IEC TR 62595-1-4:2020-07(en)

IEC TR 62595-1-4

TECHNICAL
REPORT

Edition 1.0 2020-07

»] |
o) [ P Rolis

Dis'lf()lay lighting unit —
Pant 1-4: Glass light guide plate



https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 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 Bnglish
and French, with equivalent terms in 16 additional langyages.
Also known as theInternational 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 clapise 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
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

IEC TR 62595-1-4

Edition 1.0 2020-07

TECHNICAL
REPORT

“ colour
inside
Digplay lighting unit —

Part 1-4: Glass light guide plate

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 31.120; 31.260 ISBN 978-2-8322-8618-0

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

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

-2- IEC TR 62595-1-4:2020 © IEC 2020

CONTENTS

O T T 1 I PP 4
1 S T oo o 1S 6
2 NOrMative referENCES .. o 6
3  Terms, definitions and abbreviated terms ..........cooiiiii i 6
3.1 Terms and definifioNS .. ..o 6
3.2 Abbreviated termMs ... e 6

I O 1= Y AL PP 7
411 GBNEIAl. .. e 7
412 Light guide plate technologies and its typical materials ......................... A8 7
443 Advantages of and issues with GLGP ...........coooiiiiiiii b 8

5 |Optical characteristiCs .....c.oivuiiniiiiiie e N e b 9
51 Factors affecting optical characteristics of GLGP ...............o . Onei e 9
5]2 Optical absorption of the glass materials for LGP .............c.. . 7 9
5]3 Optical absorption and scattering loss caused by the dot pattern ......................, .. 11
54 INCIAENT 10SS .viviii e DN T, .. 11
5]5 Effect of the reflection tapes .......ccooiiiiiii S ... 12
56 Discussions for possible future standardization... 7 . ... ...12
5.6.1 Applicability of existing standards.............5 i ... 12
5.6.2 Mechanical structure and interface ...y L..13
5.6.3 Hotspot influence caused by LED light source ...........ccooooiiiiiiiiiiiinnd L..13
5.6.4 Non uniformity around edge...... 0 ... 13
5.6.5 Optical absorption of glass materials for LGP ... ...13

6 Mechanical and environmental characteristics ...........coooiiiii ... 13
61 General. ..o 13
6)2 Lo e 11 4 PP ... 14
6J3 Thermal expansion and_heat resistance/noninflammability ..................c..ooy ...15
64 HUumMIidity @absor Pl o e ... 17
6]5 IMpPaCt FES S AN T e ...18
6]6 Discussions._for'possible future standardization...................ccooiiiiiiiin e ...19

7 |Additional functions and possible future standardization....................ol ...19
711 LT LY = | PP ...19
7)2 Loeal dimming for HDR TV ... ... 19
713 Curved GLGP for curved LCD ..o ...20
714 Quantum dot coating and quantum dot coated film LCD ...y ... 21
715 Frontlight e 21
7.6 TranSPaArENt LCD ..o 21

7. Combination With PDLC ... e 22
710 [T Yo = o1 2 V78 23
Figure 1 — Structure of edge-lit BLU and LGP ..o 7
Figure 2 — Light propagation in LGP ... 8
Figure 3 — Examples of internal transmittance spectra at 50 cm in optical path length........... 10
Figure 4 — Chromaticity gradient against the distance from incident edge ..............cc.ccooin. 10
Figure 5 — Variation of the relative BLU luminance against the thickness of the GLGP.......... 12

Figure 6 — Weight /thickness dependence of the rigidity of PMMA and glass for LGPs........... 15


https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

IEC TR 62595-1-4:2020 © IEC 2020 -3-

Figure 7 — Schematics of the simulation setup for the deformation calculation of the

LGP by pulling up one corner and fixing the other three corners ..............coocoiiiiiiiin e, 15
Figure 8 — Horizontal bowing of polymeric LGPs under elevated temperature ....................... 16
Figure 9 — Simulated temperature distribution of (a) GLGP and (b) PMMA LGP ................... 17
Figure 10 — Simulated thermal deformation of (a) GLGP and (b) PMMA LGP due to

