9) Attenption is drawn~to the possibility that some of the elements of this IEC Publication may be the s
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.
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Interngtional’ Standard |IEC 62341-5-3 has been prepared by IEC technical committele 110:

Electrgnic-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) 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:

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

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

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

mitting

d until

A list ofaH-theparts—n—the 1EGE234tsertes—onderthe—generaltite Organfe Hght—e

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

The cdmmittee has decided that the contents of this publication will remain ynchangs

the stqbility 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 recpnfirmed;

e withdrawn;

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued ataJater date.
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

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

1 Scope

This part of IEC 62341 specifies the standard measuring methods for determining the image
sticking_and lifetime of organic light emitting diode (OLED) display panels and modules,
except|finalized display products for end customers, such as TV sets, monitor sets and |mobile
phoneg. The measuring method for the lifetime mainly applies to modules.

2 Ngrmative references

The foJlowing documents are referred to in the text in such a way that some or all ¢f their
content constitutes requirements of this document. For dated references, only the fdition
cited applies. For undated references, the latest edition of the referenced document (in¢luding
any anmpjendments) applies.

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

IEC 628341-1-2, Organic light emitting diode (OLED) displays — Part 1-2: Terminology and
letter gymbols

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

ISO 11664-1, Colorimetry — Part 1;(CIE standard colorimetric observers

CIE 15, Colorimetry

3 Tearms, definitions’and abbreviated terms

3.1 FTerms and‘definitions

For the purposes of this document, the terms and definitions given in IEC 62341-1t2 and
IEC 600050845 and the following apply.

ISO and 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
3.11
equivalent 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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equivalent signal level
digital code value from 0 to 255 (in the case of 8 bits) transformed from the normalized

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

Note 1 to entry: See Annex A.

3.2 Abbreviated terms

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

APL

average picture level

CIELA
DUT
EOTF
FWHM
HDR
LMD
OETF
OLED
PQ
SDR

CIE 1976(L™a™b™) colour space
devices under test
electro-optical transfer function
full-width-at-half-maximum

high dynamic range

light measuring device
opto-electronic transfer function
organic light emitting diode
perceptual quantizer

standard dynamic range

4 Measuring configuration

4.1

The sy
with th
shown

General

in Figure 1. The details are_given in Clause 5.

OLED

display Display surface
madile N Py

N2

Driving

power Driving

signal

S S

stem diagrams and/or operating\conditions of the measuring equipment shall
e structure specified in eachqtem. The measuring system and its arrangeme

Light measuring device

-
_____ BT

comply
nt are

SOTTCC

IEC

Figure 1 — Measuring system and arrangement
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4.2 Light measuring device

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
data (see, for example, [1]1). The following requirements are given for these instruments:

The LMD shall be a luminance meter, colorimeter, or a spectroradiometer. For DUTs that
have sharp spectral peak full-width-at-half-maximums (FWHMs) smaller than 20 nm, a
spectroradiometer should be used. A filter colorimeter should generally not be used for light
sourcefs with sharp spectral peaks. If they are used, the colorimeter shall be calibrated| with a
narrow] bandwidth spectroradiometer to give the same results for the specific rspgctrum.
Report| the characteristics of the spectroradiometer which is used for calibration. For light
sourcep with sharp spectral peaks, the maximum bandwidth of the spectroradieméter shall be
< 5 nm. The higher resolution spectroradiometer produces a more¢-accurate |colour
measufement. In those cases, the wavelength accuracy shall be within +0,5 nm. The
spectrgradiometer shall be capable of measuring spectral radiance over, at least the 380 nm to
780 nmp wavelength range, with a maximum bandwidth of 10 nmi)for smooth brogdband
spectra (i.e. broad spectrum with no sharp spikes).

Care dhall be taken to ensure that the LMD has enough sensitivity and dynamic range to
perform the required task. Before measuring the DUT, the. LMD specification shall be clhecked.

5 Stpndard measuring conditions

5.1 Standard measuring environmental conditions

The stgndard measuring environmental conditions specified in IEC 62341-6-1:2017, 5.1, shall
be applied. For image sticking measuréements, the environmental temperature shall be
controlled at 25 °C + 3 °C, otherwise-a temperature-controlled detector shall be used. (The
stability of the LMD shall be less ‘than 1/5 of the intended detecting difference leyels of
luminapce and colour.)

5.2 Standard measuring darkroom conditions

The stAndard measuring. /darkroom conditions specified in IEC 62341-6-1:2017, 5.2, shall be
applied.

