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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-1: Measuring methods of optical and electro-optical parameters

FOREWORD
1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization” comprising
all national electrotechnical committees (IEC National Committees). The object of IEC js, to [promote
interhational co-operation on all questions concerning standardization in the electrical and elecCtronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technjcal“Specifjcations,
TecHhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter .referred to ps “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC NationalCommittee interested

in tHe subject dealt with may participate in this preparatory work. International, ‘governmental apd non-

govgrnmental organizations liaising with the IEC also participate in this preparation/”1EC collaborateg
with [the International Organization for Standardization (ISO) in accordance with-conditions detern
agrepment between the two organizations.

closely
ined by

2) The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an inteqfnational

consensus of opinion on the relevant subjects since each technical committee has representation [from all
interpsted IEC National Committees.
3) IEC |Publications have the form of recommendations for international use and are accepted by IEC National

Committees in that sense. While all reasonable efforts are madé\to 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 otder to promote international uniformity, IEC National'Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in theiy national and regional publications. Any di
between any IEC Publication and the corresponding.-national or regional publication shall be clearly ind
the lgtter.

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

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

7) Nol
members 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 fqg
expenses arising out of _the\publication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

8) Attention is drawn tg_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.N\EC shall not be held responsible for identifying any or all such patent rights.

t of IEC
for any

ications
ergence
cated in

nformity

for any

erts and
mage or
es) and
her IEC

htions is

bject of

Interngtional” Standard IEC 62341-6-1 has been prepared by IEC technical committele 110:

Electranic rhcplgy devices

This second edition cancels and replaces the first edition published in 2009. This
constitutes a technical revision.

edition

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

edition:

a) extends the applicability of the measuring methods to include OLED displays that have

multi-primary or red, green, blue and white sub-pixels;

b) adds a method to characterize how the luminance is affected by the amount of content on

the screen;

c) adds a method to determine the dark room colour gamut volume in the CIELAB
space.

colour


https://iecnorm.com/api/?name=efe0b0f46f92a25426f502e67c0a7338

-6- IEC 62341-6-1:2017 © IEC 2017

The text of this standard is based on the following documents:

FDIS Report on voting
110/816/FDIS 110/830/RVD

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

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

mitting

ntil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the spécific document. At this date, the document will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e ampgnded.

A bilingual version of this publication may be issued at-aJater date.

IMPORTANT - 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 usjing a
colourn printer.



https://iecnorm.com/api/?name=efe0b0f46f92a25426f502e67c0a7338

IEC 62341-6-1:2017 © IEC 2017 -7-

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-1: Measuring methods of optical and electro-optical paramet

1 Scope

ers

This part of IEC 62341 specifies the standard measurement conditions and measuring

methods for determining optical and electro-optical parameters of organic light-emittin

diode

(OLED)) display modules and, where specified, OLED display panels. These metho
limited|to flat displays measured in a dark room.

2 Ngrmative references

The foJlowing documents are referred to in the text in such a way that some or all ¢
content constitutes requirements of this document. For dated references, only the

cited applies. For undated references, the latest edition of the referenced document (in
any ampjendments) applies.

ds are

f their
edition
cluding

IEC 600050-845, International Electrotechnical Vocabulary, — Part 850: Lighting (available at

www.e]ectropedia.org)

IEC 61[966-2-1, Multimedia systems and equipmenty~ Colour measurement and manag
— Part 2-1: Colour management — Default RGB c¢olour space — sRGB

IEC 628341-1-2, Organic light emitting diode (OLED) displays — Part 1-2: Terminolog
letter §ymbols

IEC 628341-6-2:2015, Organic light_émitting diode (OLED) displays — Part 6-2: Mea
methods of visual quality and ambient performance

CIE 15:2004, Colorimetry, 3rd edition

CIE S p14-1, Colorimetry — Part 1: CIE Standard Colorimetric Observers

3 Tdrms, definitions, and abbreviated terms

3.1 FTerms and definitions

yement

yy and

suring

For the purposes of this document, the terms and definitions given in IEC 60050-845,

IEC 62341-1-2, and the following apply.

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

addresses:

e |EC Electropedia: available at http://www.electropedia.org
e |SO Online browsing platform: available at http://www.iso.org/obp
3.1.1

signal pixel
smallest encoded picture element in the input image
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3.1.2

pre-gamma average picture level

average input level of all signal pixels relative to an equivalent white pixel driven by a digital
RGB input

Note 1 to entry: Unless otherwise stated, the pre-gamma average picture level (APL) will simply be referred to as
average picture level in this document.

Note 2 to entry: The APL will normally be expressed as a percentage, where a full white screen at maximum drive
level would be 100 % APL.

3.2 Abbreviated terms

APL average-picture-tevel

CCT correlated colour temperature

CIE Commission internationale de I'éclairage (International Commission 6n
[llumination)

CIELAB CIE 1976 (L*a*b*) colour space

CMY cyan, magenta, and yellow

DUT device under test

LMD light-measuring device

LUT look-up table

PMOLIED passive matrix organic light-emitting diode

RGB red, green, and blue

RGBCMY red, green, blue, cyan, magenta, and yellow

sRGB standard RGB colour space as defined in IEC 61966-2-1

UCs uniform chromaticity scale

WRGB white, red, green, and blue
4 Structure of measuring equipment

The system diagrams and/or‘operating conditions of the measuring equipment shall gomply
with the structure specifiediin-each item.

5 Stpndard measuring conditions

5.1 Standard environmental conditions for measurements

Measufements shall be carried out under standard environmental conditions at a temperature
of 25 {C\+'3 °C, at a relative humidity of 25 % to 85 %, and at an air pressure of 86 |kPa to
106 kPa. When different environmental conditions are used, they shall be noted in the report.

5.2 Standard dark room conditions for measurements

The luminance contribution from unwanted background illumination reflected off the test
display shall be less than 1/20 of the display’s black state luminance. If these conditions are
not satisfied, then background subtraction is required and it shall be noted in the test report.
In addition, if the sensitivity of the LMD is inadequate to measure 1/20 of the black level, then
the lower limit of the LMD shall be noted in the test report.
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5.3 Standard setup conditions

5.3.1 General

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

5.3.2 Adjustment of OLED display modules

The display shall be measured at its factory default settings. If other settings are used, they
shall be noted in the test report. These settings shall be held constant for all measurements,
unless stated otherwise. It is important, however, to make sure that not only the adjustments

are ke
measu

5.3.3

Measu
stabilit

30 minl with a loop of colour patterns rendered on the screen. Sufficient warm-up tir
been gchieved when the luminance of the test feature to be measured varies by leg
+3 % gver the entire measurement method for a given display image.

5.3.4
5.3.4.1

Light measurements shall generally be measured. in,terms of photometric or colorimetri
for a QIE 1931 standard colorimetric observer as defined in CIE S 014-1. Luminance

measu

coordipates by a colorimeter. A spectrgradiometer can also obtain photometri
colorimetric values through a numerical @onversion of the measured spectral radiang
(see for example [1]1). Non-contact LMD, where the LMD is not in direct contact w

screen

these instruments:

a) Th

38

brgadband spectra. ,For OLED primaries with bandwidth < 25 nm, the maximum ban
shall be <5 nmx-The spectral bandwidth of the spectroradiometer shall be an

mu
5

Ca

spxctroradiometer shall be capable of measuring spectral radiance over at lea

rement. This is not automatically the case because of, for example, warm-up gffe

Starting conditions of measurements

rements shall be started after the OLED display and the measuringjinstruments 3
y. It is recommended that, when the display is first turned on, it be>operated for 3

Measuring equipment requirements

General conditions

fed by a photometer, and CIE tristimulus values (X, Y, Z) or CIE chron

, shall be used without an illumination source. The following requirements are gi

b LMD shall be a luminance meter, a colorimeter, or a spectroradiomete

nm to 780 nm—spectral range, with a maximum bandwidth of 10 nm for 5

Itiple of the-sampling interval. For example, a 5 nm sampling interval can be us¢g
m or 10lnm bandwidth.

e shall be taken to ensure that the LMD has enough sensitivity and dynamic rg

ing the

cts.

chieve
t least
ne has
s than

C units
can be
haticity
c and
e data
ith the
ven for

r. The
st the
mooth
dwidth
nteger
d for a

nge to
jreater

uration

b) The LMD shall be focused on the image plane of the display and generally aligned
perpendicular to the display surface at the centre of the measurement field, unless stated
otherwise.

c) The relative uncertainty and repeatability of all the measuring devices shall be maintained

by

following the instrument supplier’'s recommended calibration schedule.

d) The LMD integration time shall be an integer number of frame periods, synchronized to
the frame rate, or the integration time shall be greater than one hundred frame periods.

