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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.

Full document details: 23/30475452 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

110/1535/CD

COMMITTEE DRAFT (CD)

PROJECT NUMBER:

EC 62341-6-1 ED4

DATE OF CIRCULATION: CLOSING DATE FOR COMMENTS:
2023-06-09 2023-08-04

SUPERSEDES DOCUMENTS:

110/1531/RR
IEC TC 110 : ELECTRONIC DISPLAYS
SECRETARIAT: SECRETARY:
Japan Mr Yoshi SHIBAHARA
OF INTEREST TO THE FOLLOWING COMMITTEES: PROPOSED HORIZONTAL STANDARD:
O
Other TC/SCs are requested to indicate their interest, if any,
in this CD to the secretary.
FUNCTIONS CONCERNED:
J EMC [J ENVIRONMENT [J QUALITY ASSURANCE [0 saFeTYy

This document is still under study and subject to change. It should not be used for reference purposes.

Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which they
are aware and to provide supporting documentation.

Recipients of this document are invited to submit, with their comments, notification of any local regulations or technical
reasons that may exist and should be considered should this proposal proceed, recognizing that failure to address such
requirements could result in the need for new or existing “In Some Countries” clauses. (SEE AC/22/2007 OR NEW
GUIDANCE DOC).

TITLE:

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

NOTE FROM TC/SC OFFICERS:

Copyright © 2023 International Electrotechnical Commission, IEC. All rights reserved. It is permitted to download this
electronic file, to make a copy and to print out the content for the sole purpose of preparing National C ittee positions.
You may not copy or "mirror" the file or printed version of the document, or any part of it, for any othwment

ermission in writing from IEC. .
& e Document Sharing Hub

Full document details: 23/30475452 DC


https://documents.iec.ch/ords/f?p=700:610:::::P610_DOCUMENT_FILE_ID:887989
https://www.iec.ch/tc-tools/grt
https://www.iec.ch/tc-tools/grt
https://doi.org/10.3403/30171326U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

IEC CD 62341-6-1 ED4 © IEC 2023 -2- 110/1533/CD

1 CONTENTS
b O 1\ N = N N S 2
3 FOREWORD ...ttt e et 6
4 1 S o 0 o 1= X 8
5 2 NOIMAtIVE FEfEIENCES ...t 8
6 3  Terms, definitions, and abbreviated terms ..........cooiiiiiiiiii 8
7 3.1 Terms and definitionNS ... 8
8 3.2 Abbreviated termMS ... 9
9 Structure of mMeasuring eqUIPMENT ... 9
10 5  Standard measuring CONAItIONS . ... e 10
11 5.1 Standard measuring environmental conditions............ccoiiiiiiiii 10
12 5.2 Standard measuring dark room conditions ..............coocoiiiii 10
13 5.3 Standard setup CONdItIONS . ... oo 10
14 5.3.1 GBNETAL . e 10
15 5.3.2 Adjustment of OLED display modules.........c..cooiiiiiiiiiiee e, 10
16 5.3.3 Starting conditions of measurements ... 10
17 5.3.4 Measuring equipment requIremMents .........cooooiiiiiiiiiiii e 10
18 5.4 Standard locations of measurement field ..o 12
19 5.5 Standard test patterns ... 13
20 6  Measuring methods for optical parameters............c..cooiiiiiii i, 17
21 6.1 Primary luminance, colour, and uniformity of full-colour high-resolution modules.. 17
22 6.1.1 P U P OS it 17
23 6.1.2 Measuring CONAItIONS ... ..vuiii e 18
24 6.1.3 Measuring methods for high-resolution full-colour modules ........................... 18
25 6.1.4 Maximum luminance of white and RGB primaries .........c...ccoooiiiiiniiiniiniineennn. 20
26 6.1.5 Average colour of maximum white and RGB primaries ..............coooiiiiinnnn. 20
27 6.1.6 Luminance uniformity of white and RGB primaries ...........cc.ccooiiiiiniinnennn. 21
28 6.1.7 Chromaticity non-uniformity of maximum white and RGB primaries ............... 21
29 6.1.8 Colour additivity of maximum white and RGB primaries............ccocoeeieiiiianne. 22
30 6.1.9 White correlated colour temperature ...........cooooiiiiiiiii 22
31 6.2 Primary luminance, chromaticity, and uniformity of low-resolution modules .......... 22
32 6.2.1 P UI DO e 22
33 6.2.2 Measuring CONAItIONS ... ..o e 22
34 6.2.3 Measuring methods for low-resolution modules and segmented displays ...... 23
35 6.3 SiIgNal 0adiNg ..o 23
36 6.3.1 P UI PO o e 23
37 6.3.2 Measuring CONAItIONS ... ...iuiei e 23
38 6.3.3 Measuring MethodS ... ..o e 23
39 6.4 Dark room Contrast ratio............ooiiiiiii 24
40 6.4.1 P U DO e e 24
41 6.4.2 Measuring CONAItIONS ... ..o e 24
42 6.4.3 Measuring Method ... 24
43 6.5 Display chromaticity gamut area..........cooo i 25

