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he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC ,is to pro
ternational co-operation on all questions concerning standardization in the electrical and eleétronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificat]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
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ith the International Organization for Standardization (ISO) in accordance with ‘conditions determine
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terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made.to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their*national and regional publications. Any diverg
etween any IEC Publication and the corresponding.national or regional publication shall be clearly indicat
he latter.
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International Standard |IEC 62341-6-1 has been prepared by IEC technical committee 110:
Electronic display devices.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous

edit

ion:

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

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

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

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

Th

Full
the

4 4 bl 4 ol ol o ol lo £all H ol 4
CATUTUITS Staltudru 15 UasTU UTT UITT TUTTUWITTY UUCUTITTITLS.

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

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

d in

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

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

Thel committee has decided that the contents of this doCument will remain unchanged untilfthe
stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data relatefd to
the gpecific document. At this date, the document\will be

e feconfirmed,

e Wwithdrawn,

e feplaced by a revised edition, or

e Bmended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - Thecolour inside’' logo on the cover page of this publication indicates
that it contains’ colours which are considered to be useful for the corrgct

understanding-of its contents. Users should therefore print this document using

co

ur printer.
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Thelse methods are limited to flat displays measured in a dark room.

; . formity:
) bhromaticitvy colour uniformitvy colour aamut and white fiald r\nrrolafor’l colour tamnaratiire:
v/ P oUTTIOotroTty, TuUTouTUuTiimToTiity, TuUTouT guTTut uiTu—vvTitoITuTu o UTTUIa Ry | o uToo L S ol S ]
e e e
2 |Normative references
The| following documents are referred to in the text in sueh a way that some or all of their
content constitutes requirements of this document. £or dated references, only the ed:ﬁion
citefl applies. For undated references, the latest edition of the referenced document (including
anylamendments) applies.
IEC|60050-845, International Electrotechnical, Vocabulary — Part 850: Lighting (availabl¢ at
wwW.electropedia.org)
IEC|61966-2-1, Multimedia systems_gnd equipment — Colour measurement and management
— Part 2-1: Colour management — Pefault RGB colour space — sRGB

IEC
lettd

IEC
metf]

CIE

CIE

62341-1-2, Organic light\€mitting diode (OLED) displays — Part 1-2: Terminology
r symbols

62341-6-2:2015( ©rganic light emitting diode (OLED) displays — Part 6-2: Measu
hods of visual quality and ambient performance

15-2:4888&2004, Colorimetry,~(second 3rd edition)

S, 014-1/E:2008, Colorimetry — Part 1: CIE Standard Colorimetric Observers

and

ing

3

3.1

For

Terms, definitions, and-units abbreviated terms

Terms and definitions

the purposes of this document,

terms and definitions given in IEC 60050-845, IEC 62341-1-2, and the following apply.

the

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

add

resses:

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

e |SO Online browsing platform: available at http://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 maxigun?® firive
levell would be 100 % APL.

3.2 Abbreviated terms

APL average picture level

CCT correlated colour temperature

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

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

CMY cyan, magenta, and yellow

DUT device under test

LMD light-measuring device

LUT look-up table

PMOLED passive matrix organic light-emitting diode

RGB red, green, and blue

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

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

UC$% uniform chromaticity sc¢ale

WR[GB white, red, green, ahd blue
4 |Structure of measuring equipment

The| system diagrams”and/or operating conditions of the measuring equipment shall comply
with the structuréispecified in each item.

5 |Standard measuring conditions

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

5.2 Standard-measuring dark room conditions for measurements

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

5.3 Standard setup conditions
5.3.1 General

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

reported recorded.

5.3.2 Adjustment of OLED display modules

D
D
-

3

< ©

®

e

—_- =
O o
(o}

shall be measured at its factory default settlngs If other settlngs are used; they shaII be ng
in the test report. These-adjustments settings shall be held constant. for all measuremegnts,
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’rémain constant during|the
medsurement. This is not automatically the case because of, foryexample, warm-up effects|

5.33 Starting conditions of measurements

Megsurements shall be started after the ©LED display and the measuring instruments achieve
stahility. It is recommended that, wherndhe 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-te
be—pllowed for-the- OLED displays—toreachluminescence—stability been achieved when|the
lum|nance of the test feature ;0 be measured varies by less than +3 % over the entire
medsurement method for a(given display image.

5.3.|: Conditionscf:-Measuring equipment requirements
1

5.3. General-conditions

Light measuyrefients shall generally be measured in terms of photometric or colorimetric Units
for o CIE_1931 standard colorimetric observer as defined in CIE S 014-1. Luminance carn be
megsuréd,sby a photometer, and CIE tristimulus values (X, Y, Z) or CIE chromatcity
coofdimates by a colorimeter. A spectroradiometer can also obtain photometric jand

colcrifetre—ratdes—through—a—Rumereaeorversion—eof—the—+reasured—Sspectralradianree—data
(see for example [1]1). Non-contact LMD, where the LMD is not in direct contact with the

screen, shall be used without an illumination source. The following-general-conditions—apply
reqwrements are given for these instruments:

‘ 1 Numbers in square brackets refer to the Bibliography.
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b)

c)

d)

e)

When using LMDs, stray li W|th|n the LMD (e.g. lens flare, veiling glare) and i
unifprmities of sensitivity a@s the detector area should be considered.

In

megdsurement fiel
LMIPs which giv

element on th 'T. Such LMDs can replace a sequential mechanical scan of the surfac
a display b@‘lmage of the entire active area of the DUT, and a subsequent evaluatio
the data

thmgrhagmg LMDs are used, a flat-field correction shall be applied to the LMD at

The LMD shall be a luminance meter, a colorimeter, or a spectroradiometer.
spectroradiometer shall be capable of measuring spectral radiance over at least
380 nm to 780 nm spectral range, with a maximum bandwidth of 10 nm for smooth
broadband spectra. For OLED primaries with bandwidth < 25 nm, the maximum bandwidth

hall hg 5 nm—The chnr\frol handwidth of thg ennr\frnror'hnmnfnr shall hg 2n int

The
the

multiple of the samplmg mterval For example, a 5 nm sampling interval can be usecﬁf

5 nm or 10 nm bandwidth. ?y

Care shall be taken to ensure that the-device-is—capable LMD has enough s itivity
Hynamic range to perform the required task. The measured LMD signal 'Ttbe at ¢
en times greater than the dark level (noise floor) of the LMD, and no greé‘gthan 85 9
he saturation level.

The LMD shall be focused on the image plane of the dlsplay ,acq generally allg
berpendicular to the-area-to-be-measured-on-the-image-gene atihg e O
fisplay display surface at the centre of the measurement f|eId q/ eSS stated otherW|se

The relative uncertainty and repeatability of all the measur, (bievices shall be maintai
by following the instrument supplier’'s recommended cah%&gn schedule.

e ¢ integration f{
hall be an mteger number—€>—19-) of frame period chronized to the frame rate, or
ntegrat|on t|me shall be greater than one hund ame perlods —Sherter—t-ntegratten—tr—

f LMD measurements are taken for displa@/ith impulse driving or duty driving, the
peak luminance of these displays can cguse detector saturation errors. The accurac

f the change in signal amplitude of.@e detector is proportional to the transmittance of]
heutral-density filter, then theres@e no detector saturation errors. This method is
measuring the maximum time- aﬁ'aged full-screen luminance.

-

er consideration (i.e. spot photometers, Figure 1), there are ima

hddition to LMD;@}at form an average value for the measured quantity over
alue (or an array of values, e.g. R, G and B) for each individual a

ger
pr a

and
bast
o of

ned

ime
the
nes

high
y of

these measurements can be checked s@attenuating the light with a neutral-density fifter.

the
for

on-

the
Jing
fea-
e of
n of

the

measuring distance.
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Acceptance area (entrance pupil)

Field of view .
Angular field Angular Lumlnar?ce
/ of view aperture meter with
I \ viewport
Measurement
field A\
Measurement field angle Focus on,bject
being méasured
IEC

Figure 1 — Layout diagram of measurement setup

following applies for high pixel count matrix displays.

When measuring matrix displays, the-measurementifield-shall light-measuring dev|ces
should be set to a measurement field that includes,mare than 500 pixels. For LMDs with a
circular measurement field, this would be equivaleqt to a disk with a diameter greater than
P5 display pixels. If smaller measurement{areas are necessary, photometric jand
colorimetric equivalence to 500 piers shall bé&confirmed and noted in the test report.

R R =R a e e )

mhere \/is the Iholghi‘ n'F the rllenla\l ar\h\/n area-or H’\o shorter n'F the screen width land

14

height-dimensions- For small dlsplays the recommended measuring distance is between
PO cm to 50 cm. For larger displays, the measurement area shall contain at least 500
pixels. The measuring distance shall be noted in the report.

he angular aperture shall bevless than or equal to 5°, and the measurement field angle

shall be less than or equal to 2° (see Flgure 1).—TFhe—measuring—distance—and{the

d)

5.3

Thel|following“applies for low pixel count matrix displays.

a)

b)

The display shall-be* operated at its design field frequency. When using separate driying
Signal equipment;to operate a panel, the drive conditions shall be noted in the report.

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

| ow pixel count displays may contain fewer than 500 pixels. When the number of pixels in
. PR -+ Lol + l F OO H'Y b Ll o Fp | + o 'y Tl |ar
o 1T dourtrtTITIeITit T1ITIu 1o 1Coo  Uiarl JUU, 11U olldll VT TTULlCuU 11T U1 ICVUI L. LILLA >4 Cllly
aperture shall be less than or equal to 5°, and the measurement field angle shall be less
than or equal to 2°. The measurement 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 than or equal to 2°. All measurements shall be
performed at the centre of a segment with the measurement field completely contained
within the segment.

measu%ed—vames—fer—these—paﬁamete#s—shau—be—mpeﬁed— For small dlsplays the

recommended measuring distance is between 20 cm to 50 cm. For larger displays, follow
the manufacturer's recommended viewing distance. For larger displays, the measurement
area shall contain at least 500 pixels. The measuring distance shall be noted in the report.
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Standard locations of measurement field

Luminance, spectral distribution and/or tristimulus measurements may be taken at several
specified positions on the display's surface. The standard measurement locations are
identified by positions P4 to Pg in the active area, as illustrated in Figure 2. The active screen
area is divided into nine equal-sized boxes, with the measurement area centred within each
box and identified by the corresponding numbering shown in Figure 2. Each box is 1/3 of the
width (W) and height (H) of the active area. Centre screen measurements are taken at
position P5 The display or detector shall be translated in the horizontal and vertical directions
to perform measurements at the desired display positions, with all measurements taken
normal to the screen. Any deviation from the standard positions above shall be recorded.