1 Num

bers in square brackets refer to the Bibliography.
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e) If LMD measurements are taken for displays with impulse driving or duty driving, the high
peak luminance of these displays can cause detector saturation errors. The accuracy of
these measurements can be checked by attenuating the light with a neutral-density filter.
If the change in signal amplitude of the detector is proportional to the transmittance of the
neutral-density filter, then there are no detector saturation errors. This method is for
measuring the maximum time-averaged full-screen luminance.

When using LMDs, stray light within the LMD (e.g. lens flare, veiling glare) and non-
uniformities of sensitivity across the detector area should be considered.

In addition to LMDs that form an average value for the measured quantity over the
measurement field under consideration (i.e. spot photometers, Figure 1), there are imaging
LMDs which give a value (or an array of values, e.g. R, G and B) for each individua] area-
element on the DUT. Such LMDs can replace a sequential mechanical scan of thelsurface of
a displlay by an image of the entire active area of the DUT, and a subsequentsevalugtion of
the dafa.

When |[imaging LMDs are used, a flat-field correction shall be applied™to the LMD |at the
measufing distance.

Acceptance dfea (entrance pupil)

Field of view .
Angular field Angular Lumlnar?ce
/ of view aperié meter with
e \ viewport
Measurement
field
Measurement field angle Focus on object
being measured
IEC

Figure 1 — Layout diagram of measurement setup

5.3.4.2 High_pixel count matrix displays (> 320 x 240 pixels)

The following applies for high pixel count matrix displays.

a) WHhen¢ measuring matrix displays, the light-measuring devices should be sef to a

Paraooa ot £iold b ot ool d - baun—LE00 ool ol MDD PP 1 °Y i I
m SUTCTITCTTIC  1ITCTU arat mroTouc S ToUTC aralt JOU PJTATTS™ T UT VoD S—wWHR—a—<€ircular

measurement field, this would be equivalent to a disk with a diameter greater than 25
display pixels. If smaller measurement areas are necessary, photometric and colorimetric
equivalence to 500 pixels shall be confirmed and noted in the test report.

b) For small displays, the recommended measuring distance is between 20 cm to 50 cm. For
larger displays, the measurement area shall contain at least 500 pixels. The measuring
distance shall be noted in the report.

c¢) The angular aperture shall be less than or equal to 5°, and the measurement field angle
shall be less than or equal to 2° (see Figure 1).

d) The display shall be operated at its design field frequency. When using separate driving
signal equipment to operate a panel, the drive conditions shall be noted in the report.

5.3.4.3 Low pixel count matrix displays (< 320 x 240 pixels) and segmented displays

The following applies for low pixel count matrix displays.
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a) Low pixel count displays may contain fewer than 500 pixels. When the number of pixels in
the measurement field is less than 500, it shall be noted in the report. The angular
aperture shall be less than or equal to 5°, and the measurement field angle shall be less

tha

n or equal to 2°. The measurement conditions used shall be recorded.

b) For segment displays, the angular aperture shall be less than or equal to 5°, and the
measurement field angle shall be less than or equal to 2°. All measurements shall be
performed at the centre of a segment with the measurement field completely contained
within the segment.

c) For small displays, the recommended measuring distance is between 20 cm to 50 cm. For
larger displays, follow the manufacturer's recommended viewing distance. For larger
displays, the measurement area shall contain at least 500 pixels. The measuring distance

everal

of the

taken

Shc “ IUU IIUtUuI ill t:IU IU}JUIt.
5.4 Btandard locations of measurement field
Luminance, spectral distribution and/or tristimulus measurements may be taken at {
specified positions on the display's surface. The standard measurement locations are
identified by positions P4 to Pg in the active area, as illustrated in Figure 2. The active [screen
area ig divided into nine equal-sized boxes, with the measurement ared centred withih each
box and identified by the corresponding numbering shown in Figure;2Each box is 1/3
width [W#) and height (H) of the active area. Centre screen measurements are taken at
position P5 The display or detector shall be translated in the herizontal and vertical dirgctions
to perform measurements at the desired display positions, ‘with all measurements
normal to the screen. Any deviation from the standard positions above shall be recorded.
A A
™
5 1 2 3
Y
= 4 5 6
™
2 7 8 9
\ 4
B wi3 R _ wi3 _
W -

IEC

Figure 2 — Standard measurement positions in the active area of the displayj

5.5 Standard test patterns

The characterization of display luminance and colour can depend on the display test pattern.
Therefore, several standard test patterns are given to help make the measurements more
realistic to actual use cases (see Annex E). Additional test patterns may also be used (see
Annex F). The standard test patterns use the scaling illustrated in Figure 3. The display is
divided into a 3 x 3 array of rectangular areas, each of which has sides that are 1/3 of the
dimension of the height and width of the screen's active area. Each of these nine rectangular
areas can then be further subdivided into smaller rectangles, as demonstrated in the upper
left-hand corner of Figure 3. The smallest subdivision would yield a rectangular box that has
dimensions of 1/9 of those of the active area of each region of the 3 x 3 array.
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Figure 3 — Test pattern scaling used to define the area size
of the coloured rectangles in the activedarea of the display

The standard test pattern for basic primary luminance and colour measurements shall yse the
low ARL loading example of the colour tile test patterns illustrated in Figure 4. In thig case,
coloured rectangular boxes, with 1/9 of the dimensions of the active area, are centred|on the
nine sfandard active area locations on a black background. The red, green, and blue| boxes
are driven at the maximum input signal levels for the primary channels. For example, tfhe red
box is|driven at the maximum input sighal for the red channel, while the green and blue
channegls are at their minimum signaldevel. The white boxes are driven at their maximym red,
green,|and blue channel inputs. Each colour tile pattern is identified by the initials CT [colour
tile) arld the colour of the centrelbox. The patterns in Figure 4 are identified as CTR| CTG,
CTW, and CTB when starting from the upper left-hand pattern and moving clockwise.



https://iecnorm.com/api/?name=efe0b0f46f92a25426f502e67c0a7338

IEC 62341-6-1:2017 © IEC 2017 -13 -

The ar
display

percent APL is defined as:

where
level o
100 %
would
maxim
of the
corres
(startin

Figure 4 — Low APL loading series of red, green, blue, and white test
patterns used for basic luminance, colour,.and uniformity measurements

ba scaling of the coloured rectangles is adjusted to manipulate the APL loading
. The amount of APL loading is input-refépred, assuming it is an RGB digital inp

N
Z PLi

APL(%) =100 x =1
N

the summation islover all pixels in the active area, PL, is the normalized signg
f the i-th pixel relative to maximum white level, and N is the total number of pi
APL would be represented by all pixels in the active area at maximum white levg
be implemented by setting the levels for the red, green, and blue input channels
m values\ A single primary colour (e.g. red) rendered on a full screen would h3
APL «ofa full white screen. If it is assumed that the red, green, and blue
bond_to 1/3 of the APL of the white areas, then the APL for each pattern in Figy

