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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISPLAY LIGHTING UNIT -

Part 2-3: Electro-optical measuring methods for LED frontlight unit

The

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationco

all national electrotechnical committees (IEC National Committees). The object of IEC ishto

inter
this

hational co-operation on all questions concerning standardization in the electrical and electronic fi
end and in addition to other activities, IEC publishes International Standards, Technical! Specif

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refenpred to

Publ
in t
non-

cation(s)”). Their preparation is entrusted to technical committees; any IEC NationalCommittee in
he subject dealt with may participate in this preparatory work. International,” governmer
povernmental organizations liaising with the IEC also participate in this preparation. IEC coll

closg¢ly with the International Organization for Standardization (ISO) in accordance with conditions def

by a
The

hreement between the two organizations.

consfensus of opinion on the relevant subjects since each technical cammittee has representation

inter

IEC

Com
Publ
misi

In o

bsted IEC National Committees.

Publications have the form of recommendations for internationaluse and are accepted by IEC
mittees in that sense. While all reasonable efforts are made\fo ensure that the technical conten
cations is accurate, IEC cannot be held responsible for\the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC Nationaly,Committees undertake to apply IEC Pub|

trangparently to the maximum extent possible in their “national and regional publications. Any diy
betwleen any IEC Publication and the corresponding.national or regional publication shall be clearly ind

the |
IEC

hiter.

tself does not provide any attestation of gonformity. Independent certification bodies provide co

assessment services and, in some areas, acgess to IEC marks of conformity. IEC is not responsible

serv
All u
No |

ces carried out by independent certification bodies.
ers should ensure that they have thevlatest edition of this publication.

ability shall attach to IEC or its.directors, employees, servants or agents including individual exp

members of its technical committees and IEC National Committees for any personal injury, property da

othe

damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg

expenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any of

Publ

cations.

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

Attention is drawn~to the possibility that some of the elements of this IEC Publication may be the s

pate

ht rights. IEC shall not be held responsible for identifying any or all such patent rights.

Interngtional’Standard IEC 62595-2-3 has been prepared by IEC technical committee T
Electrgnicdisplay devices.

nprising
promote
elds. To
cations,
hs “IEC
terested
tal and
hborates
ermined

ormal decisions or agreements of IEC on technical matters express, as(nearly as possible, an intefnational

from all

National
t of IEC
for any

ications
ergence
cated in

nformity

for any

erts and
mage or
es) and
her IEC

btions is

bject of

C 110:

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

CDV Report on voting
110/891/CDV 110/933A/RVC

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 in the IEC 62595 series, published under the general title Display lighting
unit, can be found on the IEC website.


https://iecnorm.com/api/?name=a68d40736ccc7ad23e2e519bb73625d9

IEC 62595-2-3:2018 © IEC 2018 -5-

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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 amprRded-

A bilingual version of this publication may be issued at a later date.
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DISPLAY LIGHTING UNIT -

Part 2-3: Electro-optical measuring methods for LED frontlight unit

1 Scope

This part of IEC 62595 specifies the standard measurement conditions and measuring

metho

s for determining electrical, optical, and electro-optical properties of LED fr

ntlight

units (

NOTE:
2 N

The fo

FLUs) for reflective displays.

See 3.1.1 for a definition of reflective display.

p)rmative references

cited a
any a

IEC 61
display

lowing documents are referred to in the text in such a way.‘that some or all ¢

plies. For undated references, the latest edition of the referenced document (in
endments) applies.

conte} constitutes requirements of this document. For dated references, only the

747-6-2, Liquid crystal display devices — Part 6-2xMeasuring methods for liquid
modules — Reflective type

IEC 62595-1-2, Display lighting unit — Part 1-2: Terminology and letter symbols

IEC 62
backlig

IEC 62
with in

595-2-1, Display lighting unit — Part\ 2-1: Electro-optical measuring methods
ht unit

579-3-3, Electronic paper displtays — Part 3-3: Optical measuring methods for d
egrated lighting units