Documents

Document Sharing Hub

Full document details: 23/30475452 DC


http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

IEC CD 62341-6-1 ED4 © IEC 2023 -3- 110/1533/CD

44 6.5.1 P UI PO e e 25
45 6.5.2 Measuring CONAItIONS ... ..iuii e 25
46 6.5.3 Measuring MethodS ... ..o e 25
47 6.5.4 Display colour gamut area in CIE 1931 and CIE 1976 chromaticity diagram .. 26
48 6.6 ColoUr GamUL VOIUIME ...ouiiii e e e e e e 27
49 6.6.1 P UI PO e e 27
50 6.6.2 Measuring CONAItIONS ... .. 27
51 6.6.3 Measuring MethodS ... ..o e 27
52 7  Measuring methods for power CoONSUMPLION ... 30
53 7.1 P U DO et 30
54 7.2 Measuring CONAITIONS .. ..o e e 30
55 7.3 Measuring Methods . ... 30
56 7.3.1 Measuring the power consumption relevant to luminance of the OLED display
57 module without signal decoding proCess .........ccooviiiiiiiiiiicii e 30
58 7.3.2 Measuring the power consumption of the OLED display module’s embedded
59 video connection terminal with a signal decoding process ..........ccocceeeieeneennen. 31
60  Annex A (normative) Response time of passive matrix display panels .............ccooveiiiienn. 34
61 A1 P U D OIS et 34
62 A.2 Measuring CONAITIONS .. ...t e 34
63 A.3 Measuring MethOds .. ... 34
64  Annex B (normative) Luminance current efficiency ..o, 36
65 B.1 P U DO et 36
66 B.2 Measuring CONAItIONS ... e e e eas 36
67 B.3 Measuring MeEthOdS ... ... e 36
68 Annex C (informative) Veiling glare frustum...........cooiiii e 38
69  Annex D (informative) Methods to obtain the correlated colour temperature (CCT) from
70 chromaticity CoOrdinates ... e 39
71 D.1 Method 1: Use of McCamy’s approximate formula ............c.coooiiiii, 39
72 D.2 Method 2: Use of Javier Hernandez-Andres’s approximate formula ...................... 39
73 D.3 Method 3: Graphical determination of correlated colour temperature .................... 40
74 Annex E (informative) Measuring performance of modern colour-managed displays and panels
74 43
76 E.1 Legacy AiSPlay S .. e e 43
77 E.2 MOAEIN diSPIAYS ..neeie e 43
78 E.3 RS U S e 45
79 E.4 CONCIUSION L e e 48
80 Annex F (informative) Simple window luminance and colour measurements ........................ 49
81 F.1 BaCKGIrOUNG ... e e 49
82 F.2 Measuring CONAItIONS .....ouini e 49
83 F.3 Maximum full screen lUMINANCE ... .. ..o e 49
84 F.4 4 % WIiNAOW [UMINGNCE ....euiiii e e e e e enas 49
85 F.5 Sampled luminance Non-uniformity ........ ... 49
86 F.6 4 % WINAOW CENTIre COIOUN . .... it 50
87 F.7 Sampled colour NON-UNIfOrMILY ...ocuiiii e 50
88 1271 o] Lo Yo =T o |V 52
89