5.5

The
The
real

A A

HI3

%

HI3

wi3 wi3

IEC

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

Standard test patterns

characterization of displayuminance and colour can depend on the display test patt
refore, several standapd\test patterns are given to help make the measurements n
stic to actual use cases’ (see Annex E). Additional test patterns may also be used

Annlex F). The standard\test patterns use the scaling illustrated in Figure 3. The displa

divi
dim

jed into a 3 x 3(a@pray of rectangular areas, each of which has sides that are 1/3 of
bnsion of the Height and width of the screen's active area. Each of these nine rectang

areas can then.pe’further subdivided into smaller rectangles, as demonstrated in the uf

left-
dim

hand corrgr'of Figure 3. The smallest subdivision would yield a rectangular box that
bnsions'\of 1/9 of those of the active area of each region of the 3 x 3 array.

ern.
ore
see
y is
the
ular
per
has
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017

The
low
cold
nine
are
box
cha

greén, and blue channel inputs. E colour tile pattern is identified by the initials CT (co

tile)
CTV

GV
O

Figure 3 — Test pattern scaling used to e the area size
of the coloured rectangles in the actin ea of the display

standard test pattern for basic primary Iuminaq‘gt nd colour measurements shall use
APL loading example of the colour tile test\Q@

ured rectangular boxes, with 1/9 of the di sions of the active area, are centred on
standard active area locations on a blagk background. The red, green, and blue bg
driven at the maximum input signal Ie’@s for the primary channels. For example, the
is driven at the maximum input sig\nal for the red channel, while the green and I

(nels are at their minimum signal’{@f/el. The white boxes are driven at their maximum

and the colour of the centre"box. The patterns in Figure 4 are identified as CTR, C
V, and CTB when startin %1 the upper left-hand pattern and moving clockwise.
N

o&
Q%
&

the

erns illustrated in Figure 4. In this case,

the
xes
red
blue
red,
our
TG,
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The)
disg
per

whe
levd
100
wol
max
of t
corf

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

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

N
Z PLi

APL(%) =100 x ="
N

re the summation is over all pixels in the active area, PL; is the normalized signal
| of the i-th pixel selative to maximum white level, and N is the total number of pixel
% APL would be represented by all pixels in the active area at maximum white level. ]
Id be implementéd by setting the levels for the red, green, and blue input channels to t
imum values\'A single primary colour (e.g. red) rendered on a full screen would have
he APL_-0fa full white screen. If it is assumed that the red, green, and blue af
espond\te’ 1/3 of the APL of the white areas, then the APL for each pattern in Figure

(sta[ting at the upper left-hand corner and going clockwise) 5,3 %, 5,3 %, 6,2 %, and 5,3

Thel average APL for the four patterns in Figure 4 is 5,6 %. An example calculation of the

left

IEC

the
The

(1)

ixel
5. A
[his
heir
1/3
eas
4 is
%.
top

abtorn 1n i e 4 ic obian by
Tt

a
oo riguUrc T o grvortoys

[(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

Higher loading versions of the colour tile pattern are illustrated in Figure 5. The sequence of
four-colour tile patterns at the medium loading geometry would give an average APL
equivalent of 22 %, whereas the high loading pattern would give an average APL equivalent

of 5

0 %.
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FE  The corresponding CTG, CTB, apd CTW patterns are of similar size but have green, blue, and W

bctively, in the centre box.

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

colour measuftements, the low APL loading RBGCMY box pattern illustrated in Figu
| be used. Ihis pattern is intended for centre luminance and colour measurements. H
ured box<{s~tentred on the nine standard active area locations (see Figure 2) on a b

hite,

hses where mor¢g tftan the white and RGB input primary colours are needed for luminance

e 6
ach
ack

kgroundy_with height and width corresponding to 1/9 of the dimensions of the active a
h of Ah€ white, red, green, blue, cyan, magenta, and yellow colours are at their maxi
t-refefred signal setting as defined in Table 1. The centre rectangle can be change

the

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.
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NOTE The centre rectangle can be changed to any desired colour, whie the surrounding rectangles remain f|xed.
The hotation identifies the colours used in the pattern and is not digplayed when measurements are taken.
Figure 6 — Standard low APL(RGBCMY test pattern
used for centre luminance ad'colour measurements
Table 1 — Standard digital-equivalent input signals for rendering
the white, primary and secondary colours in test patterns
Colour Q Equivalent 8-bit digital signal level
Redxchannel Green channel Blue channel
K (Black) 0 0 0
R (Red) 25% 0 0
G ([creen) Q 255 0
B (Blue) 0 0 255
Y (fellow) 255 255 0
M (Magenta) 255 0 255
C (Pyan) 0 255 255
W (White) 255 255 255
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6.1

6.1

The
whif]
and
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load
Add

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

Figure 7 — Optional medium APLA-RGBCMY test pattern
used for centre luminance and/colour measurements

ore detailed evaluation of APL loading can ‘be performed by starting with the low APL

IEC

ed.

test

ern in Figure 6, but the size of all boxesrincreases gradually until the entire screen is filled.

colour pattern of each box location rgmains the same; only the size of each box chang

Measuring methods for optical parameters

Primary luminance, ¢olour, and-its uniformity of full-colour high-resolution
modules

N Purpose

purpose of this"method is to measure the-full-sereen display luminance-and-luming
brmity-of OLED display-modules—under-test, colour, and their uniformity at maximum H
white ifpot signal levels rendered on full-colour high-resolution OLED display mody
white-field correlated colour temperature (CCT) is also measured. The standard low

ing\colour tile pattern defined in Figure 4 shall be used for these measureme

eS.

GB
les.
\PL
nts.

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

6.1.2 Measuring conditions

The

a)

following measuring conditions apply.

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

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

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

c) Standard low APL loading sequence of colour tile patterns (see Figure 4).
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6.1.3 Measuring method for high-resolution full-colour modules

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

a)
b)
c)
d)
e)
f)

g)

Render the CTR colour tile pattern with a red centre box (see the upper left pattern in

Figure 4) on the OLED display and allow the luminance to stabilize.

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

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

the

[ranslate the LMD (or display) to the other standard display positions (P, to Rq
sequence and measure the luminance and colour at each position. When a white bo
measured, also record the CCT value if available from the LMD.

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

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

Report the combined luminance and colour for each colour Q (wherg in“this case 0 = R
B or W) at the nine display positions as indicated in Table 2 and Jable 3. For example,
white luminance and colour data is extracted from the measuréments of all four coloun
patterns, which together uniquely provide a white box at\&ach of the nine stang
ocations.

Letwiwia

Letw!
LcTs-BY

Pattern CTW

LcTe-G6
Leta-61

Pattern CTB

Lcte-Re
LcTr-R1

Pattern CTG

Letr-we

red

, G,
the
tile
ard

Raottara CTD
ottt o Y

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

IEC
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Table 2 - Example of luminance measured of the same colour at the nine standard
screen positions and the resulting luminance non-uniformity

Measuring point Luminance L, for colour Q
cd/m?

210

205

208

199

195 Q
211 N\
1 &

215
204 Q]
207 N
L,,.= 206 cd/m?; L =215 cd/m?; L. =195 cd/m? NU=9,3 % X ,\50

oy

Table 3 — Example of the same colour measuredg e nine standard

N

w

EN

o

(2]

7
—

o]

U|TV|TV|TV|TV|T|T|TT| T

©

screen positions and the resulting chromatic€ity’ non-uniformity
S
Megsuring Au@’ for any colour @

Joint Yai | Yai | "ai | Vi NS

f Py P, /RQ Py Ps Pe P, Pg o
0,311 [0,325 |0,198 | 0,466 |0,000 \\‘(
0,330 0,320 |0,214 |0,466 |0,016 | 0,006
0,307 [0,323 |0,196 | 0,464 0,003,37548 0,000
0,309 |0,328 [0,196 | 0,467 |0,002%[0,018 0,003 |0,000

vh
0,310 |0,326 [0,197 |0,466 [8)601 0,017 0,002 |0,001 |0,000
0,303 0,319 |0,195 |0,4880,006 [0,020 0,003 0,006 |0,005 |0,000
0,311 0,324 |0,199./0#465 [0,001 [0,015 0,003 [0,004 |0,002 [0,006 |0,000
\:»\‘

0,315 [0,320 |0,263)]0,464 |0,005 0,011 [0,007 |0,008 {0,006 |0,009 |0,004 |0,000
0,314 [0,327 0,199 [0,467 [0,001 [0,015 [0,004 0,003 [0,002 |0,007 [0,002 [0,005 |0.400

Va)ave=(0,312, 0,€§>,)(Au'v')max= 0,020

6.1.4 I@num luminance of white and RGB primaries

-

N

w

IS

o

o

~

o]

V| UV|(TV|0U| V| TV|TVT|T| O

©

A
=
2

Thel maximum luminance is calculated for white (LW ave) and the red (LR, ave), 9reen (LG bve)

standard posmons (P4 to Pg) The results shall be recorded as suggested in Table 2.

6.1.5 Average colour of white and RGB primaries

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

xala
yai

Xa = (2)
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Ya=La (3)

Jo = (1-xa—ya)La @
yai

where Lq, is the luminance of the window pattern at screen position Pi for the colour Q. The
average CIE tristimulus values Xqo, Yo, Zg for each colour (0 =R, G, B or W) are then
calculated from the measurements at the nine standard positions (P4 to Pg). The average CIE
1931 rhrnmatirify coaordinates of each colour are abtained from the average fristimuliis values

by ysing the following formulae: Q
QY
xq = %o Q’<\ (5)
XQ + YQ + ZQ ’('1/
N+
,%/
yg = ——2 A (6)

Xq +Yq +Zq Ny
34

Thel average CIE 1931 chromaticity coordinates (xq, yq) for@e and the input-referred RGB
prinjaries shall be recorded as suggested in Table 3. In theTable 3 example, the lumingnce
valyes at each screen location in Table 2 are used imy‘conjunction with the chromatfcity
coofdinates at those positions to determine the av e CIE 1931 chromaticity coordinates
follqwing Formulae (2) to (4). Q

N\
6.1.6 Luminance uniformity of white andQﬁ\B primaries

The| luminance uniformity of a given colom‘& characterized at the maximum input signal I¢vel

for fhat colour. For each colour, determ@ the maximum and minimum luminance values from

the Imeasurements taken at the nine‘s@ndard positions. The luminance non-uniformity of|the

disflay is characterized by the follaﬁlg formula:
X

‘\c\}‘
L — Ly
O NU(%) = 100 x Lmax = Lmin. )
Q‘. Linax
The| luminance unj ity (U) is 100-NU(%). Record the luminance non-uniformity resulty for

each colour as @ggested in Table 2.