3 Terms, definitions, ‘abbreviated terms and letter symbols

For th
symbo

ISO an
addres

e purposes of-this document, the terms, definitions, abbreviated terms and
s given in IEC'62595-1-2 and the following apply.

d IEG-maintain terminological databases for use in standardization at the fo
ses;

f their
edition
tluding

crystal

bf LED

splays

letter

lowing

o |ECETectropedia: available at hitp://www.electropedia.org/

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

3.1 Terms and definitions

3.1.1
reflect

ive display

display whose function is based on the light reflection of a reflective layer in its structure

EXAMPLE A reflective LCD, an electronic paper display, a micro electro-mechanical system (MEMS) and a micro
electro-opto-mechanical system (MEOMS) display device. See IEC 62679-3-3.


http://www.electropedia.org/
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3.1.2

normal state

normal-state FLU
state of an FLU in which the light emerges from its front surface that faces toward the
reflective display

Note 1 to entry: For an example, see Annex A, Annex B, Figure A.1 and Figure B.1, [1] to [8]1.

3.1.3

inverted state
inverted-state FLU

FLU wi

th an illuminating surface toward a viewer

Note 1 tp entry: For an example, see Figure B.2.

3.1.4
optica
optical

from the opposite surface of the FLU under measurement device, whether the FLU

norma

Note 1 t

3.1.5

optica
optica
plane s
light

3.1.6

BRDF
bi-dire
variatiq
illumin

Note 1 t
a space
steradia

3.1.7

BTDF
bi-dire
variatid
variatid

trap
device that is used in FLU measurements for trapping or absorbing.the emerge

state or in inverted state

b entry: For examples, see Figure 1.

absorbing sheet
absorbing plate
heet or plate that is used beneath an FLU under measurement to absorb the en

ctional reflectance distribution function
n of reflected luminance (Lyg(6.¢..6,4;,4;)) due to the change of non-po
ation (E,(6,¢;,4;)) of an infinitesimal uniform area on an FLU

b entry: See Annex C and Annex D. In case of an equal reflection factor of the FLU surface, the
invariant characteristic, and the eigen value of the FLU is expressed in solid angle (£2) unit, i.e., in
h.

ctional transmittance distribution function
n of fransmitted luminance (L,1(6,¢:.6,4,4;) due to non-polarized illum
n (B;(@,4,4;)) of an infinitesimal area on an FLU

nt light
is in a

ergent

larized

BRDF is
terms of

inating

Note 1

b—entr Sge-Annex-C and - AnnexD _ln case of an-saual-transmitiance-factoron-each-point-of

he FLU

surface, the B%DF is a space invariant characteristic, and the gigen value of the BRDF of the FLJ is expressed in
solid angle (£2) unit, i.e., in terms of steradian.

3.1.8
BPDF
bi-dire

ctional polarization distribution function

variation of luminance with polarization of the reflected light (L,p(6,,¢.6,.4¢,4;)) due to a
change of non-polarized illumination (E,(é,¢;,4;)) of an infinitesimal uniform area on an FLU

Note 1 to entry:

See Annex C, Annex D and Annex E. In case of an equal reflection factor on each point of the

FLU surface, the BPDF is a space invariant characteristic, and the eigen value of the BTDF of the FLU is
expressed in solid angle (£2) unit, i.e., in terms of steradian.

1 Num

bers in square brackets refer to the Bibliography.
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3.1.9

OTF

optical transfer function

contrast of transmitted line pairs through an FLU versus line pairs periodicities and
orientations

Note 1 to entry: See Annex F.

3.1.10

optical transfer function evaluation chart
OTF evaluation chart

printed charts of straight black and white line pairs with different widths (line pairs per
millimgtery—and—periodicities for use beneatha normat-state FtU—to measure and_pjot the
observged light intensity versus line pairs per millimeter

Note 1 tp entry: An example of the resolution test chart can be obtained based on ISO 12233 [9].

Note 2 tp entry: See Annex F.