The av

g.at’the upper left-hand corner and going clockwise) 5,3 %, 5,3 %, 6,2 %, and

IEC

on the
ut. The

(1)

| pixel
kels. A
l. This
o their
ve 1/3
areas
re 4 is
5,3 %.

eTagT AP for the four patterns T Figure 41556~ AT eXampte carcutaton ot

left pattern in Figure 4 is given by:

[(7 primary colours x 1/3 of white) + (2 white boxes x 3/3 of white)]

x [(1/9)2 fractional area of boxes] = 5,3% APL

he top

Higher loading versions of the colour tile pattern are illustrated in Figure 5. The sequence of
four-colour tile patterns at the medium loading geometry would give an average APL
equivalent of 22 %, whereas the high loading pattern would give an average APL equivalent
of 50 %.
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NOTE [The corresponding CTG, CTBs @nd CTW patterns are of similar size but have green, blue, and white,
respectiyely, in the centre box.

Figure 5 — Medium (top) and high (bottom) APL loading versions of CTR pattefn

In casg¢s where more ‘than the white and RGB input primary colours are needed for lumlinance
and cdlour measurements, the low APL loading RBGCMY box pattern illustrated in Figure 6
. Each
a black

Aged to
the deS|red colour to be measured However, the colours of the surroundlng eight rectangular
patterns shall remain constant. If a maximum white colour is rendered in the centre box, the
APL is 6,2 % for this low loading case. Additional higher-loading patterns may also be used.
For example, a medium APL loading pattern with 2/9 of the dimensions of the active area that
produces about 25 % APL is illustrated in Figure 7. A high-loading version, where each
rectangle is 1/3 of the active area's dimensions, would have 56 % APL.
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NOTE [The centre rectangle can be changed to any desired colour, while the surrounding rectangles remdin fixed.
The notgtion identifies the colours used in the pattern and is not displayed when measurements are taken.
Figure 6 — Standard low APL RGBCMY test pattern
used for centre luminance and-colour measurements
Table 1 — Standard digital-equivalent input signals for rendering
the white, primary and secondary colours in test patterns
Colour Q Equivalent 8-bit digital signal level
Redcchannel Green channel Blue channe]l
K (Blagk) 0 0 0
R (Red) 255 0 0
G (Gregn) 0 255 0
B (Blug) 0 0 255
Y (Yellpw) 255 255 0
M (Magenta) 255 0 255
C (Cyaln) 0 255 255
w (Whlfp\ 255 255 255
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NOTE [The centre rectangle can be changed to any desired colour, while the surrounding rectangles remain fixed.

Figure 7 — Optional medium APL RGBCMY test pattern
used for centre luminance and.colour measurements

A morg detailed evaluation of APL loading can be performed by starting with the low A
pattern in Figure 6, but the size of all boxes.increases gradually until the entire screen

PL test
s filled.

The colour pattern of each box location rémains the same; only the size of each box changes.

6 Measuring methods for optical parameters

6.1 Primary luminance, colour, and uniformity of full-colour high-resolution modules

6.1.1 Purpose

The pyrpose of thistmethod is to measure the display luminance, colour, and their uni
at maximum RGB-and white input signal levels rendered on full-colour high-resolution

formity
OLED

display modulés) The white field correlated colour temperature (CCT) is also measurgd. The
standayd low"APL loading colour tile pattern defined in Figure 4 shall be used fon these

measufements. Additional higher-loading versions of this pattern may also be measured.

6.1.2 Measuring conditions
The following measuring conditions apply.

a) Apparatus: a light-measuring device that can measure luminance and colour, a

driving

power source, driving signal equipment, and a means to translate the LMD or the display.

b) Standard environmental measurement conditions, dark room conditions, and standard

setup conditions.
c) Standard low APL loading sequence of colour tile patterns (see Figure 4).

6.1.3 Measuring method for high-resolution full-colour modules

Measure the maximum white and RGB luminance and colour at the nine standard
locations using the following procedure.

screen
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a) Render the CTR colour tile pattern with a red centre box (see the upper left pattern in
Figure 4) on the OLED display and allow the luminance to stabilize.

Align the optical axis of the LMD perpendicular to the display screen and centred on the
standard position P, (see Figure 2) in the centre of the upper left-hand coloured box.

b)

c)
d)

e)
f)

g)

Measure the luminance and CIE 1931 chromaticity coordinates (x, y).

Translate the LMD (or display) to the other standard display positions (P, to Pg) in
sequence and measure the luminance and colour at each position. When a white box is
measured, also record the CCT value if available from the LMD.

Render the next colour tile pattern (Figure 4), and repeat steps b) to d) above.

Repeat luminance and colour measurements at all nine display positions for all coloured

tile

Report the combined luminance and colour for each colour O (where in this case ©
B dr W) at the nine display positions as indicated in Table 2 and Table 3. For examg
white luminance and colour data is extracted from the measurements of all*four col
patterns, which together uniquely provide a white box at each of the nine st
locgtions.

LMD

patterns as illustrated in Figure 8, for a total of 36 measurements.

LeTw-wi

LcTe-B1

Pattern CT|

LcTe-Ge
Lete-61

Pattern CTB

LcT-R6
LcTr-R1

Pattern CTG

Letr-we

\J < Pattern CTR

F R, G,

le, the

bur tile
andard

Leirw-B6

W

IEC

Figure 8 — Sequence for measuring luminance and colour at the nine standard

display positions for all coloured tile patterns
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Table 2 — Example of luminance measured of the same colour at the nine standard
screen positions and the resulting luminance non-uniformity

Measuring point

Luminance L, for colour Q

cd/m?

210

N

205

w

208

EN

199

o

195

(2]

21

~

215

o]

204

U|(TV|TV|V|TO|TVT|T|TVT|TT

©

207

L,,.= 206 cdim?; L.

=215 cd/m?; L . =195 cd/m?; NU= 9,3 %

Table 3 — Example of the same colour measured at‘the nine standard
screen positions and the resulting chromaticity non-uniformity

Measufing
point Xai

Yai

Auiv’ for any colour ¢

7’ 7’
Uq; Vai

P

P P P

4 5 6

-

0,311 |0,

325

0,198 (0,466

0,000

N

0,330 |0,

320

0,214 | 0,466

0,016

0,000

w

0,307 |0,

323

0,196 (0,464

0,003

0,018

0,000

IS

0,309 |0,

328

0,196 |0,467

0,002

0,018

0,003 | 0,000

o

0,310 |0,

326

0,197 (0,466

0,001

0,017

0,002 (0,001 |0,000

o

0,303 |0,

319

0,195 (0,461

0,006

0,020

0,003 (0,006 |0,005 |0,000

~

0,311 |0,

324

0,199 0,465

0,001

0,015

0,003 |0,004 |0,002 |0,006 |0,000

o]

0,315 |0,

320

0,203 10,464

0,005

0,011

0,007 (0,008 |0,006 |0,009 |0,004 |0,000

U|(0V|(TW| V|V |V|(TV|T| T

©

0,314 |0,

327

0,199 |0,467

0,001

0,015

0,004 |0,003 |0,002 |0,007 {0,002 [0,005 (0,000

(g Yo)hve=(0,312, 0,323); (Auv"), . =

0,020

6.1.4 Maximum luminance of white and RGB primaries

T oo T Tarou ato oot

The m'\vhﬂnllm palnanen dc oalaylatad far \ahita (7 \ oand tha rad (7 ) _aroon ([ )
BcHREHR—TEHRH WHHC— Ty ave ST ee TR aye /57 98 RL G ave

primaries from the average of the luminance measurements at the nine
standard posmons (P4 to Pg). The results shall be recorded as suggested in Table 2.