Documents

Document Sharing Hub

Full document details: 23/30475452 DC


http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

90
91

92
93

94
95

96

97
98

99
100

101
102

103
104

105
106

107
108

109

110
111

112

113
114

115
116

17
118

119
120

121
122

123
124

125
126

127
128

129
130

131
132

133
134

IEC CD 62341-6-1 ED4 © IEC 2023 -4 - 110/1533/CD

Figure 1 — Layout diagram of measurement Setup .........ccoooiiiiiiii 11
Figure 2 — Standard measurement positions in the display active area...................cooons 13
Figure 3 — Test pattern scaling used to define the area size of the coloured rectangles in the
active area of the diSPlay ..o 13
Figure 4 — Low APL loading series of red, green, blue, and white test patterns used for basic
luminance, colour, and uniformity measurements ...t 14
Figure 5 — Medium (top) and high (bottom) APL loading versions of CTR pattern ................. 15
Figure 6 — Standard medium APL RGBCMY test pattern used for centre luminance and colour
measuremMents With 25% APL ... 16
Figure 7 — Examples of variable signal loading RGBCMY test pattern used for centre luminance
= Lo IeTo] (o 0Ll g T=T=E-T U T =T 0 L= o | 17
Figure 8 — Sequence for measuring luminance and colour at the nine standard display positions
for all coloured tile Patterns ... ... 19
Figure 9 — Chromaticity of blackbody source at various temperatures as represented on the
CIE 1931 chromaticity diagram .........c.oooiiiiiiiiii e 22
Figure 10 — Example representation of the same primary colours in the CIE 1931 (left) and

CIE 1976 (right) chromaticity diagrams ...........coooiiiiii i 26
Figure 11 — Example of range in colours produced by an sRGB display as represented by the
CIELAB colour space (top) and by visualization using gamut rings (bottom) ......................... 29
Figure 12 — Example of measurement setup of power consumption..................cooiiiiiiein. 31
Figure 13 — Example of measurement setup of power consumption with embedded video
LY 0 10 = 32
Figure A.1 — Relationship between driving signal and optical response times ....................... 35
Figure B.1 — Example of a measurement configuration for measuring luminance current

I I BNy i 37
Figure C.1 — Pattern for veiling glare frustum ... 38
Figure D.1 — CIE 1931 XYZ chromaticity diagram...........coooiiiiiiiiiii e 41
Figure D.2 — Blackbody locus (Planckian locus) and isotemperature lines in CIE 1931
ChromatiCity diagram .. ..o 42
Figure E.1 — Legacy model where the independent drive electronics provide a direct correlation
between the input RGB signals and the display’s colour primaries..........c..coooviiiiiiiiinnines 43
Figure E.2 — Examples of modern drive models using multi-dimensional LUTs for RGB (top)
and multi-primary (bottom) diSplays........ooeiiiii 44
Figure E.3 — Example of signal loading behaviour for an RGBW display (top) and RGB (bottom)
(O] o 1] o] =Y 46
Figure E.4 — Low APL loading test pattern with small box size (1/9 of the screen size

Lo 110 0= <] [0 = PP 47
Figure E.5 — Signal loading profiles for several input colours measured at the centre of the test
Pattern USING FiQUIE B ..o et 48
Figure F.1 — Example of simple 4 % white window pattern at the centre of the screen.......... 50

Table 1 — Standard digital-equivalent input signals for rendering the white, primary and

secondary colours in test patlerns ... ... 17

Table 2 — Example of luminance measured for the same colour patch at the standard nine

screen positions and the resulting luminance non-uniformity ...........coooooiiiii 19
Documents

Document Sharing Hub

Full document details: 23/30475452 DC


http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

IEC CD 62341-6-1 ED4 © IEC 2023 -5- 110/1533/CD

135  Table 3 — Example of the chromaticity measured for the same colour patch at the nine standard

136 screen positions and the resulting chromaticity non-uniformity ............coco 20
137 Table 4 — Scaling the size of the colour boxes in the APL loading pattern relative to the screen
138 (o 10T a -] (o] = PP 24
139  Table 5 — Example of report format for CIELAB gamut volume ...............cooiiiiiiininin 30
140 Table 6 — Example of a module power consumption measurements summary sheet............. 31
141 Table 7 — Example of module power consumption measurements with contents ................... 33
142 Table 8 — Example of module power consumption measurements with images...................... 33
143 Table D.1 — xg, ye, 4; and ¢; for Formula(D.3) and Formula (D.4) ..........cccooiiiiiiiiiiiiiiinns 40