6.1.[7 (ga.lr non-uniformity of white and RGB primaries

For @colour Q, convert the CIE 1931 chromaticity coordinates measured at the pine
starl o . o o .
(u'q. v'q) using the following formula:

. 4x . 9y
i = Q V= Q (8)
3—2xQ +12yQ 3—2xQ +12yQ

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

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

i

6.1.8 Colour additivity of white and RGB primaries

TheJ1 colour-signal white luminance (Lcg,) is the sum of the average luminance fo\s the
rendered red, green and blue input-referred primaries (Lgaye + Lgave * LB%E Any
diff¢rence between the measured average white luminance (Lyy ,,¢) and Lesw md(é\a s a |ack
of aldditivity of the colour signal primaries in the display colour management. If¢%7ave # Lgsw

then this discrepancy shall be described in the test report. d

@/
6.1.9 White correlated colour temperature N
The] correlated colour temperature of a white light source can be ically extracted using a
chrgmaticity diagram (see Figure 9). A white light source whos romaticity is closest {o a
line|perpendicular to the Planckian locus of a blackbody radi at a specific temperaturg (a

point on the Planckian locus) is defined as having a corﬁa ed colour temperature at [this
temperature (see Figure 9). This is strictly valid only fo deprecated CIE 1960 unifporm
chreomaticity scale diagram. If white CCT values are red directly by the LMD at the pine
stanpdard screen positions, record the average @ e CCT value. If the measurejIent
instfument does not provide the CCT directly, ther e some methods to obtain the CCT from
chrgmaticity coordinates (see Annex D). The C%\t\\ls generally only valid for white colours,|not
indiyidual primaries. @

v \.\(\

1 IIIllIIII|Ilol\®lllI|IIII|IIII|IIII|IIII

0,8

\Q/ 02l

IEC

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

1 Purpose

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

6.2.
The

a)

b)

6.2.

For
ning
cold
pos
ave
CCT
and

For
lum
locd
unif]
rest

For
seg
sha

6.3
6.3.
The

2 Measuring conditions Q}/
following measuring conditions apply. '<\

Apparatus: a light-measuring device that can measure luminance and | ur, a dri
power source, driving signal equipment, and a means to translate the LI‘,%D‘or the displ

conditions. b‘
3o

3 Measuring method for low-resolution modules and s@qﬁented displays

full-colour displays, measure the maximum white and@ luminance and colour at
standard screen locations (P4 to Py, see Figure 2). F&Qn er a full-screen pattern for €
ur. The LMD is aligned normal to the screen and thQated to the centre of each stang
tion. Record the measurements in a similar mar@ to Table 2 and Table 3. Calculate
fage luminance, average chromaticity, lumin and colour non-uniformity, and W
[ following the analysis described in 6.1. Recoxd the results in a similar manner to Tab|
Table 3.
%

N

nance level. Measure the maxim luminance and colour at the nine standard scn
tions. Calculate the average Ium-kl\ance, average chromaticity, luminance and colour 1
brmity, and white CCT (if app&i@ble) in line with the analysis described in 6.1. Record
Its in a similar manner to Tdble 2 and Table 3.
N\

segmented displays, qn’easure the Iluminance and colour inside each unique co
ment closest to t entre at its maximum signal level. The segment location meast
| be recorded. R d the measurement results.

Signal@i’ng

1 PéQose

@se of this method is to measure the change in active matrix display luminance w

ng
hy.

Standard environmental measurement conditions, dark room congditions, standard s¢tup

the
ach
ard
the
hite
le 2

monochrome displays, apply an inp, E\signal to make the full screen emit at the highest

een
on-
the

our
red

hen

incrl

6.3.
The

a)

b)

6.3.
a)

basing the API

2 Measuring conditions
following measurement conditions apply.

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

rce,

Standard environmental measurement conditions, dark room conditions, standard setup

conditions.

3 Measuring methods
Set up the OLED display and the LMD under the standard measurement conditions.
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b) Set up the measurement following the layout diagram shown in Figure 2, with the
measurement field located at position Pg 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
OXes untitthe screemn 15 fiffed s Tecommended thatthe box dimensions descrinefd in
lable 4 be used. If other dimensions are used, they shall be noted.

g) Petermine the signal loading for white. The display signal loading S|y, is defined\as:

Lmax — Lmi
Sioaq = 100 x —M&x___“min_ 10)
max
where L ., and L, are the maximum and minimum luminance, respectively, measurefl

or the centre boxes at the various sizes.

h) [The centre box colour may be changed to any of the RGBCMYOindividual 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
minimum luminance for each colour, the percentage ofsignal loading for each colour, the
DLED display settings, the test pattern used, and-lfe measurement configuration.

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

Box dimensional scaling Percentage of coloured Percent APL
(qelative to screen dimension) screen area (equivalent white area)
1/9 1% 6,2 %
1/8 14 % 7,8 %
1/7 18 % 10 %
1/6 25 % 14 %
1/5 36 % 20 %
1/4 56 % 31 %
1/3 100 % 56 %

6.4 Dark'room contrast ratio

6.4./1 Purpose

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

6.4.2 Measuring conditions
The following measuring conditions apply.

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

b) Standard environmental measurement conditions, dark room condition, standard setup
conditions.
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CIE 1931 Chromaticity Diagram

1,0
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d)

e)

f)

g)

h)

6.5

B3 Measuring method

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

1,0 rrra I e I LI ) l LI ) I e I T l LI ) | LI I )
/ 520 nm
0,80 -
0,60 -
y E
040 57000 K< 660-nm_
10 000 K ~__ 2000K/ — 625nm
0,20 | | | -
20 000 K 770 rm 1
- 475
0,0 oA 1

X IEC 618/09

Follow the procedure in 6.1 to determine the average white luminance Ly 5. Use 6.3
ow-resolution, monochrome or segmented displays.

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

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

At each position.
Calculate the awecrdge black luminance Ly 5, from the nine positions.
fhe low APL teading dark room contrast ratio DRCR| | is given by:

L
DRCR| = W,ave

K,ave

for

the

[ranslate the LMD to.the€ remaining eight standard positions and measure the lumingnce

11)

Record the average white and black luminance, the low APL loading dark room contrast
ratio, the OLED display sefttings, the test pattern used, and the measurement configuration.

Additional contrast ratio measurements may be made using the average white luminance

from the medium- and high-loading test patterns in Figure 5. These results shall
recorded with their test conditions.

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

6.5.1 Purpose

be

The range of colours that the display can render can be illustrated by its colour gamut, and
quantitatively expressed in terms of an area in a two-dimensional colour space, or a volume in
a three-dimensional colour space. The procedures for determining these attributes are



https://iecnorm.com/api/?name=c1d7d9b05dab61cf8dc8f7fb16451fa3

-30 - IEC 62341-6-1:2017 RLV © IEC 2

017

described. The colour measurements are determined by using the standard low APL loading
colour tile pattern given in Figure 6. This method applies only to full-colour displays.

6.5.

The

2 Measuring conditions

following measuring conditions apply:

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

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

aonditione

6.5.
The
leve
Tab
thro

a)
b)

c)
d)

6.5.4 Display colour gamut

The
the
in 6
by t
and

6.5.

The
gan
des
am
exa

oo o

3

3 Measuring method Qy

|. The maximum input signal levels for the primary and secondary colouf$) are give
e 1. The chromaticity coordinates of the desired colour to be measure,% , are obtai
ugh the following procedure. Q)'

4
Render the low APL loading RGBCMY test pattern (Figure 6) witlb‘t'}we desired colour
the centre box on the OLED display and allow the luminance t bilize.

Align the optical axis of the LMD perpendicular to the dis aCQscreen and centred on
standard position Py (see Figure 2) in the centre of the s

Measure the luminance and CIE 1931 chromaticity cooﬁ@\mates (x, »).

Record the luminance and chromaticity coordinatés, and repeat measurements for o
Centre colours as needed. Additional APL | g versions of the RGBCMY pat

QO
Q@
display colour gamut is obtained r%yé**asuring the CIE 1931 chromaticity coordinate
RGB primaries at their maximum j -referred signal levels using the procedure speci
.5.3. For low-resolution displays&. may be used. The colour gamut can be represe
he triangle in the CIE 1931 ch@naticity diagram formed by the red (xg, yR), green (xg,
blue (xg, yg) colours as corner points. An example is shown in Figure 10.

N

5 Display colour ggﬂut area in CIE 1976 chromaticity diagram

ut relative to entire spectrum locus in the CIE 1976 UCS chromaticity diagram
Cribed in 6.5.%, .the colour gamut is defined by the chromaticity coordinates rendered w
aximum signal is sequentially applied to the RGB signal inputs. Figure 10 illustrates
¢ the same RGB primaries are plotted in the CIE 1931 (left) and CIE 1976 (n

colour gamut aqr?%defined as the percentage colour space area enclosed by the co

chrg

areT@/

mple when
maﬁ& diagrams. Formula (8) was used to convert the chromaticity coordinates.
sed by the RGB triangle in the CIE 1976 chromaticity diagram is calculated as

Figure 6) may also be measured as needed t{{ etter represent the intended applicatioh.

specified colours are input-referred, and generally measured at their ma)\' um signal

h in
ned

[\
5

the

ther
tern

=

5 of
ied
ted
yG),

jour
As
hen
an
ight)
The

Ay = 256,1x |(u'R -u'g )(V'G -v'g )— (u'G —-u'g XV'R -V'g l (12)

where the subscripts R, G and B refer to the red, green and blue primaries, respectively. The
colour gamut area for the example of sRGB primaries (IEC 61966-2-1) in Figure 10 would be
33 %.
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y-chromaticity

6.5

A more accurate representation of the colour rangé can be obtained by sampling
boupdary colours of the display’s gamut in a thrge~dimensional colour space. The CIE
colqur space will be used for this purpose (see pubtication CIE 15:2004). The purpose of
method is to measure the colour gamut volumer'of the colour gamut boundary of an Ol
disglay module under dark room conditions.dlhis colour gamut volume shall be compare

the
per

a)

b)

d)

i CIE 1931 chromaticity diagram 1 CIE 1976 chromaticity diagram

0,9

(0,1250 0,5625)
0.6 | G (0,4507 0,5229)
R

v'-chromaticity

(0,1978 0,4683)
+ w

0,3

0,2

01|

= 0

0 0,1 02 03 04 05 06 07 0,8 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
x-chromaticity u'-chromatid

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

B Colour gamut volume

IEC sRGB standard (IEC 61966-2-1)s¢olour gamut volume with a D65 white point.
entage of the sRGB colour gamut vofume shall be obtained using the following proced

The low APL loading RGBCMY+test pattern (Figure 6) shall be used to measure
desired central box colours. The colours will be measured according to the procedur
£.5.3. Additional measurements on higher APL loading versions of the same test pat
may be made if neededAorthe intended application.