3.1.11
optical signal-to-noise ratio
optica] SNR

ratio gf the luminance of the illuminating directed light, L/gignal(x.vi. 6.4;), toward the
reflective display in a predefined direction in the spherical coordinate system, (6, ¢), gnd the
luminance of noise, L, sise(xi.vi: 6 4 ), i.e. besides the directed illuminating light, expressed
as

Ly signal (xi’yi 79j1¢j )

SNR =
Lv,noise(xi7Yi70jJ¢j)

(1)

3.1.12
aliasing interference fringe
moiré pattern

periodic interference pattern thatlappears between the spatial distribution of the sub-mjicro or
micro-¢ptical structures on the front surface (non-illuminating surface) of a normal-state FLU
and th¢ spatial pixel structure.of the reflective display

Note 1 tp entry: See [1] to/8]:

3.1.13
visuallinspection
act of|checking” defects such as distraction of the transparency caused by flaws |in the
LGP/LGF, of the non-lit FLU or scratches on either side of an FLU that can been seen under
high white illumination by turning over in various directions

3.1.14

perceptual visual quality

cosmetic quality

image fidelity performance of the lit FLU when the images of the reflective display are viewed
through the FLU

Note 1 to entry: It is also the performance of a normal-state FLU in an integration or in combination with a
reflective display that indicates the no-distraction of a displayed image.

Note 2 to entry: See 7.15.
3.2 Abbreviated terms

ACU - angular colour uniformity
ALD - angular luminance distribution
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BPDF - bi-directional polarization distribution function
BRDF - bi-directional reflectance distribution function
BTDF - bi-directional transmittance distribution function
CCD - charge coupled device

CMOS - complementary metal oxide semiconductor
DUT - device under test

FLU - frontlight unit

FOS - front-of-screen

LCD - liguid crystal display

LED - light emitting diode

Ip - line pairs

LGF - light-guide film

LGP - light-guide plate

LMD - light measuring device

OTF - optical transfer function

SLG - stick-light guide

3.3 | etter symbols (quantity symbols / unit symbols)

The lefter symbols for FLUs are shown in Table 1.

Table 1 — Letter symbols (quantity symbols / unit symbols)

Arbitraly luminance of a point (x;, y;) on an 2
FLU ir i Ly (cd/m*)
Maximyim luminance on an FLU LyM (cd/m?)
Minimym luminance on an FLU Lym (cd/m?)
Average luminance on an FLU Lya (cd/m?)
Centre|luminance on FLU Lyc (cd/m?)
Spatiall luminance uniformity U (%)
Spatiall luminance non-uniformity NU (%)
Angular luminance in_at.arbitrary direction Ly (x, y; 6,¢4) (cd/m?)
Solid angle Q (sr)
Colourfuniformity

Au'v’
(chromjaticity-difference)
Spectratpowerdistributiomrof=—disptay
lighting unit SFLU()
Angular luminance distribution of transmitted o 2
light at an arbitrary point (x;,»;) LyT(4i37,6,9) (cd/m?)
Angular luminance distribution of reflected . 2
light at an arbitrary point (x;,»;) LyRr(xj.v;. 6.9) (cd/m?)
Angular luminance distribution of a polarized o 2
light at an arbitrary point (xj,;) Lyp(x;.3i:0.9) (cd/im®)
Angular colour uniformity Au'v'(0, 4ix;,vi,)

BRDF LyR(9r: 46,41, 4) | Ey(66,4) (1/sr)
BTDF LyT(0r: 46 6 4) | Ey(0; 43, 4) (1/sr)
BPDF Lyp(0r. 6530 diu24) | E (6, 61,2) (1/sr)
OTF c

R
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4 Measuring devices

4.1 General

The following measuring devices shall be used in this document. The LMD shall be calibrated
with the appropriate photometric or spectrometric standards.

