IEC TR 62595-1-3:2019-04(en)

IEC TR 62595-1-3

TECHNICAL
REPORT

Edition 1.0 2019-04

9
Q’\
o3V
o
POSEN Tl
34
L
) S
Disjplay lighting unit — &
Pasllt 1-3: Lighting units with arbitrary shapezo
N
7



https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 IEC, Geneva, Switzerland

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

IEC Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, pullishes

Internptional Standards for all electrical, electronic and related technologies.

About IEC publications

The té¢chnical content of IEC publications is kept under constant review by the IEC. Please make,sure’ that you haye the

latest|edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The apvanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
commyjttee,...). It also gives information on projects, replaced
and w(thdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay yp to date on all new IEC publications. Just Published
detailg all new publications released. Available online and
once @ month by email.

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

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

Electropedia - www.electropédiaZorg
The world's leading online 'dictionary on electrotechrjology,
containing more than 22«00 terminological entries in gnglish
and French, with equivalent terms in 16 additional langyages.
Also known as thesInternational Electrotechnical Vocgbulary
(IEV) online.

IEC Glossary~ std.iec.ch/glossary
67 000 electrotechnical terminology entries in Engligh and
French-extracted from the Terms and Definitions clapse of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, §6 and
CISPR.



mailto:info@iec.ch
mailto:info@iec.ch
https://www.iec.ch/
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
https://webstore.iec.ch/csc
mailto:sales@iec.ch
mailto:sales@iec.ch
http://www.electropedia.org/
http://www.electropedia.org/
http://std.iec.ch/glossary
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

IEC TR 62595-1-3

Edition 1.0 2019-04

TECHNICAL
REPORT

“col@ur
inside

Display lighting unit —
Parnt 1-3: Lighting units with arbitrary shapés

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 31.120; 31.260 ISBN 978-2-8322-6721-9

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

-2- IEC TR 62595-1-3:2019 © |IEC 2019

CONTENTS
O ] T @ L I PP
INTRODUGCTION ..ttt e e e et et e e e e et e e e et e et e et e et e e e eenns
1 1o o 1= S P
2 NOrMative referENCES ... e
3  Terms, definitions and abbreviated terms ...
3.1 Terms and definitioNS .. ..o
3.2 Abbreviated termsS........oueeiei e
4 Flexible lighting units ... ... e Y
411 LT =Y o =T - ¥ PRSP S B
412 FLSs possessing arbitrary curvature ..........c.ccoooiiiiiiiiiiniin e
5 ISingle-curvature FLS mModel.... ..o N e
6 FLS light emission directionality ...........ccccoooiiiiiiiii W N T
7  |Measurement field projection on a curved FLS ...
8 |Discussion and coONCIUSIONS ..o S
7T 1T oo = o 4 /275 P .
Figufe 1 — Examples of curved FLS and curved display ,...00. i e
Figufe 2 — FLS with an arbitrary curvature and measufément system............ccoocovviniin )
Figure 3 — FLS element with curvature and change of measurement field contour due
TO CUIVATUIE Lo A e ettt ettt .
Figufe 4 — Curved FLS with convex and congave curvatures...........c.cooeveiiiiiiiiiiiincieeeen,
Figufe 5 — Radiation pattern of FLSs with\nearly Lambertian luminous intensities (n =
0,8, 1, 1,2) and collimated light intensities (» = 5, 10, 15) in a spherical coordinate
SY S I e TR e .
Figure 6 — Radiation pattern profiles of FLSs with nearly Lambertian luminous
intensities (71 = 0,8, 1, 1,2) . i e
Figufe 7 — Confined flux in selid angles (6= 0° to 90°) for intensity distributions with »
= 0,8, 1, 1,2 AaNd 15 e e e
Figure 8 — LMD’s cone_cross section nearly equal to that of the FLS’s diameter ...............|
Figufe 9 — Contour of projected measurement field’s cone cross section on a
oY1) o L ToF= L o IR PSSP
Figufe 10 —~Cantour of a cone’s cross section of the measurement field on a large
radiys cylindrical FLS R g = 00 (flat).......ouumiiiiiiiiiiiiiiii
FiguteN1 — Off-axis measurement and cone’s cross section contour on the DUT (right
half expanded and left half contracted) ...