5.3 Standard\setup conditions

5.3.1 General

Standdrd—setup comnditioms—are givernm befow.Any deviations from these comditions—shall be
recorded.

5.3.2 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 test patterns for SDR display devices such as mobile phones, tablet PCs, monitors, TVs
and difmwmwmmmmmm;d into
two groups.

1) Test pattern for mobiles and tablet PC displays

In the ¢ase of mobiles and tablet PCs, the measurement distance between the display gand the
LMD depends on the size of the OLED display panels or modules. The measuring distance
and theé aperture angle may be adjusted to achieve a measuring field ‘greater than 500 pixels
if the [setting of the measurement field angle is not applied. For display devices |except
monitors, TVs and digital signage, the test pattern with a white fevel at the 4 % window box
located in the centre and a black level in the background, is used,n Figure 2a).

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

For mqgnitors, TVs and digital signage, the test patterns.extracted by video analysis to|reflect
the chpracteristics 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
backgrpund. The examples of the maximum and average gray code values are shpwn in
Table [I. The example of the test pattern is shown in Figure 2b). The maximum and aperage
code yalues between 0 and 255 (in the\case of 8 bits) could be extracted frgm the
accumplating image for all frames of the video sample, which is converted as equliivalent
grayscple from each colour channel.

NOTE 1| Image sticking is influenced by the characteristics of the OLED displays [5], [7]. Some manufacjurers of
OLED d|splays apply various algorithms‘to optimize the quality of each device, and this also influences thle image
sticking| To consider the characteristics of an OLED display, the method in Annex A is used for the tes{ pattern
reflectinp the characteristics of the OLED display.

A

B H - H >~
[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
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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:
entertainment (30,9%), news (20,2 %), drama (16,8 %), and so on [4]. The average gray level and test pattern size
are dlff ant-baetwean SDPR _and HNOD o T\Ie_ nnpnnrling oh-the pnrpr\or\ of thao I‘r\ef‘ Eignrn ’)lr\) ok I:ignrn 4 -;) WOUId

apply.
3) Mepasuring area

In ordgr to get repeatability of measurement, the measuring area from P to, P,for disglays is
set to ¢onsider the uniformity of the OLED display panels or modules, as shown in Figure 3. If
the cenptre window size is changed, then it should be reported in Table 2.

5,
Y
t P 2
' PO | i A
~ [ iro fro RS
........................ PO Y
Y : ! : '
- H L

IEC

Figure 3.~ Image sticking measuring area
4) Chgcking the test pattern

For SOR displays, the output luminance can be different although they have the same| digital
code \alue inputs. Ta)check the brief information of the selected test pattern, the |output
luminapce for the test pattern should be measured and reported.

area flom (P3 to P, as shown in Figure 3. The results of the output luminance of the test
should be reported in Table 2.

Apply’zlhe testypattern on OLED displays and measure the output luminance on the measuring

patter

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
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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Figure 4 — Test pattern for HDR dlsplays(-l/
NOTE tontents

which afe HDR games, drama and documentary.

5.3.5

6.1

Conditions of measuring equipment Q
The ggneral conditions in IEC 62341-6-1:2017, CIaus{Z@shall be applied.
S
6 Measuring methods of image stickir@
Purpose $
R

The purpose of this method is to mea@ﬁe the image sticking of an OLED display.

6.2
6.2.1

The following equipmé}iefined in IEC 62341-6-1:2017, 5.3.4, shall be used:

a) po
b) LMD

6.2.2

The OL%—Wﬂmmmm&rmmmm.—

a) Init

The code value of the 10 % box window and background is the result&fg};}a analysed data of HDR

&

Measuring method C)\\

Measuring equipment

ver supph%_~ d signal sources for driving,

@mng procedure

ial measurements on full screen pattern

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

standa

rd 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

measu

red 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
conditions. Measure the spectral radiance or the tristimulus values at the same measuring
locatiopas-the-iritiat-measurement—Hhetritialand-firat-speetraradiance—ertristrimutasvalues
of the Individual primary colours may also be measured and reported.

For th¢ measurement method, only white tone is considered. For the other primary ¢olours
such as red, green and blue, each test pattern should be designed following-the methods of

All measurements shall be done at the target time of 500 h and shall‘bg’reported. In Figure 5,

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

Image [sticking(can be characterized by luminance and chromatic deviation.