4.2 Light measuring device (LMD)
4.21 Luminance meter

The luminance meter (a spot meter or an imaging meter) shall be equivalent to the human eye.
The equipment shall be calibrated with the luminance standards, and should be carefully
checkdd before measurement, considering the following elements:

— sernsitivity of the measured quantity to measuring light;

— errprs caused by veiling glare and lens flare (i.e., stray light in optical system);

— tim|ng of data-acquisition, low-pass filtering and aliasing interferencelfringe effects;
— lingarity of detection and data-conversion.

NOTE: |ISO/CIE 19476 [10] is available asreference for the LMD evaluation proeedures.
4.2.2 Spectroradiometer (spectral radiance-meter)

The wavelength range shall be at least 380 nm to 780 _am ‘and the spectral bandwidth shall be
5 nm pr less. The wavelength accuracy shall be 073 nm or less. The equipment shall be
calibrated with the with the spectrometric standards. The performance should be carefully
checkgd before measurement, considering the same elements as in 4.2.1.

4.2.3 Conoscopic system

The cgnoscopic system is the angular-optical distribution measurement system with Fourier
optics.| The photometric values, such)as luminance, which are obtained by the equlpment
without any photometric standard\galibration shall not be used. The relative values, such as
an anglular optical distribution and-colour uniformity, shall be applied.

4.2.4 Image sensor

The inmage sensor is_constructed from a one-dimensional CCD (CMOS) line sensdr or a
two-dimhensional CCD' (CMOS). The image sensor shall be applied for measuring the OTF
property of the BUT. The spatial resolution of the image sensor shall be at least twice as high
as thaf of the DUT.

NOTE PBatnpling frequency or resolution is double or more that of the chart under measurement to prejent the
aliasing |interference fringe phenomenon or any countermeasure from eliminating aliasing interference fringe in the
measurement.

4.3 Other devices

4.3.1 Sample stage

The orthogonal three axes stage should be used to adjust the measurement points of the DUT.
The biaxial goniometer should be used to adjust the measurement direction (the zenith angle

and azimuth angle) of the DUT. The positioning accuracy of these devices shall be enough to
make the specified repeatability.

NOTE See Figure 2 and Figure 3.
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4.3.2 Light absorber

The light absorber shall be an optical trap (Figure 1), an optical absorbing sheet or an optical
absorbing plate. The reflection of the light absorber shall have a reflection factor as low as
possible (less than 12 %) in all optical measurements including reflection, transmission and
polarization. The light acceptance area of the light absorber shall be larger than the LMD’s
measurement spot whether the LMD is on the FLU’s surface normal or at a slanted angle.

IEC

NOTE |[The optical trap comprises a black cone in black housing with an absarbing material that does nqt reflect
any ligh{ ray incident on its surface.

Figure 1 — Example of light absorber (optical trap)

5 Geéneral measuring conditions

5.1 Standard conditions

Unless| otherwise specified, all tests and measurements for a LED frontlight unit (Figure 2)
shall ble carried out after sufficient warmi<up time for the illumination sources and DUT (see
5.3), upder the standard environmental conditions as follows:

— temperature of 22 °C to 28 °C
— relative humidity of 25 % t0 85 %
— atmospheric pressure of 86 kPa to 106 kPa.

When [(different environmental conditions are used, they shall be reported in detail |in the
specification.

NOTE: |See IEC 61747-30-1, IEC 61747-6-2, and IEC 62679-3-3.

5.2 EI_Ieasurement setup
The DUT, , POWET source, driving and control devices for ight sources and electrical

measuring devices should be arranged as shown in Figure 2. The luminance on an FLU shall
be (in normal state or inverted state) measured using an LMD. To avoid reflected light from
the other side (opposite the measuring surface of the FLU under measurement), a light
absorber shall be used. The measured luminance includes the emergent light (in normal state
or inverted state) and the reflected light on the inner back surface of the FLU.
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Power supply LMD
(Luminance meter)

|
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Current meter
Voltage meter
(X))
z
FLU LGP
4 FLU'LGP
VY am
b
Light
source Optical trap ¥
Optical trg

5.3

The m

6 Electrical measurement methods

6.1

The FIU shall be placed in thexmeasurement arrangement shown in Figure 2 and it s

assured that the conditions given in Clause 5 (refer to IEC 62679-3-3 and IEC 61747-6
fulfilled.