The colour gamut vpolume calculation requires that at least red, green, blue, cyan, yel
magenta, black amgi*white (see Table 1) be measured. Each of these colours (ex
helps to make the calculation more accurate.

he chrongalicity coordinates of each colour shall be converted to tristimulus values u
Formulae (2) to (4).

The (tristimulus values shall be transformed into the three-dimensional CIELAB co
spate specified by CIE 15:2004. Additional three-dimensional uniform colour spaces

ity
IEC

the
| AB
this
| ED
i to
The
lire.

the
e in
fern

ow,
cept

black) is displayed at their maximum signal level. The measurement of additional colgurs

5ing

lour
may

blowr ba oand oand i dantifind 1o tha tact ranart Dol oanlaiie naint ann bha alotiad Ay th o

L*

OToU T OoCT T oo TOCTIt oo 1 trio- toot T opPpUTt oot COTOUT POt ol T PTottC T~ oTT 1T

a*, and b* axes of the CIELAB colour space by referencing the peak white tristimulus

values (Xyy, Y\y and Z,y) and by using the following transformation formulae:

L*=116x f(Yy /Yy )—16
a*=500x% f(Xq/ Xy )-f(Ya/Y)

b*=200x f(Yy /Y )~ f(Z5/Z)

where
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7.1
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1 (29 16
={—" ] 1+ 2 16
J0=173 (6] 116 t<(6/29)° (16)

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

CIELAB colour space

100

IEC

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

hs represented in the CIELAB cofour space. See |IEC 62341-6-2:2015, Annex C, fq
Hetailed description of the analysis recommended to calculate the colour gamut volu
Dther gamut calculation metheds may be used, however, they shall yield the same res
bs the reference method deslcribed in IEC 62341-6-2.

Record the percentagesoficolour gamut volume relative to the IEC sRGB standard co
space (IEC 61966-2-1),the tristimulus values of each colour, the test pattern used,
he measurement caonditions.

Measuringumethods for power consumption

Purpose

Calculate the colour gamut volume carresponding to the possible range of display colgurs

ra
me.
ults

lour
and

The| purpose of this method is to measure the power consumption of the OLED display mo
underfat-white—screen—condition defined APL loading conditions. The test pattern and APL
loading conditions shall be dependent upon the intended application.

7.2

ule

Measuring conditions

The following measuring conditions apply.

a)

b)

Apparatus: a light-measuring device that can measure luminance, an ammeter, a

voltmeter, a DC power source, an image signal generator.

Standard environmental measurement conditions, dark room conditions, standard setup

conditions.
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7.3

Measuring method

Proceed as follows.

a)

b)

Make all the electrical connections needed to operate the module under standard

conditions. See the example setup in Figure 12.

IOTE  For T\/ applications—it is-also-permissible touse the video-content rnnnmmanr{A ih“4EC R')(\Q7
NG E—F OV aPPHCIHORSH— T

SASOPEeHHSSHoT

Render the low, medium, or high APL loading version of the RGB MY pattern with a w
centre box (see for example Figure 6 and Figure 7) which mos sely corresponds to
display’s main intended use case. For TV and mter appllcat|ons the pg

video or internet-content video, respectively, specified i C 62087-2. For PMOLED
ow-resolution displays, the equivalent white rectanglk r one of the versions of the
6,2 %), medium (25 %), and high (56 %) APL loa 'n@RGBCMY patterns should be ug
Set all power supplies to the standard voltageécification values. The test patter
video content used shall be noted in the testr

Measure the display luminance in the ce i i of the white box of

uminance and the driving signal shall ecified in the report.

Record the luminance and all relev power, voltage and current readings of all meter
Figure 12. See example in Tablegx

RGBCMY pattern. A luminance measug t is not taken for the video content. The rated
p

hite
the
wer

consumption can alternatively be measured by the stan dynamic broadcast-confent

and
low
bed.
N or

the
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Image signal -
generator

OLED display module

(panel + driving circuit + control circuit)

Figure 12 — Example of measurement.setup of power consumption

AC/DC DC/DC DC/bC | .
converter converter converter
1 1 1 1 1 1
I I I I I I
Voltmeter Voltmeter Voltmeter | s----
Power
Power source meter Ammeter Ammeter
Py
Ui (AC) o ! I i
o
U, (DCy) o
Uy (DCy) o
GND T/ g Y/ %———~
IEC

Tdble 5 — Example of a summary sheet forimodule power consumption measuremerts
Solirce p Voltage Current Electrical power
ber ower source Remarks
num & (mA) (mW)
1 AC power source AC, by _ 1
2 DC power source DC, U, I, ,=U, x I,
3 DC power source DC, U, I, Py=U, x I
Total Total power consumption Pro = P+ Pyt P At 100 % white leve
d) Foesrdlromn e relingn cnc cnmn it pondinee oo all anlore dn Blonen £ oo
pxample—ip—Table—3- The total module power may also be measured at other white

uminance levels and/or with a uniformly distributed pattern lighting a fraction of the fotal
bixels) It could give significantly different results from the specified method depending
he\efficiency versus luminance curve of the display. In this case, the luminance level

on
and

raction shall be-reperted recorded.
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Annex A
(normative)

Response time of passive matrix display panels

Purpose

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

pan

A.2

els.

Measuring conditions

The|following measuring conditions apply.

a)

b)

Apparatus: drive signal equipment that can output an invertible plain field voltage si
full screen white and black), an LMD that can produce a linear response to rapid chan
n luminance and can transform the luminance signal into an_‘electrical signal.
response time and sample time of the LMD shall be less than.'one-tenth of the respo
fime of the passive matrix display panel.

NOTE A signal recorder having sufficient frequency bandwidth (typically > 10x) is needed to accur
ecord the driving signal.

Standard—measuring environmental measurement “eonditions, dark room conditi
standard setup conditions.

A.3] Measuring method

Pro

a)

b)

d)

ceed as follows.

Connect the voltage power sourceido the panel and ensure that only a certain area (
5 mm x 5 mm) in the centre of the display panel can be lit when the panel is in the
State.

Operate the display at a;steady OFF state, and then change the driving voltage to m
the 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
furn-on time ¢,

Dperate the display at a steady ON state, and then change the driving voltage to make
Hisplay paneliskip to the OFF state in an instant. Measure and record the luminance-{
and driving-voltage-time curves of the display panel by using the signal recorder,
bbtain the)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-reported recorded.

gnal
ges
The
nse

Ately

NS,

e.g.
ON

ake
and
the

the
ime

and

jnal

e) As an example, the relationship between the driving signal and the optical response times

is shown in Figure A.1.
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F

The| response time of the display panel includes the'turn-on time 7., and the turn-off time
The)

incl

The| turn-off time (f,’is defined as the time interval from the moment when the on-s

volt

the
volt

fall
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IEC

Ldes the turn-off delay time #4- and the fall time #.

The| turn-on time ¢,, is defined as the time interval from the moment when the off-ilfate
voltage first skips to the on-state voltage (not including the skipping time) to the mo

whegn the variational value of luminanee reaches 90 % of the maximum variational value.
turnton delay time ¢y is defined as the time interval from the moment when the off-s
volt

turn-off(detay time ¢4- is defined as the time interval from the moment when the on-s

gure A.1 — Relationship between the driving signaland the optical response times

Loff-

turn-on time includes the turn-on delay time\zy~and the rise time ¢, and the turn-off {ime

ent
The
tate

hge first skips to the on-state’ voltage (not including the skipping time) to the moment
whegn the variational value of Juminance reaches 10 % of the maximum variational value.
rise|time ¢, is defined as the time interval between 10 % and 90 % of the maximum variati
valde (as shown in Figure A.1).

The
bnal

tate

hge first skips .to the off-state voltage (not including the skipping time) to the moment
whegn the variational value of luminance reaches 90 % of the maximum variational value. H

ere,
tate

hge first skips to the off-state voltage (not including the skipping time) to the moment
whgn the variational value of luminance reaches 10 % of the maximum variable value, and

the

timie” ¢; 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

B.1 Purpose

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

B.2l Measuring conditions

The|following measuring conditions apply.

a) WApparatus: a light-measuring device that can measure luminance,—veltage—meter| an
ammeter and a DC power source.

b) Standard—measuring environmental measurement conditions, \"dark room conditipns,
standard setup conditions.

B.3| Measuring method

Progeed as follows.

a) An OLED display panel with drivers attached is generally not suitable for |this
measurement. ldentify an OLED display panel where the total emitting diode current |can
be measured. This may require that all rowicontacts be shorted, and that column contacts
be shorted. For a colour panel, the red; green, and blue sub-pixels shall be shofted
ndependently of each other if possible: For passive matrix displays, high peak curr¢nts
may preclude the simultaneous application of the pixel drive conditions over a suffidient
display area. Where this is the_case, test pixels with a structure as-elese similar as—is
practicable possible to those onmythe display panel should be used.

b) Apply a current signal to the-shorted contacts that simulates the pixel drive conditions in
hormal display operation™The drive signal for a given primary colour shall be equivalent to
the primary colour current used to achieve a module white screen at 100 % grey level.|For
passive matrix displays, a pulsed current with the appropriate duty cycle will energiz¢ all
sub-pixels of thersame colour at the same time. If current loading is expected to severely
mpact the resulfs, a smaller area of the display-wil shall be energized. However,|the
emitting area\shall include an adequate number of pixels (> 500 pixels) in order to make
an accurate-luminance measurement.

c) Apply.2-100 % red drive current to the red sub-pixels and measure the time-averaged
current'/n used to energize the-affected targeted area (A). The area (A) shall include|the
bmitting sub-pixels and their surrounding dark area.