144 Table E.1 — Example of luminance data for an RGB display and an RGBW OLED display .... 45
145

Documents

Document Sharing Hub

Full document details: 23/30475452 DC


http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

IEC CD 62341-6-1 ED4 © IEC 2023 -6 - 110/1533/CD

146 INTERNATIONAL ELECTROTECHNICAL COMMISSION

147

148

149 ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

150

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

152

153 FOREWORD

154 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
155 electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all
156 questions concerning standardization in the electrical and electronic fields. To this end and in addition to other activities,
157 IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS)
158 and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC
159 National Committee interested in the subject dealt with may participate in this preparatory work. International, governmental
160 and non-governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely with
161 the International Organization for Standardization (ISO) in accordance with conditions determined by agreement between
162 the two organizations.

163 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international consensus
164 of opinion on the relevant subjects since each technical committee has representation from all interested IEC National
165 Committees.

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

169 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications transp arently to
170 the maximum extent possible in their national and regional publications. Any divergence between any IEC Publication and
171 the corresponding national or regional publication shall be clearly indicated in the latter.

172 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity assessment
173 services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services carried out by
174 independent certification bodies.

175 6) All users should ensure that they have the latest edition of this publication.
176 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and members of

177 its technical committees and IEC National Committees for any personal injury, property damage or other damage of any
178 nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
179 use of, or reliance upon, this IEC Publication or any other IEC Publications.

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

182 9) |EC draws attention to the possibility that the implementation of this document may involve the use of a patent. IEC takes
183 no position concerning the evidence, validity or applicability of any claimed patent rights in respect thereof. As of the date
184 of publication of this document, IEC had not received notice of a patent, which may be required to implement this document.
185 However, implementers are cautioned that this may not represent the latest information, which may be obtained from the
186 patent database available at https://patents.iec.ch shall not be held responsible for identifying any or all such patent rights.

187 EC 62341-6-1 has been prepared by IEC technical committee 110: Electronic displays. It is an
188 International Standard.

189 This fourth edition cancels and replaces the third edition published in 2022. This edition constitutes a
190 technical revision.

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

192 a) standard test patterns are modified;
193 b) measuring methods for display chromaticity gamut area and colour gamut volume are modified.
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194  The text of this International Standard is based on the following documents:

Draft Report on voting

110/1xxx/FDIS 110/1xxx/RVD

195
196 Full information on the voting for its approval can be found in the report on voting indicated in the above
197  table.

198  The language used for the development of this International Standard is English.

199  This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in accordance
200 with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement, available at
201 www.iec.ch/members_experts/refdocs. The main document types developed by IEC are described in
202  greater detail at www.iec.ch/standardsdev/publications.

203  Alist of all the parts in the IEC 62341 series, under the general title Organic light emitting diode (OLED)
204 displays, can be found on the IEC website.

205  The committee has decided that the contents of this document will remain unchanged until the stability
206  date indicated on the IEC website under webstore.iec.ch in the data related to the specific document.
207 At this date, the document will be

208 e reconfirmed,
209 e withdrawn,
210 e replaced by a revised edition, or

211 e amended.

212
IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
213
214 The National Committees are requested to note that for this document the stability date is 20 xx.
215 THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED AT THE
216 PUBLICATION STAGE.
217
218

Documents

Document Sharing Hub

Full document details: 23/30475452 DC


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
http://www.avadocuments.com/doc/23-30475452-dc
http://www.avadocuments.com/doc/23-30475452-dc

IEC CD 62341-6-1 ED4 © IEC 2023 -8 - 110/1533/CD

219 ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

220

221 Part 6-1: Measuring methods of optical and electro-optical parameters
222

223

224

225 1 Scope

226  This part of IEC 62341 specifies the standard measurement conditions and measuring methods for
227 determining the optical and electro-optical parameters of organic light emitting diode (OLED) displays
228  with unbounded input signals measured in a dark room.

229 2 Normative references

230  The following documents are referred to in the text in such a way that some or all of their content
231 constitutes requirements of this document. For dated references, only the edition cited applies. For
232 undated references, the latest edition of the referenced document (including any amendments) applies.

