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IEC 62341-6-1 has been prepared by IEC technical committee 110: Electronic display devices.

Itis

an International Standard.

This third edition cancels and replaces the second edition published in 2017. This edition
constitutes a technical revision.

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

a) measuring methods for power consumption of displays that have an embedded video

cannactiontarminal ara addad-
COH oot e o

\=a~a~a~a- py

b) the contents description including video signal for power consumption is modified.
The|text of this International Standard is based on the following documents:
Draft Report on voting
110/1454/FDIS 110/1471/RVD

Fulllinformation on the voting for its approval can be found in the report on voting indicated in
the pbove table.
Thellanguage used for the development of this International‘Standard is English.
Thig document was drafted in accordance with ISOAEE Directives, Part 2, and developef in
accprdance with ISO/IEC Directives, Part 1 and IS@/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC |are
destribed in greater detail at www.iec.ch/standardsdev/publications.
A ligt of all the parts in the IEC 62341 series; under the general title Organic light emitting diode
(OLED) displays, can be found on the IEC website.
Thel committee has decided that the contents of this document will remain unchanged untilfthe
stahility date indicated on the~-|EC website under webstore.iec.ch in the data related to|the
spetific document. At this date, the document will be
¢ feconfirmed,
e Withdrawn,
e feplaced by.arevised edition, or
e BAmendegd:

IMPORTANT — The "colour inside" logo on the cover page of this document indicates that it

co

ntents. Users should therefore print this document using a colour printer.

contains colours which are considered to be useful for the correct understanding of its
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

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

1 Scope

Thi-. }Jalt Uf :EC 82341 DHUU;";UO thU Dtalldald IIIUGDUI;IIU UUIId;t;UIID GII!‘.J‘l IIIUGOUI;IIy IIIUtI Ods
for determining the optical and electro-optical parameters of organic light emitting diode (OLED)
disglay modules, and where specified, OLED display panels. These methods are limitedto| flat
disglays measured in a dark room.

2 |[Normative references

The|following documents are referred to in the text in such a way that somé or all of their congent
congtitutes requirements of this document. For dated references, onlythe edition cited applies.
For| undated references, the latest edition of the referenced |[document (including Jany
amegndments) applies.

IEC|60050-845, International Electrotechnical Vocabulary.— Part 850: Lighting (availabl¢ at
www.electropedia.org)

IEC|61966-2-1, Multimedia systems and equipment< Colour measurement and management —
Part 2-1: Colour management — Default RGB colour space — sRGB

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

IEC|62341-6-2:2015, Organic lightyemitting diode (OLED) displays — Part 6-2: Measufing
methods of visual quality and ambient performance

IEC|62087-3, Audio, videoy.and related equipment — Determination of power consumptign —
Part 3: Television sets

CIE|15:2004, Colorimetry, 3" edition

CIE|S 014-%4;~Colorimetry — Part 1: CIE Standard Colorimetric Observers

3 |Terms, definitions, and abbreviated terms

3.1 Terms and definitions

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

add

resses:

IEC Electropedia: available at https://www.electropedia.org

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1.1
signal pixel
smallest encoded picture element in the input image

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

levellwould be 100 % APL.

3.1.8
avefrage luminance level
ALL
avefage luminance of the input signal on all pixels

Note] 1 to entry: ALL, which is calculated by averaging of post-gamma signal pikels; is also called as the

gamma APL.

3.2 Abbreviated terms

ALL average luminance level

APL average picture level

CCT correlated colour temperature

CIE Commission Internationale de LiEclairage (International
Illumination)

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

CMY cyan, magenta, and yellow

DRCR dark room contrast ratio

DUT device under test

eDH embedded display port

LMD light measuring device

LUT look-up.table

MIA mohile industry processor interface

PMOLED passive matrix organic light-emitting diode

Commission

firive

post-

on

RGB red, green, and blue

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

SPI spectral power distribution

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

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 comply with

the structure specified in each item.
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5 Standard measuring conditions

5.1 Standard measuring environmental conditions
Measurements shall be carried out under the standard environmental conditions as follows:

— temperature: 25°C+3°C
— relative humidity: 25 % RH to 85 % RH
— atmospheric pressure: 86 kPa to 106 kPa

Whén different environmental conditions are used, they shall be noted In the report.

5.2| Standard measuring dark room conditions

Thelluminance contribution from unwanted background illumination reflected off the“test display
sha|l be less than 1/20 of the display’s black state luminance. If these conditions are|not
satigfied, then background subtraction is required, and it shall be noted.in, the test reporf. In
addjtion, 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.

5.3| Standard setup conditions
5.3 General

Standard setup conditions are given below in 5.3.2, 5.%.3'and 5.3.4. Any deviations from these
congitions shall berecorded reported.

5.3.2 Adjustment of OLED display modules

Thel| display shall be measured at its factory-default settings. If other settings are used, t{hey
sha|l be noted in the test report. These settings shall be held constant for all measurements,
unlgss stated otherwise. It is important;; however, to make sure that not only the adjustments
are |kept constant, but also that the-resulting physical quantities remain constant during|the
megsurement. This is not automatically the case because of, for example, warm-up effects|

5.38 Starting conditions.of measurements

Megsurements shall be'started after the OLED displays and measuring instruments achieve
stahility. It is recommended that, when the display is first turned on, it be operated for at I¢ast
30 min with a loop ©of)colour patterns rendered on the screen. Sufficient warm-up time has bleen
achleved when the‘luminance of the test feature to be measured varies by less than £3 % ¢ver
the entire measurement method for a given display image.

5.3.4 Measuring equipment requirements

5.341 __ General conditions

Light measurements shall generally be made in terms of photometric or colorimetric units for a
CIE 1931 standard colorimetric observer as defined in CIE S 014-1. Luminance can be
measured by a photometer, and 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).
A non-contact LMD, where the LMD is not in direct contact with the screen, shall be used without
an illumination source. The following requirements are given for these instruments:

a) The LMD shall be a Iuminance meter, colorimeter, or a spectroradiometer. The
spectroradiometer shall be capable of measuring spectral radiance over at least the 380 nm

T Numbers in square brackets refer to the Bibliography.
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to 780 nm-speectral wavelength range, with a maximum bandwidth of 10 nm for smooth
broadband spectra. For OLED primaries with a bandwidth < 25 nm, the maximum bandwidth
shall be £ 5 nm. The spectral bandwidth of the spectroradiometer shall be an integer multiple
of the sampling interval. For example, a 5 nm sampling interval can be used for a 5 nm or
10 nm bandwidth.

Care-shall-be-taken-te Ensure that the LMD has enough sensitivity and dynamic range to
perform the required task. The measured LMD signal shall be at least ten times greater than
the dark level (noise floor) of the LMD, and no greater than 85 % of the saturation level.

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

The relative uncertainty and repeatability of all the measuring devices shall be maintained
py following the instrument supplier’s recommended calibration schedule.

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

f 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
hese measurements can be checked by attenuating the light with \a.neutral-density filtgr. If
he change in signal amplitude of the detector is proportional-toothe transmittance of|the
neutral-density filter, then there are no detector saturationCerrors. This method is| for
measuring the maximum time-averaged full-screen luminance.

nsitivity across detector area should be considered. Also, when measuring black regipns,
light from adjacent bright regions of the displays(€an introduce significant errors. The sfray
can be significantly reduced by using a frustufy (See Annex C).

In afldition to LMDs that form an average value,for the measured quantity over the measurement
field under consideration (i.e. spot photometers, see Figure 1), there are imaging LMDs which
givg a value (or an array of values, e.g..R,"G and B) for each individual area-element on|the
DUT. Such LMDs can replace a sequential mechanical scan of the surface of a display by an

Ima

je of the entire active area of the-DUT, and a subsequent evaluation of the data.

When imaging LMDs are used; a flat-field correction shall be applied to the LMD at|the

megsuring distance.
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Figure 1 — Layout diagram of measurement setup

5.3.4.2 High pixel count matrix displays (2 320 pixels x 240 pixels)

Thel|following applies for high pixel count matrix displays:

a) Alhnn mnnounnn mnh«.v d:““!a‘,’s, thc Iunhl- mcac\urlng rlc\vl:r\nr:\ Shcu!d hn c\n" I-) a
measurement field that includes more than 500 pixels. For LMDs with a circular
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 measurement
area contains 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.
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5.3.4.3 Low pixel count matrix displays (< 320 pixels x 240 pixels) and segmented
displays

The following applies for low pixel count matrix displays:

a) Low pixel count displays-may can 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
than or equal to 2°. The measuring 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
berformed at the centre of a segment with the measurement field completely contained
ithin the segment.

c) For small displays, the recommended measuring distance is between 20 cm te\50 cm.|For
arger displays, follow the manufacturer’'s recommended viewing distancel,"For lafger
Hisplays, the measurement area shall contain at least 500 pixels. The measuring distance
hall be noted in the report.

5.4 Standard locations of measurement field

Luminance, spectral distribution and/or tristimulus measurements) may be taken at sevgral
spegified positions on the display surface. The standard measureément locations are identified
by positions P4 to Pg in the active area, as illustrated in Figure 2. The active screen are is
diviged into nine equal-sized boxes, with the measurementarea centred within each box [and
identified by the corresponding numbering shown in Figure2. Each box is 1/3 of the width|(W)
and| height (H) of the active area. Centre screen measSdrements are taken at position P [The

disglay or detector shall be translated in the hofizontal and vertical directions to perform
megsurements at the desired display positions;with all measurements taken normal to|the
scrgen. Any deviation from the standard positiéns above shall be recorded.

© Y% Y % N | %
S B\ W2 @3
\\\ /// \\\ //’j ™
\i s ~ 7 ~ .
\\\\\ P /»/ \\\ - //,/' \\ - //,//
Ty Y % A
= wl W WP
© N Y, N Y Y 1)
} T W WS w’
- wi3 _ -< Wi3 -
W
<

IEC
Figure 2 — Standard measurement positions in the display active area

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 active area. Each of these nine rectangular
areas can then be further subdivided into smaller rectangles, as demonstrated in the upper left-
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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.

IEC]

Figure 3 — Test pattern scaling used-to. define the area size of
the coloured rectangles in the active area of the display

The| standard test pattern for basic primary luminance and colour measurements shall use|the
APL loading example of the colour tile~test patterns illustrated in Figure 4. In this case,
ured rectangular boxes, with 1/9 of the-dimensions of the active area, are centred on|the
ning standard active area locations on ablack background. The red, green, and blue boxes|are
driven at the maximum input signal levels for the primary channels. For example, the red |box
is driven at the maximum input signal for the red channel, while the green and blue channels
at their minimum signal level._ The white boxes are driven at their maximum red, green, jand
blug channel inputs. Each caldur tile pattern is identified by the initials CT (colour tile) and|the
coldur of the centre box. The patterns in Figure 4 are identified as CTR, CTG, CTW, and CTB

starting at the upper leftzhand pattern and moving clockwise.

low
colg

are
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Fig
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ure 4 — Low APL loading series of red, green, blue,"and white test patterns used
basic luminance, colour, and uniformity measurements

area scaling of the coloured rectangles is adjusted to manipulate the APL loading on
lay. The amount of APL loading is input-referred, assuming it is an RGB digital input.
ent APL is defined as:

N
Z PLi

APL(%)=100x =1
N

ZLPLZ-
N

APL (%) =100 x

re the-summation is over all pixels in the active area, PL; is the normalized signal pixel |

e /it pixel relative to maximum white level, and N is the total number of pixels. A 10
would be represented by all pixels in the active area at maximum white level. This w

IEC

for

the
The

(1)

vel
0 %
buld

be implemented by setting the levels for the red, green, and blue input channels to their
maximum values. A single primary colour (e.g. red) rendered on a full screen would have 1/3 of
the APL of a full white screen. If it is assumed that the red, green, and blue areas correspond
to 1/3 of the APL of the white areas, then the APL for each pattern in Figure 4 is (starting at the
upper left-hand corner and going clockwise) 5,3 %, 5,3 %, 6,2 %, and 5,3 %. The average APL
for the four patterns in Figure 4 is 5,6 %. An example calculation of the top 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
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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
to 22 %, whereas the high loading pattern would give an average APL equivalent to 50 %.

NOT]
resp

Inc
and
sha

IEC

F  The correspondingeCTFG, CTB, and CTW patterns are of similar size but have green, blue, and W
pctively, in the centré box.

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

colour. measurements, the low APL loading RBGCMY box pattern illustrated in Figu
| be used. This pattern is intended for centre luminance and colour measurements. H

hite,

pases where more than the white and RGB input primary colours are needed for lumingnce

re 6
ach

col

ured box is centred on the nine standard active area locations (see Fiaure 2\ ona b
\ ~J 7

ack

background, with height and width corresponding to 1/9 of the dimensions of the active area.
Each of the white, red, green, blue, cyan, magenta, and yellow colours are at their maximum
input-referred signal setting as defined in Table 1. The centre rectangle can be changed to the
desired colour to be measured. However, the colours of the surrounding 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

rect

angle is 1/3 of the active area's dimensions, would have 56 % APL.


https://iecnorm.com/api/?name=fe321a0b54f590b0db0d682e7a78a6a3

- 16 - IEC 62341-6-1:2022 RLV © IEC 2022

IEC

NOTE The centre rectangle can be changed to any desired colour, while‘the surrounding rectangles remain f|xed.
The potation 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
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Table 1 — Standard digital-equivalent input signals for rendering
the white, primary and secondary colours in test patterns

Colour Q0 Equivalent 8-bit digital signal level
Red channel Green channel Blue channel
K (black) 0 0 0
R (red) 255 0 0
G (green) 0 255 0
B (blue) 0 0 255
Y (yellow) 255 255 0
M (magenta) 255 0 255
C (cyan) 0 255 255
W (white) 255 255 255

NOT

E  The centre-rectangle can be changed to any desired colour, while the surrounding rectangles remain fi

Figure 7 — Optional medium-APRPL signal loading RGBCMY test pattern used

for centre luminance and colour measurements

IEC

ed.