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

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

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

An example of a measurement configuration for measuring luminance current efficiency is
shown in Figure B.1.

C =
n In

L

(B.1)

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

Power
source

ammeter

Ip

OLED matrix panels

Figure B.1 — Example of a measuremeént 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

Eigure C.1 — Pattern for veiling glare frustum

The| equations relating to the frustum apex angle and inner/outer diameters can be founfd in
[2].|A flat surface can be easily cut using mechanical compasses with a sharpened edgq for
cuttjng the plastic. Place one point at the centre and rotate around the centre with the cytter
unti] the _material becomes separated. Also, back and forth bending along a partial cut with a
littlg stres’s can separate the material. Be sure to cut out the outer diameter first, otherwise
the centre reference is lost.

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

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

Method 1: using McCamy’s approximate formula

IEC 62341-6-1:2017 RLV © IEC 2017

A display’s white field correlated colour temperature (T--~7) may be calculated by using

Mc(

whd

and
2 0(
(Au

D.2

The

whe

X,y
liste

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

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

d in Table D.1,This approximation is accurate between 3 000 K and 8 x 106 K.

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

amy’s approximate formula [4]:
Toer = 437n% + 360112 + 6 863n + 5 517 (D.1)
re
n=(x-0,3320)/(0,1858 —y) (D.2)
x, y are the CIE 1931 chromaticity coordinates. This approximation is accurate between

ose

white field correlated colour temperature (7ac1) may be calculated by using Jayvier
Herpandez-Andres’s approximate formula [6]:

TCCT = AO + A1eXp(—n / [1) + AzeXp(—n / t2) + A3exp(—n / t3) ( )3)

re
n=(x—xe) /(v —e) (b.4)
are the CIE 1931«chromaticity coordinates and 4,, ¢; are constants. These constants|are

Valid T range (K)
Constants 3000 ~ 50 000 50 000 ~ 8 x 10°
X 03366 03356
Y, 0,173 5 0,169 1
4, —949,863 15 36 284,489 53
A, 6 253,803 38 0,002 28
t 0,921 59 0,078 61
A, 28,705 99 5,453 5 x 10736
ty 0,200 39 0,015 43
A 0,000 04 /
1y 0,071 25 /

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



https://iecnorm.com/api/?name=c1d7d9b05dab61cf8dc8f7fb16451fa3

IEC 62341-6-1:2017 RLV © IEC 2017 -41 -

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

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

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

temperature as an input parameter. Then use CIE 1931 x, y, z colour matching functions to

caldulate the chromaticity coordinates for this SPD. The blackbody CIE 1960 chromaticity is
conjpared to the white field chromaticity of the measured display. The CIE 1960 chromat|city
diffgrence A(u, v) between the blackbody and display is calculated analogously tosEquation (4),
whdgre u = u’ and v = 2v'/3. The temperature (and chromaticity) of the Planckian radiatgr is
modified to determine the minimum A(u, v) between the measured display“and Planckian
radiptor. In determining the minimum A(u, v), it is advisable to start’ with a Planckian
temperature below the temperature of the display u, v value and increment to a Planckian
temperature above this value. This incremental calculation can terminate at a predetermined
minjmum change in A(u, v).

CIE 193 XY CHROMATTOITY DIAGRAM

IEC

Figure D.1 — CIE 1931 XYZ chromaticity diagram
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Annex E
(informative)

Measuring the performance of modern
colour-managed displays and panels

E.1 Legacy displays

Early displays had driven electronics that were well-behaved. As illustrated in Figure E.1, the
indgpendent drive electronics in these legacy displays resulted in a direct correlation be

the jinput signal and the primary colour emitters. This ensured that the display had colerimetric
addjtive mixing. However, as colour display technology has advanced over the yeaé‘so has
the |colour management for these devices. Not only have display designers |ntr ced mlti-
primary pixel formats, they have also applied real-time image processm?a;tg dynamidgally
chahge how the image is rendered. This has reached the point where, i ny cases,|the

inpyt signal is not directly linked to the optical output. (b
4
3-component Independent Display ¢ I@(rr\
input signal drive electronics prim?€3
(0=
N
S1 (R) Pd1_(R) 2 UP1 (R)
rive
N4

S

drive 4
\\

S3 (B) x(@we .|P3 (B)
$ IEC
N4

-

jgure E.1 — Legacy model h?re the independent drive electronics provide a diregt
correlation between tk\\ put RGB signals and the display’s colour primaries

E.2l Modern dlspI@s

In the legacy &g&splays the direct link between input signal to pixel output meant that
e unique combination of R, G, and B that would give the desired colpur.

However, a our management advanced, display electronics included look-up tables (LUJTs)
as @ pro mable conversion interface between the input signal and pixel output (see|top
schem in Figure E.2). The use of LUTs allowed the physical primary colours to| be

abs d to conceptual primary colorants, where these colorants could be tailoreq to
achleve the desiTed cotour gamut. But the coforimetry of these SyStems woutd ot necessarily
follow colorimetric additive mixing. In addition, as the processing power of the electronics
increased, the image processing could also analyse the upcoming image frame and
dynamically change the LUT for the desired appearance.

The use of LUTs also enabled an input signal from only one RGB component to activate more
than one primary emitter (see for example the bottom schematic in Figure E.2). For multi-
primary displays, there may be several combinations of primary emitters that could produce
the desired colour. The calibration of the LUT defines how the input signal will be rendered,
which will not necessarily result in the expected colorimetric additive mixing based on the
input signals. This lack of additivity can have an impact on how accurately the intended image
content is rendered. In addition, the lack of additivity also means that the colour gamut area
may not be accurately represented by just measuring the response of the R, G, and B inputs
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in turn. The colour gamut area may no longer be bounded by the triangle connecting the RGB
chromaticity coordinates.

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

tecrwwmwwwwmﬁfair
marnner the colour-managed response of the display. The value of these colour test pattérns
is illustrated by comparing them to traditional single-colour box patterns.
3-qomponent Gamut calibration Primary luminance Independent Display cojor
input signal calibration drive electronics primarie$
P1 (R)
S1 (R) 1DLUT drive = P1 (R
P2+G)
S2 (G) 3DLUT 1DLUT drive P2 (G
P3 (B)

S3 (B) 1DLUT drive P3 (R
3-¢gomponent Gamut calibration Rrimary luminance Independent Display color
input signal calibration drive electronics primariep

P1 (R)

S1(R) 1DLUT drive P1 (R
P2 (G)

S2 (G) 3Dto4D 1DLUT drive P2 (G

LUT

P3 (B)

S3 (B) 1DLUT = drive —=|P3 (R
P4 (Y)

1DLUT drive P3 (Y

IEC

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

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

E.3| Results Qy

Tabje E.1 shows an example of measured luminance data for a commercial B&® and WRGB
OLHD display using the colour tile pattern in Figure 4, following the procegkw in clause p.1.
In this example the difference in percentage between the colour-si hite lumingnce
(Legw = LrRave + Lgave + LB ave) @nd the average luminance of the te box Ly ave WVas
actyally h|gher for the RGB d|splay This suggests that the colour rpbba ement was bettef for
thisfWRGB display than for the RGB display. 6-1/

Table E.1 — Example of luminance data for an RGBQEA WRGB OLED display

Average luminance @12 Ly ave “Lcsy
Display technology — ’
Red Green <§€|ue White (%)
WHRGB OLED display 78,4 2682 7 38,2 393,9 2
RGB OLED display 88,7 21876:0] 286 380,4 13
%)
S

The| response of the OLED display the input signal can be investigated further] by
megsuring the APL loading behavigur of the display. Figure E.3 illustrates the diffefent
loaging behaviour between the g@dltlonal single white centre box compared to the multi-
colqur pattern shown in Figur 4. The APL loading of each test pattern is increaseq by
enlgrging the size of the inc& al boxes. The loading behaviour is observed to be diffefent
for fhe commercial RGB Yepsus the WRGB OLED display. As one would expect, the APL
loading response of the RGB display does not seem to depend on the presence of colour
confent. However, t@esence of colour does impact the loading behaviour of the WRGB
OLED, especially e higher load levels. Therefore, since realistic images will typiqally
contain a variety, _of colours, the sampling of red, green, blue, cyan, magenta, yellow, jand
whife boxes n@n Figure E.4 would be a more appropriate test pattern.

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

Whjn e ting the APL loading response of the display, the shape of the loading profilf is
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g behaviour for a WRGB (top)
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Figure E.4 — Low APL loading test pattern With small box size
(1/9 the screen size dimensions)
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NOTE The measurement$sWwere taken on a commercial WRGB (top) and RGB (bottom) OLED display.|The
percgntage of the colour{gamut area is determined relative to the total area contained within the spectrum locyis of
the ¢IE 1976 chromatiCity diagram.
Figare E.5 — APL loading profiles for several input colours measured
at the centre of the test pattern using Figure E.4
E.4| \XConclusion

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 actually applications.
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Annex F
(informative)

Simple window luminance and colour measurements

Background

In some cases, it may be informative 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

confparison with the values measured using the multi-colour pattern described in the standard

pro¢edure. Full-screen measurement may also be informative to determine the. display

perﬂormance at high APL loads. The following procedures can be used to obtain<additipnal

performance information about the display using a simple window or a box patterp.

F.2| Measuring conditions

Thelmeasuring conditions in Clause 5 apply.

F.3] Maximum full-screen luminance

Forlfull-screen luminance, proceed as follows.

a) [Set up the OLED display and the LMD under the&tandard measurement conditions.

b) et up the measurement following the layout.diagram shown in Figure 1.

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

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

a) f liuminance ic meacsuraed for dicmlasc wit imnitlca-drivina or dutv drivina tha hinh an

e} luminance-is-measured for-displayswith-impulse-driving-or-duty driving;—the-high-geak
Limnsnes—ethooodicnloae e cone s dologlor eobieation copone e socupao of o en
o ooonEs s e en b e oalio s bac atto quatine e Lot o poien | dlonelhy il b
i ti

F.4) 4 %'window luminance

Thig method shall measure the maximum time-averaged luminance of a small emitting region

in the—centre—of the—active area. T 1e CEeMtre [ummmnance of a 4 Y% WIndow 1S tTe maximum

window luminance.

a)
b)
c)

Set up the OLED display and the LMD under the standard measurement conditions.
Set up the measurement following the layout diagram shown in Figure 1.

