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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -
Part 6-5: Measuring methods of dynamic range properties

FOREWORD

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

al[ national elecirotechnical commitiees (IEC National Commiitees). Ihe object of IEC 1s to pr
infernational co-operation on all questions concerning standardization in the electrical and electronic, fiel
th|s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred)to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commmittee inte
in| the subject dealt with may participate in this preparatory work. International, governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC cellaborates c|
with the International Organization for Standardization (ISO) in accordance with conditions determin
adreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express, as nearly-as’possible, an interng
cgnsensus of opinion on the relevant subjects since each technical committee “has representation frg
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Committees in that sense. While all reasonable efforts are made to ensure that the technical content g
Pdblications is accurate, IEC cannot be held responsible for the, way in which they are used or fg
misinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Comimittees undertake to apply IEC Public
transparently to the maximum extent possible in their natienal and regional publications. Any diver

bmote
s. To
tions,
“IEC
ested
non-
osely
bd by

tional
m all

tional
f IEC
r any

htions
jence

bdtween any IEC Publication and the corresponding nationallor regional publication shall be clearly indicated in

the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, accessA0/IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

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

7) N
members of its technical committees and)|lEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
eXpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

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

9) Attention is drawn to.the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The [main task-of IEC technical committees is to prepare International Standardg.

liability shall attach to IEC or its directars, employees, servants or agents including individual experj: and

brmity
r any

ge or
) and
r IEC

ns is

ect of

In

exceptional. circumstances, a technical committee may propose the publication of a techpical

specification*when

o thewréquired support cannot be obtained for the publication of an International Stan

dard,

despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide

whether they can be transformed into International Standards.

IEC TS 62341-6-5, which is a technical specification, has been prepared by IEC tech
committee 110: Electronic displays.

nical
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
110/1017/DTS 110/1063A/RVC

Full information on the voting for the approval of this technical specification 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 Iislt of all parts in the IEC 62341 series, published under the general title Organic|light
emitling diode (OLED) displays, can be found on the IEC website.

The pommittee has decided that the contents of this document will remain unchanged unt|l the
stability date indicated on the IEC website under "http://webstore.iec.ch" in thé data relatgd to
the gpecific document. At this date, the document will be

—

pconfirmed,
e Withdrawn,

—

bplaced by a revised edition, or

e gmended.

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



https://iecnorm.com/api/?name=2b96fdcae5c25ac7f276270796918f0a

-6 - IEC TS 62341-6-5:2019 © IEC:2019

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-5: Measuring methods of dynamic range properties

1 Scope

This part of IEC 62341 specifies the standard measurement conditions and dynamic range

propgrties for OLED display panels and modules. More precisely, this document focusg
the gpecific aspects of the dynamic range properties.

2 ormative references

The following documents are referred to in the text in such a way thatisome or all of
contént constitutes requirements of this document. For dated references, only the ed
cited applies. For undated references, the latest edition of the referenced document (inclu
any amendments) applies.

IEC $2341-1-2:2014, Organic light emitting diode (OLED) displays — Part 1-2: Terming
and letter symbols

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For fhe purposes of this document, the ternmis and definitions given in IEC 62341-1-2 an
folloywing apply.

ISO pnd IEC maintain terminological databases for use in standardization at the follo

addr

3.1.1
dyn
cap

EXAM

£SSes!:

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

5O Online browsing:platform: available at http://www.iso.org/obp

mic range ‘coverage
bility of the representable dynamic range relative to the reference input signal

PLE\_IEC sRGB, BT.1886, BT.2100, BT.2020, SMPTE ST.2084.

S on

their
ition
ding

logy

il the

wing

3.2
APL

—Abbreviatedterms
average picture level

CIE Commission Internationale de I'Eclairage (International Commission on Illumination)

DUT
LMD

device under test

light measuring device

4 Standard measuring equipment and coordinate system

4.1

Light measuring devices

The system configurations and/or operating conditions of the measuring equipment shall
comply with the structure specified for each item.


http://www.iso.org/obp
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To ensure reliable measurements, the following requirements apply to the light measuring
equipment:

1) Luminance meter[1]1: the instrument's spectral responsivity shall comply with the CIE
photopic luminous efficiency function with a CIE-f;" value no greater than 3 % [2]

2) Spectroradiometer: the wavelength range shall be at least from 380 nm to 780 nm, and
the wavelength scale accuracy shall be less than =0,5 nm.

