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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -
Part 5-1: Measuring methods of optical performance

FOREWORD

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

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

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

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

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

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

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

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

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

International Standard IEC 62715-5-1 has been prepared by IEC technical committee 110:
Electronic display devices.

The text of this International Standard is based on the following documents:

FDIS Report on voting
110/859/FDIS 110/870/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 list of all parts of the IEC 62715 series, published under the general title Flexible display
devices, can be found on the IEC website. Documents
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The 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 reconfirmed,
e withdrawn,
e replaced 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 correct

understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This part of IEC 62715 was designed for the standardization of measuring methods and
detailed setup conditions that are used to characterize the optical performance of flexible
display devices.

The surface conditions and shape of flexible displays can change depending on the
application. For example, a smart watch may have a fixed convex display, a cell phone or TV
a fixed concave display, and a bendable display may have either a concave or convex shape
with a variable radius of curvature. Up to now, all of these displays would usually be
characterized in their flat state. However, since it is possible that mechanical stress induced
by bending the display can change its optical characteristics, the display should be measured
in its designed bent state. This ensures that the display’s optical performance is
representative of its intended application. This document specifies the necessary conditions
and methods to measure the optical performance of a display in a bent state.
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FLEXIBLE DISPLAY DEVICES -

Part 5-1: Measuring methods of optical performance

1 Scope

This part of IEC 62715 specifies the standard measuring conditions and measuring methods
for determining the optical performance of flexible displays in the dark or under ambient
illumination. This document mainly applies to display modules that are bendable about one
axis. The display is measured in a static mechanical state. The measuring methods apply to
monochrome or colour displays with a single radius of curvature of 35 mm or greater.

2 Normative references

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

IEC 60050-845, International Electrotechnical Vocabulary — Part 845: Lighting (available at
<http://www.electropedia.org>)

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

EC 62715-1-1|, Flexible display devices — Part 1-1: Terminology and letter symbols

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

IEC 62679-3-1:2014, Electronic paper displays — Part 3-1: Optical measuring methods

IEC TR 62728, Display technologies — LCD, PDP and OLED — Overview and explanation of
differences in terminology

CIE 15:2004, Colorimetry

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in |[EC 62715-1-1 and IEC
TR 62728 apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.2 Abbreviated terms

CCT correlated colour temperature

CIE Commission Internationale de [I'Eclairage (International Commission on
[llumination)

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

DUT device under test

ILU integrated lighting unit (e.g. a front light in a reflective display)

LMD light measuring device

PL photoluminescence

RGB red, green, blue

sRGB standard RGB colour space as defined in [EC 61966-2-1
4 Structure of measuring equipment

4.1 Measuring configuration — Display mounting
411 General

The fixture used to mount a curved display plays a critical role in obtaining accurate and
reproducible results.[1,2]" The display mount should be designed to accommodate the
specific bendable, foldable and/or curved characteristics of the flexible display in its intended
use configuration. The mount should be capable of maintaining the intended shape of the
display and locate it in the required measurement position and viewing direction. For curved
displays, these measuring methods only apply for displays that have a constant radius of
curvature about a single axis (e.g. cylindrical shape). Figure 1 illustrates the coordinate
system for a convex display that is curved about the y-axis. The origin of the coordinate
system is positioned at the imaging surface of the display and centred on the screen. The
same coordinate system applies for a concave display with the image rendering surface
facing the positive z-axis.

For flat displays, the image rendering plane is aligned in the x-y plane. A foldable display that
contains flat areas connected by a narrow region with a short radius of curvature shall be
measured in the flat areas, and treated as a flat display.

Unless otherwise specified, the optical axis of the LMD shall be aligned to within 1° of the
display surface normal at the centre of the measurement field in order to minimize the
alignment error introduced by the display curvature. For spot type LMDs, the retro-reflection
of the LMD can be used to obtain this alignment. Otherwise, an alignment laser can be used
to ensure that the LMD optical axis passes through a curved display’s centre of curvature.
The methods also assume that the rotation stages and mechanical mounting have sufficient
accuracy and stability to maintain a < 1° tolerance for any rotational or tilt motions.