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

PWAGHING
IS(t) = [1- —=

4

L) Lo (1)

100 (%) (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'(8)g =N '(0) =1 (1)} + ') =V (1)} 2)
where
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’(zg), v'(tg)) is the white chromaticity value at the initial time.
The average of the chromatic deviation Au’v’(f)ayg caused by image sticking between
different measuring locations from P, to P, for white is calculated as follows:
2 2 2
AV (O pe = O () =ty (OF + 10, (0) —v'o (1)} /4 ()
i=1
where
t is the specified measurement time;
(u;(1), p’(¢)) are the chromaticity coordinates of the measuringlocations of P; (i = 1, 2, 3, 4).
The v3dlue of u' and v' can be calculated from the trisfimulus value X, Y, and Z using the
followipg formula:
u'=4X /(X $15Y +32) (4)
v'=9Y /(X F+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*a*b*
colour|space (see CIE 15) following the procedure in 6.2.2. Additional three-dimenpsional
uniform colour spaces may“also be used and identified in the test report. Each colour point
can bq plotted on the-L*)a*, and b* axes of the CIE L*a*b* colour space by referenc|ng the
peak white tristimulus-value (X,, Y,, Z,) in the measuring location P at the initial time|s, and
using the followingitransformation formula:
L* () =116x f(Y,(1)/ Y,)-16
a* (1)=500x[f(X.()/ X )= f(¥Y(t)/Y)] (5)
b* (1)=200x[f(Y,(1)/ Y,)- f(Z,(t)/ Z,)]
where
X3 x>(6/29)
S(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 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 .
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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*qa*qp*, are the CIELAB colour coordinates of the measuring locations of Py,.

The aVerage of the colour difference formula AE*,,(¢)pyg caused by image stieking between
differept measuring locations from P, to P, for white is calculated as follows;

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

where

t is the specified measurement time;
L*, a*| 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

Before| reporting the measurement data, information on the used test pattern should be
reportdd, as shown in Table 2. It includes the type of test pattern, the size of the windgw box,
the allpcated code values located-at the centre and background, and the output lumingnce of
OLED [displays for the test pattern. If other test patterns not listed in 5.3.4 are used, they
should|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
Backaround (hasad an S ar 10 hits)
=4 \ 7
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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Table 3 — Example of typical value

Measurement data
(-:-113[?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 thehreference
luminapce ratio, the chromatic deviation, and the colour difference, following\the [format
shown|in Table 4. Each result data should be calculated from Formulae (1) tor(7); and |[should
be repprted in Table 4. The designated time is 500 h. If the time is changed, it shquld be
reportgd.

Table 4 — Reporting format of the image sticking data-at.target time

Time Factor Result data
(hours)
Luminance ratio (/S)
Chromatic deviation Au’v’(z), at P,
500 Average of chromatic deviation Au"v(¢) g
Colour difference AE*_ (t), at P,
Average of colour difference 4E*,, (1), g

It is rgcommended to refer to AE*yy._using the method in Annex B, if it is necessgary to
calculdte the colour difference with CIEDE2000 instead of AE*,,,.

6.3.2.4 Image sticking time
Image |sticking can also be reported as the estimated time with the thresholds as shpwn in

Table $. The thresholds-of‘the image sticking can be set depending on the display size, peak
luminapce and so on./They can be selected as needed and should be reported.

Table(5-~ Reporting format of the image sticking time with threshold

Factor Threshold Estimated time

Luminance ratio (IS) -

Chromatic deviation Au'v’(t), at P,

Average of chromatic deviation 4u’v’(t) sy g

Colour difference 4E*, (,) at P,

Average of colour difference 4E*, (¢)ayc

It is recommended to refer to AE*;, using the method in Annex B, if it is necessary to
calculate colour difference with CIEDE2000 instead of AE*,,,.
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7 Measuring methods of the luminance lifetime

71 Purpose

The purpose of this method is to measure the luminance lifetime of the OLED display modules.
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) powyer supplies and signal sources for driving,
b) LMPD.

7.2.2 Measuring procedure

The OLED display shall be set in the standard measuring conditions. The darkroom conditions
shall be applied when the luminance is measured. Apply a fulkwhite screen driving signal to
the OYED display at 100 % gray level, and set all power supplies to the standard opgration
conditipns. However, for some display applications, the fOll screen luminance can be reduced,
accordjng to IEC 62341-6-1:2017, 6.3.