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

235 EC 61966-2-1|, Multimedia systems and equipment — Colour measurement and management — Part 2-
236 1: Colour management — Default RGB colour space — sRGB

237 EC 62341-1-4, Organic light emitting diode (OLED) displays — Part 1-2: Terminology and letter symbols

238  |EC 62341-6-2:2015, Organic light emitting diode (OLED) displays — Part 6-2: Measuring methods of
239 visual quality and ambient performance

240 IEC 62087-3, Audio, video, and related equipment — Determination of power consumption — Part 3:
241 Television sets

242 CIE 15:2004, Colorimetry, 39 edition
243  CIE S 014-1, Colorimetry — Part 1: CIE Standard Colorimetric Observers
244 CIE 168:2005, Criteria for the evaluation of extended-gamut colour encodings

245 IEC 62977-2-1:2021, Electronic displays — Part 2-1: Measurements of optical characteristics —
246 Fundamental measurements

247 IEC 62977-3-5:2023, Electronic displays — Part 3-5: Evaluation of optical performance — Colour
248 capabilities

249 ITU-R BT.2020, Parameters values for ultra-high definition television systems for production
250 3 Terms, definitions, and abbreviated terms

251 3.1 Terms and definitions

252 For the purposes of this document, the terms and definitions given in IEC 60050-845, |[EC 62341-1-2,
253  and the following apply.

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

255 o |EC Electropedia: available at https://www.electropedia.org

256 e |SO Online browsing platform: available at https://www.iso.org/obp
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3.1.1

signal pixel

smallest encoded picture element in the input image

3.1.2

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

Note 1 to entry:

Note 2 to entry:
be 100 % APL.

Note 3 to entry:

(gamma).

3.1.3

110/1533/CD

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

The APL will normally be expressed as a percentage, where a full white screen at maximum drive level would

It is noted that the tone rendering curve may not have a power law function with a well-defined exponent

average light level

ALL

average light of the input signal on all pixels

Note 1 to entry: ALL, which is calculated by averaging of post-EOTF signal pixels, is also called as the post-EOTF APL.
3.2 Abbreviated terms

ALL

APL

CCT

CIE
CIELAB
CMY
DRCR
DUT

eDP

LMD
LUT

MIPI
PMOLED
RGB
RGBCMY
SPD
sRGB
TCON
ucs
WRGB

average light level
average picture level
correlated colour temperature

Commission Internationale de L’Eclairage (International Commission on lllumination)

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

cyan, magenta, and yellow

dark room contrast ratio

device under test

embedded display port

light measuring device

look-up table

mobile industry processor interface

passive matrix organic light-emitting diode
red, green, and blue

red, green, blue, cyan, magenta, and yellow
spectral power distribution

standard RGB colour space as defined in
timing controller

uniform chromaticity scale

white, red, green, and blue

4 Structure of measuring equipment

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

Full document details: 23/30475452 DC
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296 5 Standard measuring conditions

299 5.1 Standard measuring environmental conditions
300 Measurements shall be carried out under the standard environmental conditions as follows:

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

301
302  When different environmental conditions are used, they shall be noted in the report.

303 5.2 Standard measuring dark room conditions

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

309 5.3 Standard setup conditions
310 5.3.1 General

311 Standard setup conditions are given below in 5.3.2, 5.3.3 and 5.3.4. Any deviations from these
312 conditions shall be reported.

313 5.3.2 Adjustment of OLED display modules

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

319  5.3.3 Starting conditions of measurements

320 Measurements shall be started after the OLED displays and measuring instruments achieve stability. It
321 is recommended that, when the display is first turned on, it be operated for at least 30 min with a loop
322  of colour patterns rendered on the screen. Sufficient warm-up time has been achieved when the
323 luminance of the test feature to be measured varies by less than +3 % over the entire measurement
324 method for a given display image.