Errors from spectral stray light within a spectroradiometer can be significant and shall be
corrected. A simple matrix method may be used to correct the stray light errors, by which

3)
4

Careg
perfq

Low

4.2

The

the

replg
mea
the 4
(alsg
direg

easured luminance.

bonio photometric systems: the DUT or LMD can be driven by rotating around-a*horiz
xis and vertical axis; angle accuracy shall be better than 0,5°.

shall be taken to ensure that the LMD has enough sensitivity andxdynamic rang
rm the required task. Before measuring the DUT, the LMD specification shall be che

uminance measurement is very important for dynamic measutement.

Viewing direction coordinate system

viewing direction is the direction under which the observer looks at the spot of intere
DUT (see also IEC 62341-1-2:2014, Figure A.2)y~During the measurement, the
ces the observer, looking from the same directign’at a specified spot (i.e. measuring
surement field) on the DUT. The viewing direction is conveniently defined by two an
ngle of inclination @ (related to the surface'normal of the DUT) and the angle of rotat
called azimuth angle) as illustrated in.Figure 1. The azimuth angle is related tq
tions on a watch-dial as follows: ¢ =.0%is referred to as the 3-o'clock direction ("rig

¢ = 90° as the 12-o'clock direction ("top"), ¢ = 180° as the 9-o'clock direction ("left")

§=7

70° as the 6-0'clock direction ("boftom").

e to
cked.

5t on
LMD
spot,
gles:
on ¢
the
ht"),
and

1 Numbers in square brackets refer to the Bibliography.
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Normal direction
6=0°

z (0> ¢)

4

A Viewing direction

. JEPEL i V'
9 o'plock <X === “ X » 3 0'clg
¢ =180° ¢=0°
Display plane
y Down side
6 o'clock z'
¢=270°
6 incline angle from normal direction
¢ : azimuth angle
Key
3 o’clpck: right edge of the screen as seen by the user
6 o’clpck: bottom edge of the screen as seen by the user
9 o’clpck: left edge of the screen as seen by the user
12 o’dlock: top edge of the screensas\seen by the user
NOTH This is equivalentt\ to the direction of measurement by the angle of inclination,

12 o'clock

Upside /Vy

|

“_\
-—

and the angle of rotation (azimuth angle), ¢, in a polar coordinate system.

Figure 1 — Representation of the viewing direction

5 Measuring conditions

5.1

Standard measuring environmental conditions

Measurements shall be carried out under the following standard environmental conditions:

When

report.

5.2

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

IEC

different environmental conditions are used, they shall be noted in the measurement

Power supply

The power supply for driving the DUT shall be adjusted to the rated voltage +0,5 %. In
addition, the frequency of the power supply shall provide the rated frequency +0,2 %.
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5.3 Warm-up time

Measurements shall be carried out after sufficient warming up. Warm-up time is defined as
the time elapsed from when the supply source is switched on, and a 100 % grey level of input
signal is applied to the DUT, until repeated measurements of the display show a variation in
luminance of no more than 2 %/min and 5 %/h.

5.4 Standard measuring dark-room conditions

The luminance contribution from the background illumination reflected off the test display
shall be less than 0,01 Ix. If these conditions are not satisfied, then background subtraction is
requited and it shall be noted in the measurement report In addition if the Qpnqifi\/ify f the
LMD|is inadequate to measure these low levels, then the lower limit of the LMD shall béroted
in the measurement report.

5.5 | Standard set-up conditions

By default, the display shall be installed in the vertical position (Figure 2a)),"but the horizpntal
alterpative (Figure 2b)) is also allowed. When the latter alternative is used.,/it shall be notgd in
the measurement report.

Luminance, contrast ratio and chromaticity of the white field and.other relevant parameters of
the displays have to be adjusted to nominal status in the detailed specification and they shall
be npted in the measurement report. When there is no level<spegcified, the maximum contrast
and/pr luminance level shall be used. These adjustments®shall be held constant fdr all
meagurements, unless noted otherwise in the measurement report. Additional conditiong are
specijfied separately for each measuring method.

12 o’clock
$=90°
Vertical | ¥ 0=0° LMD
— 12 o’clock
9 ¢’clock Vertical | Z ¢=90°
¢ ¥ 180° (normal) y
S .
Horizontal 9 o'clock Horizontal
B = 180°

X 3 o'clock ’ //ﬂ

Nornpal
/ = 0° »
6? ’ \\/ ¢ / 7 %’flock

UMD [ =|g°
0=0° 6 o'clock
¢ =270° 6 o'clock
¢=270°
IEC IEC
a) Primary installation b) Alternative installation

Figure 2 — DUT installation conditions

6 Measuring methods of dynamic range properties

6.1 Peak luminance
6.1.1 Purpose

The purpose of this method is to evaluate luminance with size-varying peak size in the
perpendicular, horizontal and vertical viewing direction.