0= B T | ) 1] PP 17
Figure 11 — Increase in the horizontal length of LGP with temperature change for a 65”
(o= Yo o] g =1 I N C 1 = PSSP 18
Figure 12 — Example of curved LCD using a curved GLGP.........ccoooiiiiiii 20
Figure 13 — Example of transparent LCD ... O ... 21
Figure 14 — Example of transparent LCD with GLGP including PDLC ........................ 0 Y. ...22
Tablg 1 — Comparison between polymers and glasses for LGP ...t e 8
Tablg 2 — Physical properties of commercial glass for LGP and PMMA ..o, 0 e, ... 14
Tablg 3 — Comparison of thickness, weight, and calculated deformation- between

GLG|P, PMMA LGP, and PMMA combined with steel plate ..............d il ...15
Tablg 4 — Comparison of GLGP and polymer LGP in confined structure under humid

(o0 o Yo 11410 o IS R .18

Tablg 5 — Impact resistance with different machining .........% .., ...19



https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC TR 62595-1-4:2020 © IEC 2020

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISPLAY LIGHTING UNIT -
Part 1-4: Glass light guide plate

FOREWORD

THh
al
in
th
Té
P

in
ad
w

ag

TH

In
trg
b
th

IE
ag
sq

Al

N
m
ot
e
P

Af
in
Af
p4

The
tech
data

exar

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

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd 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 c
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.

s end and in addition to other activities, IEC publishes International Standards, Technical SpecificTions,
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blications is accurate, IEC cannot be held responsible for”the”way in which they are used or fi
sinterpretation by any end user.
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IEC TR 62595-1-4, 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
110/1174/DTR 110/1200/RVDTR

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

IMRORTANT - The 'colour inside' logo on the cover page of this publication indicqates
that it contains colours which are considered to be useful for the corfect
understanding of its contents. Users should therefore print'this document using a
colpur printer.
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DISPLAY LIGHTING UNIT -

Part 1-4: Glass light guide plate

1 Scope

This part of IEC 62595, which is a Technical Report, provides general information for judging

the
whic
refle

necessity of future standardization of glass light guide plates for display lighting~y
h include backlight units for transmissive displays such as LCDs, and frontlight‘unif]
ctive displays.

nits,
s for

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 (incldyding
any amendments) applies.

IEC 2595-1-2:2016, Display lighting unit — Part 1-2: Termirology and letter symbols

3 Terms, definitions and abbreviated terms

For fhe purposes of this document, the followjng terms and definitions given in IEC 6259%-1-2
and the following apply.

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

o |EC Electropedia: available @t http://www.electropedia.org/

¢ |80 Online browsing platform: available at http://www.iso.org/obp

3.1 Terms and defifitions

3.1.1

glasp light guide plate

GLGP

light|guide_plate whose optically transparent medium is made of glass material

Note [l tolehtry: See IEC 62595-1-2:2016, 3.3.1. A GLGP includes optical elements for light guide plates, sych as
diffl.la Ul }Jdttvlllb, iII au‘u‘itiuu tU d giaba bilvvt fUI ilyilt guiu'v }Jidtvb.

3.2 Abbreviated terms

BLU backlight unit

CTE coefficient of thermal expansion

DLU display lighting unit

FLU front lighting unit

FPC flexible printed circuits

GLGP glass light guide plate

HDR high dynamic range

LC liquid crystal
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LCD
LED
LGP

liquid crystal display
light emitting diode
light guide plate

MCPCB metal core printed circuit board

MS

methyl-methacrylate styrene copolymer

PDLC polymer dispersed liquid crystal

PMMA polymethyl methacrylate

S/N

signal/noise ratio

4

4.1

Dverview

General

Glasp light guide plate (GLGP) enables distinctive display product features-such as thifner,

light
prop
inter
futur

4.2

An |
IEC
BLU
optid
the ¢

erties and stabilities compared to conventional

e standardization.

br, larger and narrower bezel design with several additional consi@de€rations of ma

polymer light guide |plate. This docu

ds to investigate display product features enabled by GLGP) and to identify pos

Light guide plate technologies and its typical materials

GP is a component of an edge-lit backlight unit ,(BLU) as shown in Figure 1 ar
52595-1-2:2016, Annex A. This edge-lit BLU has been widely used for thin LCDs. In the
the light emitted from LEDs positioned in clese proximity to the edges of the LG
ally coupled into the LGP to illuminate an LC>device. Figure 2 shows the schemati
ross-section view of the LGP. The light fron7 the LEDs propagates in the LGP by m

of tatal internal reflection, and the patterned“reflection dots at the surface disrupt the

inter

Case

Reflector

%

Film stack
(From front: top prism film / bottom prism film / diffuser film)

e

nal reflection to couple out light, resulting in uniform light output for surface illuminati

LED Light bar / LED-FPC (MCPCB)

Light guide plate (LGP)

LC device
Bezel

erial
ment
Sible

d in

P is
Cs of
bans
total
bN.