Figure 12 — Measurement field cone’s cross section contour on a cylindrical FLS
versus the angle between the LMD and DUT aXeS (8) ....uvvuieiiniiniiiiiieieeee e

Figure 13 — Cross section of the measurement field (cone's cross section) with the
angle () between the LMD and DUT axes, on a concave cylindrical FLS..............................

13

13

14
14

15


https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

IEC TR 62595-1-3:2019 © IEC 2019 -3-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISPLAY LIGHTING UNIT —
Part 1-3: Lighting units with arbitrary shapes

FOREWORD

THh
al
in
th
T4
P

in
ad
w

ag

TH
cq
in

b4
th

1=
ag
sq

Al

N
m
ot
e
P

Af
in
Af
p4

The
tech
data
example "state of the art".

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization cemp
national electrotechnical committees (IEC National Committees). The object of IEC is\\to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fielg

rising
mote
s. To

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National €Committee inte
the subject dealt with may participate in this preparatory work. International,, governmental and
vernmental organizations liaising with the IEC also participate in this preparation¥IEC collaborates ¢
th the International Organization for Standardization (ISO) in accordance with [conditions determin
reement between the two organizations.

nsensus of opinion on the relevant subjects since each technical committee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N3
mmittees in that sense. While all reasonable efforts are made t0 ensure that the technical content g
blications is accurate, IEC cannot be held responsible for¢he way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National "Committees undertake to apply IEC Public
nsparently to the maximum extent possible in theifynational and regional publications. Any diver
tween any IEC Publication and the corresponding national or regional publication shall be clearly indica
P |atter.

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

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

embers of its technical committiees and IEC National Committees for any personal injury, property dam
her damage of any nature (whatsoever, whether direct or indirect, or for costs (including legal fee
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn\to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IE€ 'shall not be held responsible for identifying any or all such patent rights.

Mmain-task of IEC technical committees is to prepare International Standards. Howey
nicakeommittee may propose the publication of a technical report when it has collg
of.d different kind from that which is normally published as an International Standarg

s end and in addition to other activities, IEC publishes International Standards, Technical SpecificTions,
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IEC TR 62595-1-3, which is a technical report, has been prepared by IEC technical
committee 110: Electronic displays.

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

Enquiry draft Report on voting
110/1018/DTR 110/1064/RVDTR

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.


https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

-4 — IEC TR 62595-1-3:2019 © |IEC 2019
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62595 series, published under the general title Display lighting
unit, can be found on the IEC website.

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,

. thdrawr;

—

bplaced by a revised edition, or

e gmended.

A biljngual 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 ke, useful for the corfect
unde¢rstanding of its contents. Users should therefore‘print this document usinjg a
colojur printer.
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INTRODUCTION

Recent developments in materials for flexible lighting sources (FLSs) with arbitrary shapes
such as organic light emitting devices (OLEDs) have boosted their fabrication process as well
as expanding their applications in various fields, for example electronic displays and wearable
display devices. Since FLSs can emit light in a curved and deformed shape even under
external stress, which is different from that of the devices with rigid substrates, these
characteristics and performances require new evaluation and measurement methods. This
document focuses on common issues of light emission from FLSs such as spatial uniformity of
luminance and colour, and angular distribution of luminance and colour. This document

delivers an archetype of a curved FLS's light emission and its measurement. The intent of this
docdment is to provide guidance for the development of future measurement standardsy
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DISPLAY LIGHTING UNIT -

Part 1-3: Lighting units with arbitrary shapes

1 Scope

This part of IEC 62595 focuses on common issues of light emission such as spatial uniformity

of lu
with
light

devd

docd]

emission from a curved FLS and of light measurement on a curved FLS. Becaus

shapges of geometrical curvature having different spectral and spatial chatacteristics of
emigsion.

NOTH 1 Almost 20 years ago plastic LCDs were developed and used in a few applications.

NOTH 2 Flexible BLUs have been used for bendable LC panels in recent years.

NOTH 3 Recent transmissive and transflective flexible LCs require flexible BLUs.

2

Normative references

There are no normative references in this document.

3

Terms, definitions and abbreviated terms

For the purposes of this document,dhe following terms and definitions apply.