and blue (Lg aye)

6.1.5 Average colour of white and RGB primaries

The average colour is determined at the maximum input signal level for each colour. Since the
space in the CIE 1931 chromaticity diagram is not linear, the chromaticities of each colour (xq,,
yqi) at screen position P; shall first be converted to CIE tristimulus values using the following

relations:

XQi =

xalai

YaQi (2)
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Ya = La (3)

_ (1 — XQi — yQi)LQi
Qi

Za (4)

where Lq, is the luminance of the window pattern at screen position Pi for the colour Q. The
average CIE tristimulus values Xqo, Yq, Zg for each colour (0 =R, G, B or W) are then
calculated from the measurements at the nine standard positions (P to Pg). The average CIE
1931 chromaticity coordinates of each colour are obtained from the average tristimulus values
by using the following formulae:

X
q=——93 (5)
XQ +YQ +ZQ
Yq
_ a0 6
YT g+ Yg + Zg ©)

The average CIE 1931 chromaticity coordinates (xq, yq) for white and the input-referred RGB
primaries shall be recorded as suggested in Table 3. In thé_JTable 3 example, the lumfinance
values| at each screen location in Table 2 are used~in. conjunction with the chromaticity
coordipates at those positions to determine the average CIE 1931 chromaticity coordinates
followihg Formulae (2) to (4).

6.1.6 Luminance uniformity of white and RGB primaries

The luminance uniformity of a given colouris characterized at the maximum input signal level
for that colour. For each colour, determine’the maximum and minimum luminance valugs from
the mgasurements taken at the nine standard positions. The luminance non-uniformity of the
displayf is characterized by the following formula:

NU(%) =100  Lmax = Lmin_ @)

max

The luminance unifarmity (U) is 100-NU(%). Record the luminance non-uniformity restlts for
each cplour as suggested in Table 2.

6.1.7 Colour non-uniformity of white and RGB primaries

For edeh——colour—O—conve he—C chromatic d e nine
standard positions to the CIE 1976 UCS (uniform chromaticity scale) chromaticity coordinates
(u'q, v'g) using the following formula:

. 4xq o 9q
uQ— ,VQ—
3—2xQ +12yQ 3—2)CQ +12yQ

(8)

Record the CIE 1976 UCS chromaticity coordinates for each colour and screen position as
suggested in Table 3. For each location P; of the same rendered colour, determine the CIE
1976 chromaticity difference between pairs of measured CIE 1976 UCS chromaticity
coordinates (u’, v’) using the following formula:
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Au'v':\/(ui’—uj)z +(vi’—vj)2 (9)

fori, j =1to 9, and i = j. The colour non-uniformity is defined as the largest chromaticity
difference (Au'v’),ax between any two screen positions. The largest colour difference can be
narrowed down by plotting the nine (u’, v’) coordinates rather than calculating all («’, v’) pairs.
Record the CIE 1976 UCS chromaticity difference for each colour to no smaller uncertainty
than £0,001, as illustrated in Table 3.

6.1.8 Colour additivity of white and RGB primaries

differefice between the measured average white luminance (LW ave) @nd LCSW indicates| a lack
of additivity of the colour signal primaries in the display colour management. If Lw ave % Lcsw
then this discrepancy shall be described in the test report.

6.1.9 White correlated colour temperature

chromaticity diagram (see Figure 9). A white light source whosé_chromaticity is closefst to a
line perpendicular to the Planckian locus of a blackbody radiator’at a specific temperagure (a
point gn the Planckian locus) is defined as having a correlated colour temperature [at this
temperature (see Figure 9). This is strictly valid only fat, the deprecated CIE 1960 Uniform
chromaticity scale diagram. If white CCT values are megasured directly by the LMD at the nine
standard screen positions, record the average white CCT value. If the measufement
instrumpent does not provide the CCT directly, theresare some methods to obtain the CQT from
chromaticity coordinates (see Annex D). The CCT s generally only valid for white coloyrs, not
individual primaries.

The cdrrelated colour temperature of a white light source can be graphically extracted Fing a

1 Tr T T[T T T T[T [P T[T r[rrr T rrrrrrrr

/

08 -

520 nm

0,6

3000K\
SOOOK\

02}

IEC

Figure 9 — Colour of blackbody source at various temperatures
as represented on the CIE 1931 chromaticity diagram
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6.2 Primary luminance, colour, and uniformity of low-resolution modules

6.2.1

Purpose

The purpose of this method is to measure the luminance, colour, and uniformity of low-
resolution displays with pixel counts below 320 x 240 pixels and for segmented displays. If
the low-resolution displays have full-colour capability, then the individual RGB primaries shall
be measured, along with white, at their maximum signal level. Otherwise, the maximum
luminance setting at the input signal channels will be used for each primary. If the display is
capable of rendering a white field, the CCT will also be measured. A full-screen pattern will be
used for low-resolution displays.

6.2.2

NMeasuring conditions

The following measuring conditions apply.

a) Ap
po

b) St3
cor

6.2.3

paratus: a light-measuring device that can measure luminance and.cotour, a
ver source, driving signal equipment, and a means to translate the LMD or the di

ndard environmental measurement conditions, dark room conditions, standard
ditions.

Measuring method for low-resolution modules and segmented displays

For fuItL—coIour displays, measure the maximum white and RGB luminance and colour

nine s
colour,
positio

ndard screen locations (P4 to Pg, see Figure 2). Render a full-screen pattern fg
The LMD is aligned normal to the screen and trdanslated to the centre of each st
n. Record the measurements in a similar manner to Table 2 and Table 3. Calcul

averagle luminance, average chromaticity, luminance and colour non-uniformity, and

CCT fq

llowing the analysis described in 6.1. Record the results in a similar manner to 1

and Tgble 3.

For mq
lumina
locatio

driving
splay.
setup

at the
r each
andard
ate the

white
able 2

hce level. Measure the maximum luminance and colour at the nine standard
ns. Calculate the average luminance, average chromaticity, luminance and colo

uniformity, and white CCT (if applicable) in line with the analysis described in 6.1. Rec

results

in a similar manner to Jable 2 and Table 3.

nochrome displays, apply an inputssignal to make the full screen emit at the thest

creen
r non-
prd the

colour
asured

For sggmented displays;.\measure the luminance and colour inside each unique
segmept closest to the\. centre at its maximum signal level. The segment location me
shall be recorded. Reeord the measurement results.

6.3 PBignal loading

6.3.1 Parpose

The p IPUOU Uf thlo |||c‘lhud ;O tU nmircaouirc thc uhallgc ;II G\Jt;VC |||at|;/\ dlop:ay :UIII;IIGIIL;

increasing the APL.

6.3.2

The fol

Measuring conditions

lowing measurement conditions apply.

when

a) Apparatus: a light-measuring device that can measure luminance, a driving power source,
and driving signal equipment.

b) Standard environmental measurement conditions, dark room conditions, standard setup
conditions.

6.3.3

Measuring methods

a) Set up the OLED display and the LMD under the standard measurement conditions.
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c)

d)

e)
f)

g)

h)
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Set up the measurement following the layout diagram shown in Figure 2, with the
measurement field located at position P in the centre of the screen.

Render the lowest APL pattern on the screen, with the white box in the centre
(see Figure 6).

For a monochromatic display, apply a maximum input signal to make the box emit at the
highest luminance level. The box shall have the same dimensional scaling as the
equivalent white box area in the APL loading pattern.

Take a luminance measurement in the middle of the centre box.