IEC

Figure 1 — Structure of edge-lit BLU and LGP
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Figure 2 — Light propagation in an LGP
Gengrally, polymer materials, such as polymethyl methacrylate (PMMA) and~ mdthyl-
methacrylate styrene copolymer (MS), have been applied for the LGP due to their excgllent
optidal properties. However, the polymer LGP has apparent disadvantages: 'lower stiffijess,
defofmation by humidity, higher thermal expansion, and lower chemical and)thermal stapility
(see|Table 1). Because of its lower stiffness, the polymer LGP is difficditto apply for eixtra-
largg size displays, that is, larger than 65 inches with ultra-thin design;less than 5 mm. Egsier
defofmation by humidity and thermal expansion result in the limitation of TV sets design to
keep the optical clearance between LEDs and LGPs. In addition, the thermally unsjable
natufe is not suitable for future high power LEDs that also generate more heat and introfduce
higher temperature; it potentially limits the brightness improvément of the BLU [10]1.
Table 1 — Comparison between polymets and glasses for LGP
Polymer Glass
Young’s modulus (GPa) Low (~5) High (=70)
Thermal conductivity (W/m/K) Low (=0,2) High (=1,1)
Thermal expansion (X107 1/K) High (> 400) Low (< 100)
Water/humidity absorption (vok%) High (< 0,1) None
Flammability Yes No
4.3 | Advantages of and issues with GLGP
Glasps materials have been gathering much attention these days as the candidates for novel
LGP|materials because they have better chemical durability, thermal stability, and mechahical
prop (31,
and GLGP installed LCD TVs and monitors have been on the market [4], [5].

BLU basteatly 5 y - v
GLGPs. Another big issue is the lack of appropriate information: most of the documentation
related to the LGP was prepared with the use of polymers in mind, therefore the appropriate
information is difficult to reach. Evaluation methods are also designed with the use of
polymers in mind, hence some of these, such as optical properties, mechanical and
environmental properties, seem inappropriate to the glass. If the correct recognition of the
difference between these two materials is not sufficient, biased knowledge and experiences of
the polymer LGP can prevent the adoption of the glass materials. In addition, the current
structure explained in Figure 1 would be based on polymer LGPs, and for GLGPs a new
structure might be applied according to the feature of the GLGP. The current standards for
BLUs need to be checked considering whether they are based on only polymer LGPs or not.

1 Numbers in square brackets refer to the Bibliography.
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As an additional point of view, compared with polymer LGPs, GLGPs may be suitable not only
for the BLUs mentioned above but also for other DLUs such as FLUs, transparent LCDs, and
so on, which seems attractive for the future. According to this situation, this document
summarizes the basic information of GLGPs and the desirable characters for G
application, in order to discuss the necessity of revising the current BLU standards [6] to [9]
and proposing new standards.

5

5.1

The
surfgce, and both the radiant or luminous flux and chromaticity are expected .16"\bed
unifgrm in the whole output surface. Applying the reflection tapes around one ,or ithree
(nontincident) surfaces of the GLGP can increase the luminance and uniformity, Uniform]‘ty of
the illuminant power and chromaticity depend on the optical absorption, scattering loss d

the gropagation, and loss of the LED coupling at the incident edge.

1)

2)

3)

5.2

The
whefeas that in general usag€is several millimetres at the most. Therefore, lower of
absqrption, that is, higher internal transmittance, is mandatory for the glass for LGPs. T

Optical characteristics

Factors affecting optical characteristics of GLGPs

Optical absorption: the absorption of the glass material itself(jis¥the major factc
determine the optical performance of the GLGP.
S
i

cattering loss: the GLGP generally uses ink-based light extraction. It uses scatterin
itfs mechanism to control light. This scattering by the reflection dot pattern has spsg
nd spatial dispersion, thus it also causes the similar effect of optical absorption.
ffect is not unique to GLGP, but the GLGP is expected to use a thinner thick
ompared to polymer LGPs, such as less than 3 mm in thickness, so the light hits th
hore often than on a thicker LGP, and it amplifies‘the ink's deleterious effects.

ffected by the distance between the LED and the LGP and the edge surface conditi
he GLGP such as edge straightness;‘édge surface waviness, incident area w

€
d
M
Lloss of the LED coupling: from the viewpointiof GLGPs, the loss at the LED coupli
t
dhamfering shape and roughness.