ISO
addr]

3.1

3.1.1

plan
light

and IEC maintain terminological databases for use in standardization at the folloj
Bsses:

EC Electropedia:savailable at http://www.electropedia.org/

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

Terms-and definitions

minance and colour, and angular distribution of luminance and colour, from lighting, binits
arbitrary shapes like flexible lighting sources (FLSs). This document provides a.model of

the

lopment of flexible liquid crystal panels is in progress (see the notes), the“intent of this
ment is to provide guidance for the development of future measurementistandards.|This
ment is applicable to FLSs either as light sources, products or elemeénts with arbifrary

light

wing

|e FLS
A

mission from 3 flat surface

3.1.2
convex FLS

light

emission from a convex curved surface

3.1.3
concave FLS

light

emission from a concave curved surface

3.1.4
transparent FLS
FLS with transparent substrate that emits light from both front and back surfaces, or otherwise

from

the inner or outer surfaces
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3.1.5
foldable FLS
FLS bent over upon itself

3.1.6
bendable FLS

long or thin FLS forced from a straight form into a curved or angular one, or from a curved or

angular form into some different form

FLS |capable of rolling or being rolled

3.1.
strefchable FLS
FLS [capable of being stretched, or fabricated on a stretchable or elastic substrate

3.1.
singje-curvature surface emission FLS

FLS [that possesses a single radius of curvature, whether negative ‘er-positive, along its Ie
width or diagonal

chromatic emission FLS
FLS jwith a narrow band emission of light

3.1.12
chrgmatic emission FLS
FLS jwith polychromatic light emission

3.1.13

spatiial characteristics

information on measurement point position, area, and size or images captured from sg
viewtpoints at successive time intervals that are shown together on a single picture

3.2 | Abbreviated terms
ALD angular luminance distribution
BLU backlight unit

DLU display lighting unit

DUT device under test

FLS flexible light source

LCD liguid crystal display

LED light emitting diode

LMD light measuring device

MF measurement field

OLED organic light emitting diode

VLU virtual luminance uniformity

ngth,

atial
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4 Flexible lighting units

4.1 General

Recent developments in materials for flexible lighting sources (FLSs) such as organic light
emitting devices (OLEDs) have expanded their applications in various fields, for example
electronic displays and wearable display devices. Their exceptional characteristics, i.e., the
flexibility of lighting units, have accelerated the usages of wearable devices.

FLSs are innovative elements with planar light emitting elements. FLSs have excellent surface
emission characteristics with mechanical durability as shown in the lighting and display
deviges in Figure 1 [1]1. Surface light emitting FLSs are applicable to the fields of digplay
lightings in the wearable, internet of things (IoT), and healthcare industries, and are-expdcted
to bg a large promising market [1 to 28].

IEC IEC

a) White flexible FLS element for display b) Curved display
illumination (back or front)

Figure 1 — Examples of curved FLS and curved display

Nowpdays the piecewise and roll-to-roll manufacturing approaches are being explored \hile
addressing problems in FLS durability, €fficiency and luminance homogeneity. In addition|, the
matgrial research, plant construction, component technology and application are Reing
studied for future elements and preducts [12 to 16].

Sincg the flexible planarclighting units are thin, light-weight, and have geometrical
defofmability, i.e., bending, Tolling, folding, and stretching, these properties can benefif the
automobile and aircraft.industries. The robustness of these flexible devices appears in [their
relatjvely uniform light distribution, i.e., a weak directivity in bending, in optical invariant| and
in light diffusion that_results in dimmed shadow in bending.

In aqdition newsindustries are exploring the methods to integrate flat and flexible lighting pnits
into jautomobiles, aircrafts and households. Since the FLSs can emit light in a curved|and
defofmed shape even under external stress, which is different from that of the devices|with
rigid| glass substrates, these characteristics and performances require new evaluation| and
measurement methods. I addition the measurement ftems i static and dynmamic applications
are indispensable for accelerating the new market of the planar FLS elements or products.
Therefore, this document intends to focus on and to resolve the issues of curved FLSs such
as optical quantities measurements from certain angles and to show the necessity for
developing guidance for future standardization work.