After gpplying the initial electrical driving conditions (i.e. analogue input voltage(s) or
input %ignals) of therFLU and waiting during the warm-up time specified in 5.3 in o
reach fhe steady.state, the electrical quantities of interest shall be measured.

6.2 Current

The nteasurement—of—rput—eurrent—showld—be—performed—under—standard—meast

Figure 2 — Example of measurement setup.for a LED FLU

Warm-up time

Conditions

IEC

basurement of the LED FLU shall be performed-in the steady state of the LED’s jéinction
temperature as in IEC 62595-2-1.

hall be
-2) are

digital
rder to

Fement

conditions using the current meter shown in Figure 2.

6.3

Voltage

The measurement of input voltage should be performed under standard measurement
conditions using the voltage meter shown in Figure 2.

6.4

Power consumption

The measurement of power consumption should be carried out under the standard
measurement conditions given in Clause 5 (see IEC 62595-2-1), using a power meter.
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7 Optical measurement methods

7.1 General

An FLU shall be evaluated as an illumination device as well as an imaging device. The
illumination characteristic of the FLU as a transparent illumination device is partially similar to
a BLU and as an imaging device similar to a reflective display device. Therefore under both
the external (or bright room) and internal (or dark room) illuminations, measurement items are
required for evaluation of the FLU. The reflection characteristic of the FLU under external
illumination emerges from external surfaces and internal surfaces on and in the FLU in normal
and inverted states. Since an FLU employs sub-micro or micro-features for reflecting the
propagating light toward the reflective display, the imaging characteristic evaluation is also
important when integrated with the reflective display.

7.2 Dark room conditions
7.21 General

The dark room conditions shall be compliant with IEC 61747-6-2 for(iquid crystal display
devicep or IEC 62679-3-3 for electronic paper displays. In the case of other dard room

conditipns, these shall be reported.

7.2.2 Measurement items under the external lighting condition

amounf of reflection that leads to optical noise in the\FLU and image degradation|in the
integration with a reflective display. The evaluation‘should be performed by measuring the
BRDF.| In order to avoid reflection from an external object in the rear of the FLU, [a light
absorber should be used beneath the FLU to absorb external reflections.

The rj‘lection from the front surface and back surfacesshould be measured to claffify the

Since the FLU device is transparent, the transmitted light is also of great concern. Thel BTDF
on the[back surface, in normal or inverted-states, should be evaluated. The reflected light or
the trapsmitted light may have been polarized under the bright room illumination. Therefore,
the polarization characteristic (e.g. BRDF, or BTDF with polarization) should be measured in
the same manner as for reflection.and transmission. The bi-directional polarization distrjbution
function (BPDF) is also required.for evaluation of an external effect on the performancqg of the
FLU.

7.2.3 Measurement items under the internal lighting condition

An FLU functions as an illuminating device when illuminated by the built-in light sourcgs. The
reflection or transmission of the FLU should be measured in a dark room on both sideg of the
FLU. The sub-micro or micro features have polarization characteristics that can affect a
polarizer used.as a reflective display. Therefore, the polarization characteristic of the FLU on
both sfirfaces of the lit FLU should be evaluated. The BPDF should be measured pn the
normall ahd-inverted states of the lit FLU.

Similar measurements as explained in 7.2.2 should be performed in dark room conditions.
The lit FLU has a main illumination characteristic in the inverted-state. The spatial and
angular illumination distribution characteristics should be measured on the surface of a lit FLU.
However, the noise characteristic, the angular luminance or the spatial luminance and the
uniformity characteristics should be measured in normal state on the FLU.

7.3 Conditions

The LED FLU to be measured should be placed in the measurement arrangement, and all the
required conditions given in IEC 62595-2-1 shall be assured.