Optical absorption of the glass-materials for LGPs

LGP

main function of the GLGP is the light propagation from the incident edge to the\otlitput

ome
side

ring

r to

g as
ctral
This
hess
b ink

Ng is
bn of
idth,

optical path length of the LGP in LCD TVs is longer than several tens of centimetres,

tical
hese

distinguishing characteristics are reported in the references [10] and [11]. Figure 3 s

exan

MS, [PMMA and conventional extra clear glass for solar cells are shown as a reference.

that
the

show
transg

hormal spegtra which is 1 cm at the most. As shown in Figure 3, the glass for

longlas,50,ecm.

ows

ples of internal transmittance spectra of the commercial glass for LGPs. The spectfa of

ote

the optical path-length of the spectra in Figure 3 is 50 cm, in contrast with the length of

GPs

ed significantly higher internal transmittance than conventional glasses; the intgrnal
mittance-of the glass for LGPs is higher than 80 % even if the optical path length [s as
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NOTH The solid, dashed, dotted, long-dashed lines represent the commercial gla§s, for LGP, MS, PMMA, and
convgntional extra clear glass for solar cell, respectively.

-

Higure 3 — Examples of internal transmittance spectra at-50 cm in the optical pat
length

In addition, the spectral shape of the glass for LGPs inhe-visible wavelength region is flatter,
that [is, there is less wavelength dispersion than theconventional glasses. It is importaht to
suppress the chromaticity change of GLGPs.

Figure 4 shows an example of the chromaticity, gradient against the distance from the inc{dent
edgdg by using the conventional glass as LGP~dx and dy in Figure 4 represent the chromaticity
diffefence between the measured position\and the incident edge which is calculated from the
diffefence of x and y at the measured-p@ints and at incident edge, respectively, where i and
y arp the chromaticity parameters ~derived from tristimulus values which are defindd in
ISO/CIE 11664-1 [30]. The variation of dx and dy as shown in Figure 4 indicates the
occurrence of the colour shiff\-The large spectral dispersion of the transmittance efsily

causes the colour gradation,
S |
5
~ 0,05
0,04 O
O
O
0,03 o O
®
= ° ®
0,02 O °
[ ® dx
O o
Ody
0,01 ® -
O (
)
0 >
0 10 20 30 40 50 60 70

Distance from incident edge (cm)
IEC

Figure 4 — Chromaticity gradient against the distance from the incident edge
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For the evaluation of the optical absorption of the glass materials for LGPs, precise optical
absorption data of the material for LGPs is mandatory information for designing the BLU. The
optical path length of the GLGPs is several ten times longer than that for conventional usage,
thus the accuracy needs to improve in comparison with the available data. The conventional
evaluation is inappropriate because the optical path length is too short to gain enough S/N,
and the effect of the surface scattering is not negligible. Therefore, the evaluation by using
the sample of a longer optical path length is preferable. One example of the precise
evaluation for the purpose is to use a spectral optical setup with a coherent light source, such
as super continuum white light, to avoid losses caused by total internal reflections during
propagation. By using the setup, a sample of about 50 cm in length can be measured. Another
example is to use an available optical spectrophotometer with a combination of a well
colligrated—tight source—and—=—speciatattachmenttoensure—the Tepeatabitity of the—sample’s
prec|se position. A sample of 5 cm to 15 cm in length can be measured by using the\s¢tup.
Both| examples seem to show a good correlation with each other, if the measurementysetpp is
dong under the appropriate conditions. The detailed measurement conditions and (possipility
of fufure standardization may need to be discussed.

5.3 | Optical absorption and scattering loss caused by the dot pattern

There are various techniques for dot patterning for polymer LGPs such as molding dyiring
shedt formation process, screen printing, inkjet printing, CO, lasér-patterning or imprirting.

Howgver, the dot pattern for GLGP is basically formed by dot-printing techniques due t¢ the
limitation of the cost and optical performance. UV cured or IR cured inks are widely used] and
using the inks with less colouring is important especially for GLGPs A GLGP is basically
expgcted to have a thinner thickness compared to polymer LGPs, and in a thinner condition
the I|ght hits the ink more often than on a thicker LGP~amplifying the ink’s deleterious effgcts.