1 Numbers in square brackets refer to the Bibliography. Documents
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NOTE The origin is centred on the screen which is curved with a constant radius r at the surface of the imaging
plane.

Figure 1 — Example of the coordinate system used for a convex display of a
constant radius of curvature about the y-axis

4.1.2 Display mounting for uniformity measurements

For flat displays, the display uniformity is generally measured by translating the LMD parallel
to the screen and measuring the display characteristics at different screen locations.
However, for convex or concave displays, the display mounting shall allow the display to be
rotated about its centre of curvature while ensuring that the imaging plane always passes
through the y-axis at the origin. This is illustrated in Figure 2 for the case of a convex display.
The same motion shall be used for concave displays. Figure 2 illustrates how lateral locations
Py, P4, and P, can be rotated into the LMD measurement field. This display rotation allows
the display uniformity to be measured at a constant viewing direction. Alternatively, the LMD
can be mounted on a goniometer that rotates about the display’s centre of curvature.

IEC

NOTE Figure 2 shows how a convex display which is curved with a constant radius » can be rotated about its
centre of curvature to align different display locations in the x-z plane within the measurement field.

Figure 2 — Top view example of how a convex display
can be rotated within the measurement field

41.3 Display mounting for viewing direction measurements

Viewing direction measurements on curved displays require the exact alignment of the LMD
and the display.[1] The centre of the LMD measurement field is usually aligned perpendicular
to the display surface. Alignment accuracy to within +1° is recommended in order to minimize
the alignment error introduced by the display curvature. It should be the same vﬂo@uj‘ﬂents
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conditions. For the coordinate system defined in Figure 1, the LMD optical axis would pass
through a curved display’s centre of curvature. When measuring the viewing dependence of a
curved display, the display mount would need to rotate about a point on the display surface at
the centre of the measurement field in the x-z plane (as shown in Figure 3), or rotate in the y-z
plane. The same motion would be required for a flat display. Alternatively, the LMD can be
mounted on a goniometer that rotates about the same point on the display surface at the
centre of the measurement field (the origin in the coordinate system defined in Figure 1).

IEC

NOTE These figures show how the display mount rotates about the surface of a convex or flat display for viewing
direction measurements.

Figure 3 — Top view example of display mount that rotates in the x-z plane
for viewing direction measurements

4.2 Light measuring device

It is generally assumed that the LMD will be a spot photometer, colorimeter, or
spectroradiometer. The optical characteristics of these instruments are illustrated in Figure 4.
The LMDs often have a selectable measurement-field angle (sometimes called the
measurement aperture) that for a given measuring distance defines the measuring field on the
display surface. The measurement-field angle shall be no greater than 2°. The measuring
distance from the LMD to the display surface is nominally 0,5 m. This combination of
measuring-field angle and distance usually satisfies the recommendation that the
measurement field contain at least 500 pixels. However, for curved displays, if the
measurement field becomes larger (or the radius of curvature becomes smaller), then the
LMD samples light from the display surface over a larger range of inclination angles Agy. The
range of inclination angles sampled by the LMD is given by:

Aé’d:arcsin( < J (1)
27,

where c is the diameter of the measurement field and r. is the display radius of curvature.

Figure 5 provides an example of how the range of inclination angles can vary for a given
measurement field on displays with a 35 mm and 45 mm radius of curvature. In this example,
the range of measurement fields that contain at least 500 pixels is identified by the shaded
region under the curves. Figure 5 also includes an example of the measurement fields that
can be obtained by a commercial spectroradiometer at a 0,5 m measurement distance as
identified by its measurement-field angles (LMD aperture).