The measurements of flat planar light sources as well as flat FLSs have been studied and
their optical quantities measurements have been established. The existing measurement
devices are mechanically and optically adapted to the flat planar light emitting devices or
displays. However, the static FLSs with a single, double or even an arbitrary curvature have
not yet been studied or established yet. Therefore, the measurements of the curved FLS

1 Numbers in square brackets refer to the Bibliography.
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elements or products require a new evaluation of the measurement devices, which have
adaptive characteristics.

4.2 FLSs possessing arbitrary curvature

The issues of curved TV sets and FLSs with large curvatures have been studied in recent
years [17 to 19, 25 to 28]. In addition, the analyses given in [20] to [22] are based on an
assumption that the projected cross section of a cone defined as the measurement field (MF)
on a single curved surface is elliptical. However, the contour of an MF or the boundary of the
field on the DUT is not an ellipse. The projection of a circle on a tilted plane surface is an
ellipse. However, the projection of the MF on a curved surface is not an ellipse and should be
calc(iTated.

geometric structure, hitherto have not been studied. In addition, the existing luminous fllix or
luminance measurement devices have been used for the optical quantities measuremenits of
curved large size illuminating devices. In the conventional measurementithe provisions of
front] luminance evaluation are based on flatness, i.e., an object with/-adradius of infjnity.
Howgver, the new measurements require information on surface priof t6° measurement, and
new [luminance or luminous flux measuring devices (LMDs). In additien, new definitiong are
requjred for curved FLSs (see 3.1.1 to 3.1.12) because the depth of focus or the defociis of
the measuring devices changes with respect to FLS curvature./The defocus of an LMD that is
used for measuring a flat plane causes erroneous results. The measurement items arg the
luminance on the surface normal or slanted angles, luminance uniformity (whether |with
Lambpertian or nearly Lambertian distribution) or virtuallluminance uniformity, that i$, to
compare the luminance of different points on a curved-surface, angular luminance distrib(tion,
angylar chromaticity and its uniformity, and luminogs*flux measurement on an arbitrary point
and parea on the curving FLSs, as shown in Figure 2.

The |issues of FLSs with a small curvature, i.e., the degree of flatness and the surfIce's

LMD

Surface
normal

P(x, Yoz, Hi‘ ¢i)

DUT
(Single curvature)
Ammeter
¢i
)
//

Power supply and

Voltmeter control system
IEC

Figure 2 — FLS with an arbitrary curvature and measurement system

Since an FLS can be used in a freeform shape, the optical measurement requires analysis of
the complicated curvature and as a result rigorous geometrical mathematics are needed [23,
24]. Hence, this document handles the first degree of curvature, i.e., a concave and convex
FLS with a single curvature, as shown in Figure 3.


https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

-10 - IEC TR 62595-1-3:2019 © |IEC 2019

Depth of focus

c, 4 B Measurement field angle

NOTH
light 1

5 A

The
LMD

the 1

y In focus

P\

DUT (convex) 0 DUT (concave)

1 . :
|
|
1
|
:
V)
-
|
1
|
|
1
1
|
1
|
1

The measurement of curved surfaces results in erroneous results due {0, _defocus or depth of focus
heasuring devices.

Figure 3 — FLS element with curvaturerand change
of measurement field contour due’to curvature

Bingle-curvature FLS model

geometries of a single-curvature (concave and convex) FLS are shown in Figure 4.
is set at a distance D yp from the curved FLS. In case of a conventional flat plane

adius is large enough with respect;t0 the LMD's depth of focus. However, the radi

bf the

The
DUT

IS is

limited to D, \,p Which results in a flat'plane circular measurement field and by definitiop the

diam

wher
%

Dy my

eter is written as:

6
Ug = 49By = 2D mp -tan7°

issthe measurement angle of the LMD;

is the distance between the LMD and the DUT;

4By

(=Up) is by definition the diameter of the circular cross section of the measure

(1)

ment

field (viewed cone through the CLMD).

However, the area is a cap of a sphere with a radius of D p that results in the following
measurement field with a chord of the arc (in actual case) as follows:

Uy =4B =Dvp -6

where

A4B4

(=Uy) is the chord of the arc (cross section of the cap).