After applying the required initial electrical voltage and current as well as the driving
conditions to the FLU, the transient state is measured. The device reaches the steady state
after the required time specified in 5.3. The optical quantities such as L,(x;, y;, 1 Hj), L,,and
L, shall be measured at measurement points under the steady state.
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To match the optical characteristics of the FLU (e.g. illumination cone) with the display panel,
(e.g. reflective display accepting cone) the detailed measurements along the 3:00 to 9:00 axis
(x-axis) and the 6:00 to 12:00 axis (y-axis) shall be measured. To evaluate more detailed
characteristics of the FLU (see Figure 3), the measurements should be carried out at various
angles between the DUT and LMD.

A polar coordinate system (6, ¢) with the zenith angle denoted by # and the azimuth angle
denoted by ¢ should be used for evaluation (see Figure 4).

#=180° 9:00

6:00

Light source side FLU
$=270°

IEC

NOTE [The angular luminance uniformity measurément is performed along the x- and y-axes versus the zenith
angle (@) in a normal-state FLU or inverted-state.FLU.

Flgure 3 — lllustration of zenith angle ¢ and azimuth angle ¢ (normal-state FLU)

7.4 _uminance
7.4.1 General

The luminance shall.be’'measured on the normal state and inverted state of the FLU.

7.4.2 Procedures

The lumipance values, L,(B)(x, y, 6, ¢), on the illuminating surface, i.e., the inverted state, are
for eval?uating the uniformity. The luminance values, LV(F)(x, v, 6, ¢), on the non-illumjinating
surface should be evaluated as the optical noise. These values are used to evaluate the
signal-to-noise ratio of the FLU. The rate of luminance values on both sides, L;B)(x, y, 0,
0)/L;(F)(x, y, 0, 0), denotes the optical signal-to-noise ratio (optical SNR) on the FLU in normal
direction (see Figure 2 and Figure 3).

The procedure is as follows:

1) Set the DUT.
2) Adjust the LMD to the specified distance and viewing direction, according to angles 6 and

é.
3) Supply the required current and voltage to the DUT.

4) Measure the DUT at position P; to obtain the luminance L,;(x, y, 8, ¢). In case of i = 0, the
position implies the centre of the active area of the FLU.
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5) Set the measurement position of the DUT (FLU in normal state or FLU in inverted state)
on the light absorber.

6) Switch ON the DUT and measure the luminance at the point.
7) Shift the DUT to measure the next position and repeat steps 4) to 6).

NOTE 1 An LMD with a goniometric stage or a conoscopic system can be used.

NOTE 2 The applied optical trap can be a cylindrical type (Figure 1) that covers a signal measurement point or a
black light absorber sheet.

NOTE 3 The measurement device can be used to measure the ALD, Lv(xi, Yi» 0, #), luminance, Lv(xi, ¥ 0, 0), and
the luminous flux, @, (x;, j)-

NOTE 4| See Annex C.
7.5 ngular luminance distribution (ALD)

The ALD, L (x, y, 0, ¢), should be measured at the predefined measuring points on thg FLU.
The ALD should be measured along ¢ = 0° to 180° and ¢ = 90° to 270°, The ALD ¢an be
measufed along ¢ = (¢, + 0°) to (4. + 180°) (¢, = constant) for the purpose of evaluation. In
case of Lambert distribution on the FLU, the invariant luminance cane’/should be granpted at
each ppint, since the cone variation modulates the viewing angle of the reflective displa)y.

The ALD of a frontlight unit is evaluated in the polar coordinate“system (Figure 4) whare 0 is
the zenith angle (0°to 180°) and ¢ is the azimuth angle (0°to(360°).

IEC

Figure 4 ~ Polar coordinate system for frontlight unit measurement

As explained above, the angular characteristics such as BTDF, BRDF, or BPDF shquld be
measufed and.plotted in the polar coordinate system. A conoscopic system (an effective
zenith [angle)range should be considered) or goniometric system with a manual corfection
factor pfil/cos(6) shall be used for measurements. Instead of a goniometer, a built-in Fourier
transform imaging optiCS conoscopiC system Wwith a bullt-in correction 1actor can be used for
measurements.