Create a 4 % white window pattern on a black background in the centre of the active area,

as shown in Figure F.1. The 4 % window (100 %, white screen) has corresponding sides
that are 1/5 of the vertical and horizontal dimensions of the active area.

d)

apply a white signal level of 100 %.

e)

Figure 2), and record the result.

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

Measure the time-averaged luminance at the centre of the active area (position Ps5 in
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F.5

a)
b)

The|following procedure is used to-achieve measure the luminance non-uniforniity.

Mmavimum windaow himinanecg

Sampled luminance non-uniformity

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

For a monochrome display, apply a signal to make the full screen emit at the highest ¢
evel. For a colour display, apply a white signal level of 100 % oyepithe entire screen.

Either five or nine measurement points shall be used. For five, points, use P4, P3, Ps,
and Pg. For nine points, use P4 to Pg (see Figure 2).

Follow 6.1.6 to determine the luminance non-uniformity.

‘ Luminance
measuring
position (Pg)

4 % window luminance measuring pattern

rey

Figure F.1 —Luminance-measuring-pattern Example of a simple 4 % white window

pattern at the centre of the screen
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F.6

4 % window centre colour

The following procedure is used to measure the chromaticity coordinates in the centre of the
screen.

a) For monochrome displays:

b)

For
Red

F.7

The
scrg

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 dis P
as shown in Figure 2. /\
N

F-or colour displays: Q
3) apply a 4 % white box (see Figure F.1) signal at a 100 % grey level,; y\q’
measure the CIE 1931 chromaticity coordinates W(x, y) at the cen@f

turn on the red signal to ensure only the red light is emitting f cba'\(he module;
Qgg:)the centre;

)
)

) measure the chromaticity coordinates R(x, y) of the red lig
) turn on the green signal to ensure only the green light i(gmitting from the module;
) measure the chromaticity coordinates G(x, y) of the;@gén light at the centre;

D) turn on the blue signal to ensure only the blue |j hQs emitting from the module;

10)measure the chromaticity coordinates B(x, y e blue light at the centre.

ord the results.
%
)
Sampled colour non-unifo,r@ﬁy
4\

following procedure is used’@measure the chromaticity difference over the area of
en. O

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

The chromatic&)@mn-unifcrmity is obtained by measuring the CIE 1931 chromat
coordinates ! at the defined screen locations shown in Figure 2. Either five or
oints shall be used. For five points, use P4, P3, P5, P7, and Pg. For
1 to Pg.

i’
R

.1.7 to determine the largest chromaticity difference.

?efeé)

ngasurement results shall be recorded.

displays with more than three primarieg&peat the measurement for each primpry.

the

jrey

city
hine
hine
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Intefnational Standard IEC 62341-6-1 has been prepared by IEC technical committee

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC s te pro
international co-operation on all questions concerning standardization in the electrical and ele¢tronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National*"Committee intere
im the subject dealt with may participate in this preparatory work. International(-governmental and
overnmental organizations liaising with the IEC also participate in this preparatiens TEC collaborates cld
ith the International Organization for Standardization (ISO) in accordance with ‘conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as\fiearly as possible, an internat
donsensus of opinion on the relevant subjects since each technical committee has representation frof
interested IEC National Committees.

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

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

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

Il users should ensure that they have(the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn tolthe Normative references cited in this publication. Use of the referenced publicatio
dispensable for the torrect application of this publication.
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This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

edition:

a) extends the applicability of the measuring methods to include OLED displays that have
multi-primary or red, green, blue and white sub-pixels;

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

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

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

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

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

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

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

Thel committee has decided that the contents of this document will remain unchanged until| the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the.data related to
the specific document. At this date, the document will be
e feconfirmed,

e Wwithdrawn,

e feplaced by a revised edition, or

e amended.

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

IMPORTANT - The 'colour inside’' logo on‘the cover page of this publication indicates
that it contains colours which are“-considered to be useful for the corrgct
understanding of its contents. Usefs should therefore print this document using a
colour printer.



https://iecnorm.com/api/?name=c1d7d9b05dab61cf8dc8f7fb16451fa3

IEC

62341-6-1:2017 © IEC 2017 -7-

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-1: Measuring methods of optical and electro-optical parameters
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3.1

hods for determining optical and electro-optical parameters of organic light-emitting.di
FD) display modules and, where specified, OLED display panels. These methods
ifed to flat displays measured in a dark room.

Normative references

following documents are referred to in the text in such a way that some or all of t

 applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

60050-845, International Electrotechnical Vocabulary— Part 850: Lighting (availabl
v.electropedia.org)

art 2-1: Colour management — Default RGB, colour space — sSRGB

62341-1-2, Organic light emitting diede (OLED) displays — Part 1-2: Terminology
r symbols

62341-6-2:2015, Organic light, emitting diode (OLED) displays — Part 6-2: Measu
hods of visual quality and ambient performance

15:2004, Colorimetry, 3rd edition

S 014-1, Colorinietry — Part 1: CIE Standard Colorimetric Observers

Terms, definitions, and abbreviated terms

Terms and definitions

ent constitutes requirements of this document. For dated referénces, only the ed:ﬁion

heir

ing

1%

at

61966-2-1, Multimedia systems and equipment — Colour measurement and managenent

and

ring

For
IEC

th r f thi ment, the term n finition iven in IE -
62341-1-2, and the following apply.

45,

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

3.1.

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

ISO Online browsing platform: available at http://www.iso.org/obp

1

signal pixel
smallest encoded picture element in the input image
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3.1.2

pre-gamma average picture level

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

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

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

3.2 __ Abbrevijated terms

APL average picture level

CCT correlated colour temperature

CIE Commission internationale de I'éclairage (International Commission.on
[llumination)

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

CMY cyan, magenta, and yellow

DUT device under test

LMD light-measuring device

LUT look-up table

PMOLED passive matrix organic light-emitting diode

RGB red, green, and blue

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

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

Uc$ 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 specifiedlin ‘each item.

5 |Standard measuring conditions

5.1 Standard-environmental conditions for measurements

Measurements shall be carried out under standard environmental conditions at a temperature
of 25 2C_+ 3 °C, at a relative humidity of 25 % to 85 %, and at an air pressure of 86 kPp to
106|kPa” When different environmental conditions are used, they shall be noted in the repgrt.

5.2 Standard dark room conditions for measurements

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

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

5.3.2 Adjustment of OLED display modules

The display shall be measured at its factory default settings. If other settings are used, they
shall be noted in the test report. These settings shall be held constant for all measurements,
unlgss stated otherwise. Tt is important, however, to make sure that not only the adjusiménts
are |kept constant, but also that the resulting physical quantities remain constant during|the
measurement. This is not automatically the case because of, for example, warm-up éffects|.

5.33 Starting conditions of measurements

Megsurements shall be started after the OLED display and the 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 timeIhas
beep achieved when the luminance of the test feature to be measured varies by less than
+3 % over the entire measurement method for a given display image€.

5.3.|: Measuring equipment requirements
1

5.3.4. General conditions

Light measurements shall generally be measured in terms of photometric or colorimetric units
for & CIE 1931 standard colorimetric observer, as:defined in CIE S 014-1. Luminance carn be
megsured by a photometer, and CIE tristimulus values (X, Y, Z) or CIE chromatjcity
coofdinates by a colorimeter. A spectroradiometer can also obtain photometric jand
colgrimetric values through a numericalconversion of the measured spectral radiance data
(seg¢ for example [1]1). Non-contact. LMD, where the LMD is not in direct contact with|the
scrgen, shall be used without an illumination source. The following requirements are giver for
thege instruments:

a) [The LMD shall be a luminance meter, a colorimeter, or a spectroradiometer. [The
spectroradiometer shall be capable of measuring spectral radiance over at least|the
380 nm to 780 nm, spectral range, with a maximum bandwidth of 10 nm for smgoth
broadband spectrax;For OLED primaries with bandwidth < 25 nm, the maximum bandwjidth
shall be <5 nm;-The spectral bandwidth of the spectroradiometer shall be an intgger
multiple of the_sampling interval. For example, a 5 nm sampling interval can be used fpr a
5 nm or 10)nm bandwidth.

Care shall be taken to ensure that the LMD has enough sensitivity and dynamic rangg to
perform the required task. The measured LMD signal shall be at least ten times grepter
han_ the dark level (noise floor) of the LMD, and no greater than 85 % of the satura1tion

ovel

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

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

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

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

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

me
LM
ele

surement field under consideration (i.e. spot photometers, Figure 1), there are imagi
s which give a value (or an array of values, e.g. R, G and B) for each individual, afea-
ent on the DUT. Such LMDs can replace a sequential mechanical scan of the ‘sUrfacge of

a display by an image of the entire active area of the DUT, and a subsequent évaluation of

the

Wh
megdsuring distance.

5.3

Thelfollowingtapplies for high pixel count matrix displays.

a)

b)

c)

d)

5.3

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

ata.

n imaging LMDs are used, a flat-field correction shall be appliedto the LMD at|the

Acceptance atea (entrance pupil)

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

Figure 1 — Layout diagram of measurement setup

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

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

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).

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.

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

The following applies for low pixel count matrix displays.
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Low pixel count displays may contain fewer than 500 pixels. When the number of pixels in
the measurement field is less than 500, it shall be noted in the report. The angular
aperture shall be less than or equal to 5°, and the measurement field angle shall be less
than or equal to 2°. The measurement 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 than or equal to 2°. All measurements shall be
performed at the centre of a segment with the measurement field completely contained
within the segment.

For small displays, the recommended measuring distance is between 20 cm to 50 cm. For
larger displays, follow the manufacturer's recommended viewing distance. For larger

5.4

Lun
spe
idern

displays, the measurement area shall contain at least b00 pixels. The measuring distance
shall be noted in the report.

Standard locations of measurement field
inance, spectral distribution and/or tristimulus measurements may be taken at sevgral

cified positions on the display's surface. The standard measurement locations |are
tified by positions P¢ to Pg in the active area, as illustrated in Figure(2; The active screen

box
wid
pos
to

nor

areT is divided into nine equal-sized boxes, with the measurement area centred within dach

and identified by the corresponding numbering shown in Figurey2:* Each box is 1/3 of| the
h (W) and height (H) of the active area. Centre screen measurements are taken at
tion P5 The display or detector shall be translated in the herizontal and vertical directijons
erform measurements at the desired display positions,~with all measurements tgken
al to the screen. Any deviation from the standard position's above shall be recorded.