(2)

In this manner the calculations are extended to DUTs with radii of R, and R; as shown
in Figure 4. The following measurement fields, that is, the chords, are obtained:
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Uy = 4pBy = Ryt

Us = A3B3 = R303

3)

(4)

The angles 6, and 65 can be obtained by calculating the cross point of FLS-2 and FLS-3 with

the up and down border lines of the viewing angle. The measurement fields are the circles
with diameters of 4,8, ( = U,) and 43B5 ( = Uj) corresponding to the chords of the segments

with radii of R, and R3. When these measurement fields are compared to that of the flat plane,

the f

The

The
(DeH

llowing differences (AU,. AU,. AU,) are obtained:
AUy = Uy Uy
AU, =|Ug - Uy
AU3 =|Uq - U3

differences between the Mg, chords in the y-direction aréccalculated as follows:
%
Mepo =2Dpup dan--

. 6
Mep1, 22D b 'S'”?O

.0
MFA2 =2R2 'S|n?2

0,
MFA3 = 2R3 'S|n7

differences)in the chords show the amount of depth of focus at the edge of the ch
, in the z=direction) as follows:

Degpo =0

7
Dgr1 = Divp — Dimp '00370

o
Dgpa =(Dimp + R2) = Ry '00572 ~Diwp

o
=R, -Ry .cos?z

o
Ders = (Divp — R3) + Rs '003?3

(%)

(6)

(7)

(8)

(9)

(10)

(11)

ords

(12)

(13)

(14)

(15)
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The differences in the viewed area (defined by the chord or the arc) through the cone
(measurement field) are given as follows:

AMEp1 =|[Mpag — Mraq| (16)
AMEp2 =|Mpao — MEn2)| (17)
AMepg =Mepg = Meyql (18)

The [measurement results are affected by the directionality of the sources and relptive
posifions of the LMD and DUT. Therefore, the analysis of the geometries showncin Figurq 3 is
performed as shown in Figure 4.

Measurement
field

i LMD
D |
....................................................... {3
Measurement '
field angle
Inner surface
emission FLS
(convex FLS) ;
Oufer surface D wp
emfission FLS < >

(convex FLS) Flat
FLS

IEC

NOTH The ¢hords defining the measurement fields are analytically obtained and compared with the chord (qone’s
circulprefoss section) on a flat plane (conventional 4,8).

Figure 4 — Curved FLS with convex and concave curvatures

6 FLS light emission directionality

A curved FLS (source, product, and element) might have a reflective surface and an arbitrary
luminous intensity distribution, i.e., cos"(6). However, a secondary optics is used for shaping
the emitted light. Figure 5 shows almost Lambertian distribution for n = 0,8 and » = 1,2. An
example of directional distribution of n = 15 is plotted as reference in Figure 5. The nearly
Lambertian sources can be treated as Lambertian with predefined approximation.
Nevertheless, the directed FLS such as n = 15 leads to larger measurement errors, because
the flux is directed into a narrow solid angle (light cone) as shown in Figure 6. The luminous
flux concentrations are shown in Figure 7 in comparison with Lambertian distribution.
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a 0
» RN
n=12 n=15
n=1 | 7310
I Cs ﬂ—:‘
90° > 90
IEC

NOTH Intensity distributions using cos"(6) with different values of “n”.

Figure 5 — Radiation pattern of FLSs with nearly Lambertian luminous intensities
(n=0,8, 1, 1,2) and collimated light intensities (n = 5,410, 15)
in a spherical coordinate system

2zl A
[72]
c
L1
=
210,9
o
E 0,8 n=0,8
=2 07 0.,,=65137°
S n=1,2 @ I =09
N 9. = 55 859° n =0,8 n=1 ’ ]
=] L N
Elos NPT N ‘
o]
z
0,4 -
n=1
0,3 01/2= 600
0,2 D, 10 _=1
0,1
0 B
0 10 20 30 40 50 60 70 80 90
Zenith angle, 6 (degree)
IEC

NOTE 1 These are the Lambertian and the nearly Lambertian radiance distributions of FLSs.

NOTE 2 Half-angles (&,,,) and flux (@) ratios are shown in the graph.