The [dot pattern can be formed by engraving the patterned pits at the surface of the g]ass.
Mechanical holing, chemical etching and laser“patterning techniques can be applied fol this
procgss. In these types, controlling the spatial and spectral dispersion of the scattering by
contfolling the pit's size and shape is the key to suppressing the optical degradation.

The |nfluence of this degradation needs to be measured and evaluated.

5.4 Incident loss

The LED bar and LGP coupling straightness can affect the coupling alignment between JEDs
and LGPs, and thus the'eoupling efficiency. In addition, the variation of the LED bar (peak to
peal about 100 ym)@nd the waviness of the coupling edge surface of the LGP can change
the gap between the LED and LGP, and thus the coupling efficiency. The surface roughpess
of the incident plane also likely affects the coupling efficiency between LEDs and L{GPs.
Althgugh the_foss is not unique to a GLGP and is likely also present in a plastic LGP} the
diffefence caused by the brittleness of the glass material should be taken into account. | The
cutting and. breaking method for the glass materials and the chamfering that preventg the
edgqg from“cracking are different from the plastic materials, and these techniques might gffect
the ibcident surface condition

Surface roughness plays a non-intuitive role in the coupling efficiency between the LEDs and
GLGP. Roughness is typically described in terms of the average height variation of a
topographic measurement across the surface (e.g. R;). However, the lateral correlations in

the surface roughness can significantly alter the way light propagates through the surface. So
far, there is no way to generalize the behaviour of surface quality on LGP performance.
Detailed examination of which edge surface conditions dominantly affect light input efficiency,
the appropriate definition of surface roughness for GLGP's incident plane, and the
standardization of the incident loss measurement may need to be discussed.
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The width of the incident area is important to ensure enough light coupling between LEDs and
GLGPs. Figure 5 shows the measured variation of the relative BLU luminance against the
LGP thickness [10]. A commercial edge-lit BLU of a 55" LCD TV was used for the
measurement by replacing the original polymer LGP with GLGP. The optical alignment
displacement caused by the thickness mismatch from the original LGP was adjusted by
inserting the PET sheet between the reflection sheet and case. The distance between the
GLGP and LED bar was 0,6 mm. Each plot in Figure 5 was the nine-point averaged data in
the incident plane of the GLGP, and was measured by using a 2D luminance colorimeter. The
angular light distribution of each GLGP was adjusted to be almost the same as the PMMA
LGP. As shown in the figure, the luminance was found to vary with the thickness between 1,8
mm to 2,5 mm.

This|will be related with the power consumption or efficiency of the DLU.
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Figure 5 — Variation of the relative BLU luminance
against the thickness of the GLGP

5.5 | Effect of the reflection tapes

Applying the reflection)tapes around one or three side (non-incident) surfaces of the QLGP
can Increase the luminance and uniformity.

5.6 | Discussions for possible future standardization

5.6.1 Applicability of existing standards

F nVRN] 4lo 4] £ 4 <l ol [ FaX Y L1 lotad 4+ 4 4 ol f
or ULUS, UITTT 4difc UUTTTITy TOUUT Stalludirus [U] U [J] TTIAlTU U TITTcasulrccIiiicTit mretrmou or

BLU. They specify:

— power consumption,

— luminance,

— luminance uniformity,

— spectral power distribution,

— chromaticity,

— colour uniformity,

— angular luminance uniformity, and

— angular colour uniformity.
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While these standards do not explicitly mention GLGP, the choice of an LGP material does
not impact measurements, thus these standards all apply to GLGP. On the other hand, for
considering the benefit of GLGP or clarifying the performance of a BLU, the following items
(from 5.6.2 to 5.6.5) can be considered for future standardization.

5.6.2 Mechanical structure and interface

IEC TC 110 has discussed interfaces of DLU, i.e., electrical signal interface and mechanical
interface. The mechanical interface tries to standardize the structure, size, and so on, shown
in Figure 1. This structure is based on the polymer LGPs, and it can be discussed for a GLGP
standardized structure. It seems to be helpful for increasing the applicability of GLGPs.