In general, it is desirable to minimize Ag, in order to avoid averaging over a large range of
viewing directions during the measurement. For this reason, the range of inclina euments
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shall be A6y < 5°. In the example illustrated in Figure 5, the LMD with the 1° measurement-
field angle would subtend a measurement field that has A6y < 5° for the 45 mm radius of
curvature display, but Agy > 5° for the 35 mm radius of curvature display. However, if the LMD
measurement distance is reduced to 0,4 m for the 35 mm radius of curvature display, then A6y
would also fall below 5°.

Another method to reduce the range of display inclination angles is to reduce the
measurement-field angle of the LMD. But as the example in Figure 5 suggests, the smaller
measurement-field angles produce measurement fields that may not sample the
recommended > 500 display pixels. This may be mitigated for the 0,2° measurement-field
angle example in Figure 5 by increasing the measuring distance. However, the combination of
smaller measurement-field angle and longer measuring distance tends to produce noisier
data, and could result in reproducibility problems. But if it can be demonstrated that the
smaller measurement-field angles at shorter measuring distances give the same results as for
LMD configurations that do contain at least 500 pixels, then the smaller measurement-field
angles are acceptable.

Acceptance area

Angular field
of view Angular
—_— / aperture
_—
-—

2 T \.
_g —— — —
i ="
w ™ Measurement L o -
field ="
) |
Measurement-field angle
IEC
Figure 4 — Optical characteristics of a spot photometer, colorimeter,
or spectroradiometer
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NOTE 1 Figure 5 shows the relationship between the measurement field diameter and the range of inclinations
angles captured within the measurement field for a given display radius of curvature.

NOTE 2 The shadowed area highlights the region where > 500 pixels are sampled for a given measurement field
angle (dashed line).

Figure 5 — Example of the relationship between measurement
field diameter and inclinations angles

4.3 Light source configurations
4.3.1 General

Light sources will be used to simulate the display performance under typical indoor or outdoor
ambient lighting environments. These environments generally contain a combination of
directed and uniform hemispherical diffuse light sources. Subclauses 4.3.2 and 4.3.3 define
how these sources will be configured when evaluating the performance of curved displays
under simulated indoor and outdoor illumination conditions. Flat displays will follow the same
general configuration, without the need to consider the orientation of the display’s bending
axis.

4.3.2 Uniform hemispherical diffuse illumination

Uniform hemispherical diffuse illumination is generally realized by using an integrating
sphere. For large displays, and displays with a large radius of curvature, the display may be
placed against the sample port of a sampling sphere and the measurement area should be
within the uniform illumination area of the display (see Figure 6, configuration B). However, if
the display is too small to fill the sample port of a sampling sphere, or the curvature of a
concave display is smaller than the curvature of the sampling sphere, then the display shall
be placed in the centre of an integrating sphere (see Figure 6, configuration A). In either
configuration, the long axis of the curved display (y-axis) shall be in the plane of incidence of
the LMD and tilted 8° to 10° from the LMD optical axis. When using an integrating sphere, the
reflection standard should be placed adjacent to the display and in the same plane as the
display measurement area. Best practices for sphere design and measurements shall be
followed. [3,4]
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Figure 6 — Example of reflection measurement geometries
for spherical illumination

4.3.3 Directed source illumination

Directed source measurements are particularly sensitive to illumination area distortion and
unintended beam focusing from curved displays. Therefore, display measurements with
directed illumination shall use the configuration illustrated in Figure 7. The LMD and light
source optical axis shall lie in the y-z plane centred through the origin. Alternatively, for a
small convex display, a ring light centred above and/or below the measurement field can be
used to illuminate the measurement field at a nominal 45° inclination angle
(see Figure 8).[1,2] The LMD measurement area shall be centred and lie within the
illumination area. The ring light illumination shown in Figure 8 fulfils two conditions: the ring
light inclination is 45°, and the illuminance (or spectral irradiance) does not change with
orientation along the circumference of the cylinder.

y
j..-—LDispIay
LMD

— Z p

Light source
M,

IEC

Figure 7 — Example of convex display illuminated by a directed light source
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