Figure 6 — Radiation pattern profiles of FLSs with nearly
Lambertian luminous intensities (» = 0,8, 1, 1,2)
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NOTH
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7 Measurement field projection on a curved’ FLS

The
prec
radiy

10 gnd 11. The contour (MF’s boundary) on a curved FLS and for an off-axis is show
re 11 which is not an ellipse. Moreover, an off-axis, i.e., slanted, measurement is s]own

Figu
in Fi
two

] = '

1000 | | ~
A" // |
e | \
0 10 20 30 40 5 60 70 80 90
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Figure 7 — Confined flux in solid angles (&= 0° to 90°)
for intensity distributions with » = 0,8, 1, 1,2 and 15
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projection of a round measurement field~on a single-curvature FLS is important for

se evaluation. Figure 8 and Figure 9 show a projection of a round MF on an FLS w
s of R. The projected area on the surface normal direction has a contour shown in F
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gure 12. In addition, the measurement of an inner surface emission FLS is divided
barts, the upper part is expanded and the lower part is contracted as it varies wit

into
the
f the

angle between the optical axes:of the LMD and the DUT, i.e., the J-angle. The variation 0
field|area versus the Jjy-angle is shown in Figure 13.
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NOTE Measurement field (MF) cone’s cross section projected on a cylindrical FLS with nearly comparable
diameter.

Figure 8 — LMD’s cone cross section nearly equal
to that of the FLS’s diameter
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Figure 9 — Contour of projected measurement field’s cone
cross section on a cylindrical FLS
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wmp F 1 000 mm (refer to Figure 8).

Figure 10 — Contour of a cone’s’cross section of the measurement field
on a large radius;cylindrical FLS Rg| g = « (flat)
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OFF
measurement distance D, \,p = 1 000 mm (refer to Figure 8).

Figure 11 — Off-axis measurement and cone’s cross section contour
on the DUT (right half expanded and left half contracted)


https://iecnorm.com/api/?name=4e5c87432b910a98f2c48e234a3df90f

—16 —

IEC TR 62595-1-3:2019 © |IEC 2019

NOTH 1
parti

NOTEH

Off-axis measuring field’s cone cross section projected ‘eh the inner surface emission FLS. The
expanded and the lower part is contracted.
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Figure 12 — Measurement field cone’s crosssection contour on a cylindrical FLS vefsus
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Figure 13 — Cross section of the measurement field (cone's cross section) with the
angle (6) between the LMD and DUT axes, on a concave cylindrical FLS
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8 Discussion and conclusions

Curved displays have been integrated into products such as TVs, cell phones, and wearable
devices. The development and integration of the flexible displays boost the applications of the
indoor and outdoor devices, for example distinct or wall-decorated large size curved or
foldable signage displays, as well as commercial wearable and handheld devices. Since
bending the display can alter its optical properties, it is necessary to evaluate the optical
performance of the display's lighting units under the curved state, i.e., the stretched or
contracted conditions. In contrast to a flat lighting unit of a display, the display's light source
curvature introduces new measurement challenges. The optical characteristics such as spatial
and angular luminance, spatial and angular luminance uniformity or virtual luminance
unifgrmity, spatial and angular chromaticity distribution, spatial and angular colour unifermity,
luminous intensity distribution, local luminous flux and change in the optical invariant.onf the
flexilble light source with a decreasing radius of curvature shall be evaluated torensure the
integration of the lighting unit with the flexible display.

Optital flux measurement on a curved FLS requires attachment to the integfated sphere| The
existing LMDs and novel interfaces should be developed to meet the needs for measurement
of the emerging curved FLSs.

In ap FLS element in combination with secondary optics for light extraction and shaping, the
secondary optics inserts new optical characteristics on the,FLS. In case of Lambertign or
nearly Lambertian light emissions novel light measuring methods are required, however the
FLSs with directional characteristics can require more analysis and complicated measurement
methods.

Opti¢al quantities measurement of an FLS with an arbitrary curvature is the main issug. An
arbitfary curvature of an FLS can be analysed wsing a single curvature, and as a concepjt the
single curvature is studied for the first time ip,this document. The measurement of a curved
FLS) the depth of focus of the measuremeni\devices and the defocus are the main issueg. An
FLS |[can be a monochromatic, polychromatic (multicolour) or white (phosphor and quanptum
dot qr quantum rods converted white) element.

In this document the curved FLSs and the required standardization limited to a s|ngle
curvature as a model, which:can be extended to FLSs with arbitrary curvatures, have been
revigwed. TC 110 DLU should urgently handle the FLSs (defined in 3.1.2 to 3.1.12) for
stretthable or conformahle displays.
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