5.6.3

IEC
poin
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5.6.4

In the same manner as the hotspot influence, around the’edge, luminance/colour unifo

and

5.6.5
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6 Mechanical and environmental characteristics

6.1

The
moti
envi

Hotspot influence caused by LED light source

52595-2-1 [7] specifies the examples of measurement points (25 points, 9points a

the high thermal conductivity (see 6.3). This tends to cause luminance or chroma
around the LED light source, and it is well-known as the “hotspot’’ effect. Therefor
ion to the current measurement points, around the “LED-mounted pd
pnance/colour uniformity and its angular uniformity need to be measured.

Non uniformity around the edge

ts angular uniformity might be measured, because\this is important for slim edge LCL

Optical absorption of glass materials for LGPs

entioned in 5.2, precise optical absorptioff data of the material for LGPs is mandator
jning the BLU, therefore the evaluation by using the sample of a longer optical
h in comparison to conventional measurement is preferable to meet the requireme
ccuracy. Such an evaluation technique requires certain measurement setup conditio
re data accuracy, thus the future standardization may be necessary to discuss.
ible solution is to use the reference sample to calibrate the measurement.

General

physical properties of glass for LGPs and PMMAs are summarized in Table 2. The
ation to\use GLGPs instead of polymer LGPs is to exploit the mechanical
onmental advantage of the glass materials [11],[12].

The

d5

s), and these points can be applied to BLUs with GLGPs too. However, as _éxplained, the
P can position LEDs closer due to the low thermal expansion, the high’heat resistance

icity
e, in
ints,

mity
S.

y for
path
ht of
s to
One

main
and

hdvantages of the glass materials are as follows:

- h

igh rigidity (high Young's modulus),

— low thermal expansion,

- h

igh heat resistance/noninflammability, and

— low humidity absorbance.
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Table 2 — Physical properties of commercial glass for LGP and PMMA

Property Glass for LGP PMMA
Density (g/cm?) 2,59 1,19
Refractive index 1,52 1,49
Coefficient of thermal expansion (x107 1/K) 84 700
Softening point (°C) 740
Young's modulus (GPa) 72 3
Poisson ratio 0,23 0,35
Thegmal conductivity (W/m/K) 1,05 0,21
Spetific heat (J/g/K) 0,76 104
Water absorption (%) 0 0,3
6.2 | Rigidity
The rigidity of the substrate is proportional to (Young’s modulus times*the cube of thickngss).

As s

own in Table 2, the modulus of glass is approximately 24 times larger than that of the

PMMA. Therefore, the thickness of the GLGP can be roughly 0¢35 (= 24-'/3) times thinner|than
the |IPMMA LGP while keeping the rigidity. Figure 6</shows the relation between

weight/thickness and rigidity (given by Young’s modulus times the cube of thickness)

Circl
indic
with
is eq

If the
can
PMM
rigid
suchi
com
thick
stea
noddq
com
the |
the
GLG
com

[11].

s and squares are the data for GLGPs and PMMA LGPs, respectively. The thicknepgs is
ated next to each point in Figure 6. The GLGP has the same rigidity as the PMMA [LGP
less thickness and light weight. For example, theflexural rigidity of a 0,7 mm thick GLGP
uivalent to a 2 mm thick polymer yet its weight.is 69 % of the PMMA LGP.

thickness of a GLGP is the same as that'of a conventional PMMA LGP, this high rigidity
realize a very thin and flat body TV design. Conventional large size edge-lit BLUs ysing

bletely as shown in Figure 7 [12]. The deformation of the GLGP is less than 20 % that of
PMMA LGP. Incaddition, the deformation of the 2,5 mm thick PMMA LGP combined|with

1.4 mm thicktsteel plate is equivalent to that of the 2,5 mm thick GLGP; that is, using a

P can achieve a 1,4 mm slimmer thickness and 8 kg lighter weight than those of the
bination(©fyPMMA LGP and steel plate.
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Figure 6 — Weight/thickness dependence of the rigidity of PMMA and glass for LG
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Table 3 — Comparison of thickness, weight, and calculated deformation
between GLGP, PMMA LGP, and PMMA combined with steel plate

IEC

(nm)

Z deformation t

thick::;zl(mm) Weight (kg) z d:f(:)ymt:trilz:io(nmn )
GLGP 2,5 7,6 110
PMMA LGP 2,5 3,3 558
PMMA + steel 3,9(2,5+1,4) 16,1 113
The|size of each LGP is 65 inch (1 440 mm x\810 mm)
Pull up at 50 N

Fixed

IEC

Figure 7 — Schematics of the simulation setup for the deformation calculation
of the LGP by pulling up one corner and fixing the other three corners