7.6 Luminance uniformity or non-uniformity
Luminance uniformity, U, or luminance non-uniformity, NU, is a value that shows how uniform

the luminance is over the surface of the active area of the normal-state FLU.

NU =100-U (2)

The luminance uniformity or non-uniformity measurement is sensitive to the testing positions.
Typical layouts of measurement points over the FLU surface are the same as in
IEC 62595-2-1, IEC 61747-6-2 and IEC 62679-3-3.
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A typical formula for calculating luminance non-uniformity, NU, and other formulae used
widely in display industries can be found in IEC 62595-2-1.

7.7 Spectral power distribution

Spectral power distribution Sg j(1) shall be measured using a spectroradiometer or an
equivalent optical instrument. The measuring procedures shall be in accordance with 7.3 and
7.4.

7.8 Chromaticity

CIE 1931 chromaticity coordinates (IEC 60050-845:1987, 845-03-28) x, y, z on the FLU
surfac¢ shall be in accordance with IEC 62595-2-1 [11],[12].

7.9 Colour uniformity

Colour| uniformity should be evaluated using CIE 1976 chromaticity (IEC |60050-844:1987,
845-03-53) differences (Au’v’) between the centre and the other points-oh the FLU slrface,
using the formula defined in IEC 62595-2-1 [11],[12].

7.10 Angular luminance uniformity

The uniformity in the illumination cone of an FLU cone should be matched to the reflective
characferistic of the display device in order to make a high quality display with a built-in FLU.
The light cone should be directed to any direction depending on the reflective characterjistic of
the reflective display device.

Angular performance of the LED FLU directly affects the whole display performances. The
luminapce values at angles (6, ¢) = (0°, 0°),q@; 0°), (4, 90°), (8, 180°) and (6, 270°)|in the
polar doordinate system defined in 7.1 should be measured in the coordinate system of|[Figure
3. Mepsurement at additional angles ¢shall be carried out if necessary. The |above
measufements can be carried out at each point of the inverted-state FLU shown in Figyre 3 in
order tp obtain the angular luminance\uniformity.

7.1 ngular colour uniformity

An angular colour uniformity (ACU) in the angular luminance distribution, i.e., L,;(x, y, ¢, ¢, Q)
of an [FLU affects the(display colour performance. The ACU is a criterion with which to
evaluate the FLU. Arbitrary solid angles should be selected and evaluated in thel same
manner as the angular luminance uniformity given in 7.10. Colour uniformity should be in
accordance with‘7=9 to obtain the chromaticity differences within a predefined solid andle (£).
In cas¢ of white (illuminated by pseudo-white LEDs) illumination of an FLU, the corfelated
colour temperature (CCT) in ACU should also be chosen as a criterion.

7.12
1) Set the FLU on a light absorber (optical trap) in a dark room (see Figure 2 and Figure 3).

+
urcircerit

2) Adjust the measuring point to the centre of the light absorber.
3) Switch on the FLU (internal illumination).

4) Set the FLU in normal or inverted state on the light absorber, below an angular optical
measurement system shown in Annex C.

5) Measure the polarized optical intensity under three polarizers of 0°, 45°, and 90° at
azimuth and zenith angles.

6) Using the measured polarized optical intensity of the three polarizers, calculate the
degree of polarization at each zenith and azimuth angle (& ¢;) in a hemisphere centred at
the FLU measurement point (see Annex E).

Figure 5 is an example of measured polarization on an FLU.
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7.13
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4=180°
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Normal- or inverted-state FLU characteristics

rement and evaluation of both surfaces of an FLU<at OFF-state shall be perfor

order fo integrate with a reflective display. The characteristics of an FLU for illumin

reflecti
cosme
and th
evalua

7.14

To msg
measu

e reflective display, should be evaluated by using the optical transfer f
ion chart (see Annex F).