A more detailed evaluation of APL loading can be performed by starting with the low APL test
pattern in Figure 6, but the size of all boxes increases gradually until the entire screen is filled.
The colour pattern of each box location remains the same, only the size of each box changes.
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6 Measuring methods for optical parameters

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

The purpose of this method is to measure the display luminance, colour, and their uniformity at
maximum RGB and white input signal levels rendered on full-colour high-resolution OLED
display modules. The white field correlated colour temperature (CCT) is also measured. The
standard low APL loading colour tile pattern defined in Figure 4 shall be used for these
measurements. Additional higher-loading versions of this pattern may also be measured.

6.1.2 Measuring conditions

Thel following measuring conditions apply:

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

b) Btandard environmental measuring conditions, dark room conditiohs’, and standard s¢tup
conditions.

c) PBtandard low APL loading sequence of colour tile patterns (sée Figure 4).
6.1.3 Measuring methods for high-resolution full-colotir, modules

Megsure the maximum white and RGB Iluminance and‘colour at the nine standard screen
locdtions using the following procedure.

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

b) Align the optical axis of the LMD perpendicularly to the display screen and centred on|the
standard position Py (see Figure 2) initheé centre of the upper left-hand coloured box.
c) Measure the luminance and CIE 1981 chromaticity coordinates (x, y).

d) [rranslate the LMD (or display).tothe other standard display positions (P, to Pg) in sequgnce

And measure the luminancétand colour at each position. When a white box is measufed,
record the CCT value as-well if available from the LMD.

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

f) Repeat the luminance and colour measurements at all nine display positions for all coloyred
ile patterns as(illustrated in Figure 8, for a total of 36 measurements.

g) Report the cembined luminance and colour for each colour O (where in this case O = R| G,
B or W) atthe nine display positions as indicated in Table 2 and Table 3. For example,|the
white luminance and colour data is extracted from the measurements of all four colour tile
battetns, which together uniquely provide a white box at each of the standard nine locatipns.
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Figure 8 — Sequence for measuring luminance and colour at the nine
standard display positionsforall coloured tile patterns

Table 2 — Example of luminance measured for the same colour at the standard ning
screen positions and the resulting luminance non-uniformity

Measuring point Luminance L, for colour Q
(cd / m?)
R, 210
P, 205
P, 208
P, 199
Ps 195
Pe 211
P, 215
Pg 204
Pg 207
L, =206cd/m? L . =215cd/m? L . =195 cd/m? NU=9,3%
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Table 3 — Example of the same colour measured at the nine standard screen positions

and the resulting chromaticity non-uniformity

Au’v’ for any colour ¢

Measuring , ,
point Xqi Yai UWai | Vai P, P, Py P, P Pg P, Ps Py
P, 0,311 0,325 |0,198 |0,466 0,000

2 0,330 (0,320 (0,214 (0,466 0,016 0,000

3 0,307 |0,323 |0,196 |0,464 0,003| 0,018| 0,000

4 0,309 |0,328 |0,196 |0,467 0,002 0,018| 0,003| 0,000

5 0,310 |0,326 |0,197 |0,466 0,001 0,017| 0,002 0,001| 0,000

6 0,303 |0,319 |0,195 |0,461 0,006 0,020| 0,003| 0,006 0,005| 0,000

P, 0,311 (0,324 (0,199 (0,465 0,001| 0,015/ 0,003 0,004| 0,002 0,006| 0,000

Pg 0,315 (0,320 (0,203 |0,464 0,005/ 0,011} 0,007 0,008 0,006| 0,009 0,004| 0,000

9 0,314 (0,327 (0,199 (0,467 0,001| 0,015/ 0,004| 0,003 0,002 10,007| 0,002| 0,005| O

000

(xQ,

b o)ave = (0,312, 0,323), (Aut’),, = 0,020

max

6.1.4 Maximum luminance of white and RGB primaries

The
(Lg,
po

n

maximum luminance is calculated for white (Ly.5y2), red (Lg ave)s 9reen (Lg aye), @nd
Lve) Primaries from the average of the luminance measurements at the nine stang
tions (P4 to Pg). The results shall be-receréled reported, as suggested in Table 2.

6.1.5 Average colour of maximum white and RGB primaries

The
spa
(xqi
follg

average colour is determined at.the maximum input signal level for each colour. Since
Ce in the CIE 1931 chromaticity diagram is not linear, the chromaticities of each co
Yq;) at screen position Pyishall first be converted to CIE tristimulus values using

wing relations:

XQALQ~
XQi — A
Yai

Yo = La;

blue
ard

the
our
the

3)

(4)

(I=Xq; = Yai Lqi
YQi

1

()

where Lq; is the luminance of the window pattern at the screen position P; for the colour Q. The
average CIE tristimulus values X, Yq, Zq for each colour (Q = 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 is obtained from the average tristimulus vales using the
following formulae:
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X,
xq = d (6)
XQ +YQ +ZQ
Ia
=——3 7
’a Xq + Yo +Zg (7)

Thel average CIE 1931 chromaticity coordinates (xq, yq) for white and the input-referred RGB
primaries shall be recorded as suggested in Table 3. In the Table 3 example, the lumingnce

valles at each screen location in Table 2 are used in conjunction with the chromat|city
coofdinates at those positions to determine the average CIE 1931 chromaticity) coordinates

follgwing Formulae (2) to (4).
6.1.6 Luminance uniformity of white and RGB primaries

Thel luminance uniformity of a given colour is characterized at the maximum input signal lgvel
for {that colour. For each colour, determine the maximum and minifMiym luminance values from
the [measurements taken at the nine standard positions. The luminance non-uniformity of|the
disglay is characterized by the following formula:

L

NU(%) = 100 x Lmas=dmin )
max

The|luminance uniformity (U) is 100 — NU (%). Record the luminance non-uniformity resultg for
each colour, as suggested in Table 2.

6.1.7 Colour non-uniformity ofyfmaximum white and RGB primaries

For|each colour Q, convert.the CIE 1931 chromaticity coordinates measured at the nine
standard positions to the CIE*1976 UCS (uniform chromaticity scale) chromaticity coordinates

(u'g, v'q) using the following formula:

W - 4xq vy = 9q )

= , =

Re ardl tha ClE 10708 110CQ cheapmantinidy, ~o~rdintae for Ao h caolonr and coraaon oo wHiaon. as
LA™} are Uik LI AL 4 I\ \llllvlllu‘-l\ll‘-y A\“AVAVA RV LR L } 3 vEe ) LAY A} wdull vuTuul L= LB A B> AV] I v | | PU\J'L'\J",

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:

Au'v’:\/(ui'—u})2+(v;—v})2 fori,j=1t0 9, andi= j (10)

The colour non-uniformity is defined as the largest chromaticity difference (Au'v’),,5x between

any two screen positions. The largest colour difference can be narrowed down by plotting the
nine (u’, v’) coordinates rather than calculating all (x’, v’) pairs.-Record Report the CIE 1976
UCS chromaticity difference for each colour to no smaller uncertainty than £0,001, as illustrated
in Table 3.
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6.1.8 Colour additivity of maximum white and RGB primaries

The colour-signal white luminance (Lcgyy) is the sum of the average luminance for the rendered
red, green, and blue input-referred primaries (Lg 5ve * LG ave * LB ave)- ANy difference between
the measured average white luminance (Lyy 5,¢) and Lcg,, indicates a lack of additivity of the
colour signal primaries in the display colour management. If Ly 5,6 # 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 whose chromaticity is closest.toalline
perpendicular to the Planckian locus of a blackbody radiator at a specific temperatufe~(a ploint
on the Planckian locus) is defined as having a correlated colour temperature at thistémperature
(seg Figure 9). This is strictly valid only for the deprecated CIE 1960 uniform chromaticity s¢ale
diagram. If white CCT values are measured directly by the LMD at the nine.'standard screen
posltions, record the average white CCT value. If the measurement instrumentdoes not proyide
the CCT directly, there are some methods to obtain the CCT from chromatjcity coordinates (see
Annex D). The CCT is generally only valid for white colours, not individual primaries.

Theicorrelated colour temperature of a white light source can be graphically extracted using a

")

1 LJL I N I L B N I B B B N N B N A

520 nm

/
2000K  1000K

Figure 9 — Colour of blackbody source at various temperatures
as represented on the CIE 1931 chromaticity diagram

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 pixels 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.
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6.2.2 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 display.

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

6.2.3 Measuring methods for low-resolution modules and segmented displays

For [full-colour displays, measure the maximum white and RGB Tuminance and colour at the hine
starnjdard screen locations (P, to Py, see Figure 2). Render a full-screen pattern for each colpur.
Thel LMD is aligned normal to the screen and translated to the centre of each standard{posifion.
Regord the measurements in a similar manner to Table 2 and Table 3. Calculate,the averfage
lum|nance, average chromaticity, luminance and colour non-uniformity, and white C©CT folloying
the analysis described in 6.1. Record the results in a similar manner to Tablg-2land Table 3.

For|monochrome displays, apply an input signal to make the full screen emit at the highest
lum|nance level. Measure the maximum luminance and colour atthe nine standard screen
locgtions. Calculate the average luminance, average chromaticity{ luminance and colour non-
unifprmity, and white CCT (if applicable) in line with the analysis‘described in 6.1. Record|the
resdlts in a similar manner to Table 2 and Table 3.

For|segmented displays, measure the luminance and colour inside each unique colour segnent
clogest to the centre at its maximum signal level. The segment location measured shal| be
recgrded reported. Record the measurement results)

6.3| Signal loading
6.3./1 Purpose

The| purpose of this method is to meastdre the change in active-matrix display luminance when
increasing the APL.

6.3.2 Measuring conditions
The| following measuring ¢onditions apply:

a) Apparatus: a light-measuring device that can measure luminance, a driving power soufce,
and driving sighal equipment.
b) PBtandard ¢measuring environmental conditions, dark room conditions, standard setup
conditions)

6.3.3 Measuring methods

a) Set the Ol ED diQpIny and the | MD under the standard mpncuring canditions

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

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

d) 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.

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

f) 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 Table 4 be
used. If other dimensions are used, they shall be noted.

g) Determine the signal loading for white. The display signal loading S|,,4 is defined as:
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Sioad =100XLmax ~ Lmin (11)

max

where

Lyax @nd L,  are the maximum and minimum luminance, respectively, measured for the

centre boxes at the various sizes.

h) 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.

i) Report all the measured luminance values and box dimensions, the maximum and’minimpum
uminance for each colour, the percent signal loading for each colour, 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 the screen dimensions

Box dimensional scaling Percent of coloured Percent APL
(relative to screen dimension) screen area (equivalent white area)

% %
1/9 11 6,2
1/8 14 7,8
117 18 10
1/6 25 14
1/5 36 20
1/4 56 31
1/3 100 56

6.4 Dark room contrast ratio
6.4 Purpose

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

6.42 Measuring conditions

Thel| following/measuring conditions apply:

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

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

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

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

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

c) Align the optical axis of the LMD perpendicularly to the display screen and centred on the
standard position P, (see Figure 2) and measure the luminance at that position.
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d) Translate the LMD to the remaining eight standard positions and measure the luminance at
each position.

e) Calculate the average black luminance Ly 5, from the nine positions.

f) The low APL loading dark room contrast ratio DRCR| | is given by:

L
DRCRLL = W.ave (12)

,ave

g) Record the average white and black luminance, the low APL loading dark room con:}ast
ratio, the OLED display settings, the test pattern used, and the measurement configurafion.

h) Additional contrast ratio measurements may be made using the average white“lumingnce
rom the medium- and high-loading test patterns in Figure 5. These results shall be reconded
ith their test conditions.

6.5| Display colour gamut, colour gamut area, and colour gamut volume
6.5 Purpose

The| range of colour that the display can render can be illustrated by its colour gamut, jand
quantitatively expressed in terms of an area in a two-dimensignal colour space, or a volumle in
a three-dimensional colour space. The procedures foridetermining these attributes |are
destribed. The colour measurements are determined Oy ‘using the standard low APL loadling
colqur tile pattern given in Figure 6. This method applies only to full-colour displays.

6.5.2 Measuring conditions

The| following measuring conditions apply:

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

ng

b) Btandard measuring environmental conditions, dark room conditions, standard setup
conditions.

6.5.3 Measuring methods

The|specified coloursare input-referred, and generally measured at their maximum signal Igvel.
Thel maximum inpuyt 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
follqwing procedure.

a) Render-the low-APL signal loading RGBCMY test pattern (Figure 6) with the desired cofjour
D in‘the centre box on the OLED display and allow the luminance to stabilize.

b) lan-the optical axis—of the LMD nersendicularly to the displav-screen-and-centred-onl the
g g L i Y Py

standard position Pg (see Figure 2) in the centre of the screen.

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

d) Record the luminance and chromaticity coordinates and repeat the 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.