6.3 Thermal expansion and heat resistance/noninflammability

As shown in Table 2, the CTE of glass is much lower than that of polymers, thus the
deformation of a GLGP is almost negligible in comparison with polymer LGPs. Generally a
conventional BLU structure needs to have extra space to accommodate LGP expansion
according to the expected expansion. Instead of using polymer LGPs, GLGPs can omit a free
space in a bezel, thus the narrower bezel design can be realized.
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Figure 8 shows the change of the horizontal bowing of LGPs (PMMA and MS) against the
temperature [11]. The flat portion corresponds to expansion within the free space in the bezel
followed by an increase in the bowing amount. Such a warp causes brightness mura, or worse
damages to the LCD panel placed in front of the LGP.

Noninflammability is one of the distinctive advantages of GLGPs compared to conventional
polymer LGPs. Using GLGPs instead of polymer LGPs can reduce the risk of the spread of
fire. This feature is very important for various applications, especially for large size displays,
and for mobile displays, such as trains, buses, airplanes and cars.
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Figure 8 — Horizontal bowing of polymeric LGPs under elevated temperature

In addition, the low heat resistance and thermal conductivity of polymers versus glass ljmits
the Iroximity between the LGP edge and the LED. A larger LGP-LED gap leads to a Ipwer
coupling efficiency, and thus requires more LEDs to maintain the screen brightness. On the
othef hand, the superior dimensional stability and heat resistance of GLGPs allow a smaller
gap pnd tighter tolerance between the LGPs and LEDs, giving higher coupling efficiency [than
polymers.

The ftemperature distribution and the deformation under some conditions of LED lighting are
shown in Figure\9°and Figure 10, respectively [12]. As shown in Figure 9, temperature
distr|bution in<a~PMMA near the incident plane of a LED indicated by the red dot cirdle is
bigger than that of glass for an LGP. The reason for temperature distribution is low thgrmal
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Figure 10 — Simulated thermal deformation of (a) GLGP
and (b) PMMA LGP due to LED lighting
6.4 | Humidity absorption

As ghown/in Table 2, the humidity swell of glass for an LGP is much lower than thgt for
polymers. Figure 11 shows the increase in the length with temperature change and huqidity
[11]. The base length is 1 440 mm, equal to the horizontal direction length of a 65” diagonal
LGP. Due to the low CTE (as mentioned in 6.3) and absence of the swell, glass shows only 6 %
to 7 % of the length changes of MS and PMMA. This characteristic gives the GLGP an
advantage in terms of applying for narrower bezel design LCD displays.

Table 4 shows a comparison of the GLGPs and polymer LGPs in a confined condition to
realize a narrower bezel design LCD display. The GLGP’s almost negligible deformation
owing to the nearly zero water absorption does not lead to out of plane warping even if under
the humidity condition, whereas the polymer LGP shows the warping as shown in Figure 11.
Such a warp causes brightness mura, or worse damages to the LCD panel placed in front of
the LGP. Using GLGPs instead of polymer LGPs can prevent such trouble.
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Figure 11 — Increase in the horizontal length of LGP
with temperature change for a 65” diagonal'LGP

Table 4 — Comparison of GLGP and polymer LGP
in confined structure under humid‘condition

GLGP PMMA LGP

Water absorption rate

(1SO 62 [29])

0,00 % 0,30 %

Deformation

RT, 60 % RH)

- About 0,12 % [14]

r

ﬂ

Sg¢hematic images

))

after deformation

6.5 | Impact resistance

One|of the ‘metivations for using a GLGP instead of polymer LGP is to realize a simpler|BLU
modfle design which uses the GLGP as a structural body to keep the module’s entire rigidity
with@utcusing supporting materials such as a bulky case and metal frames. The entire [LCD
mod tte-using-a—-GEGP-shottdfoHow-the—sta 4o anteat-tes ots—fo Bb-devices
[15]. Another possibility for using a GLGP instead of polymer LGP is the component of FLU. In
such case, both published standards for FLU ((IEC 62595-2-3) [9] and (IEC 61747-10-1) [15])
can be helpful.