Measufe the initial luminance, keep the above-”operating conditions and measufre the
luminahce of the DUT at the specified time. ThelSpecified time can be (1, 2, 5, 10, 20, §0, 100,
200, 500, 1 000 and 2 000) days. In Figure* 6, an example of the luminance behavior in
operatfon is shown. When measuring the Juminance lifetime, an acceleration method tan be
acceptpble (see A.2.2). If an acceleration” method is applied, the acceleration conditipn, the
accelefation ratio and the theoretical basis of the method shall be reported.

—
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Figure 6 — Example of luminance behavior in operation for an OLED display module
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Estimation of luminance lifetime

The 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 phenomenon of
the light emission from OLED displays. An extrapolation method can be applied to estimate
the lifetime by using a formula which models the degradation with time. This method is based

on the knowledge of the degradation phenomenon.
The degradation phenomenon shows exponential degradation as follows [1,6]:
= - o
L(?) :L(O)exp{—(—j J
a
where
t i the operating time;
L(¢) i the luminance value of the degradation phenomena at time ¢
L(0) is the initial luminance value of L(?);
a i$ the constant (relaxation time);
s is the coefficient.
In Forrmula (11), there is a linear relation between log Hn.(L(0)/L(¢))] and log (¢).
log[In(L(0)/ L(¢))] = Blog(?) — Blog(a)

ST

N

D [0,4 [ et

=2 )

£ 105 ¢ i e

[)] ,1

2106 + 3 g ' .
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3,8 4.0
log(7)
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Figure 7 — Example of lifetime estimation with the extrapolation method
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(11)
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With the linear relation, the lifetime can be estimated, using the extrapolation method
(Figure 7). For example, the formula y = 0,555 6x — 2,584 4 is defined based on the real
measurement data. y could be -0,541 47 by calculating log [In (L(0)/(0,75 x L(0))]. After
calculating the formula to get the time, it is possible to estimate the life time which is about
4 753 h where L(¢) is 0,75 times L(0). To check the suitability of the degradation formula, the
drift of the estimated lifetime should be used. If the formula is appropriate, there will be no
significant drift of the estimated value with the driven time. Examples are shown in Figure 8.
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100 000

90 000

80 000

70000

60 000

50 000

40 000

30000

20 000

10 000

Order-estimated
@ Proper model

4 Over-estimated

Figure 8 — Examples.of estimated lifetime depending on the time elapsed
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A1

Annex A
(informative)

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

Purpose

The purpose of this method is to define the procedure for calculating the equivalent signal
level for the image sticking of monitors, TVs, or digital signage devices using video samples.

Throug
can be

A.2

A.2.1
Since

OLED
based
linear
conver
achiev
curren

A.2.2

The eg
degrad

stretchied exponential function:

where
J is thq
and m
Formu

OLED degradation is generally not proportional to current ‘density, the quant
normalized luminance intensity and equivalent current densjty,_which are proportig

Epace and can be converted to the equivalent signal level to apply linear to nor
sion. Further, accurate image sticking simulation for a specific application ¢
ed by computing one image in terms of normalized luminance intensity or equivalent

General

degradation, are defined [6]. It is possible to apply this’duantity to the usage
image sticking measuring method. The normalized luminance intensity is in th

density of various kinds of the actual usage‘images and image sources.

Calculation of the normalized lumihance intensity

uivalent current density is calculated using the OLED degradation function. The
ation function that is normalized by initial luminance is given empirically

Lo _KJi"
10) Aexp(—KJt™)

1.(0) is the initial'luminance, 4, K and m are fitting coefficients depending on the
current density of the OLED device in subpixel, and ¢ is the time of the test durg
are detéermined from the measurement data. m = B: B is the coefficient accor
a (10)-and Formula (11). Figure A.1 shows the measured luminance degradatio

fitted Iires according to Formula (A.1).
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Degradation time
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Figure A.1 — Measured 10 mA/cm? to 80 mA/cm2 OLED degradation values
and corresponding modelled functions with m =1 /1,7

wn in Figure A.1, this model accurately accounts for the degradation of the OLE|
h of both time and current density for a typical OLED. By applying this mod
ng that degradation is additive, one can.derive a degradation function for a s
s degraded by exposure to multiple curcent densities over time. Therefore, D,, W
pradation of a pixel by the temporal sequence of current densities J; .J, .J3...'Jn
time period # is defined. D,, is calculated as follows. s

hsider a first degradation of.dn OLED, resulting from exposure to current den

D, = Aexp(—KJit;")

hsider an altermative degradation D, of an OLED resulting from current density |
me period 7, \This degradation is expressed as:

D, = Aexp(-KJ,t,")

D as a
el and
ibpixel
hich is
and N

sity J4

(A.2)

/, over

(A.3)

)

can/now be defined, such that it is the time required to make D, equal

to Dp.