NOTE The white luminance can be varied by the power management function depending on the APL loading of
the display. The peak luminance measured in small area highlights can exhibit a different luminance than larger
area patches with the same input signal. For multi-primary displays, the peak luminance of the highlights can be
enhanced by boosting the white luminance beyond the sum of the individual RGB primaries, while still maintaining
the white chromaticity.
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6.1.2 Measuring conditions

Standard measuring is implemented under standard dark-room and set-up conditions.

6.1.3 Set-up

1) Apparatus: An LMD to measure the luminance of the DUT; a driving power source; a
driving signal equipment; and a geometric mechanism as illustrated in Figure 2.

2) Mount the display and LMD in a mechanical system that allows the display to be
measured along its vertical and horizontal planes, which lie normal to the display surface.

3) Align the LMD perpendicularly to the display surface (6 = 0, ¢ = 0), and position it in the
entre of the display.

6.1. Measurement of peak luminance

1) Apply the required input signal(s) using the test pattern for peak luminance ymeasurement
tp the DUT as shown in Figure 3. These test patterns are specified as equivalent djgital
GB input levels of 8 bits, 10 bits or 12 bits.

ome displays cannot apply the small size of the pattern to measure -the field size. I{ it is
not possible to apply the 0,01 % test pattern, then a test pattern'\@s close as possible to
that value should be used and should be reported.

2) Measure the centre luminance (Lg) of each test pattern with various window sizes| and

Hackground grey levels perpendicular to the display-surface (0 = 0°, ¢ = 0°).|The
measurement area shall cover at least 500 pixels, or demonstrate equivalent results|with
fewer sampled pixels.

3) MNleasure the luminance (Ly,) of each test pattern with various window sizes|and
Hackground grey levels, as the LMD steps through the various angles in the horizonta| and
Vertical viewing planes.

4) Report the measured data. Table 1 shows'@n example of the results.

0,01 % 0,1% 1% 10 %

NOTH Window size (he [dimension of the window size is proportional to the dimensions of the active grea.):
0,01 %, 0,1 %, 1 %, 10.%.
Background grey-level: 0, 255, 511, 767, 1 023.

Figure 3 — Test patterns for peak luminance measurement
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Table 1 — Working example for peak luminance

Reporting — Sample data

Peak luminance at various angles

Pattern Luminance values from different angles
number Wind(c:/w size B;rcekyglrgygld (0, @)=
0) (10-bit case) 0,0, | 0,0, | 0,0, | 0,0, | 050,
(0,0) ’ ’ ’ ’ ’
1 0,01 0
2 0,1 0
3 1 0
4 10 0
5 0,01 255
6 0,1 255
7 1 255
8 10 255
9 0,01 511
10 0,1 511
11 1 511
12 10 511
13 0,01 767
14 0,1 767
15 1 767
16 10 767
17 0,01 1023
18 0,1 1023
19 1 1023
DO 10 1.023
Min.
Max.
6.2 | Black leveland black constancy
6.2.1 Purpose
The purpose of this method is to evaluate the display's black level and constancy which are
affeqted by luminance loading in the perpendicular, horizontal and vertical viewing directign.

6.2.2 Measuring conditions

Standard measurement is implemented under standard dark-room and set-up conditions.

6.2.3 Set-up

1) Apparatus: An LMD to measure the luminance of the DUT; a driving power source; a
driving signal equipment; and a geometric mechanism as illustrated in Figure 2.

2) Mount the display and LMD in a mechanical system that allows the display to be
measured along its vertical and horizontal planes, which lie normal to the display surface.

3) Align the LMD perpendicularly to the display surface (6 = 0, ¢ = 0), and position it in the
centre of the display.
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6.2.4 Measurement of black level and black constancy according to background

2019

1) Apply the required input signal(s) to the DUT using the test patterns for the black level and

2)

3)

4)

5)

constancy measurement as shown in Figure 4. These test patterns are specifie
equivalent digital RGB input levels of 8 bits, 10 bits or 12 bits.

Measure the centre luminance (Ly) of each pattern perpendicularly to the display su

d as

rface

(6 = 0°, ¢ = 0°). The measurement area shall cover at least 500 pixels, or demonstrate
equivalent results with fewer sampled pixels. A mask or stray-light-elimination tube can be

required to prevent a veiling glare in the detector when measuring the black level.