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, yg), green (xg, yg)

and blue (xg, yg) colours as corner points. An example is shown in Figure 10 .
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6.5.5 Display colour gamut area in the CIE 1976 chromaticity diagram

The colour gamut area is defined as the percent colour space area enclosed by the colour
gamut relative to the entire spectrum locus in the CIE 1976 UCS chromaticity diagram. As
described in 6.5.4, the colour gamut is defined by the chromaticity coordinates rendered when
a maximum signal is sequentially applied to the RGB signal inputs. Figure 10 illustrates 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 coordinates. The area
enclosed by the RGB triangle in the CIE 1976 chromaticity diagram is calculated as

41/
I

AUYV’_ZSG’ |\uR—MB)(VG—VB)—(MG—MB)(VR—VB)i 13)

where
the subscripts R, G and B are the red, green, and blue primaries, respectively.

The| colour gamut area for the example of sRGB primaries (IEC 61966-2-4)/in Figure 10 would
be 33 %.

> o 2
S i CIE 1931 chromaticity diagram o) CIE 4976 chromaticity diagram
0,9 T 0,7
IS IS
2osl 2 (0,1250-0,5625)
? 506 G (0,4507 0,5229)
- ~ D R

7

(0,3000 0,6000) 0,5 (0,1978 0,4683)

6 G +W

5 04 |

4 0,6400 0,3300)

; R 0,3

3

0,2
2 @
(0,1500 0,0600) 0,1754 0,1579)
l R 0,1 B
. i L L f 1 . 0 . . . . 1 .
0 o1 02 03 04(05 06 0,7 08 0 0,1 02 03 04 05 06 O0OF
x-chromaticity u'-chromatticity
IEC IEC

Fighre 10 — Example of 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 display’s 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 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 percent 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
centre box colours. The colours will be measured according to the procedure in 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)
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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
Formula (3) to Formula (5).

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*, ¢*, and b*
axes of the CIELAB colour space by referencing the peak white tristimulus values (X, Yy

and Zy) and by using the following transformation formulae:

L*=116x f (Yo /Yy )16 14)
a*=500x f(Xq/Xw)- f(Ya/Yw) 15)
b*=200x /(Yo /Yw ) - f(Za/Zw) 16)
whdre
3 t>[£f
29
f(t)= 1{29}2 16 3 17)
=| = | tH= 6
3\ 6 116 ¢< —j
29

An example of the colour data.in the CIELAB uniform colour space is given in Figure 11.

CIELAB colour space

100

a* 100 10

IEC

Figure 11 — Example of range in 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
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7.1

The| purpose of this method is to measure the power consumption of the OLED display. mo

und
dep

7.2

Thel|following measuring conditions apply:

a)

b)

7.3
7.3.

Pro

a)

b)

c)

d)
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detailed description of the analysis recommended to calculate the colour gamut volu

022

me.

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 percent of colour gamut volume relative to the IEC sRGB standard colour sp
(IEC 61966-2-1), the tristimulus values of each colour, the test pattern used, and
measuring conditions.

Measuring methods for power consumption

Purpose

ace
the

er defined APL loading conditions. The test pattern and APL loading conditions/shal
endent on the intended application.

Measuring conditions

Apparatus: a light-measuring device that can measure luminance,—anr—ammeter a cur
meter, a voltmeter, a DC power source, an image signal generator.

conditions.
Measuring methods

1 Measuring the power consumption relevant to luminance of the OLED displa
module without a signal decoding progcess

ceed as follows.

Make all electrical connections needed to operate the module under standard conditi
See the setup example in Figure 12:

Render the low, medium, or high-APL loading version of the RGBCMY pattern with a w
centre box (see for exampletFigure 6 and Figure 7) which most closely corresponds to
display’s main mtended use case. For TV and internet apphcatlons it is also acceptabl

EC 62087-3. For RMOLED and low-resolution displays, the equivalent white rectanglg
bne of the versjons of the low (6,2 %), medium (25 %), and high (56 %)-APL signal-loa

pecificatioh-values. The test pattern or video content used shall be noted in the test req

Measure-the display luminance in the centre of the white box of the RGBCMY patter
umifanhce measurement is not taken for the video content.—Fheratedtuminance—and,

e rnecigralohall bo cnneiiind dn the sosornt

proadcast- content V|deos or |nternet content video, respectwely, speC|f|ed m—LEG—G;_ZQ&l-Z

Hule
be

rent

Standard environmental measuring conditions, dark reom conditions, standard setup

DNS.

hite
the
e to
the

for
ding

RGBCMY patterns should be used. Set all power supplies to the standard volfage

ort.

n. A
L the

Figure 12 . See the example in Table 5.

Record the luminance and all relevant power, voltage and current readings of all meters in
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Image signal _ OLED display module
AC/DC DC/DC pc/bCc |
I I I I I I
| | | | | |
Voltmeter Voltmeter Voltmeter | --==
I I
Power
Power source Ammeter Ammeter
Uy (AC) A Iy
U,  (DCy)
Us  (DCy)
so6e0—7-2-—,1/—4/————“— <7~~~
IEC
OLED display module
Input signal
generator OLED panel
L Gontrol circuit | | Driving circuit ‘ |DC/DC converterl
| Voltmeter | | Voltmeter | | Voltmeter | -
Power source Ammeter Ammeter Ammeter o
U4/(DCy) o I I I
Up (DCy) ©
Us (DC3) ©
... GND o

Figure 12 — Example of measurement setup of power consumption

IEC
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Table 5 — Example of a module power consumption measurements summary sheet

Source Power source Voltage Current Electric power Remarks
number
U (mA) (mW)

1 DC power source DC, U, =1, P,

2 DC power source-BC, DC, U, I, P,=U, x 1,

3 DC power source-BC, DC, U, I3 Py =Uy x I,

N DC power source DC, u, I, P =U %I

Tlotal ) P =P+ Py + \
Total power consumption At 100 % white levgl
Py+..+ P

e)

The

7.3.

The
a vi
(em
dev
inpu
The

of the TCON and the image processing of the embedded circuit.

For
ima
and
Pro

a)

[he total module power may also be measured at other white luminangé levels and/or
a uniformly distributed pattern lighting a fraction of the total pixels. It\could give significa
Hifferent results from the specified method depending on the efficiency versus luming
curve of the display. In this case, the luminance level and‘ fraction shall be-reces
reported.

rated luminance and the driving signal shall be specifiedin the report.

2 Measuring the power consumption of the QLED display module’s embedded
video connection terminal with a signakdecoding process

OLED display module includes an embeddedwideo connection terminal, which can prog
deo signal with or without a metadata. The connection terminal circuit, such as an ¢
bedded display port) in laptops and MM1 (mobile industry processor interface) in mag
ces, has a TCON (timing controllet)awhich takes the individual frames generated by
t signal source and corrects for thel€Colour (sRGB, DCI-P3 or BT.2020) and peak lumina
power consumption will be differént depending on the peak luminance level of the metag

colour display panels which consist of red, green, and blue sub-pixels, video content, sf
pes or full screen grey‘levels can be applied. For other colour display panels (such as pe
RGBW matrix), vigdeo content, static images or RGBCMY patterns should be applied.

ceed as follows.

Make alfglectrical connections needed to operate the module under standard conditi
See thexsetup example in Figure 13. The display driving circuit has a TCON to process
nput_signals of the image signal generator.

with
ntly
nce
ded

atic
htile

bNS.
the
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b)
c)

d)
e)

OLED display panel

OLED display driving circuit

Image signal
1. In generator
a 7o QY
Digital multimeter | Power source QS/
IEC (1/
N
is the voltage of the logic circuit, '\,q/
is the voltage of the display panel, Q)'
4
is the current of the logic circuit, b"\
is the current of the display panel. %"{})
Figure 13 — Example of measurement setup of er consumption
with embedded video ter

A uniformity of white should be calculated with rﬁ?ula (8), following the procedurg in
-igure 8 and 6.1.6. The uniformity shall be note he test report.

A luminance measurement is taken with Fig% 7. Measure the display luminance of|the
white box. 5\0

Display a full screen white and record ab@le relevant voltages and currents of all metefs.
Display a grey pattern which can s n ALL_load (average luminance level) which is|the
bost-gamma APL. The ALL_load: all the relevant voltages and currents of all meers
hall be noted in the test report “s\ee the example in Table 6).

Display an image and recor@ the relevant voltages and currents of all meters in Table 6.
f the display consists of green, and blue, and has the same number of sub-pixels,|the
ALL load should be ca@ ted using Formula (18) and be reported.

@Q ALL_load = ;xZ(aRiy +bG] +cB] ) 18)
. i=1

%,

d is total number of pixels;
i is the index for pixel counting;

1% is the display gamma;

; is the luminance range from 0 to 1 of red, and a is the current ratio of red over white;
is the luminance range from 0 to 1 of green, and 4 is the current ratio of green over
white;

i

B; is the luminance range from 0 to 1 of blue, and c is the current ratio of blue over white.

NOTE 1 ALL_load means the ALL value considering the current load ratio for each sub-pixel.

NOTE 2 For non-RGB displays, Formula (18) can be modified depending on the pixel configuration.
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Table 6 — Example of module power consumption measurements with contents

Voltage Current Electrical power White
Content ALL_load Display module luminance of
4 (mA) (mW) Figure 7
Logic circuit Ve I P o=V xI cd/m?
10% white 109
box ° ) _ Non-uniformity
4 ) Po=Vy %1
Display panel p p p p X 1p of Table 2
Total Total power consumption Pro =P+ Pp %
Lverase Veliage Curont Clectrieal-powes White
Cpntents Display module luminance pf
ALL_load v (mA) (MW) Figyrey
Video Logic circuit a I PL=rx cd/m?
(IEJC 62087- 32 % i i
; . Non-unifornjit
B video D|Sp|ay pane| VP [P PP = VP X IP p y
dontent) of Table 2
Total Total power consumption Pro = P HPp %

f) For video signals or other sub-pixel structures, display the vigea,content and record allfthe

'elevant voltages and currents of all meters in Table 7 .

Table 7 — Example of module power consumption m&asurements with images

Total power consumption

Tot = £L P

Voltage Current Electrical power | white luminanhce
Content Display module f Fi 7
1% (mA) (mw) o igure
Spreadsheet, | Logic circuit " I P =V x cd/m?
resentation,
° d d i = Non-uniformity
hnd wor Display panel %) I Pp=VpxI, f Table 2
typiing content ot lable
Total P P, +P %

Besjdes the above items, thérésponse time of passive matrix display panels and lumingnce
curdent efficiency may also\bé measured (see Annex A and Annex B).
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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 passive matrix display panels.

A.2

The

a)

b)

A.3

Pro

a)

b)

c)

d)

e) A

Measuring conditions

following measuring conditions apply:

Apparatus: a drive signal equipment that can output an invertible plain field-voltage si
full screen white and black), an LMD that can produce a linear responsge*to rapid chan
n luminance and can transform the luminance signal into an electrical signal. The respg
ime and sample time of the LMD shall be less than 1/10 of the respanse time of the pas
matrix display panel.

NOTE A signal recorder having sufficient frequency bandwidth (typicalty >™10x) is-reeded used to accur
ecord the driving signal.

conditions.

Measuring methods

ceed as follows.
Connect the voltage power source tosthe panel and ensure that only a certain area (
b mm x 5 mm) in the centre of the display panel can be lit when the panel is in the ON st

Dperate the display at a steady ©OFF state, and then change the driving voltage to make
display skip to the ON state in an instant. Measure and record the luminance-time
driving voltage-time curves.of the display by using the signal recorder and obtain the t
bn time ¢4,

Dperate the display.at a steady ON state, and then change the driving voltage to make
Hisplay panel skip to the OFF state in an instant. Measure and record the luminance-f

he turn-off time 7.

The lighted area, the response times of the LMD, the driving voltage source, the si
recorder; and the waveform of the driving voltage shall be-recerded reported.

\S\an example, the relationship between the driving signal and the optical response timg

pnal
ges
nse
Sive

Ately

Standard measuring environmental conditions, dark<room conditions, standard setup

e.g.
ate.

the
and
irn-

the
ime

and driving voltage-time curves of the display panel by using the signal recorder and obtain

pnal

sis

shown in Figure A.1 .
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Figure A.1 — Relationship between driving signal and optical response times

The] response time of the display panel includes-the turn-on time 7., and the turn-off time|z.
Thel turn-on time includes the turn-on delay time 74 and the rise time ¢, and the turn-off {ime
inclfides the turn-off delay time ¢4- and thetall time ;.

Thefturn-on time ¢, is defined as the.fime interval from the moment when the off-state voltage
first| skips to the on-state voltage’(nhot including the skipping time) to the moment when|the
variptional value of luminance-reaches 90 % of the maximum variational value. The turg-on
delgy time ¢4 is defined as the time interval from the moment when the off-state voltage first
skigs to the on-state voltage (not including the skipping time) to the moment when |the
variptional value of luminance reaches 10 % of the maximum variational value. The rise tinpe 7,

is defined as the time’interval between 10 % and 90 % of the maximum variational value|(as
shon in Figure A.'4).

Thelturn-off time 4 is defined as the time interval from the moment when the on-state voltage
first] skipstto the off-state voltage (not including the skipping time) to the moment when|the
variptional value of luminance reaches 90 % of the maximum variational value. Here, the tprn-
off delay time ¢4 is defined as the time interval from the moment when the on-state voltage first
skips to the off-state voltage (not including the skipping time) to the moment when the
variational value of luminance reaches 10 % of the maximum variable value, and 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 the row and column driving electronics.

B.2

The

a)

b)

B.3

Pro

a)

b)

Measuring conditions

following measuring conditions apply:

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

conditions.
Measuring methods

ceed as follows.

DC

Standard measuring environmental conditions, dark room cenditions, standard se¢tup

An OLED display panel with drivers attached is ‘generally not suitable for this measurem

-or a colour panel, the red, green, and-blue sub-pixels shall be shorted independentl
bach other if possible. For passive matrix displays, high peak currents-may can precl
he simultaneous application of the-pixel drive conditions over a sufficient display a
Where this is the case, test pixelsswith a structure as similar as possible to those on
Hisplay panel should be used.