Accordingly #, can be calculated from Formula (A.2) and Formula (A.3), and is expressed

as.

(5

(A.4)

Using Formula (A.4), time period t, can be scaled to account for differences between
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:

1 1/ \"
L4+54

D, = Aexp(—KJ2 (t,+2,)" ) = Aexp| -K (2¢,)"

(A.5)
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c) Consider the degradation of an OLED over a third time interval 73 with exposure to current
density J3. Degradation D,, can then be expressed as:

D,, = Aexp(—KJStS’") (A.6)

Again, defining t3 such that it is the time required to make D, and D, equal, t; is
calculated from Formula (A.5) and Formula (A.6) and is expressed as:

T g A
t3=( 1 “; 2 — (2¢) (A7)

4

\ J73

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

1 1 1 m
T/ g g
3

D, = Aexp(—KJS (25 +1 )’”) = Aexp| -K (34)" (A.8)

Thuys, after N intervals, D, is expressed as:

D, = Aexp(—KJeff (NE; )”’) (A.9)

where J is the equivalent current density and.js*expressed as:

7))
Join@ Z(T) (A.10)

n

Similarly, since intensity is-proportional to current density (i.e., current density ¢an be
computed by scaling inténsity by the efficiency, luminance, and area of the QLED),
normalized luminance intensity /¢4 in the RGB linear space can also be expressed as:

%n m
I
I = Z(T) (A.11)

n

The normialized luminance intensity /4 can be transformed to the equivalent signal level
I’e:t by Using the Formulae (7) and (8) specified in IEC 61966-2-1:1999 as follows: T

if 1, <0,003 130 8

I' =12,92x1 (A.12)
orif I >0,003 130 8
%
I'.=1,055x1, 7**-0,055 (A.13)

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
intensity to the equivalent signal level transformation.
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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 Examples of extracted equivalent signal level

Examples of extraction of the maximum and the average equivalent signal levels are
demonstrated by using the IEC 62087:20112 10-min video loop. If the another video is used,
then it should be following this method. Assuming the experimental data of m = 1/1,7, and the
transformation Formula (8) specified in IEC 61966-2-1:1999 for non-linear to linear and linear
to non-linear conversion, OLED device primaries are the same as that in IEC 61966-2-1, and
take both the RGB and RGBW formats. The maximum and the average equivalent signal

levels
11,7,
and th
(A.11)
Formu
are sh
signal
respec
centre
level o
panels

amma is 2,2, and the signal is 8 bits. m is the experimental value, so the,ma
average equivalent signal levels are recalculated from Formula (A.10)\or F
in the case of another m value. They are also re-calculated from Formula’ (A.1
a (A.13) in case of another gamma value. The images and distribution.of signa
bwn in Figures A.2 and A.3. In the case of an RGB pixel format display, the tes
to the OLED display panels or modules can be set to generaté,143, 137, an
tively, as the maximum equivalent signal level over the 4 %) window located
of the display and 121, 117, and 116, respectively, as the ‘ayérage equivalent
ver the remaining area simultaneously. However, for the case where the OLED
or modules have more than three primaries (i.e. RGBW), the procedure sho

rem=
Ximum
prmula
2) and
levels
t input
d 142,
in the
signal
Hisplay
uld be

separated into multiple procedures with the multiple combination of the equivalent sigpals as

followd:

Proced

Procead

ure A: 102, 0, 0 as the maximum signal level;8%, 0, 0 as the average signal leve

ure B: 0, 77, 0 as the maximum signal leyel; 0, 65, 0 as the average signal level

Procedure C: 0, 0, 100 as the maximum signal“level, 0, 0, 80 as the average signal leve|
Procedqure D: 135, 135, 135 as the maximum signal level, 114, 114, 114 as the average| signal
level
Table|A.1 — Examples of the maximum and the average equivalent signal levels (§ bits)
RGB pixel format RGBW pixel format
Avg. signal Max. signal Avg. signal Max. signal
level level level level

Red 121,0,0 143,0,0 81,0, 0 102, 0, 0

Green 0,117, 0 0,137, 0 0, 65,0 0,77,0

Blue 0,0, 116 0, 0, 142 0,0, 80 0, 0, 100

White - - 114, 114, 114 135, 135, 135

2 This publication has been withdrawn.
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