Measure the luminance (LM) of each pattern, as the LMD steps through the va
angles in the horizontal and vertical viewing planes.

rious

Qalculate the constancy of the black level, C, using Formula (1):

C=max[|L,-L,]]

here

oS =

k.0 is the black luminance of the centre at the 0 grey background tevel,

o~

i is the black luminance of the centre at the iC-grey background
(i =255,511,767,1023).

Report the measured data and calculated data. Table 2 shows an example of the resu

Q

., (7‘1
\-

fay [ ] 1]

IEC

NOTH Background grey level: 0,255; 511, 767, 1 023.

Figure 4 — Test'pattern for black level and constancy measurement

Table 2 —- Working example for black level and constancy

(1)

level

Its.

Reporting — Sample data

Black level and constancy at various angles

ri?r:( ;r:’ Baclli%roolund Luminance values at different angles
(0, 07=(0,0) vy D, v, P, T3 Py 9,7, U5 P

1 0
2 255
3 511
4 767
5 1023

Max.

Min.

c
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6.3

Local contrast

6.3.1 Purpose

The purpose of this method is to evaluate the expression of white and black when they are
displayed simultaneously on a same frame.

6.3.2 Measuring conditions

Standard measuring is implemented under standard dark-room and set-up conditions.

6.3.

1)

2)

6.3.4 Measurement of local contrast

3)

4)

Set-up

pparatus: An LMD to measure the luminance of the DUT; a driving power S0urg
riving signal equipment; and a geometric mechanism as illustrated in Figure 2¢

neasured along its vertical and horizontal planes, which lie normal to the display surf3

lign the LMD perpendicularly to the display surface (8 = 0, ¢ = 0),cand position it i

A
q
Mount the display and LMD in a mechanical system that allows the- display t
n
A
dentre of the display.

Apply the required input signal(s) to the DUT using the white centred box and surroun
Hlack screen pattern as shown in Figure 5.

leasure the luminance of each point from L1 to L9,pérpendicularly to the display su

quivalent results with fewer sampled pixels. A mask or stray-light-elimination tube cg
equired to prevent veiling glare in the detectorwhen measuring the black level.

= [ —~ =

leasure the luminance (Ly,,) of each location, as the LMD steps through the va
ngles in the horizontal and vertical viewing planes.

o =

alculate the local contrast, CR|, using Formula (2):

8L
Li+ Lo+ L3+ Lg+Lg+Lg+L7+Lg

CR =

here
- is the luminance of the centre
is the black sarround at the eight locations.

eport the calculated data. Table 3 shows an example of the results.

HI2 HI2

e; a
b be

hce.
n the

ding

face

¥ = 0°, ¢ = 0°). The measurement area shall cover at least 500 pixels, or demonsjrate

n be

rious

(2)

" IREEYED
bl | K -—‘

Vi5

HI5 HI5 HI5

IEC

Figure 5 — Test pattern for local contrast
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Table 3 — Working example for local contrast

Reporting — Sample data

Local contrast at various angles

CR, values at different angles

(6,2)=(0,0) 0 0, @ 6, @

2,72 3,73

6.4 | Dynamic range coverage
6.4.1 Purpose

The purpose of this method is to measure the capability of the representable dynamic range
relatlve to the reference input signal. The dynamic range coverage is,'the ratio of the DUT
lumipance range to the reference range from black to white.

6.4.2 Measuring conditions

Standard measuring is implemented under standard dark-roomvand set-up conditions.

6.4.3 Set-up
1)

pparatus: An LMD to measure the luminance{of the DUT; a driving power sourge; a
riving signal equipment; and a geometric mechanism as illustrated in Figure 2.

neasured along its vertical and horizontal*planes, which lie normal to the display surface.

3) Align the LMD perpendicularly to the~display surface (6 = 0, ¢ = 0), and position it in the

A
q

2) Nlount the display and LMD in a mechanical system that allows the display tp be
n

A

dentre of the display.

6.4.4 Measurement of dynamic’'range coverage
1) Hollow the procedures in-6.1.4 and 6.2.4 to determine L,, and L.

2) Galculate the maximum and minimum values of L,, and L, using Formulae (3), (4), (5)
gnd (6):

Lw.max = maX(Lw.i) (3)
Ly min = min(Lw.i) (4)
where, i = 1,2,3 to 20. The test patterns are the same as 6.1.4.
Lk.max = max(lq(l) (5)
Lic min = Min(L;) (6)
where, i = 1,2,3, ~ ,5. The test patterns are the same as in 6.2.4.

3) Calculate the maximum and minimum values of the dynamic range, Ry,, using Formulae (7)
and (8):



https://iecnorm.com/api/?name=2b96fdcae5c25ac7f276270796918f0a
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