Apply a current signal to the-shorted contacts that simulates the pixel drive condition
hormal display operation\Fhe drive signal for a given primary colour shall be equivaler
he primary colour current used to achieve a module white screen at 100 % grey level.

sub-pixels of the(same colour at the same time. If current loading is expected to sev
mpact the results, a smaller area of the display shall be energized. However, the emi
area shall include an adequate number of pixels (> 500 pixels) in order to make an accu
uminance measurement.

Apply.a-100 % red drive current to the red sub-pixels and measure the time-averaged cur,

5ub-pixels and their surrounding dark area.

bassive matrix displays, a pulsed current with the appropriate duty cycle will energiz% all

nt.

dentify an OLED display panel where the total emitting diode current can be measured.
This-may can require that all row contacts be'shorted, and that column contacts be shorted.

of
ude
rea.
the

S in
t to
For

rely

ting
rate

rent

b used to energize the-targeted affected area (A). The area (A) shall include the emitting

d) Measure the luminance (L) of 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.

e) Apply a 100 % green drive current to the green sub-pixels and measure the time-averaged
current /p used to energize the-targeted affected area (A). The area (A) shall include the

emitting sub-pixels and their surrounding dark area.

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

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

emitting sub-pixels and their surrounding dark area.
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h) Measure the luminance (L) of blue emission from the emitting area of the OLED module as
shown in the diagram in Figure 1.

i)

The luminance current efficiency for each colour can be calculated by:

(B.1)

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

NOT

shown in Figure B.1.

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

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

luminance current efficiency
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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.

Front view Side view,

Cut from flat sheet

IEC

Figure C.1 — Pattern for veiling glare frustum

The|formulae relating to the frustum apex angle and inner/outer diameters can be found in|[2].
t surface can be’easily cut using mechanical compasses with a sharpened edge for cutting
the Jplastic. Place\one point at the centre and rotate around the centre with the cutter until|the
material becomes separated. Also, back and forth bending along a partial cut with a little stress
can|separate/the material. Be sure to cut out the outer diameter first, otherwise the ceptre
reference jis lost.

Wh ; 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: Use of McCamy’s approximate formula
A display’s white field correlated colour temperature (Tgg)-may can be calculated by using
McCQamy’s approximate formula [4]:
Teer = 437n° +3601 n? + 68631 + 5517 (D.1)
whdre
n :(x—0,3320)/(0,1858—y) (b.2)
whdre
x, y| are the CIE 1931 chromaticity coordinates.
Thig approximation is accurate between 2 000 K and)10 000 K. The measured colour of|the
soufce has to be relatively close (Au’v’ < 0,01) to that of the Planckian locus in order for|the
CCT to be valid.[5]
D.2l Method 2: Use of Javier Hernandez-Andres’s approximate formula
The] white field correlated colour temperature (Tcc1)—+Ray can be calculated by using Javier
Herhandez-Andres’s approximate*formula [6]:
Toct 24 + 41exp(—nfty) + Ay exp(—n/ty ) + 43 exp(-n/t3) (p.3)
where
”Z(x‘xe)/(y‘ye) (D.4)
where
X,y dare the CIE 1931 chromaticity coordinates;
A;, t; are constants.

1

1

These constants are listed in Table D.1. This approximation is accurate between 3 000 K and

8 x

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

Valid T range (K)
Constants 3000 ~ 50 000 50 000 ~ 8 x 10°
X, 0,336 6 0,335 6
Y, 0,173 5 0,169 1
A 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 1038
ty 0,200 39 0,01543
Ay 0,000 04 /
ty 0,071 25 /

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

D.3

Method 3: Graphical determination of correlated colour temperature

Corfelated colour temperature (CCT) can be calctlated from the chromaticity diagram in

Figt
chrq

locds on the CIE 1960 UCS diagram. The chromaticity point (x, v) is matched to the clo

poir

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
temperature as an input parameter/Then the CIE 1931X, y, z colour matching functions

usefl to calculate the chromaticity coordinates for the SPD. The blackbody CIE 1

chrg
chrq

Formula (4), where u =’ and v = 2v'/3. The temperature (and chromaticity) of the Planc
radiptor is(are) modified to determine the minimum A(u, v) between the measured display

the
Pla
Pla
pre

re D.1. By converting of the CIE 1931 chromaticity coordinates (x, y) to CIE 1960 U
maticity coordinates (u, v), the isotemperature lines are perpendicular to the Planc

t on the Planckian locus. The temperatufé of the blackbody at this point is calculateq

maticity is compared tothe white field chromaticity of the measured display. The CIE 1
maticity difference,_ A(u, v) between the blackbody and display is calculated as

CS
ian
sest
as

the
are

960
960

in
ian
and

Planckian radiator. In determining the minimum A(u, v), it is advisable to start with a

ckian temperature below the temperature of the display u, v value and increment

O a

ckian tetmperature above this value. This incremental calculation can end at a

etermihed minimum change in A(u, v).
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CIE 1931 XYZ chromaticity 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 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 jinput signal and the primary colour emitters. This ensured that the display had colorimétric
addjtive mixing. However, as colour display technology has advanced over the years, so |has
the [colour management for these devices. Not only have display designers introduced myulti-
primary pixel formats, but they have also applied real-time image processing to'dynamigally
chaphge how the image is rendered. This has reached the point where in many cases, the input
signal is not directly linked to the optical output.

Three-component Independent Display colour
input signal drive electronics primaries
P1®R)
S1((R) drive P1 (R)
P2 (G)
S2 ) drive P2 )

R3.(B)

drive = P3@®

S3@) b—-—o->-=

IEC

-n

igure E.1 — Legacy model where.the independent drive electronics provide a diregt
correlation between the input RGB signals and the display’s colour primaries

E.2| Modern displays

In the legacy RGB displays, the direct link between input signal to pixel output meant that there
wag only one uniqueycombination of R, G, and B that would give the desired colour. Howeyer,
as ¢olour management advanced, display electronics included look-up tables (LUTs) gs a
programmablée/conversion interface between the input signal and pixel output (see [top
schematic.in Figure E.2). The use of LUTs allowed the physical primary colours to be abstra¢ted
to cpnceptual primary colorants, where these colorants could be tailored to achieve the desjred
colqur/,gamut. However, the colorimetry of these systems would not necessarily follow
colarimetric 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 can 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 might
not be accurately represented by just measuring the response of the R, G, and B inputs in turn.
The colour gamut area-may might no longer be bounded by the triangle connecting the RGB
chromaticity coordinates.
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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 has 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 illustrated by
comparing them to traditional single-colour box patterns.

Thllee-component Gamut calibration Primary luminance Independent Display ¢olpur
nput signal calibration drive electronics primarie$
P1 (R)
S1(R) 1DLUT b——s daive A&V * P1 (R)
P2 )
S2 (6) 3DLUT 1DLUT drive P2 (¢
P3 (B)

S3 ) 1DLUT drive P3 (R)
Three-component Gamut calibration Primary luminance Independent Display colpur
nput signal calibration drive electronics primarie$

S1®) 1DLUT P1®) P1R
drive
P2 )

S2 (e 3D to 4D, 1DLUT dive F———| P2

S3 @) 1DLUT AU S
drive

1DLUT P4 (v) P4 (v
drive

IEC

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

load
lum
iso
thatf]
inpu
the
con

E.3

Tab
RG

ing level is a practical lower limit, where the OLED is presumed to have achieved its hig
nance levels by minimizing the resistive loading effects. The amount of-ARPL signal loa
nly based on the input signal and corresponds to the pre-gamma average-picture pixel |
is being input to the display. A 100 % APL would correspond to a maximum,‘white si
t for all pixels in the active area. The inclusion of the white box with the RGB\boxes all
white luminance to be compared to the RGB luminance values under the same loa
ditions.

Results

hest
ding
evel
pnal
DWS
ling

e E.1 shows an example of measured luminance data for{ajcommercial RGB and-\WRGB
B\W OLED display using the colour tile pattern in Figure 4,4ollowing the procedure in 6.1

.In

this| example, the difference in percentage between .the colour-signal white luminance
(Lcgw = LrRave * Lgave * LB ave) @and the average luminance of the white box Ly 5. IVas
actyally higher for the RGB display. This suggests that the colour management was better for
thisPpARGB RGBW display than the RGB display,
Table E.1 — Example of luminance data for an RGB display
and-WRGB an'RGBW OLED display
Average luminance (cd/m?) Ly ave = Losw
Display technology
Red Green Blue White (%)
WRGB RGBW OLED display 78,4 268,2 38,2 393,9 2
RGB OLED display 88,7 218,7 28,6 380,4 13
Thelresponse of the OLED display to the input signal can be investigated further by measufing

the]
the
colg
enld
the
sign

ur pattern)shown in Figure E.4. The-ARPL signal loading of each test pattern is increase
rging‘the size of the individual boxes. The loading behaviour is observed to be differen

ahloading response of the RGB display does not seem to depend on the presence of co

APL signal loading behaviour of the display. Figure E.3 illustrates the-different differende in
loading behaviour between the traditional single white centre box compared to the mplti-

i by
for

commercial RGB versus the-WRGB RGBW OLED display. As one would expect, the-APL

our

content. However, the presence of colour does impact the loading behaviour of the-\WRGB
RGBW 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, yellow, and white
boxes used in Figure E.4 would be a more appropriate test pattern.
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When evaluating the APL loading response of the display, the shape of the loading profile is
not as important as how consistently the display can maintain that shape for all colours. This
issue is illustrated in Figure E.5. In this evaluation, the luminance and colour in the pattern
(Figure E.4) is 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 RGBW 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
variption in the APL loading profiles for each of the colours measured on the RGB display. This
variption induced the larger change in the colour gamut area for the RGB display with* APL
loading.
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—®— RGBCMYW boxes
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White box
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NOTE ApplicationofThe test patterninFigure 8 is used with a centre white box compared to a single centre white
box.

Flgure E.3 — Example of-APL signal loading behaviour fora-WRGB an RGBW displgy
(top) and RGB (bottom) OLED display
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IEC

Figure E.4 — Low APL loading test pattern with small box size
(1/9 of the screen size dimensions)
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NOTE The measurements were taken on a commercial-\ WRGB RGBW display (top) and RGB (bottom) OLED display.
The percent colour gafut area is determined relative to the total area contained within the spectrum locus of the
CIE [1976 chromaticity diagram.

Figure E.5 —-APL Signal loading profiles for several input colours measured
at the centre of the test pattern using-Figure-E-4 Figure 8

E.4—Genelusion

These results demonstrate the value of using colour patterns in evaluating the performance of
multi-primary and standard RGB displays. It has been shown that the luminance values and
APL loading profiles can be different with multi-colour patterns than for single colour patterns.
Since the multi-colour patterns more closely resemble colour imagery, they are more likely to
represent the results in actual applications.
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Annex F
(informative)

Simple window luminance and colour measurements

Background

In some cases, it-may can be-informative useful to measure the luminance and colour of the
OLED display using a simple test pattern with a single box of one colour. It can provide a useful

con
prod
disg
addj

F.2

The

F.3

For

a) PBet up the OLED display and the LMD under the&tandard measuring conditions.
b) Pet up the measurement following the layout.diagram shown in Figure 1.

parison to the values measured using the multi-colour pattern described in the stang
edure. Full screen measurement-may can also be-informative useful to determine

tional performance information about the display using a simple window or bpx [pattern

Measuring conditions

measuring conditions in Clause 5 apply.

Maximum full screen luminance

full-screen luminance proceed as follows.

ard
the

lay performance at high-APL signal loads. The following procedures can be used«o obtain

c) For a monochromatic display, apply a signalto make the full screen emit at the highest grey

d) Measure the full-screen luminance at.the centre of the screen, and record the result.

F.4

This
in th
lum
a)
b)
c)

evel. For a colour display, apply a white-Signal level of 100 % over the entire screen.

4 % window luminance

method shall measure_the’maximum time-averaged luminance of a small emitting re
e centre of the active area. The centre luminance of a 4 % window is the maximum win
nance.

Set up the OLED\display and the LMD under the standard measuring conditions.

Set up the measurement following the layout diagram shown in Figure 1.

Create a4<% white window pattern on a black background in the centre of the active a
hs shown’in Figure F.1. The 4 % window (100 %, white screen) has corresponding s
hat(@ne 1/5 of the vertical and horizontal dimensions of the active area.

jion
How

rea,
des

Forva monochrome display, apply a signal at the highest grey level. For a colour disp

d)

lay,

apply a white signal level of 100 %.

e) Measure the time-averaged luminance at the centre of the active area (position Ps in
Figure 2) and record the result.

F.5

The

Sampled luminance non-uniformity

following procedure is used to measure the luminance non-uniformity:

a) Set up the measurement following the layout diagram shown in Figure 1.

b) For a monochrome display, apply a signal to make the full screen emit at the highest grey
level. For a colour display, apply a white signal level of 100 % over the entire screen.
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c) Either five or nine measurement points shall be used. For five points, use P4, P53, Pg, P,
and Pg. For nine points, use P, to Pq (see Figure 2).

d) Follow 6.1.6 to determine the luminance non-uniformity.

Luminance
o measuring
position (Pg)
2J
=
N
A 4 o]
N 0
/§ 7 @
/ 2H/5// /H/S </
~*

[
-4

H

A
a A

4 % window luminance measuring pattern
IEC

Fjgure F.1 — Example of simple 4 % white window, pattern at the centre of the screegn

F.6| 4 % window centre colour

Thel| following procedure is used to measure'dhe chromaticity coordinates in the centre of|the
screen:

a) For monochrome displays:

1) Apply a signal to produce a'4 % box (see Figure F.1) at the highest grey level.