Increase the size of each coloured box. Measure the luminance of increasingly larger

boxes until the screen is filled. It is recommended that the box dimensions described in
Talnln 4 bhaoawcaod 1f athaor dimmaoancione Ara 1o~ d thovcochall ba natad

e O o T O Ot T O T e T oToOT oo T o o T Ut Ty oo T TTotT o

Defermine the signal loading for white. The display signal loading §,,,4 is defined.as|

L — Ly
Sload =1OOXM (10)

max

where L .. and L., are the maximum and minimum luminance, respectively, meastred
for the centre boxes at the various sizes.

The¢ centre box colour may be changed to any of the RGBCMY-~individual colours at their
maximum signal level, and the signal loading procedure repeated for that colour.

Report all the measured luminance values and box dimensions, the maximum and
mirjimum luminance for each colour, the percentage{of'signal loading for each colouf, the
OLED display settings, the test pattern used, and the’'measurement configuration.

Table 4 — Scaling the size of the colour boxes in the APL loading
pattern relative to thé/screen dimensions

(relative to screen dimension) screen area (equivalent white ared)

B¢x dimensional scaling Percentage of coloured Percent APL

1/9 1% 6,2 %

1/8 14 % 7,8 %

1/7 18 % 10 %

1/6 25 % 14 %

1/5 36 % 20 %

1/4 56 % 31 %

1/3 100 % 56 %

6.4

6.4.

Dark Toom contrast ratio

1 Purpose

The purpose of this method is to measure the dark room contrast ratio (DRCR) of the OLED
display under test using the standard low APL colour tile pattern.

6.4.

2 Measuring conditions

The following measuring conditions apply.

a)

b)

Apparatus: a light-measuring device that can measure luminance, a driving power source,
driving signal equipment, and a means to translate the LMD or the display.

Standard environmental measurement conditions, dark room condition, standard setup
conditions.
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6.4.

3 Measuring method

Measure the low APL loading dark room contrast ratio using the following procedure.

a)

b)
c)

d)

e)
f)

g)

h)

6.5
6.5

A Purpose

Follow the procedure in 6.1 to determine the average white luminance Lyy 5,.. Use 6.2 for
low-resolution, monochrome or segmented displays.

Render a full black screen at the lowest input signal level.

Align the optical axis of the LMD perpendicular to the display screen and centred on the
standard position P, (see Figure 2) and measure the luminance at that position.

Translate the LMD to the remaining eight standard positions and measure the luminance
at each position.

Calculate the average black luminance Ly 5, from the nine positions.
The low APL loading dark room contrast ratio DRCR| | is given by:

L
W,ave (1 1 )

DRCRLL =
K,ave

Re¢ord the average white and black luminance, the low APL l6éading dark room cpntrast
ratio, the OLED display settings, the test pattern used, and thé measurement configuration.

Ad:linitional contrast ratio measurements may be made using‘the average white lumfinance
fron the medium- and high-loading test patterns in Figure 5. These results shall be
recprded with their test conditions.

Display colour gamut, colour gamut area, and colour gamut volume

The rapge of colours that the display can render can be illustrated by its colour gamiit, and
quantifatively expressed in terms of an area‘in a two-dimensional colour space, or a volume in
a threp-dimensional colour space. The procedures for determining these attributes are
descrihed. The colour measurements_are determined by using the standard low APL loading

colour [tile pattern given in Figure 6._This method applies only to full-colour displays.

6.5

The following measuring~conditions apply:

a)

b)

6.5.3 [ ‘Measuring method

.2 Measuring conditions

Apparatus: a light-measuring device that can measure luminance and colour, a (driving
poyer source;driving signal equipment, and a means to translate the LMD or the digplay.

Stgndard ‘environmental measurement conditions, dark room conditions, standard setup
conditiens.

The specified colours are input-referred, and generally measured at their maximum signal
level. The maximum input signal levels for the primary and secondary colours are given in
Table 1. The chromaticity coordinates of the desired colour to be measured, Q, are obtained
through the following procedure.

a)

b)

c)
d)

Render the low APL loading RGBCMY test pattern (Figure 6) with the desired colour Q in
the centre box on the OLED display and allow the luminance to stabilize.

Align the optical axis of the LMD perpendicular to the display screen and centred on the
standard position Pg (see Figure 2) in the centre of the screen.

Measure the luminance and CIE 1931 chromaticity coordinates (x, y).

Record the luminance and chromaticity coordinates, and repeat measurements for other
centre colours as needed. Additional APL loading versions of the RGBCMY pattern
(Figure 6) may also be measured as needed to better represent the intended application.
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6.5.4 Display colour gamut

The display colour gamut is obtained by measuring the CIE 1931 chromaticity coordinates of
the RGB primaries at their maximum input-referred signal levels using the procedure specified
in 6.5.3. For low-resolution displays, 6.2 may be used. The colour gamut can be represented
by the triangle in the CIE 1931 chromaticity diagram formed by the red (xg, ygr), green (xg, yg)
and blue (xg, yg) colours as corner points. An example is shown in Figure 10.

6.5.5 Display colour gamut area in CIE 1976 chromaticity diagram

The colour gamut area is defined as the percentage colour space area enclosed by the colour
gamut relative to the entire spectrum locus in the CIE 1976 UCS chromaticity diagram. As
descrijed In 6.5.4, the colour gamut Is defined by the chromaticity coordinaies rendered when
a maximum signal is sequentially applied to the RGB signal inputs. Figure 10 illustrdtes an
example where the same RGB primaries are plotted in the CIE 1931 (left) and CIE. 1976 (right)
chromaticity diagrams. Formula (8) was used to convert the chromaticity ceordinatels. The
area ehclosed by the RGB triangle in the CIE 1976 chromaticity diagram is calculated ap

Ay = 256,1% |(u'R -u'g \v'g—v'g)-('g—u'g VR —V'Bl (12)

where tthe subscripts R, G and B refer to the red, green and blde primaries, respectively. The
colour |[gamut area for the example of sRGB primaries (IEC 81966-2-1) in Figure 10 wquld be
33 %.

z CIE 1931 chromaticity diagram Z 4 CIE 1976 chromaticity diagram
f; 0,9 'g 0,7

g 0,8 S (0,1250 0,5625)

% 5 0,6 | G (0,4507 0,5229)
10,7 - R

0,5 (0,1978 0,4683)
+ w

(0,3000 0,6000
G [

0,5
(0,6400 0,3300)

0,4 | 03
0,3 |
0,2 1
0,2 f
01 } 0,171
0 ! i L ! L L ! 0 L ! L ! ! !
0,1 02" 03 04 05 06 0,7 08 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
x-chromaticity u'-chronaticity

IEC

Figure 10 — Example representation of the same primary colours
in the CIE 1931 (left) and CIE 1976 (right) chromaticity diagrams

6.5.6 Colour gamut volume

A more accurate representation of the colour range can be obtained by sampling the
boundary colours of the display’s gamut in a three-dimensional colour space. The CIELAB
colour space will be used for this purpose (see publication CIE 15:2004). The purpose of this
method is to measure the colour gamut volume of the colour gamut boundary of an OLED
display module under dark room conditions. This colour gamut volume shall be compared to
the IEC sRGB standard (IEC 61966-2-1) colour gamut volume with a D65 white point. The
percentage of the sRGB colour gamut volume shall be obtained using the following procedure.

a) The low APL loading RGBCMY test pattern (Figure 6) shall be used to measure the
desired central box colours. The colours will be measured according to the procedure in
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6.5.3. Additional measurements on higher APL loading versions of the same test pattern
may be made if needed for the intended application.

b) The colour gamut volume calculation requires that at least red, green, blue, cyan, yellow,
magenta, black and white (see Table 1) be measured. Each of these colours (except
black) is displayed at their maximum signal level. The measurement of additional colours
helps to make the calculation more accurate.

c) The chromaticity coordinates of each colour shall be converted to tristimulus values using
Formulae (2) to (4).

d) The tristimulus values shall be transformed into the three-dimensional CIELAB colour
space specified by CIE 15:2004. Additional three-dimensional uniform colour spaces may
also be used and identified in the test report. Each colour point can be plotted on the L*,
a*,|and b* axes of the CIELAB colour space by referencing the peak white trislimulus
valties (Xyy, Yy and Zyy) and by using the following transformation formulae:

L*=116x f(Yy /Y, )16 (13)
a*=500% f(Xo /Xy )- (Y /) (14)
b*=200x f(Yq /Yy )~ f(Zo/Zw) (15)
where
RIE t>(6/29)3
1 (29 B
ft)= T(?] X716 t<(6/29)° 7o)

Anlexample of the colour data“in-the CIELAB uniform colour space is given in Figurd 11.