325 5.3.4 Measuring equipment requirements
326 5.3.4.1 General conditions

327  Light measurements shall generally be made in terms of photometric or colorimetric units for a CIE 1931
328  standard colorimetric observer as defined in CIE S 014-1. Luminance can be measured by a photometer,
329 and CIE tristimulus values (X, Y, Z) or CIE chromaticity coordinates by a colorimeter. A
330 spectroradiometer can also obtain photometric and colorimetric values through a numerical conversion
331 of the measured spectral radiance data (see for example [1]1). A telescopic LMD, where the LMD is not
332 in direct contact with the screen, shall be used without an illumination source. The following
333 requirements are given for these instruments:

334 a) The LMD shall be a luminance meter, colorimeter, or a spectroradiometer. The spectroradiometer

335 shall be capable of measuring spectral radiance over at least the 380 nm to 780 nm wavelength
336 range, with a maximum bandwidth of 10 nm for smooth broadband spectra. For OLED primaries with
337 a bandwidth £ 25 nm, the maximum bandwidth shall be <5 nm. The spectral bandwidth of the

1 Numbers in square brackets refer to the Bibliography.
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spectroradiometer shall be an integer multiple of the sampling interval. For example, a 5 nm
sampling interval can be used for a 5 nm or 10 nm bandwidth.

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

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

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

When using LMDs, stray light within the LMD (e.g. lens flare, veiling glare), and non-uniformities of
sensitivity across detector area should be considered. Also, when measuring black regions, stray light
from adjacent bright regions of the displays can introduce significant errors. The stray light can be
significantly reduced by using a frustum (see Annex C).

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

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

2
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Figure 1 — Layout diagram of measurement setup

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

The following applies for high pixel count matrix displays:
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370 a) When measuring matrix displays, the light-measuring devices should be set to a measurement field

371 that includes more than 500 pixels. For LMDs with a circular measurement field, this would be
372 equivalent to a disk with a diameter greater than 25 display pixels. If smaller measurement areas
373 are necessary, photometric and colorimetric equivalence to 500 pixels shall be confirmed and noted
374 in the test report.

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

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

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

382 5.3.4.3 Low pixel count matrix displays (< 320 pixels x 240 pixels) and segmented displays
383  The following applies for low pixel count matrix displays:

384 a) Low pixel count displays can contain fewer than 500 pixels. When the number of pixels in the

385 measurement field is less than 500, it shall be noted in the report. The angular aperture shall be
386 less than or equal to 5°, and the measurement field angle shall be less than or equal to 2°. The
387 measurement conditions used shall be recorded.

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

391 c) For small displays, the recommended measuring distance is between 20 cm to 50 cm. For larger
392 displays, follow the manufacturer’'s recommended viewing distance. For larger displays, the
393 measurement area shall contain at least 500 pixels. The measuring distance shall be noted in the
394 report.

395 5.4 Standard locations of measurement field

396 Luminance, spectral distribution and/or tristimulus measurements may be taken at several specified
397 positions on the display surface. The standard measurement locations are identified by positions P, to
398 Pg in the active area, as illustrated in Figure 2. The active screen area is divided into nine equal-sized

399 boxes, with the measurement area centred within each box and identified by the corresponding
400  numbering shown in Figure 2. Each box is 1/3 of the width (W) and height (H) of the active area. Centre
401 screen measurements are taken at position P; The display or detector shall be translated in the

402 horizontal and vertical directions to perform measurements at the desired display positions, with all
403 measurements taken normal to the screen. Any deviation from the standard positions above shall be
404 recorded.
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Figure 2 — Standard measurement positions in the display active area

5.5 Standard test patterns

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

IEC

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

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

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

APL(%) =100

N
il (1)
N

434

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

436 pixel relative to maximum white level, and N is the total number of pixels. A 100 % APL would be
437 represented by all pixels in the active area at maximum white level. This would be implemented by
438 setting the levels for the red, green, and blue input channels to their maximum values. A single primary
439  colour (e.g. red) rendered on a full screen would have 1/3 of the APL of a full white screen. If it is
440 assumed that the red, green, and blue areas correspond to 1/3 of the APL of the white areas, then the
441 APL for each pattern in Figure 4 is (starting at the upper left-hand corner and going clockwise) 5,3 %,
442 5,3 %, 5,3 %, and 6,2 %. The average APL for the four patterns in Figure 4 is 5,6 %. An example
443  calculation of the top left pattern in Figure 4 is given by:
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[(7 primary colours x 1/3 of white) + (2 white boxes x 3 / 3 of white)] 2)
x [(1/ 9)? fractional area of boxes] = 5,3 % APL

444

445 Higher loading versions of the colour tile pattern are illustrated in Figure 5. The sequence of four-colour
446 tile patterns at the medium loading geometry would give an average APL equivalent of 22 %, whereas
447 the high loading pattern would give an average APL equivalent of 50 %.

448 — . IEC

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

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