P) Measure the CIE 1931 chromaticity coordinates (x, y) at the centre of the display (
as shown in Figure 2.

U

5),

b) For colour displays:

1) Apply a 4 %-white box (see Figure F.1) signal at a 100 % grey level.

) Measure the CIE 1931 chromaticity coordinates W(x, y) at the centre.

B) Turn on'the red signal to ensure only the red light is emitting from the module.

1) Measure the chromaticity coordinates R(x, y) of the red light at the centre.

b)urn on the green signal to ensure only the green light is emitting from the module.

) Wieasure e ChnromatiCity coordindates G(x, y) or the grech lgnt dt tne cerntre.
7) Turn on the blue signal to ensure only the blue light is emitting from the module.
8) Measure the chromaticity coordinates B(x, y) of the blue light at the centre.

For displays with more than three primaries, repeat the measurement for each primary. Record
the results.
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F.7 Sampled colour non-uniformity

The following procedure is used to measure the chromaticity difference over the screen area:

a) For a monochrome display, apply a signal to make the full screen emit at the highest grey
level. For a colour display, apply a white level of 100 % over the entire screen.

b) The chromaticity non-uniformity is obtained by measuring the CIE 1931 chromaticity
coordinate x;, y; at the defined screen location shown in Figure 2. Either five or nine

measurement points shall be used. For five points, use P4, P3, P5, P7, and Pg. For nine
points, use P4 to Pg.

c) Referto 6.1.7 to determine the largest chromaticity difference.

The]l measurement results shall be recorded.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

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

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization-cemprjsing

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatfonal

-operation on all questions concerning standardization in the electrical and electronic fields.-To this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publieation(s)”). Their

reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealtjwith

ay participate in this preparatory work. International, governmental and non-governmental organizations liajsing

ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatiop for
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatiofs.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat|onal
gonsensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationaluse and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are made to ‘ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the*way in which they are used or for| any
misinterpretation by any end user.

4) Ip order to promote international uniformity, IEC Nationaly'Committees undertake to apply IEC Publicafions

|
tfansparently to the maximum extent possible in their national and regional publications. Any divergence between
gny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

5) IEC itself does not provide any attestation of confarmity. Independent certification bodies provide confofmity
jzsessment services and, in some areas, access\to |IEC marks of conformity. IEC is not responsible forl any
rvices carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts| and
members of its technical committees,and IEC National Committees for any personal injury, property damage or
dgther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)| and
gxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
Hublications.

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

9) Attention is drawn to.the/possibility that some of the elements of this IEC Publication may be the subject of patent

b i >

ghts. IEC shall not.be held responsible for identifying any or all such patent rights.

IEC|62341-6-4/has been prepared by IEC technical committee 110: Electronic display deviges.
It is|an Intefnational Standard.

Thig .third edition cancels and replaces the second edition published in 2017. This ediItion

Rpifi it oo o tocbninal ron oo
consttutes—ateentear+tevSton-

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

a) measuring methods for power consumption of displays that have an embedded video
connection terminal are added;

b) the contents description including video signal for power consumption is modified.
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text of this International Standard is based on the following documents:
Draft Report on voting
110/1454/FDIS 110/1471/RVD
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reconfirmed,

vithdrawn,

feplaced by a revised edition, or

hmended.

d in

brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@available

are

ode

the
the

IM
co
co

htains colours which are considered to be useful for the correct understanding of
htents. Users should therefore print this document using a colour printer.

PORTANT — The "colour inside” Togo on the cover page of this document indicates that it

its



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=fe321a0b54f590b0db0d682e7a78a6a3

IEC

62341-6-1:2022 © |IEC 2022 -7-

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

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

1 Scope

Thi-. }Jalt Uf :EC 02341 DHUU;";UO thU Dtalldald IIIUGDUI;IIH UUIId;t;UIID GII!‘.J‘l IIIUGOUI;IIy IIIUtI Ods
for determining the optical and electro-optical parameters of organic light emitting diode (OLED)
disglay modules, and where specified, OLED display panels. These methods are limitedto| flat
disglays measured in a dark room.

2 |[Normative references

The|following documents are referred to in the text in such a way that somé or all of their content
congtitutes requirements of this document. For dated references, onlythe edition cited applies.
For| undated references, the latest edition of the referenced |[document (including jany
amegndments) applies.

IEC|60050-845, International Electrotechnical Vocabulary.— Part 850: Lighting (availabl¢ at
www.electropedia.org)

IEC|61966-2-1, Multimedia systems and equipment< Colour measurement and management —
Part 2-1: Colour management — Default RGB colour space — sRGB

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

IEC|62341-6-2:2015, Organic lightyemitting diode (OLED) displays — Part 6-2: Measufing
methods of visual quality and ambient performance

IEC|62087-3, Audio, videoy.and related equipment — Determination of power consumptign —
Part 3: Television sets

CIE|15:2004, Colorimetry, 3" edition

CIE|S 014-%4;~Colorimetry — Part 1: CIE Standard Colorimetric Observers

3 |Terms, definitions, and abbreviated terms

3.1 Terms and definitions

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

add

resses:

IEC Electropedia: available at https://www.electropedia.org

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1.1
signal pixel
smallest encoded picture element in the input image

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

Notel 2 to entry: The APL will normally be expressed as a percentage, where a full white screen at maximum

levellwould be 100 % APL.

3.1
average luminance level
ALL
avefage luminance of the input signal on all pixels

Notel 1 to entry: ALL, which is calculated by averaging of post-gamma signal pixels; is also called as the

gamma APL.

3.2 Abbreviated terms

ALL average luminance level

APL average picture level

CCT correlated colour temperature

CIE Commission Internationale de LiEclairage (International
Illumination)

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

CMY cyan, magenta, and yellow

DRCR dark room contrast ratio

DUT device under test

eDHR embedded display port

LMD light measuring device

LUT look-up.table

MIF| mobhile industry processor interface

PMOLED passive matrix organic light-emitting diode

Commission

firive

post-

on

RGB red, green, and blue

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

SPI spectral power distribution

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

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 comply with

the structure specified in each item.
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5

5.1

Standard measuring conditions

Standard measuring environmental conditions

Measurements shall be carried out under the standard environmental conditions as follows:

Wh

5.2

temperature: 25°C+3°C
relative humidity: 25 % RH to 85 % RH
atmospheric pressure: 86 kPa to 106 kPa

én different environmental conditions are used, they shall be noted in the report.

Standard measuring dark room conditions

Thelluminance contribution from unwanted background illumination reflected'eff the test dis
sha|l be less than 1/20 of the display’s black state luminance. If theseyconditions are

sat

addjtion, if the sensitivity of the LMD is inadequate to measure 1/20 ©f‘the black level, then|
lower limit of the LMD shall be noted in the test report.

5.3

5.3.

Standard setup conditions

1 General

Standard setup conditions are given below in 5.3.2¢5:3.3 and 5.3.4. Any deviations from th
congitions shall be reported.

5.3

2 Adjustment of OLED display modules

isfied, then background subtraction is required, and it shall be noted in the test reporj.

Dlay
not

In
the

ese

Thel| display shall be measured at its factory default settings. If other settings are used,
sha|l be noted in the test report. These settings shall be held constant for all measurem

unl
are
me

5.3.

Me
sta
30

gss stated otherwise. It is impartant, however, to make sure that not only the adjustmg
kept constant, but also that the resulting physical quantities remain constant during

3 Starting conditions of measurements

3dsurements shall be started after the OLED displays and measuring instruments ach
Rility. 1t is recommended that, when the display is first turned on, it be operated for at I
min with a oop of colour patterns rendered on the screen. Sufficient warm-up time has b

ach|eved when the luminance of the test feature to be measured varies by less than £3 % ¢

the

5.3
5.3

entiresmeasurement method for a given display image.

gdsurement. This is not automatically the case because of, for example, warm-up effects|

hey
nts,
bnts
the

eve
past
een

ver

4@ Measuring equipment requirements

4.1 General conditions

Light measurements shall generally be made in terms of photometric or colorimetric units for a
CIE 1931 standard colorimetric observer as defined in CIE S 014-1. Luminance can
measured by a photometer, and 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]7).
A non-contact LMD, where the LMD is not in direct contact with the screen, shall be used without

an

1

ilumination source. The following requirements are given for these instruments:

Numbers in square brackets refer to the Bibliography.

be
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WhEn using LMDs, stray light within the LMD (e.g. lensflare, veiling glare), and non-uniformities
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The LMD shall be a Iuminance meter, colorimeter, or a spectroradiometer. The
spectroradiometer shall be capable of measuring spectral radiance over at least the 380 nm
to 780 nm wavelength range, with a maximum bandwidth of 10 nm for smooth broadband
spectra. For OLED primaries with a bandwidth < 25 nm, the maximum bandwidth shall be
< 5 nm. The spectral bandwidth of the spectroradiometer shall be an integer multiple of the
sampling interval. For example, a 5 nm sampling interval can be used for a 5 nm or 10 nm
bandwidth.

Ensure that the LMD has enough sensitivity and dynamic range to perform the required task.
The measured LMD signal shall be at least ten times greater than the dark level (noise floor)
of the LMD, and no greater than 85 % of the saturation level.

The LMD shall be focused on ithe image plane of the display and generally aligned
berpendicularly to the display surface at the centre of the measurement field, unless stated
btherwise.

[he relative uncertainty and repeatability of all the measuring devices shall be maintained
by following the instrument supplier’'s recommended calibration schedule.

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

f LMD measurements are taken for displays with impulse drivingler'duty driving, the high
pbeak luminance of these displays can cause detector saturation’errors. The accuracly of
hese measurements can be checked by attenuating the light'with a neutral-density filtgr. If
he change in signal amplitude of the detector is proportional to the transmittance of|the
neutral-density filter, then there are no detector satutdtion errors. This method is| for
measuring the maximum time-averaged full-screen luminance.

nsitivity across detector area should be consideréd. Also, when measuring black regipns,
light from adjacent bright regions of the displays can introduce significant errors. The sfray
can be significantly reduced by using a frustum (see Annex C).

ddition to LMDs that form an average yalue for the measured quantity over the measurement

field under consideration (i.e. spot photometers, see Figure 1), there are imaging LMDs which
givgd a value (or an array of values,-e.g. R, G and B) for each individual area-element on|the
DUT. Such LMDs can replace a séquential mechanical scan of the surface of a display by an

ima

je of the entire active area‘ef-the DUT, and a subsequent evaluation of the data.

Whe¢n imaging LMDs are Used, a flat-field correction shall be applied to the LMD at|the

megsuring distance.

2
2
> O ~
b~ o) O =
o o) s S
3 §= o
Q = o .
i S c 8| Luminance
= : Angular 8 c ;
C \/ Angular field a® meter with
P~ o ) aperture 0 £ -
s \i of view Qc viewport
»n Q O
8 < ~—
=

o
" 1
A

\ Measurement
field angle

-

Focus on object
being measured

IEC

Figure 1 — Layout diagram of measurement setup
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5.3.

4.2 High pixel count matrix displays (2 320 pixels x 240 pixels)

The following applies for high pixel count matrix displays:

a)

b)

The| following applies for low pixel count matrix displays:

5.4

When measuring matrix displays, the light-measuring devices should be set to a
measurement field that includes more than 500 pixels. For LMDs with a circular
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.

For smaII displays, the recommended measuring dlstance is between 20 cm to 50 cm. For
I

rea contains at least 500 pixels. The measuring distance shall be noted in the report,

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

he display shall be operated at its design field frequency. When using s€parate driying
ignal equipment to operate a panel, the drive conditions shall be noted in the report.

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

| ow pixel count displays can contain fewer than 500 pix€ls-“When the number of pixels in
he measurement field is less than 500, it shall be noted in“the report. The angular aperfure
shall be less than or equal to 5°, and the measurement field angle shall be less than or
bqual to 2°. The measuring conditions used shall be{recorded.

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

-or small displays, the recommendedimeasuring distance is between 20 cm to 50 cm.|For
arger displays, follow the manufacturer’s recommended viewing distance. For lafger
Jisplays, the measurement areashall contain at least 500 pixels. The measuring distance
hall be noted in the report.

Standard locations of.measurement field

Luminance, spectral distribution and/or tristimulus measurements may be taken at sevgral

by
divi

specified positions on~the display surface. The standard measurement locations are identiEed

positions P, to(Pg7in the active area, as illustrated in Figure 2. The active screen are is
jed into nine‘\equal-sized boxes, with the measurement area centred within each box jand

identified by the-corresponding numbering shown in Figure 2. Each box is 1/3 of the width|(W)
and| height, (/) of the active area. Centre screen measurements are taken at position P [The

disglay (or~detector shall be translated in the horizontal and vertical directions to perform
megstrements at the desired display positions, with all measurements taken normal to|the

daevia fion feoamn tha otondard nooitiome ahavn obhaoll bha v A

A
sScreef- l—\ll_y T VTatroTT T o o restanuar U p oSO ao U v e—STaT o T o CoOTaCtTT
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Figure 2 — Standard measurement positions in the display active area
5.5| Standard test patterns
Thel| characterization of display luminance and colour can dépend on the display test pattern.
Therefore, several standard test patterns are given to help make the measurements more
rearlfstic 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
diviged into a 3 x 3 array of rectangular areas, each of which has sides that are 1/3 of|the
dimgnsion of the height and width of the screenvactive area. Each of these nine rectangular
areas can then be further subdivided into smallérrectangles, as demonstrated in the upper |eft-
hand corner of Figure 3 . The smallest subdivision would yield a rectangular box that |has
dimgnsions of 1/9 of those of the active area of each region of the 3 x 3 array.
I ——
IEC

Figure 3 — Test pattern scaling used to define the area size of
the coloured rectangles in the active area of the display
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The standard test pattern for basic primary luminance and colour measurements shall use the
low APL loading example of the colour tile test patterns illustrated in Figure 4. In this case,
coloured rectangular boxes, with 1/9 of the dimensions of the active area, are centred on the
nine standard 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, the red box
is driven at the maximum input signal for the red channel, while the green and blue channels
are at their minimum signal level. The white boxes are driven at their maximum red, green, and
blue channel inputs. Each colour tile pattern is identified by the initials CT (colour tile) and the
colour of the centre box. The patterns in Figure 4 are identified as CTR, CTG, CTW, and CTB
starting at the upper left-hand pattern and moving clockwise.