A A
% 1 2 3
Yy
= 4 5 6
g 7 8 9
A 4
- wi3 - - wi3 _

IEC

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

5.5

The
The
real
Ann

Standard test patterns

characterization of display luminance and colour can depend on the display test pattern.
refore, several standard test patterns are given to help make the measurements more
istic to actual use cases (see Annex E). Additional test patterns may also be used (see
ex F). The standard test patterns use the scaling illustrated in Figure 3. The display is

divided into a 3 x 3 array of rectangular areas, each of which has sides that are 1/3 of the
dimension of the height and width of the screen's active area. Each of these nine rectangular
areas can then be further subdivided into smaller rectangles, as demonstrated in the upper

left-

hand corner of Figure 3. The smallest subdivision would yield a rectangular box that has

dimensions of 1/9 of those of the active area of each region of the 3 x 3 array.
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The
low
colg
nine
are
box
cha

greén, and blue channel inputs. Each’ colour tile pattern is identified by the initials CT (co

tile)
CTV

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

standard test pattern for basic primary luminance/and colour measurements shall use

ured rectangular boxes, with 1/9 of the dimensions of the active area, are centred on
standard active area locations on a black background. The red, green, and blue bdg
driven at the maximum input signal levels for the primary channels. For example, the
is driven at the maximum input signal for the red channel, while the green and
hnels are at their minimum signallevel. The white boxes are driven at their maximum

and the colour of the centre“box. The patterns in Figure 4 are identified as CTR, C
V, and CTB when starting from the upper left-hand pattern and moving clockwise.

the

APL loading example of the colour tile test-patterns illustrated in Figure 4. In this case,

the
xes
red
blue
red,
our
TG,
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The
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levd
100
wol
max
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Figure 4 — Low APL loading series of red, green, blue, and white test
patterns used for 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-refepred, assuming it is an RGB digital input.
ent APL is defined as:

N
Z PLi

APL(%) =100 x =1
N

re the summation is over all pixels in the active area, PL; is the normalized signal ¢
| of the i-th pixel relative to maximum white level, and N is the total number of pixel
% APL would be _represented by all pixels in the active area at maximum white level. ]
Id be implemenied by setting the levels for the red, green, and blue input channels to {
imum values\'A single primary colour (e.g. red) rendered on a full screen would have
e APL_-of a full white screen. If it is assumed that the red, green, and blue aj

corfespond.te 1/3 of the APL of the white areas, then the APL for each pattern in Figure
(starting at the upper left-hand corner and going clockwise) 5,3 %, 5,3 %, 6,2 %, and 5,3
Thel average APL for the four patterns in Figure 4 is 5,6 %. An example calculation of the

IEC

the
The

(1)

ixel
5. A
Ihis
heir
1/3
eas
4 is
%.
top

| ft attarn 1 Diaiien A 1o v an by
e pocCT T T igorcT 1o grveT oy

[(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

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

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

colour measufements, the low APL loading RBGCMY box pattern illustrated in Figu
| be used. This pattern is intended for centre luminance and colour measurements. E
ured box<s-centred on the nine standard active area locations (see Figure 2) ona b

hite,

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

e b
ach
ack

Kground,_with height and width corresponding to 1/9 of the dimensions of the active a
h of/the white, red, green, blue, cyan, magenta, and yellow colours are at their maxi
t-referred signal setting as defined in Table 1. The centre rectangle can be change

the

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.
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NOTE The centre rectangle can 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
Table 1 — Standard digital-equivalent input signals for rendering
the white, primary and secondary colours in test patterns
Colour Q Equivalent 8-bit digital signal level
Redxchannel 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 (Jellow) 255 255 0
M (Magenta) 255 0 255
C (Pyan) 0 255 255
W (White) 255 255 255
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NOTE The centre rectangle can be changed to any desired colour, while the surrounding rectangles remain fi

A mlore detailed evaluation of APL loading can be performed by starting with the low APL
pattern in Figure 6, but the size of all boxes-increases gradually until the entire screen is f
Thel| colour pattern of each box location remains the same; only the size of each box chang

6

6.1

6.1/ Purpose

Thel| purpose of this method is to measure the display luminance, colour, and their unifor
at maximum RGB_and white input signal levels rendered on full-colour high-resolution O
disglay modules.*The white field correlated colour temperature (CCT) is also measured.
standard lowyAPL loading colour tile pattern defined in Figure 4 shall be used for th
measurements. Additional higher-loading versions of this pattern may also be measured.

6.1.

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

Measuring methods for optical parameters

IEC

ed.

test
lled.

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

mity
LED
The
ese

2 Measuring conditions

The following measuring conditions apply.

a)
b)

c)

6.1.

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

Standard environmental measurement conditions, dark room conditions, and standard

setup conditions.

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

3 Measuring method for high-resolution full-colour modules

Measure the maximum white and RGB Iluminance and colour at the nine standard screen
locations using the following procedure.
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a) Render the CTR colour tile pattern with a red centre box (see the upper left pattern in

b)

c)
d)

e)
f)

g)

LMD §<~ < Pattern CTR

Figure 4) on the OLED display and allow the luminance to stabilize.

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

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

the

Translate the LMD (or display) to the other standard display positions (P, to Pg) in
sequence and measure the luminance and colour at each position. When a white box is

measured, also record the CCT value if available from the LMD.
Render the next colour tile pattern (Figure 4), and repeat steps b) to d) above.

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

Report the combined luminance and colour for each colour O (where in this case O = R
B or W) at the nine display positions as indicated in Table 2 and Table 3. For"example,
white luminance and colour data is extracted from the measurements of all four coloun
batterns, which together uniquely provide a white box at each of the  nine stang
ocations.

LeTw-wi

Letw!
LcTe-B1

Pattern CTW

LcTe-Ge
Lete-61

Pattern CTB

LcT-R6
LcTr-R1

Pattern CTG

Letr-we

e patterns

display positions for all coloured til

red

, G,
the
tile
ard

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

Measuring point Luminance L, for colour Q
cd/m?
210
205
208
199
195
211
215
204
207

N

w

EN

o

(2]

~

o]

U|(TV|T0V| V| 0V|T|T|TVT| T

©

=195 cd/m2; NU= 9,3 %

L, .= 206 cd/m? L =215 cd/m? L

min

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

Megsuring , , Au’y’ for any colour 0
doint Yai | Yai | ®ai | Vi p p P P
1
0,311 {0,325 |0,198 |0,466 |0,000
0,330 (0,320 (0,214 (0,466 |0,016 (0,000
0,307 {0,323 |0,196 (0,464 |0,003 0,018 |0,000
0,309 (0,328 (0,196 (0,467 |0,002+|0,018 |0,003 |0,000
0,310 |0,326 |0,197 |0,466 {0,001 |0,017 |0,002 (0,001 |0,000
0,303 |0,319 |0,195 (0,481~ 0,006 |0,020 |0,003 |0,006 |0,005 |0,000
0,311 (0,324 (0,199. /0,465 (0,001 (0,015 |0,003 |0,004 |0,002 |0,006 |0,000
0,315 |0,320 |0,203/(0,464 |0,005 |0,011 |0,007 |0,008 |0,006 |0,009 |0,004 |0,000
0,314 (0,327.[0,199 (0,467 (0,001 (0,015 |0,004 |0,003 |0,002 |0,007 |0,002 |0,005 |0,000

4 5 6

-

N

w

IS

o

o

~

o]

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

©

YQ)ave=(0,312, 0,323)%/(Auv"), .= 0,020

A
=
2

6.1.4 Maximum luminance of white and RGB primaries

Thel maximum luminance is calculated for white (Lyy 5,¢) @and the red (Lg 5ye), 9reen (Lghyve)
andlLblue (75 ...} primaries from the average of the luminance measurements at the hine

standard posi’t?écrls (P4 to Pg). The results shall be recorded as suggested in Table 2.

6.1.5 Average colour of white and RGB primaries

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

xalai
XQi = (2 )

YaQi
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Ya = La (3)

Tai= (1 — XQi — yQi)LQi
Qi (4)

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

by ysing the following formulae:

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

The| average CIE 1931 chromaticity coordinates (xq, yq) for white and the input-referred RGB
primaries shall be recorded as suggested in Table 3. In the.Table 3 example, the lumingnce
valJes at each screen location in Table 2 are used iny*conjunction with the chromat|city
coofdinates at those positions to determine the average CIE 1931 chromaticity coordinates
follqwing Formulae (2) to (4).

6.1.6 Luminance uniformity of white and ‘RGB primaries

Thel luminance uniformity of a given colourlis characterized at the maximum input signal lgvel
for fthat colour. For each colour, determine the maximum and minimum luminance values from
the Imeasurements taken at the nine standard positions. The luminance non-uniformity offthe
disglay is characterized by the following formula:

NU(%) =100  Lmax = Lmin_ (7)

max

The| luminance uniformity (U) is 100-NU(%). Record the luminance non-uniformity resulty for
each colour as stiggested in Table 2.

6.1.7 Colour non-uniformity of white and RGB primaries

For|edach’ colour Q, convert the CIE 1931 chromaticity coordinates measured at the fine

standard positions to the CIE 1976 UCS (uniform chromaticity scale) chromalticity coordinates

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

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

(8)

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

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

6.1.8 Colour additivity of white and RGB primaries

TheJ1 colour-signal white luminance (Lcg,) is the sum of the average luminance_fok|the
rendered red, green and blue input-referred primaries (Lgaye + Lgave * L&tve) ANY
diff¢grence between the measured average white luminance (Lyy 5,¢) @and Lc¢g,, indicates a |ack
of additivity of the colour signal primaries in the display colour management. IfEyw ave # Lisw:
then this discrepancy shall be described in the test report. ’

6.1.9 White correlated colour temperature

The| correlated colour temperature of a white light source can be graphically extracted using a
chrgmaticity diagram (see Figure 9). A white light source whosé~chromaticity is closest fo a
line|perpendicular to the Planckian locus of a blackbody radiator at a specific temperaturg (a
point on the Planckian locus) is defined as having a correlated colour temperature at [this
temperature (see Figure 9). This is strictly valid only for the deprecated CIE 1960 uniform
chromaticity scale diagram. If white CCT values are measured directly by the LMD at the nine
stanpdard screen positions, record the average white CCT value. If the measurement
instfument does not provide the CCT directly, therésare some methods to obtain the CCT from
chrgmaticity coordinates (see Annex D). The CCXuis generally only valid for white colours,|not
indiyidual primaries.

1 TI T T[T T T T[T T r r [ rrrr[rrr T rrrrrrrr

520 nm

/

0,8

0.6

L SOOOK\
0,4 SOOOK\

IEC

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

1 Purpose

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

6.2.
The

a)

b)

6.2.