CIELAB colour space

100

a* 100 -150 IEC

Figure 11 —-Example of the range of colours produced by a given display
as represented by the CIELAB colour space

e) Calculate the colour gamut volume corresponding to the possible range of display colours
as represented in the CIELAB colour space. See IEC 62341-6-2:2015, Annex C, for a
detailed description of the analysis recommended to calculate the colour gamut volume.
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Other gamut calculation methods may be used, however, they shall yield the same results
as the reference method described in IEC 62341-6-2.

Record the percentage of colour gamut volume relative to the IEC sRGB standard colour
space (IEC 61966-2-1), the tristimulus values of each colour, the test pattern used, and

the

measurement conditions.

7 Measuring methods for power consumption

7.1

Purpose

The purpose of this method is to measure the power consumptlon of the OLED d|splay module

dependent upon the mtended apphcatlon

7.2 Measuring conditions

The following measuring conditions apply.

a) Apparatus: a light-measuring device that can measure luminance, an ammegter, a
voltmeter, a DC power source, an image signal generator.

b) Stgndard environmental measurement conditions, dark rogm-conditions, standard setup
conditions.

7.3 Measuring method

Procedd as follows.

a) Make all the electrical connections needed* to operate the module under standard
conditions. See the example setup in Figure-12.

b) Repder the low, medium, or high APL lgading version of the RGBCMY pattern with @ white
centre box (see for example Figure 6.ahd Figure 7) which most closely correspondg to the
display’s main intended use case. For TV and internet applications, the |power
consumption can alternatively be-measured by the standard dynamic broadcast-gontent
video or internet-content video, respectively, specified in IEC 62087-2. For PMOLED and
low-resolution displays, the equivalent white rectangle for one of the versions of the low
(6,2 %), medium (25 %), and high (56 %) APL loading RGBCMY patterns should bg used.
Sef all power supplies\to the standard voltage specification values. The test pattern or
video content used shall be noted in the test report.

c) Mefsure the display luminance in the centre of the white box of the RGBCMY pattern. A
lunjinance measurement is not taken for the video content. The rated luminance gnd the
driying signalyshall be specified in the report.

Re¢ordsthe luminance and all relevant power, voltage and current readings of all meters in

Fig

uré-12. See example in Table 5.
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Image signal o OLED display module
generator (panel + driving circuit + control circuit)
AC/DC DC/DC DC/DC | .
converter converter converter
Voltmeter Voltmeter Voltmeter v-1--

Power

Py
U (AC) o | A Iy
O
U,  (DCy) o
U (OC) o
~ GND © --{-

Figure 12 — Example of measurement.setup of power consumption

Tabl¢ 5 — Example of a summary sheet for module power consumption measurements

Source Voltage Current Electrical power
bdr Power source Remarks
num U (mA) (mW)
1 AC power source AC, Oy _ P,
2 DC power source DC, U, I, P,=U, x I,
3 DC power source DC, U, Iy Py=U; x I
Total Total power consumption Proy = Pyt Pyt Py At 100 % white level

d) The total module power may also be measured at other white luminance levels and/or with
a niformly distributed pattern lighting a fraction of the total pixels. It could give
sighificantly different results from the specified method depending on the efficiency [versus
luminance curve of the display. In this case, the luminance level and fraction shall be

recorded.
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Annex A
(normative)

Response time of passive matrix display panels

Purpose

The purpose of this method is to measure the response time of the passive matrix display
panels.

A.2

The fo

a) Ap

Measuring conditions

lowing measuring conditions apply.

pbaratus: drive signal equipment that can output an invertible plain, field voltage

signal

(full screen white and black), an LMD that can produce a linear respanse to rapid changes

in
re
tim
NOT
recq

b) Standard environmental measurement conditions, dark room conditions, standard

corj

A.3

Proces

luminance and can transform the luminance signal into an ‘electrical signa

of the passive matrix display panel.

'E A signal recorder having sufficient frequency bandwidth (typically > 10x) is needed to ad
rd the driving signal.

ditions.
Measuring method

d as follows.

a) Co

stafte.

b) Op
the
dri
tur

c) Op
dis
ang
obt]

5 nEm x 5 mm) in the centre of the display panel can be lit when the panel is in

rate the display at a steady OFF state, and then change the driving voltage tq
display skip to the ©N state in an instant. Measure and record the luminance-tir

h-on time 7,

erate the display at a steady ON state, and then change the driving voltage to ma
blay panelskip to the OFF state in an instant. Measure and record the luminang

driving-voltage-time curves of the display panel by using the signal recordg
pin thesturn-off time 7.

l. The

ponse time and sample time of the LMD shall be less than ‘oné-tenth of the response

curately

setup

hnect the voltage power source, to the panel and ensure that only a certain areJa (e.g.

he ON

make
ne and

ing voltage-time~curves of the display by using the signal recorder, and obtain the

ke the
e-time
r, and

d) Th

pAlighted area, the response times of the LMD, the driving voltage source, the

signal

rec

order, and the waveftorm ot the driving voltage shall be recorded.

e) As an example, the relationship between the driving signal and the optical response times
is shown in Figure A.1.
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Figure A.1 — Relationship between the driving signalkland the optical response ti

mes

The repponse time of the display panel includes thelturn-on time ¢, and the turn-off time 7.

The tufn-on time includes the turn-on delay time*(g’and the rise time ¢, and the turn-g
includgs the turn-off delay time z4- and the fall tive ;.

The turn-on time ¢,, is defined as the c¢time interval from the moment when the o
voltagé¢ first skips to the on-state voltage (not including the skipping time) to the nj
when the variational value of luminance reaches 90 % of the maximum variational vall
turn-on delay time ¢y is definedas the time interval from the moment when the o
voltagg first skips to the on-state voltage (not including the skipping time) to the nj
when the variational value of fuminance reaches 10 % of the maximum variational vall

ff time

f-state
oment
e. The
f-state
oment
e. The

rise tine ¢, is defined as the time interval between 10 % and 90 % of the maximum variational

value (fas shown in Figure A.1).

The turn-off time«tg is defined as the time interval from the moment when the o
voltage first skips~to the off-state voltage (not including the skipping time) to the n
when the variational value of luminance reaches 90 % of the maximum variational value
the turp-off-delay time 74- is defined as the time interval from the moment when the o

h-state
oment
. Here,
n-state
oment

voltage first’skips to the off-state voltage (not including the skipping time) to the n
o . o . .

ind the

fall time # is defined as the time interval between 90 % and 10 % of the maximum variable

value (as shown in Figure A.1).
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Annex B
(normative)

Luminance current efficiency

Purpose

The purpose of this method is to measure the luminance efficiency of an OLED matrix display
panel or equivalent test pixels, without row and column driving electronics.