IEC

Fi

(=)

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

The| area scaling of the.coloured rectangles is adjusted to manipulate the APL loading on|the
disglay. The amount(of APL loading is input-referred, assuming it is an RGB digital input. [The
per¢ent APL is defined as:

> PL ™)
N

APL(%) =100

where the summation is over all pixels in the active area, PL, is the normalized signal pixel level

of the ith pixel relative to maximum white level, and N is the total number of pixels. A 100 %
APL would be represented by all pixels in the active area at maximum white level. This would
be implemented by setting the levels for the red, green, and blue input channels to their
maximum values. A single primary colour (e.g. red) rendered on a full screen would have 1/3 of
the APL of a full white screen. If it is assumed that the red, green, and blue areas correspond
to 1/3 of the APL of the white areas, then the APL for each pattern in Figure 4 is (starting at the
upper left-hand corner and going clockwise) 5,3 %, 5,3 %, 6,2 %, and 5,3 %. The average APL
for the four patterns in Figure 4 is 5,6 %. An example calculation of the top left pattern in
Figure 4 is given by:
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[(7 primary colours x 1/3 of white) + (2 white boxes x 3 / 3 of white)] 2)
x [(1/ 9)2 fractional area of boxes] = 5,3 % APL

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
to 22 %, whereas the high loading pattern would give an average APL equivalent to 50 %.

IEC

NOTE The corresponding CTG, CTB, and CTW patterns are of similar size but have green, blue, and white,
respgctively, in the centre box.

Figure 5 — Medium (top) and high (bottom) APL loading versions of CTR pattern
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In cases where more than the white and RGB input primary colours are needed for luminance
and colour measurements, the low APL loading RBGCMY box pattern illustrated in Figure 6
shall be used. This pattern is intended for centre luminance and colour measurements. Each
coloured box is centred on the nine standard active area locations (see Figure 2) on a black
background, with height and width corresponding to 1/9 of the dimensions of the active area.
Each of the white, red, green, blue, cyan, magenta, and yellow colours are at their maximum
input-referred signal setting as defined in Table 1. The centre rectangle can be changed to the
desired colour to be measured. However, the colours of the surrounding 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\gach
rect

IEC

NOTE The centre rectangleycan be changed to any desired colour, while the surrounding rectangles remain f|xed.
The hotation 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



https://iecnorm.com/api/?name=fe321a0b54f590b0db0d682e7a78a6a3

Table 1 — Standard digital-equivalent input signals for rendering

- 16 - IEC 62341-6-1:2022 © |EC 2022

the white, primary and secondary colours in test patterns

Colour Q0 Equivalent 8-bit digital signal level
Red channel Green channel Blue channel
K (black) 0 0 0
R (red) 255 0 0
G (green) 0 255 0
B (blue) 0 0 255
Y (yellow) 255 255 0
M (magenta) 255 0 255
C (cyan) 0 255 255
W (white) 255 255 255

NOT

E  The centre-rectangle can be changed to any desired colour, while the surrounding rectangles remain fi

Figure 7 — Optional medium signal loading RGBCMY test pattern used

for centre luminance and colour measurements

IEC

ed.

A more detailed evaluation of APL loading can be performed by starting with the low APL test
pattern in Figure 6, but the size of all boxes increases gradually until the entire screen is filled.
The colour pattern of each box location remains the same, only the size of each box changes.
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6 Measuring methods for optical parameters

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

The purpose of this method is to measure the display luminance, colour, and their uniformity at
maximum RGB and white input signal levels rendered on full-colour high-resolution OLED
display modules. The white field correlated colour temperature (CCT) is also measured. The
standard low APL loading colour tile pattern defined in Figure 4 shall be used for these
measurements. Additional higher-loading versions of this pattern may also be measured.

6.1.2 Measuring conditions

Thel| following measuring conditions apply:

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

b) Btandard environmental measuring conditions, dark room conditiohs’, and standard s¢tup
conditions.

c) PBtandard low APL loading sequence of colour tile patterns (sée Figure 4).
6.1.3 Measuring methods for high-resolution full-colotir, modules

Megsure the maximum white and RGB Iluminance and‘colour at the nine standard screen
locdtions using the following procedure.

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

b) Align the optical axis of the LMD perpendicularly to the display screen and centred on|the
standard position Py (see Figure 2) inthe centre of the upper left-hand coloured box.
c) Measure the luminance and CIE 1981 chromaticity coordinates (x, y).

d) [rranslate the LMD (or display).tothe other standard display positions (P, to Pg) in sequgnce

And measure the luminancétand colour at each position. When a white box is measufed,
record the CCT value as-well if available from the LMD.

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

f) Repeat the luminance and colour measurements at all nine display positions for all coloyred
ile patterns as(illustrated in Figure 8, for a total of 36 measurements.

g) Report the ecembined luminance and colour for each colour O (where in this case O = R| G,
B or W) atthe nine display positions as indicated in Table 2 and Table 3. For example,|the
white luminance and colour data is extracted from the measurements of all four colour tile
battetns, which together uniquely provide a white box at each of the standard nine locatipns.
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Lerwawi

Lerw-ss

Pattern CTW

Letacs

able 2 — Example of luminance measured for the same colour at the standard ning

UG-Gl

Pattern CTB

Lete-re
Letrri

Pattern CTG

Letrwe

Pattern CTR
IEC

Figure 8 — Sequence for measuring luminance and colour at the nine
standard display positions forall coloured tile patterns

screen positions and the resulting luminance non-uniformity

Measuring point Luminance L, for colour Q
(cd / m?)
R, 210
P, 205
P, 208
P, 199
Ps 195
Pe 211
P, 215
Pg 204
Pg 207
L, =206cd/m? L . =215cd/m? L . =195 cd/m? NU=9,3%
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Table 3 — Example of the same colour measured at the nine standard screen positions

and the resulting chromaticity non-uniformity

Au’v’ for any colour ¢

Measuring , ,
point Xqi Yai UWai | Vai P, P, Py P, P Pg P, Ps Py
P, 0,311 0,325 |0,198 |0,466 0,000

2 0,330 (0,320 (0,214 (0,466 0,016 0,000

3 0,307 |0,323 |0,196 |0,464 0,003| 0,018| 0,000

4 0,309 |0,328 |0,196 |0,467 0,002 0,018| 0,003| 0,000

5 0,310 |0,326 |0,197 |0,466 0,001 0,017| 0,002 0,001| 0,000

6 0,303 |0,319 |0,195 |0,461 0,006 0,020| 0,003| 0,006 0,005| 0,000

P, 0,311 (0,324 (0,199 (0,465 0,001| 0,015/ 0,003 0,004| 0,002 0,006| 0,000

Pg 0,315 (0,320 (0,203 |0,464 0,005/ 0,011} 0,007 0,008 0,006| 0,009 0,004| 0,000

Py 0,314 (0,327 |0,199 [0,467 | 0,001| 0,015 0,004| 0,003| 0,002| 10,007 0,002| 0,005| 0,000
(g PPa)ave = (0,312, 0,323), (Auv’), . = 0,020
6.1.4 Maximum luminance of white and RGB primaries
Thel maximum luminance is calculated for white (Lyy.4,4), red (Lg ave), 9reen (Lg ave), @and blue
(Lg hve) Primaries from the average of the luminance measurements at the nine standard
pos|tions (P, to Pg). The results shall be reported; as suggested in Table 2.
6.1.5 Average colour of maximum white and RGB primaries
Thelaverage colour is determined at.the maximum input signal level for each colour. Since|the
spage in the CIE 1931 chromaticity diagram is not linear, the chromaticities of each cojour
(xqit ¥q:) at screen position Pyishall first be converted to CIE tristimulus values using|the
follqwing relations:
XA LA
X l_: Ql Ql (3)
Yai
Yai = Lai (4)
I=xq; = Yai )aqi
Zg; = Qi Qi Qi (5)

YQi

where Lq; is the luminance of the window pattern at the screen position P; for the colour Q. The
average CIE tristimulus values X, Yq, Zq for each colour (Q = 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 is obtained from the average tristimulus vales using the
following formulae:
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X
Xg=——— (6)
Xq+Yq+Zg
Iq
=—d 7
Ya Xq+Yq +2Zq (7)

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 the Table 3 example, the lumingnce
valJes at each screen location in Table 2 are used in conjunction with the chromat|city
coofdinates at those positions to determine the average CIE 1931 chromaticity coordinateq.

6.1.6 Luminance uniformity of white and RGB primaries

The| luminance uniformity of a given colour is characterized at the maxinium input signal lgvel
for {hat colour. For each colour, determine the maximum and minimgm¢luminance values from
the Imeasurements taken at the nine standard positions. The luminance non-uniformity offthe
display is characterized by the following formula:

L

NU(%) = 100x% (8)
ax

Thelluminance uniformity (U) is 100 — NU (%)2Record the luminance non-uniformity resultg for
each colour, as suggested in Table 2.

6.1.[7 Colour non-uniformity of maximum white and RGB primaries

For|each colour O, convert the 'CIE 1931 chromaticity coordinates measured at the nine
standard positions to the CIE.1976 UCS (uniform chromaticity scale) chromaticity coordinates

(u'd, v'q) using the followingformula:

4xq \ a
:—, Vv =
3-2xg+12yg @ 3-2xy+12yq

Uq

9)

Reqgord the CIE 1976 UCS chromaticity coordinates for each colour and screen position| as
sug gcbtcd i Tabte-3—Foreachtocation Pi of thre-samerenderedcotourdetermimethe SHE4976
chromaticity difference between pairs of measured CIE 1976 UCS chromaticity coordinates
(u’, v’) using the following formula:

Au'v' = \/(qu —u})z +(vlf —v}-)z fori,j =110 9, andi = j (10)

The colour non-uniformity is defined as the largest chromaticity difference (Au'v’),,5x between

any two screen positions. The largest colour difference can be narrowed down by plotting the
nine (uz’, v’) coordinates rather than calculating all (1’, v’) pairs. Report the CIE 1976 UCS
chromaticity difference for each colour to no smaller uncertainty than 0,001, as illustrated in
Table 3.
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6.1.8 Colour additivity of maximum white and RGB primaries

The colour-signal white luminance (Lggyy) is the sum of the average luminance for the rendered
red, green, and blue input-referred primaries (Lg 5ve * LG ave * LB ave)- ANy difference between
the measured average white luminance (Lyy 5,¢) and Lcg,, indicates a lack of additivity of the
colour signal primaries in the display colour management. If Ly 5,6 # 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 whose chromaticity is closest.toalline
perpendicular to the Planckian locus of a blackbody radiator at a specific temperatufe~(a ploint
on the Planckian locus) is defined as having a correlated colour temperature at thistemperature
(seg Figure 9). This is strictly valid only for the deprecated CIE 1960 uniform chromaticity s¢ale
diagram. If white CCT values are measured directly by the LMD at the nine.standard screen
posltions, record the average white CCT value. If the measurement instrumentdoes not proyide
the CCT directly, there are some methods to obtain the CCT from chromatjcity coordinates (see
Annex D). The CCT is generally only valid for white colours, not individual primaries.

Theicorrelated colour temperature of a white light source can be graphically extracted using a

")

1 LJL I N I L B N I B B B N N B N A

520 nm

/
2000K  1000K

Figure 9 — Colour of blackbody source at various temperatures
as represented on the CIE 1931 chromaticity diagram

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 pixels 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.
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6.2.2 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 display.

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

6.2.3 Measuring methods for low-resolution modules and segmented displays

For [full-colour displays, measure the maximum white and RGB Tuminance and colour at the hine
starjdard screen locations (P, to Py, see Figure 2). Render a full-screen pattern for each colpur.
Thel LMD is aligned normal to the screen and translated to the centre of each standard{posifion.
Regord the measurements in a similar manner to Table 2 and Table 3. Calculate,the averfage
lum|nance, average chromaticity, luminance and colour non-uniformity, and white C©CT folloying
the analysis described in 6.1. Record the results in a similar manner to Tablg-2land Table 3.

For|monochrome displays, apply an input signal to make the full screen emit at the highest
lum|nance level. Measure the maximum luminance and colour atthe nine standard screen
locgtions. Calculate the average luminance, average chromaticity{ luminance and colour non-
unifprmity, and white CCT (if applicable) in line with the analysis‘described in 6.1. Record|the
resdlts in a similar manner to Table 2 and Table 3.

For|segmented displays, measure the luminance and colour inside each unique colour segnent
clogest to the centre at its maximum signal level. Jhe segment location measured shal| be
reported. Record the measurement results.

6.3| Signal loading
6.3.11 Purpose

The| purpose of this method is to meastre the change in active-matrix display luminance when
increasing the APL.