For
ning
cold
pos
ave
CC]
and

For
lum
locq
unif
rest

For
seg
sha

6.3
6.3.

The

2 Measuring conditions
following measuring conditions apply.

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

Standard environmental measurement conditions, dark room conditions, standard s
conditions.

3 Measuring method for low-resolution modules and segmented displays

full-colour displays, measure the maximum white and RGB luminance and colour at
standard screen locations (P4 to Py, see Figure 2). Render a full-screen pattern for ¢
ur. The LMD is aligned normal to the screen and translated to the centre of each stang
tion. Record the measurements in a similar manner to Table 2 and Table 3. Calculate
fage luminance, average chromaticity, luminanceé and colour non-uniformity, and w
[ following the analysis described in 6.1. Record the results in a similar manner to Tab
Table 3.

nance level. Measure the maximunr luminance and colour at the nine standard scr
tions. Calculate the average luminance, average chromaticity, luminance and colour 1
brmity, and white CCT (if applicable) in line with the analysis described in 6.1. Record
Its in a similar manner to Tdble 2 and Table 3.

segmented displays, measure the luminance and colour inside each unique co
ment closest to the'\centre at its maximum signal level. The segment location measu
| be recorded. Récord the measurement results.

Signal loading
1 Purpose

parpose of this method is to measure the change in active matrix display luminance w

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

ng

tup

the
ach
ard
the
hite
le 2

monochrome displays, apply an input signal to make the full screen emit at the highest

een
on-
the

our
red

hen

incr

ancinc the API

6.3.
The

a)

b)

6.3.
a)

2 Measuring conditions
following measurement conditions apply.

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

rce,

Standard environmental measurement conditions, dark room conditions, standard setup

conditions.

3 Measuring methods
Set up the OLED display and the LMD under the standard measurement conditions.
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b) Set up the measurement following the layout diagram shown in Figure 2, with the
measurement field located at position P in the centre of the screen.

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
OXes untitthe screen 15 fitted s Tecommended that the box dimensions described in
Table 4 be used. If other dimensions are used, they shall be noted.

g) Petermine the signal loading for white. The display signal loading §,,,4 is defined\as:

L — Ly
Sload = 1OOXM 10)

max

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

h) [The centre box colour may be changed to any of the RGBCMYJindividual 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
minimum luminance for each colour, the percentage of-signal loading for each colour, the
DLED display settings, the test pattern used, and-thie measurement configuration.

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

Box dimensional scaling Percentage of coloured Percent APL
(qelative to screen dimension) screen area (equivalent white area)
1/9 1% 6,2 %
1/8 14 % 7,8 %
1/7 18 % 10 %
1/6 25 % 14 %
1/5 36 % 20 %
1/4 56 % 31 %
1/3 100 % 56 %

6.4 Dark'room contrast ratio

6.4 Purpose

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

6.4.2 Measuring conditions
The following measuring conditions apply.

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

b) Standard environmental measurement conditions, dark room condition, standard setup
conditions.
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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 5y, Use 6.2 for

b)

low-resolution, monochrome or segmented displays.

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

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

d) Translate the LMD to the remaining eight standard positions and measure the luminance

e)
f)

g)

h)

6.5
6.5.

The
qua
at
des

colqur tile pattern given in Figure 6+ This method applies only to full-colour displays.

6.5.
The

a)

b)

6.5.

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

LW,ave

DRCRLL =
K,ave

ratio, the OLED display settings, the test pattern used, and the.measurement configur

rom the medium- and high-loading test patterns in Figure 5. These results shall
recorded with their test conditions.

Display colour gamut, colour gamut area, and colour gamut volume
1 Purpose
htitatively expressed in terms of an area‘in a two-dimensional colour space, or a volum

nree-dimensional colour space. The' procedures for determining these attributes
cribed. The colour measurementshare determined by using the standard low APL load

2 Measuring conditions
following measuring_conditions apply:

Apparatus: a light‘measuring device that can measure luminance and colour, a dri
power source, driving signal equipment, and a means to translate the LMD or the dispII
Standard <€€nvironmental measurement conditions, dark room conditions, standard s
conditions.

3 Measuring method

Record the average white and black luminance, the low APL l6ading dark room conalr'ast
tion.

11)

Additional contrast ratio measurements may be made using/the average white lumingnce

be

range of colours that the display can_ rénder can be illustrated by its colour gamut, [and
e in

are
ing

ng
y.

tup

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

a)

b)

c)
d)

Render the low APL loading RGBCMY test pattern (Figure 6) with the desired colour Q in

the centre box on the OLED display and allow the luminance to stabilize.

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

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

Record the luminance and chromaticity coordinates, and repeat measurements for ot
centre colours as needed. Additional APL loading versions of the RGBCMY patt

the

her
ern

(Figure 6) may also be measured as needed to better represent the intended application.
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6.5.4 Display colour gamut

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

6.5.5 Display colour gamut area in CIE 1976 chromaticity diagram

The colour gamut area is defined as the percentage colour space area enclosed by the colour
gamut relative to the entire spectrum locus in the CIE 1976 UCS chromaticity diagram/| As
desgribed 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 illustrateg an
example where the same RGB primaries are plotted in the CIE 1931 (left) and CIE\1976 (night)
chregmaticity 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

Ayy = 256,1x |(u'R —-u'g )(V'G —v'g )— (u'G —-u'g )(v'R —v'g l 12)

whegre the subscripts R, G and B refer to the red, green and blue-primaries, respectively. [The
colqur gamut area for the example of sRGB primaries (IEC 81966-2-1) in Figure 10 would be
33 Y.

£ CIE 1931 chromaticity diagram g X CIE 1976 chromaticity diagram
= ,9 5 0.7
€ IS
2.8 o (0,1250 0,5625)
S 5 0.6 | G (0,4507 0,5229)
~0,7 T R
(0,3000 0,6000 0,5 (0,1978 0,4683)
6 G I +w
5 0.4
,4 0,3 L
,3
0,2
,2
p 0,1
! { f ! 1 1 ! 0 1 ! 1 ! ! !
0 0,1 02+ 0,3 0,4 0,5 0,6 0,7 0,8 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
x-chromaticity u'-chromatidity
IEC

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

6.5.6 Colour gamut volume

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

a) The low APL loading RGBCMY test pattern (Figure 6) shall be used to measure the
desired central box colours. The colours will be measured according to the procedure in
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b)

c)

d)

6.5.3. Additional measurements on higher APL loading versions of the same test pattern

may be made if needed for the intended application.
The colour gamut volume calculation requires that at least red, green, blue, cyan, yell

ow,

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.

The chromaticity coordinates of each colour shall be converted to tristimulus values using

Formulae (2) to (4).

The tristimulus values shall be transformed into the three-dimensional CIELAB co
space specified by CIF 15:2004 Additional three-dimensional uniform colour spaces

hlso be used and identified in the test report. Each colour point can be plotted on the
* and b* axes of the CIELAB colour space by referencing the peak white tristim
Values (Xyy, Yy and Zy) and by using the following transformation formulae:

L*=116x f(Yy /Yy )-16
a*=500x f(Xq/Xw)-f(¥e/Y)

b*=200x f(Yy /Y ) - /(20 /Ziy)

where
RIE t>(6/29)°
2
1 (29 1
H)={— 2| 4@ —
F0=173 (6] 16 1< (6/29)°

CIELAB colour space

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

lour

ay
L*,
llus

13)

14)

15)

100

a* 100 -150 IEC

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

e) Calculate the colour gamut volume corresponding to the possible range of display colours
as represented in the CIELAB colour space. See IEC 62341-6-2:2015, Annex C, for a

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

me.
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Other gamut calculation methods may be used, however, they shall yield the same results

as the reference method described in IEC 62341-6-2.

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

Measuring methods for power consumption

Purpose

lour
and

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

und
dep

7.2

r defined APL loading conditions. The test pattern and APL loading conditions shal
endent upon the intended application.

Measuring conditions

Thel|following measuring conditions apply.

a)
b)
7.3

Pro

a)

b)

voltmeter, a DC power source, an image signal generator.

conditions.
Measuring method

ceed as follows.

conditions. See the example setup in Figure.12.

centre box (see for example Figure 6:and Figure 7) which most closely corresponds to

video or internet-content video;’respectively, specified in IEC 62087-2. For PMOLED
ow-resolution displays, theyequivalent white rectangle for one of the versions of the

Set all power supplies*to the standard voltage specification values. The test patter
video content used. shall be noted in the test report.

Measure the djsplay luminance in the centre of the white box of the RGBCMY patter
uminance measurement is not taken for the video content. The rated luminance and
jriving signalshall be specified in the report.

Figuren12. See example in Table 5.

be

Apparatus: a light-measuring device that can measure luminance, an ammeteq, a

Standard environmental measurement conditions, dark room-Jconditions, standard se¢tup

Make all the electrical connections needed to operate the module under standard

Render the low, medium, or high APL loading version of the RGBCMY pattern with a white

the

display’s main intended use case. For TV and internet applications, the pqgwer
consumption can alternatively be* measured by the standard dynamic broadcast-confent

and
low

6,2 %), medium (25 %); and high (56 %) APL loading RGBCMY patterns should be usged.

n or

n. A
the

Record the luminance and all relevant power, voltage and current readings of all metefs in
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generator

OLED display module
(panel + driving circuit + control circuit)

AC/DC DC/DC DC/DC | .
converter converter converter
Voltmeter Voltmeter Voltmeter 4)--+~-
Power
Power source meter Ammeter Ammeter
Py
Ui (AO) o | b s
o
U, (DCy) o
U3 (DG o
GND O — /¢ ~ ¢~ ¢%———~
IEC

Figure 12 — Example of measurement.Setup of power consumption

Table 5 — Example of a summary sheet forcmodule power consumption measuremerts
Solirce Voltage Current Electrical power
ber Power source Remarks
num U (mA) (mW)
1 AC power source AC, Uy _ P,
2 DC power source DC, U, I, P,=U, x I,
3 DC power source DC, U, Iy Py=U; x I
Total Total power consumption Proy = Pyt Pyt Py At 100 % white leve

d) [The total module power may also be measured at other white luminance levels and/or
b uniform|y distributed pattern lighting a fraction of the total pixels.
significantly different results from the specified method depending on the efficiency ve
uminance curve of the display. In this case, the luminance level and fraction shal

recorded.
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