B.2

The following measuring conditions apply.

a)

b)

B.3 |Measuring method

Procedd as follows.

a)

d)

e)

f)

g)

h)

Measuring conditions

Apparatus: a light-measuring device that can measure luminance, a,ammeter and a DC
poyver source.

Stgdndard environmental measurement conditions, dark room conditions, standard setup
conditions.

An| OLED display panel with drivers attached is generally not suitable for this
mejasurement. ldentify an OLED display panehwhere the total emitting diode currgnt can
be |Imeasured. This may require that all row~¢ontacts be shorted, and that column contacts
be|shorted. For a colour panel, the red; green, and blue sub-pixels shall be ghorted
independently of each other if possibje: For passive matrix displays, high peak cprrents
maly preclude the simultaneous application of the pixel drive conditions over a sufficient
display area. Where this is the ¢ase, test pixels with a structure as similar as possible to
thgse on the display panel should be used.

Apply a current signal to the-shorted contacts that simulates the pixel drive conditjons in
nofmal display operation. The drive signal for a given primary colour shall be equivalent to
the primary colour current used to achieve a module white screen at 100 % grey level. For
pagsive matrix displays, a pulsed current with the appropriate duty cycle will energize all
subp-pixels of the same colour at the same time. If current loading is expected to s¢verely
impact the resulis, a smaller area of the display shall be energized. However, the emitting
arda shall ifclude an adequate number of pixels (> 500 pixels) in order to make an
acq¢urate luminance measurement.

Apply, a 100 % red drive current to the red sub-pixels and measure the time-averaged
current’/p used to energize the targeted area (A). The area (A) shall include the emitting
sub-pixels and their surrounding dark area.

Measure the luminance (L) of the red emission from the emitting area of the OLED module
following the diagram in Figure 1. If the emitting area is sufficiently large, an average
luminance of five or nine spots (see 6.1.6) shall be used.

Apply a 100 % green drive current to the green sub-pixels and measure the time-averaged
current Ip used to energize the targeted area (A). The area (A) shall include the emitting
sub-pixels and their surrounding dark area.

Measure the luminance (L) of the green emission from the emitting area of the OLED
module following the diagram in Figure 1.

Apply a 100 % blue drive current to the blue sub-pixels and measure the time-averaged
current /p used to energize the targeted area (A). The area (A) shall include the emitting
sub-pixels and their surrounding dark area.

Measure the luminance (L) of blue emission from the emitting area of the OLED module as
shown in the diagram in Figure 1.
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i) The luminance current efficiency for each colour can be calculated by:

14

C =
n o

(B.1)

An example of a measurement configuration for measuring luminance current efficiency is

shown in Figure B.1.

NOTE The driving signal, the test configuration, and the rated luminance are recorded.

OLED matrix panels

—— ammeter

Power
source

Figure B.1 — Example of a measurement configuration for measuring
luminance cutrent efficiency

EC
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Annex C
(informative)

Veiling glare frustum

When making optical measurements of black regions, stray light from adjacent bright regions
of the displays can introduce significant errors. This is especially true for contrast
measurements. Stray light can be significantly reduced by using a frustum. The frustum, or
truncated cone, has an apex angle of 90°. It can be constructed from ~0,25 mm black vinyl
plastic with a gloss surface on both sides, using the procedure described in Figure C.1.

O -

Front view Sideview

Cut from flat sheet

IEC
Figure C.1 — Pattern for veiling glare frustum

The equations relating to the frustum apex angle and inner/outer diameters can be fqund in
[2]. A flat surface can be easily cut using mechanical compasses with a sharpened edge for
cutting| the plastic. Place one point at the centre and rotate around the centre with thg cutter

until the #material becomes separated. Also, back and forth bending along a partial cut|with a
little s i i ' erwise

the centre reference is lost.

When performing an optical measurement with the frustum, position the narrow end of the
frustum above the measurement area of interest on the display without blocking the
measuring instrument’s aperture.
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Annex D
(informative)

Methods to obtain the correlated colour temperature (CCT)
from chromaticity coordinates

D.1

Method 1: using McCamy’s approximate formula

A display’s white field correlated colour temperature (7cct) may be calculated by using

McCamy’s approximate formula [4]:

where

Toer = 4373 + 3 60122 + 6 8631 + 5 517

n=(x—0,3320)/(0,185 8 — »)

(D.1)

(D.2)

and x, [y are the CIE 1931 chromaticity coordinates. This approximation is accurate bg¢tween

2 000
(Au’v’

D.2

The white field correlated colour temperature (Fdcst) may be calculated by using

Hernandez-Andres’s approximate formula [6]:

where

x, y arg the CIE 1931-chromaticity coordinates and 4;, #; are constants. These consta

n=(x_xe)/(y_ye)

K and 10 000 K. The measured colour of the sourcé ‘has to be relatively
0,01) to that of the Planckian locus in order for the CCT-to be valid [5].

Method 2: using Javier Hernandez-Andres’s approximate formula

TCCT = AO + A1eXp(—n s t1) + AzeXp(—n / t2) + A3exp(—n / t3)

listed ih Table D.1. This approximation is accurate between 3 000 K and 8 x 106 K.

Table D.1 — x, y,, 4; and ¢; for Formula (D.3) and Formula (D.4)

close

Javier

(D.3)

(D.4)

hts are

Valid T range (K)

| " Constants 3000 ~ 50000 50 000 ~ 8 ¥ 105
X, 0,336 6 0,335 6
Y, 0,173 5 0,169 1
4, —949,863 15 36 284,489 53
A, 6 253,803 38 0,002 28
t 0,921 59 0,078 61
A, 28,705 99 5,453 5 x 10736
ty 0,200 39 0,015 43
A 0,000 04 /
1y 0,071 25 /

NOTE Formula (D.3) has only two exponential terms in the higher CCT range.



https://iecnorm.com/api/?name=efe0b0f46f92a25426f502e67c0a7338

- 34 - IEC 62341-6-1:2017 © IEC 2017

D.3 Method 3: graphical determination of correlated colour temperature

Correlated colour temperature (CCT) can be calculated from the chromaticity diagram shown
in Figure D.1. By converting the CIE 1931 chromaticity coordinates (x, y) to CIE 1960 UCS
chromaticity coordinates (u, v), the isotemperature lines are perpendicular to the Planckian
locus on the CIE 1960 UCS diagram. The chromaticity point (u, v) is matched to the closest
point on the Planckian locus. The temperature of the blackbody at this point is calculated as
the CCT of the measured display, as illustrated in Figure D.2.

First the spectral power distribution (SPD) of a Planckian radiator is calculated with the

temperature as an input parameter. Then use CIE 1931 x, y, z colour matching functions to
calculdte the chromaticity coordinates for this SPD. The blackbody CIE 1960 chromatficity is
compafred to the white field chromaticity of the measured display. The CIE 1960 chromaticity
differepce A(u, v) between the blackbody and display is calculated analogously to)Equation (4),
where [u = u’ and v = 2v'/3. The temperature (and chromaticity) of the Planckian radiator is
modified to determine the minimum A(u, v) between the measured display and Plgnckian
radiatgr. In determining the minimum A(u, v), it is advisable to start. with a Plgnckian
temperature below the temperature of the display u, v value and increment to a Plgnckian
temperature above this value. This incremental calculation can terminate at a predetefmined
minimym change in A(u, v).