6.3.2 Measuring conditions
The| following measuring conditions apply:

a) Apparatus: a light-measuring device that can measure luminance, a driving power soufce,
bnd driving signal equipment.
b) PBtandard ¢measuring environmental conditions, dark room conditions, standard setup
conditioQs)

6.3.3 Measuring methods

a) Setthe OLED display and the | MD under the standard measuring conditions

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

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

d) 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.

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

f) 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 Table 4 be
used. If other dimensions are used, they shall be noted.

g) Determine the signal loading for white. The display signal loading S|,,4 is defined as:
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Sload=100XM (11)

Lmax

where

Linax @nd Ly, are the maximum and minimum luminance, respectively, measured for the

centre boxes at the various sizes.

h) The cenire 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.

i) Report all the measured luminance values and box dimensions, the maximum and’mininum
uminance for each colour, the percent signal loading for each colour, 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 the screen dimensions

Box dimensional scaling Percent of coloured Percent APL
(relative to screen dimension) screen area (equivalent white area)

% %
1/9 11 6,2
1/8 14 7,8
117 18 10
1/6 25 14
1/5 36 20
1/4 56 31
1/3 100 56

6.4| Dark room contrast ratio
6.4 Purpose

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

6.4.2 Measuring conditions

Thel following/measuring conditions apply:

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

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

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

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

c) Align the optical axis of the LMD perpendicularly to the display screen and centred on the
standard position P, (see Figure 2) and measure the luminance at that position.
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d) Translate the LMD to the remaining eight standard positions and measure the luminance at
each position.

e) Calculate the average black luminance Ly 5, from the nine positions.

f) The low APL loading dark room contrast ratio DRCR| | is given by:

L
DRCRLL = W ave (12)

,ave

g) Record the average white and black luminance, the low APL loading dark room con:}ast
Fatio, the OLED display settings, the test pattern used, and the measurement configurafion.

h) Additional contrast ratio measurements may be made using the average white“lumingnce
rom the medium- and high-loading test patterns in Figure 5. These results shall be reconded
ith their test conditions.

6.5| Display colour gamut, colour gamut area, and colour gamut volume
6.5/ Purpose

Thel range of colour that the display can render can be illusirated by its colour gamut, jand
quantitatively expressed in terms of an area in a two-dimensional colour space, or a volumie in
a three-dimensional colour space. The procedures fori\determining these attributes |are
destribed. The colour measurements are determined y “using the standard low APL loading
colqur tile pattern given in Figure 6. This method applies only to full-colour displays.

6.5.2 Measuring conditions

Thel| following measuring conditions apply:

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

ng

b) Ptandard measuring environmental conditions, dark room conditions, standard setup
conditions.

6.5.3 Measuring methods

The|specified colours-are input-referred, and generally measured at their maximum signal lgvel.
Thel maximum inpuyt 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
follgwing proceédure.

a) Render-the low signal loading RGBCMY test pattern (Figure 6) with the desired colour D in
he' centre box on the OLED display and allow the luminance to stabilize.

b) Lgn-the optical-axis—of the L MD nersendicularlvy to the displav-screen-and-centred onlthe
g g o Y Prery

standard position Pg (see Figure 2) in the centre of the screen.

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

d) Record the luminance and chromaticity coordinates and repeat the 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.

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, yR), green (xg, yg),

and blue (xg, yg) colours as corner points. An example is shown in Figure 10 .
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6.5.5 Display colour gamut area in the CIE 1976 chromaticity diagram

The colour gamut area is defined as the percent colour space area enclosed by the colour
gamut relative to the entire spectrum locus in the CIE 1976 UCS chromaticity diagram. As
described in 6.5.4, the colour gamut is defined by the chromaticity coordinates rendered when
a maximum signal is sequentially applied to the RGB signal inputs. Figure 10 illustrates 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 coordinates. The area
enclosed by the RGB triangle in the CIE 1976 chromaticity diagram is calculated as

41/
I

AUYV’_ZSG’ |\uR—MB)(VG—VB)—(MG—MB)(VR—VB)i 13)

where
the subscripts R, G and B are the red, green, and blue primaries, respectively.

The| colour gamut area for the example of sRGB primaries (IEC 61966-2-4)/in Figure 10 would
be 33 %.

> o 2
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and CIE 1976 (right) chromaticity diagrams

Figphre 10 — Example of representation of the same primary colours in the CIE 1931 (I|eft)

6.5.6 Colour gamut volume

A more accurate representation of the display’s 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 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 percent 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
centre box colours. The colours will be measured according to the procedure in 6.5.3.
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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
Formula (3) to Formula (5).

d) The tristimulus values shall be transformed into the three-dimensional CIELAB colour space
specified hy CIE 152004 Additional three-dimensional uniform colour spaces may alsq be
ised and identified in the test report. Each colour point can be plotted on the L*, «*,.and »*
hxes of the CIELAB colour space by referencing the peak white tristimulus values (Xy/{ Yy
bnd Zyy) and by using the following transformation formulae:

L*=116x f (Yo /Yy )16 14)
a*=500x f(Xq/Xw)-f(Yo/Yw) 15)
b*=200x f (Yo /Yw ) - f(Za/Zw) 16)
whdre
13 t>(£j3
29
f(1)= 1(29}2 16 3 17)
== | t+—= 6
3l 6 116 ts(—
29

An example of the colour data in the CIELAB uniform colour space is given in Figure 11.
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e)

7.1

The| purpose of this method-is to measure the power consumption of the OLED display mo

und

dependent on the intended application.

7.2

Thel followingmeasuring conditions apply:

a)

CIELAB colour space

100

a* 100 10

IEC

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

As represented in the CIELAB colour space. See IEC 62341-6-2:2015, Annex C, fq
fetailed description of the analysis recommended(to calculate the colour gamut volu
Dther gamut calculation methods may be used,-however, they shall yield the same res
bs the reference method described in IEC 6234%-6-2.

Record the percent of colour gamut volume‘telative to the IEC sRGB standard colour sp
IEC 61966-2-1), the tristimulus values @f each colour, the test pattern used, and
measuring conditions.

Measuring methods for powér consumption

Purpose

er defined APL loading conditions. The test pattern and APL loading conditions shal

Measuring'conditions

Apparatus: a light-measuring device that can measure luminance, a current mete
yoltmeter, a DC power source, an image signal generator.

Calculate the colour gamut volume corresponding to the possible range of display colours

ra
me.
ults

ace
the

Hule
be

b) Standard environmental measuring conditions, dark room conditions, standard setup

7.3
7.3.

conditions.

Measuring methods

1 Measuring the power consumption relevant to luminance of the OLED display

module without a signal decoding process

Proceed as follows.

a) Make all electrical connections needed to operate the module under standard conditions.

See the setup example in Figure 12.
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b)

d)

- 28 — IEC 62341-6-1:2022 © |EC 2022

Render the low, medium, or high loading version of the RGBCMY pattern with a white centre
box (see for example Figure 6 and Figure 7) which most closely corresponds to the display’s
main intended use case. For TV and internet applications, it is also acceptable to use the
broadcast-content videos or internet-content video, respectively, specified in IEC 62087-3.
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 %) signal-loading RGBCMY
patterns should be used. Set all power supplies to the standard voltage specification values.
The test pattern or video content used shall be noted in the test report.

Measure the display luminance in the centre of the white box of the RGBCMY pattern. A
luminance measurement is not taken for the video content.

Record the Tuminance and all relevant power, voltage and current readings of all meteqs in
Figure 12 . See the example in Table 5.

OLED display module

Input signal
generator OLED panel

| Control circuit | | Driving circuit I IDC/DC converter|

L | | |

| Voltmeter | | Voltmeter ' | Voltmeter | -

Power source Ammeter Amfmeter Ammeter -
U, (DCy) o I I I

U, (OCy) ©

Us (DCy) ©

... GND o —

IEC

Figure 12 — Example of measurement setup of power consumption

[able 5 — Example of-a module power consumption measurements summary sheet

Squrce
number

Power-source Voltage Current Electric power Remarks

U (mA) (mW)

1 DC)power source DC, U, 1 P,

v
1

2 DC power source DC, U, I, , = U, x 1,

3 DC power source DC, U, 1,

~
o
I

= U, % I,

N DC power source DC, U 1 P =U x]

Total Prg =Pyt Pyt

Total power consumption At 100 % white level

e) The total module power may also be measured at other white luminance levels and/or with

a uniformly distributed pattern lighting a fraction of the total pixels. It could give significantly
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 reported.

The rated luminance and the driving signal shall be specified in the report.
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.2 Measuring the power consumption of the OLED display module’s embedded

video connection terminal with a signal decoding process

The OLED display module includes an embedded video connection terminal, which can process
a video signal with or without a metadata. The connection terminal circuit, such as an eDP
(embedded display port) in laptops and MIPI (mobile industry processor interface) in mobile
devices, has a TCON (timing controller) which takes the individual frames generated by the
input signal source and corrects for the colour (sSRGB, DCI-P3 or BT.2020) and peak luminance.
The power consumption will be different depending on the peak luminance level of the metadata
of the TCON and the image processing of the embedded circuit.

For
ima
and

Pro

a)

b)

c)

colour display panels which consist of red, green, and blue sub-pixels, video content, ‘st
hes or full screen grey levels can be applied. For other colour display panels (such as pe
RGBW matrix), video content, static images or RGBCMY patterns should be applied.

ceed as follows.

Make all electrical connections needed to operate the module undercstandard conditi
See the setup example in Figure 13. The display driving circuit hasja-TCON to process,
nput signals of the image signal generator.

OLED display panel

OLED display driving circuit

Image signal
I Ip generator

i “Tp

F

Digital multimeter Power source

IEC

is the voltage of the logic circuit,
is the voltage of the display panel,
is the current of the legic circuit,

is the currenttef\the display panel.

Eigure 13 — Example of measurement setup of power consumption
with embedded video terminal

atic
ntile

DNS.
the

B in

A uhiformity of white should be calculated with Formula (8). following the procedur

Figure 8 and 6.1.6. The uniformity shall be noted in the test report.

white box.

d)

A luminance measurement is taken with Figure 7. Measure the display luminance of the

Display a full screen white and record all the relevant voltages and currents of all meters.

Display a grey pattern which can set an ALL_load (average luminance level) which is
post-gamma APL. The ALL_load and all the relevant voltages and currents of all me

shall be noted in the test report (see the example in Table 6).

Display an image and record all the relevant voltages and currents of all meters in Tabl
If the display consists of red, green, and blue, and has the same number of sub-pixels,

ALL_load should be calculated using Formula (18) and be reported.

the
ters

e 6.
the
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where
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n
ALL_load = x > (ak? +6G] +cB] |
n

n is total number of pixels;

~.

is the index for pixel counting;

i=1

(18)

~ X

[

NOTE 1

is the display gamma;

; is the luminance range from 0 to 1 of red, and a is the current ratio of red overwh

ALL_load means the ALL value considering the current load ratio for each“sub-pixel.
NOTE 2 For non-RGB displays, Formula (18) can be modified depending on_the pixel configuration.

Table 6 — Example of module power consumption mgasurements with contents

te;

; is the luminance range from 0 to 1 of green, and b4 is the current ratio ©f \green ¢ver
white;

B. is the luminance range from 0 to 1 of blue, and c is the current ratio,of blue over white.

Voltage Currént | Electrical power White
Gontent ALL_load Display module luminance pf
v (mA) (mW) Figure 7
Logic circuit Vo I P o=V x I cd/m?2
10% white .
box 10 % Display panel W I P o=V.xI Non-uniformity
play p R P P P~ P of Table 2
Total Total power consumption Prot =Pt Pp %
Average Voltage Current Electrical power White
Contents Display module luminance pf
ALL_load |4 (mA) (mW) Figure 7
Video Logic cirouit " I TR cd/m?
(IElC 62087- 32 % o]
; ¢ - Non-uniformit
B video D|Sp|ay pane] VP [P PF’ b VF’ x IF’ A y
dontent) of Table %
Total Total power consumption Pri =P+ Pp %

f) For video ‘signals or other sub-pixel structures, display the video content and record all
relevantoltages and currents of all meters in Table 7 .