Polishing, chamfering, and chemical strengthening are prominent ways to improve the impact
resistance. Machining techniques without deteriorating the optical properties are necessary.
Table 5 shows a summary of impact resistance with different machining.


https://iecnorm.com/api/?name=4e7a527de45c33c4ad5b671301482b82

IEC TR 62595-1-4:2020 © IEC 2020 -19 -

6.6

Ther
gene
two

As €
base
the

meth

7 |

7.1

As €
expe
func

7.2

The
expe
deta
can
addi
local

GLG
beer
the

dura

Table 5 — Impact resistance with different machining

Glass LGP Strength (MPa)
Only cutting 84,3
Polishing without chamfering 125,3
Polishing with chamfering 142,0
Polishing with chamfering and strengthening 233,7

B . ¢ ibtefut candardization

e is no standard for these mechanical and environmental items for DLUs~bec

standards [15], [16], and if necessary, these standards can be applied.

xplained, a DLU with GLGP has some benefits, but basically test conditions shoul

bolymer LGP sometimes causes special mura. In order to check it, new evalu
ods will be necessary.

Additional functions and possible future standardization

General

cted to realize many additional functions. In_€lause 7, the candidates for these addit
ions and possible future standardization are discussed.

Local dimming for HDR TV

TV or PC markets are currently focusing on HDR technologies, which provide enha
riences, such as much brighter-highlights due to high peak luminance [17], and impr

dimming.

bxcellent-properties of the GLGP, such as higher stiffness, higher stability, and h
bility, the-local dimming function can be added to the BLU.

A hd

ley-patterned GLGP with micro LEDs and patterned reflector has been developed

ause

rally these tests are applied to LC panels, as LCD modules. For LCD modules), therg are

d be

d on display applications. In some applications requiring high endtrance performgnce,

htion

xplained, for the edge-lit BLUs, GLGP is consiered a good solution; also, the GLGP is

onal

hced
bved

Is in dark areas. For LCDsya dynamic backlight using local dimming is suitable, and it
mprove the motion image quality of LCDs and also reduce the power consumptior]. In
ion, boosting increasesthe block luminance to highlight an area with the saved powgr by

P is also suitable for dynamic backlight, and a GLGP with a built-in prism structurg has
developed{48] in order to collimate the light from LEDs. In this development, by kegping

gher

[19].

This might be classified into a direct-lit BLU when focused on the LED arrangement, but the
light from LEDs propagates into the GLGP. Compared with direct-lit BLUs, the thickness can
be reduced.

For dynamic BLUs, the published standard (IEC 62595-2-1) [7] specifies measurement
methods of block-wise BLUs as follows:

- i
- 0
- 0
- b

ght spread function using a single block white pattern,
ptical noise using a single block black pattern,
ptical signal-to-noise ratio in a block-wise BLU, and

lock-by-block uniformity.

These methods can be applied to the dynamic BLU with a GLGP.
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For the LCD with a dynamic BLU, the following items are specified by IEC 61747-30-4 [20]:

e luminance and uniformity,

e chromaticity and uniformity,

e windows size dependence of luminance and chromaticity,

e contrast,

e flicker, and

e judder.

Wheh these items are considered, in the next revision of [EC 62595-2-1 [7], the followind
poin{s can be discussed:

a)
b)

ore details of block-by-block uniformity (i.e., how to characterise the uniformityl,
ura caused by the block-wise structure, and

c) flicker (i.e., caused by PWM driving).

7.3

The
bee
the

thic

Curved GLGP for curved LCD

GLGP is suitably applied to curved displays, and ultra-slim €urved TVs with GLGP
rl developed [21]. Thanks to the larger Young’s modulus, the)spring back is reduced,

Kness of only 3,9 mm with a 55 inch diagonal size (see Figure 12).

IEC

Rigure 12 — Example of curved LCD using a curved GLGP

The basic optical characteristics for the curved displays with a vantage point are specifi
IEC IS 62715-5-2 [22] as follows:

key

have
and

qurvature sustaining and reliability are improved even with’a curvature of 3 000 mm gnd a

pd in

viantage-point luminance variation by viewing angles,

vantage-point contrast ratio variation by viewing angles,

vantage-point chromaticity variation of white colour by viewing angles,
vantage-point colour gamut area variation by viewing angles,
vantage-point chromaticity variation of primary colours by viewing angles,
luminance uniformity and its uniformity variation by viewing angles,
chromaticity uniformity and its uniformity variation by viewing angles, and

viewing angle of half-luminance.

For curved displays without vantage points, such as a convex display, there are some

exp

lanations in IEC 62715-5-1 [23].
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