CIE19MEY S CHROMATTOITY DIAGRAM

IEC

Figure D.1 — CIE 1931 XYZ chromaticity diagram
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Figure D.2 — Blackbody locus (Planckian locus) and isotemperature lines

in CIE 1931 chromaticity diagram
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Annex E
(informative)

Measuring the performance of modern
colour-managed displays and panels

E.1 Legacy displays

Early displays had driven electronics that were well-behaved. As illustrated in Figure E.1, the
independent drive electronics in these legacy displays resulted in a direct correlation between
the inpjut signal and the primary colour emitters. This ensured that the display had colorimetric
additive mixing. However, as colour display technology has advanced over the years) so has
the colour management for these devices. Not only have display designers intreduced multi-
primary pixel formats, they have also applied real-time image processing to."dynamically
change how the image is rendered. This has reached the point where, inbmany casegs, the
input sjgnal is not directly linked to the optical output.

3-component Independent Display cOlout
input signal drive electronics primaries
S1(R) P1 (R) P1(R)
drive

s2@G)L— Pd2ri$/2) s - LIP2(G)

S3 (B) i IZ?;“(/Z) P3 (B)

IEC

Figyre E.1 — Legacy model where the independent drive electronics provide a dlrect
gorrelation between the input RGB signals and the display’s colour primarie

E.2 |Modern displays

In the |legacy RGBvdisplays, the direct link between input signal to pixel output meant that
there Wwas only @ne unique combination of R, G, and B that would give the desired folour.
Howevjer, asteolour management advanced, display electronics included look-up tables|(LUTSs)
as a programmable conversion interface between the input signal and pixel output (see top
schemptic/in Figure E.2). The use of LUTs allowed the physical primary coIoursSI to be
abstracted to conceptual primary colorants, where these colorants could be tailored to
achieve the desired colour gamut. But the colorimetry of these systems would not necessarily
follow colorimetric additive mixing. In addition, as the processing power of the electronics
increased, the image processing could also analyse the upcoming image frame and
dynamically change the LUT for the desired appearance.

The use of LUTs also enabled an input signal from only one RGB component to activate more
than one primary emitter (see for example the bottom schematic in Figure E.2). For multi-
primary displays, there may be several combinations of primary emitters that could produce
the desired colour. The calibration of the LUT defines how the input signal will be rendered,
which will not necessarily result in the expected colorimetric additive mixing based on the
input signals. This lack of additivity can have an impact on how accurately the intended image
content is rendered. In addition, the lack of additivity also means that the colour gamut area
may not be accurately represented by just measuring the response of the R, G, and B inputs


https://iecnorm.com/api/?name=efe0b0f46f92a25426f502e67c0a7338

IEC 62341-6-1:2017 © IEC 2017 - 37 -

in turn. The colour gamut area may no longer be bounded by the triangle connecting the RGB
chromaticity coordinates.

Given this ambiguity, it is important to test how well the display renders colours relative to the
intent of the input content. If the content is intended for viewing on sRGB displays
(IEC 61966-2-1), then the colour management should be tested to verify that the colours are
rendered correctly. In addition, if the display also employs dynamic colour management, then
the performance of the display can depend on the type of test pattern used. A set of colour
test patterns have been developed to address these issues, and serve as the recommended
patterns used in this document. These patterns are a best effort attempt to create a
technology-neutral input signal that uniformly samples the colour gamut and queries in a fair
manner the colour-managed response of the display. The value of these colour test patterns

is illus{rated by comparing them to traditional single-colour box patterns.
3-component Gamut calibration Primary luminance Independent Display color
input gignal calibration drive electronics primaries
P1 (R
S1|((R) 1DLUT—— drif/e) ———| P1|(R)
P2+(G)
S2(G) 3DLUT 1DLUT =\ dfive P2|(G)
P3 (B)
S3|(B) 1DLUT. drive P3|(R)
3-component Gamut calibration Primary luminance Independent Display color
input signal calibration drive electronics primaries
P1 (R

S1|(R) 1DLUT drifle) P1(R)
P2 (G)

S2(G) 3Dto4D 1DLUT drive p—— = P2[(G)

LUT

P3 (B)

S3|(B) 1DLUT drive F——=|P3(R)
P4 (Y)

1DLUT drive P3 (Y)

IEC

Figure E.2 — Example of modern drive models utilizing multi-dimensional
LUTs for RGB (top) and multi-primary (bottom) displays

Prior research on multi-primary projectors demonstrated that some colour-managed systems
adapted to the rendered test pattern. In some cases, the colour management system in some
displays would preferentially boost the white luminance output on white images. However, this
white luminance could never be achieved in more realistic colour images [3]. Therefore, the
luminance of the white pattern would not equal the sum of the luminance values for the R, G,
and B patterns. This lack of colour additivity can suggest a potential problem in the colour
management. The benefit of the RGB checkerboard, or colour-signal white, pattern has been
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recognized by the display industry, and has been included as an important measurement in an
industry standard [2]. The colour-signal white method for OLED displays has been adapted in
this document by also considering the influence of luminance loading. Figure 4 illustrates a
low APL loading implementation of the colour-signal white method. The 5 % to 6 % APL
loading level is a practical lower limit, where the OLED is presumed to have achieved its
highest luminance levels by minimizing the resistive loading effects. The amount of APL
loading is only based on the input signal, and corresponds to the pre-gamma average picture
level that is being input to the display. A 100 % APL would correspond to a maximum white
signal input for all pixels in the active area. The inclusion of the white box with the RGB boxes
allows the white luminance to be compared to the RGB luminance values under the same
loading conditions.

E.3 |Results

Table E.1 shows an example of measured luminance data for a commercial RGB’and WRGB
OLED [display using the colour tile pattern in Figure 4, following the procedure in clauge 6.1.
In this| example, the difference in percentage between the colour-signal “white lumjinance
(Lesw | Lrave T LG ave + LB.ave) @and the average luminance of the white box Lyy o[, was
actually h|gher for the RGB dlsplay This suggests that the colour management was better for
this WRGB display than for the RGB display.

Table E.1 — Example of luminance data for an RGB and' WRGB OLED display

Average luminance (cd/m?) Ly ave “esw
Display technology ’
Red Green Blue White (%)
WRGB|OLED display 78,4 268,2 38,2 393,9 2
RGB QLED display 88,7 218,7 28,6 380,4 13

The rgsponse of the OLED display -to' the input signal can be investigated further by
measufing the APL loading behaviour of the display. Figure E.3 illustrates the di|fferent
loading behaviour between the traditional single white centre box compared to thel multi-
colour |pattern shown in FiguresE’4. The APL loading of each test pattern is increased by
enlarging the size of the individual boxes. The loading behaviour is observed to be different
for thg commercial RGB wversus the WRGB OLED display. As one would expect, the APL
loading response of the~RGB display does not seem to depend on the presence of|colour
content. However, the presence of colour does impact the loading behaviour of the WRGB
OLED,| especially _at_the higher load levels. Therefore, since realistic images will typically
contain a variety)of' colours, the sampling of red, green, blue, cyan, magenta, yelloyw, and
white Qoxes used in Figure E.4 would be a more appropriate test pattern.

When pvaluating the APL loading response of the display, the shape of the loading prpfile is
not aslimportant as how consistently the display can maintain that shape for all colourk. This
issue is illustrated in Figure E.5. In this evaluation, the luminance and colour in the pattern
(Figure E.4) are measured at increasing levels of loading. The loading measurements are
repeated in turn for the red, green, blue, cyan, magenta, and yellow boxes in the pattern. The
top graph in Figure E.5 shows that each of the colours measured on the WRGB display has
virtually the same loading profile. This means that the luminance ratio between the colours is
also maintained. Since the luminance ratio between colours determines what colour is
rendered by the display, a consistent luminance ratio means that the colour gamut will be
stable through the range of loading levels. This is demonstrated by the relatively flat (brown)
colour gamut area line shown in the top graph. In contrast, the bottom graph in Figure E.5
shows some variation in the APL loading profiles for each of the colours measured on the
RGB display. This variation induced the larger change in the colour gamut area for the RGB
display with APL loading.
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