Table 7 — Example of module power consumption measurements with images

the

Voltage Current Electrical power | white luminance
Content Display module f Fi 7
14 (mA) (mW) o] igure
Spreadsheet, | Logic circuit n I PL=rxdy cd/m?
resentation,
P and word Di v I P =V.x] Non-uniformity
isplay panel P P P P P f Table 2
typing content or Table
Total Total power consumption Pr =P+ Pp %

Besides the above items, the response time of passive matrix display panels and luminance
current efficiency may also be measured (see Annex A and Annex B).


https://iecnorm.com/api/?name=fe321a0b54f590b0db0d682e7a78a6a3

	Redline version 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions, and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 Structure of measuring equipment
	5 Standard measuring conditions
	5.1 Standard measuring environmental conditions
	5.2 Standard measuring dark room conditions
	5.3 Standard setup conditions
	5.3.1 General
	5.3.2 Adjustment of OLED display modules
	5.3.3 Starting conditions of measurements
	5.3.4 Measuring equipment requirements

	5.4 Standard locations of measurement field
	5.5 Standard test patterns

	6 Measuring methods for optical parameters
	6.1 Primary luminance, colour, and uniformity of full-colour high-resolution modules
	6.1.1 Purpose
	6.1.2 Measuring conditions
	6.1.3 Measuring methods for high-resolution full-colour modules 
	6.1.4 Maximum luminance of white and RGB primaries 
	6.1.5 Average colour of maximum white and RGB primaries
	6.1.6 Luminance uniformity of white and RGB primaries 
	6.1.7 Colour non-uniformity of maximum white and RGB primaries
	6.1.8 Colour additivity of maximum white and RGB primaries
	6.1.9 White correlated colour temperature 

	6.2 Primary luminance, colour, and uniformity of low-resolution modules
	6.2.1 Purpose
	6.2.2 Measuring conditions
	6.2.3 Measuring methods for low-resolution modules and segmented displays

	6.3 Signal loading
	6.3.1 Purpose
	6.3.2 Measuring conditions
	6.3.3 Measuring methods

	6.4 Dark room contrast ratio
	6.4.1 Purpose
	6.4.2 Measuring conditions
	6.4.3 Measuring method

	6.5 Display colour gamut, colour gamut area, and colour gamut volume
	6.5.1 Purpose
	6.5.2 Measuring conditions
	6.5.3 Measuring methods
	6.5.4 Display colour gamut
	6.5.5 Display colour gamut area in the CIE 1976 chromaticity diagram
	6.5.6 Colour gamut volume


	7 Measuring methods for power consumption
	7.1 Purpose
	7.2 Measuring conditions
	7.3 Measuring methods
	7.3.1 Measuring the power consumption relevant to luminance of the OLED display module without a signal decoding process
	7.3.2 Measuring the power consumption of the OLED display module’s embedded video connection terminal with a signal decoding process


	Annexes 
	Annex A (normative) Response time of passive matrix display panels
	A.1 Purpose
	A.2 Measuring conditions
	A.3 Measuring methods

	Annex B (normative) Luminance current efficiency
	B.1 Purpose
	B.2 Measuring conditions
	B.3 Measuring methods

	Annex C (informative) Veiling glare frustum
	Annex D (informative) Methods to obtain the correlated colour temperature (CCT) from chromaticity coordinates
	D.1 Method 1: Use of McCamy’s approximate formula
	D.2 Method 2: Use of Javier Hernandez-Andres’s approximate formula
	D.3 Method 3: Graphical determination of correlated colour temperature

	Annex E (informative) Measuring performance of modern colour-managed displays and panels 
	E.1 Legacy displays
	E.2 Modern displays
	E.3 Results
	E.4 Conclusion

	Annex F (informative) Simple window luminance and colour measurements
	F.1 Background
	F.2 Measuring conditions
	F.3 Maximum full screen luminance
	F.4 4 % window luminance
	F.5 Sampled luminance non-uniformity
	F.6 4 % window centre colour
	F.7 Sampled colour non-uniformity


	Bibliography
	Figures 
	Figure 1 – Layout diagram of measurement setup
	Figure 2 – Standard measurement positions in the display active area
	Figure 3 – Test pattern scaling used to define the area size ofthe coloured rectangles in the active area of the display
	Figure 4 – Low APL loading series of red, green, blue, and white test patterns used for basic luminance, colour, and uniformity measurements 
	Figure 5 – Medium (top) and high (bottom) APL loading versions of CTR pattern
	Figure 6 – Standard low APL RGBCMY test pattern usedfor centre luminance and colour measurements
	Figure 7 – Optional medium APL signal loading RGBCMY test pattern usedfor centre luminance and colour measurements
	Figure 8 – Sequence for measuring luminance and colour at the ninestandard display positions for all coloured tile patterns 
	Figure 9 – Colour of blackbody source at various temperaturesas represented on the CIE 1931 chromaticity diagram
	Figure 10 – Example of representation of the same primary colours in the CIE 1931 (left) and CIE 1976 (right) chromaticity diagrams
	Figure 11 – Example of range in colours produced by a given displayas represented by the CIELAB colour space
	Figure 12 – Example of measurement setup of power consumption
	Figure 13 – Example of measurement setup of power consumptionwith embedded video terminal
	Figure A.1 – Relationship between driving signal and optical response times
	Figure B.1 – Example of a measurement configuration for measuringluminance current efficiency
	Figure C.1 – Pattern for veiling glare frustum
	Figure D.1 – CIE 1931 XYZ chromaticity diagram
	Figure D.2 – Blackbody locus (Planckian locus) and isotemperaturelines in CIE 1931 chromaticity diagram
	Figure E.1 – Legacy model where the independent drive electronics provide a direct correlation between the input RGB signals and the display’s colour primaries
	Figure E.2 – Examples of modern drive models using multi-dimensional LUTsfor RGB (top) and multi-primary (bottom) displays
	Figure E.3 – Example of signal loading behaviour for an RGBW display (top) and RGB (bottom) OLED display 
	Figure E.4 – Low APL loading test pattern with small box size(1/9 of the screen size dimensions)
	Figure E.5 – Signal loading profiles for several input colours measured at the centre of the test pattern using Figure 8
	Figure F.1 – Example of simple 4 % white window pattern at the centre of the screen

	Tables 
	Table 1 – Standard digital-equivalent input signals for rendering the white, primary and secondary colours in test patterns
	Table 2 – Example of luminance measured for the same colour at the standard nine screen positions and the resulting luminance non-uniformity
	Table 3 – Example of the same colour measured at the nine standard screen positions and the resulting chromaticity non-uniformity 
	Table 4 – Scaling the size of the colour boxes in the APL loadingpattern relative to the screen dimensions 
	Table 5 – Example of a module power consumption measurements summary sheet
	Table 6 – Example of module power consumption measurements with contents
	Table 7 – Example of module power consumption measurements with images
	Table D.1 – xe, ye, Ai and ti for Formula(D.3) and Formula (D.4)
	Table E.1 – Example of luminance data for an RGB display and an RGBW OLED display


	International Standard 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions, and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 Structure of measuring equipment
	5 Standard measuring conditions
	5.1 Standard measuring environmental conditions
	5.2 Standard measuring dark room conditions
	5.3 Standard setup conditions
	5.3.1 General
	5.3.2 Adjustment of OLED display modules
	5.3.3 Starting conditions of measurements
	5.3.4 Measuring equipment requirements

	5.4 Standard locations of measurement field
	5.5 Standard test patterns

	6 Measuring methods for optical parameters
	6.1 Primary luminance, colour, and uniformity of full-colour high-resolution modules
	6.1.1 Purpose
	6.1.2 Measuring conditions
	6.1.3 Measuring methods for high-resolution full-colour modules 
	6.1.4 Maximum luminance of white and RGB primaries 
	6.1.5 Average colour of maximum white and RGB primaries
	6.1.6 Luminance uniformity of white and RGB primaries 
	6.1.7 Colour non-uniformity of maximum white and RGB primaries
	6.1.8 Colour additivity of maximum white and RGB primaries
	6.1.9 White correlated colour temperature 

	6.2 Primary luminance, colour, and uniformity of low-resolution modules
	6.2.1 Purpose
	6.2.2 Measuring conditions
	6.2.3 Measuring methods for low-resolution modules and segmented displays

	6.3 Signal loading
	6.3.1 Purpose
	6.3.2 Measuring conditions
	6.3.3 Measuring methods

	6.4 Dark room contrast ratio
	6.4.1 Purpose
	6.4.2 Measuring conditions
	6.4.3 Measuring method

	6.5 Display colour gamut, colour gamut area, and colour gamut volume
	6.5.1 Purpose
	6.5.2 Measuring conditions
	6.5.3 Measuring methods
	6.5.4 Display colour gamut
	6.5.5 Display colour gamut area in the CIE 1976 chromaticity diagram
	6.5.6 Colour gamut volume


	7 Measuring methods for power consumption
	7.1 Purpose
	7.2 Measuring conditions
	7.3 Measuring methods
	7.3.1 Measuring the power consumption relevant to luminance of the OLED display module without a signal decoding process
	7.3.2 Measuring the power consumption of the OLED display module’s embedded video connection terminal with a signal decoding process


	Annexes 
	Annex A (normative) Response time of passive matrix display panels
	A.1 Purpose
	A.2 Measuring conditions
	A.3 Measuring methods

	Annex B (normative) Luminance current efficiency
	B.1 Purpose
	B.2 Measuring conditions
	B.3 Measuring methods

	Annex C (informative) Veiling glare frustum
	Annex D (informative) Methods to obtain the correlated colour temperature (CCT) from chromaticity coordinates
	D.1 Method 1: Use of McCamy’s approximate formula
	D.2 Method 2: Use of Javier Hernandez-Andres’s approximate formula
	D.3 Method 3: Graphical determination of correlated colour temperature

	Annex E (informative) Measuring performance of modern colour-managed displays and panels 
	E.1 Legacy displays
	E.2 Modern displays
	E.3 Results
	E.4 Conclusion

	Annex F (informative) Simple window luminance and colour measurements
	F.1 Background
	F.2 Measuring conditions
	F.3 Maximum full screen luminance
	F.4 4 % window luminance
	F.5 Sampled luminance non-uniformity
	F.6 4 % window centre colour
	F.7 Sampled colour non-uniformity


	Bibliography
	Figures 
	Figure 1 – Layout diagram of measurement setup
	Figure 2 – Standard measurement positions in the display active area
	Figure 3 – Test pattern scaling used to define the area size of the coloured rectangles in the active area of the display
	Figure 4 – Low APL loading series of red, green, blue, and white test patterns used for basic luminance, colour, and uniformity measurements 
	Figure 5 – Medium (top) and high (bottom) APL loading versions of CTR pattern
	Figure 6 – Standard low APL RGBCMY test pattern usedfor centre luminance and colour measurements
	Figure 7 – Optional medium signal loading RGBCMY test pattern used for centre luminance and colour measurements
	Figure 8 – Sequence for measuring luminance and colour at the ninestandard display positions for all coloured tile patterns 
	Figure 9 – Colour of blackbody source at various temperatures as represented on the CIE 1931 chromaticity diagram
	Figure 10 – Example of representation of the same primary colours in the CIE 1931 (left) and CIE 1976 (right) chromaticity diagrams
	Figure 11 – Example of range in colours produced by a given displayas represented by the CIELAB colour space
	Figure 12 – Example of measurement setup of power consumption
	Figure 13 – Example of measurement setup of power consumptionwith embedded video terminal
	Figure A.1 – Relationship between driving signal and optical response times
	Figure B.1 – Example of a measurement configuration for measuringluminance current efficiency
	Figure C.1 – Pattern for veiling glare frustum
	Figure D.1 – CIE 1931 XYZ chromaticity diagram
	Figure D.2 – Blackbody locus (Planckian locus) and isotemperaturelines in CIE 1931 chromaticity diagram
	Figure E.1 – Legacy model where the independent drive electronics provide a direct correlation between the input RGB signals and the display’s colour primaries
	Figure E.2 – Examples of modern drive models using multi-dimensional LUTs for RGB (top) and multi-primary (bottom) displays
	Figure E.3 – Example of signal loading behaviour for an RGBW display (top)and RGB (bottom) OLED display 
	Figure E.4 – Low APL loading test pattern with small box size(1/9 of the screen size dimensions)
	Figure E.5 – Signal loading profiles for several input colours measured at the centre of the test pattern using Figure 8
	Figure F.1 – Example of simple 4 % white window pattern at the centre of the screen

	Tables 
	Table 1 – Standard digital-equivalent input signals for rendering the white, primary and secondary colours in test patterns
	Table 2 – Example of luminance measured for the same colour at the standard nine screen positions and the resulting luminance non-uniformity
	Table 3 – Example of the same colour measured at the nine standard screen positions and the resulting chromaticity non-uniformity 
	Table 4 – Scaling the size of the colour boxes in the APL loading pattern relative to the screen dimensions 
	Table 5 – Example of a module power consumption measurements summary sheet
	Table 6 – Example of module power consumption measurements with contents
	Table 7 – Example of module power consumption measurements with images
	Table D.1 – xe, ye, Ai and ti for Formula(D.3) and Formula (D.4)
	Table E.1 – Example of luminance data for an RGB display and an RGBW OLED display




[image: Description: bloc 40 original light backlight]

IEC 62341-6-1



Edition 3.0 2022-10

REDLINE VERSION

INTERNATIONAL
STANDARD



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



IEC 62341-6-1:2022-10 RLV(en)



®







			[image: Description: D08643VZ][image: Description: D08643VZ]



	THIS PUBLICATION IS COPYRIGHT PROTECTED

	Copyright © 2022 IEC, Geneva, Switzerland 



All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or your local IEC member National Committee for further information.



IEC Secretariat	Tel.: +41 22 919 02 11

3, rue de Varembé	info@iec.ch

CH-1211 Geneva 20	www.iec.ch

Switzerland







About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes International Standards for all electrical, electronic and related technologies.



About IEC publications 

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the latest edition, a corrigendum or an amendment might have been published.







IEC publications search - webstore.iec.ch/advsearchform

The advanced search enables to find IEC publications by a variety of criteria (reference number, text, technical committee, …). It also gives information on projects, replaced and withdrawn publications.



IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published details all new publications released. Available online and once a month by email. 



IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need further assistance, please contact the Customer Service Centre: sales@iec.ch.




IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the publications previews. With a subscription you will always have access to up to date content tailored to your needs.



Electropedia - www.electropedia.org

[bookmark: _Hlk57965019]The world's leading online dictionary on electrotechnology, containing more than 22 300 terminological entries in English and French, with equivalent terms in 19 additional languages. Also known as the International Electrotechnical Vocabulary (IEV) online.















®



®	Registered trademark of the International Electrotechnical Commission



ISBN 978-2-8322-0000-0





ICS 31.260









INTERNATIONAL
ELECTROTECHNICAL
COMMISSION



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





INTERNATIONAL
STANDARD

IEC 62341-6-1











Edition 3.0 2022-10

REDLINE VERSION



















































































































   Warning! Make sure that you obtained this publication from an authorized distributor.







image2.png







image3.png







image4.jpeg







image1.jpeg