Dptical noise measuring

asure the ALD of optical (noise (undesired luminance), the luminance sho

the
measu
any so

red along the zenith angle.in any azimuth angle. Since the noise is a 3D distri
easurement results shall be evaluated in any required direction. The

U as a transparent medium has reflection properties on both surfacesg.

gjure 5 — Example of light polarizing characteristics of an FLU"in inverted stdte

The
med in
ting a

ve display at ON-state shall be measured for coupling with the reflective displqy. The
ic quality, for example a flaw or scratch, and’interference between the micro-reflectors

nction

uld be
bution,
signal

ement shall be performed in the same way. The signal-to-noise ratio can be defjned in

id angle (£).

ws, or
, since
uld be

The FLU with sub-micro or micro-structures shall be evaluated using the test-image charts.
Since the FLU is not a display device, these charts should be printed on paper and used
beneath a normal-state FLU. The white paper reflection factor (reflectance) should be more
than 85 %. The black paper should have a reflectance of less than 12 %.

The contrast or optical transfer function (OTF) of the FLU should be evaluated using line pairs.
In case of rotationally homogeneous illumination, black and white line pairs with different
widths can be used in any azimuthal angle. However, if the FLU is a directional one, the OTF
parallel and perpendicular to light source(s) is preferred. The following procedure is the

measu

ring method for the OTF.


https://iecnorm.com/api/?name=a68d40736ccc7ad23e2e519bb73625d9

1)

2)
3)
4)

5)

6)

7)
8)
9)

-18 — IEC 62595-2-3:2018 © IEC 2018

Set the FLU in normal state in contact with the lowest pitch (1 line pair/mm; Ip/mm) chart
shown in Figure F.1.

Switch ON the FLU.
Set the image sensor above the FLU.

Capture the electrical line signal of the black and white image transmitted through the FLU

by

the image sensor.

Measure the signal of the transmitted image in the perpendicular direction, i.e. the
maximum (Sy,5x) @and the minimum (S,,,;,) of the signal.

Use the maximum (S,,5,) and the minimum (S,,,;,) in the following formula:

Re
Se

No
val

The m
positio

NOTE 1

NOTE 2

NOTE 3

CR = Smax _Smin
Smax +Smin

move the chart.
the charts with higher spatial frequencies and calculate the OTF in‘the same ma3

rmalise the measured OTF of the charts (i.e. with black andwhite stripes) to
e obtained by using only white and only black charts.

pasurement can be repeated at any rotation angle (¢) of‘the charts with respect
ning or housing.

The OTF of the FLU's integrated reflective display is the product of the OTFs of the display and tfj
An OTF similar to the graph shown in Figure F.2 is obtained.

See Annex F.

3)

nner.
the CR

fo FLU

e FLU.
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Annex A
(informative)

Optical structure of an FLU

As shown in Figure A.1, light rays are inserted into the LGP from one of its side facets (face
to LEDs). The rays are reflected on the inner surfaces of the micro-structures (on the front
surface of the LGP) due to total internal reflection. The rays emerge from the illuminating
surface (see Figure B.1). In case of indirect driving of the FLU, the LEDs illuminate a featured

stick-light guide (SLG), and the SLG directs the rays toward the LGP/LGF.

Stick light guide Pseudo-
Pseudo-white LED | white LED

Pseudo- W =— - LGP
white LED = =

" Reflective display ~ Reflectiye display

(a) LEDs directly illuminate the (b) LEDs illuminate the stick-light
micro-structured LGP guide that couples light to the micro-
sirdctured LGP

Figure A.1 — Direct edge-lit FLU\'and indirect edge-lit FLU

IEC



https://iecnorm.com/api/?name=a68d40736ccc7ad23e2e519bb73625d9

-20 - IEC 62595-2-3:2018 © IEC 2018

Annex B
(informative)

Normal-state FLU and inverted-state FLU

A normal-state FLU is defined as an FLU with an illuminating surface toward a reflective
display (see 3.1.2 and Figure B.1). An inverted-state FLU is defined as an FLU with an
illuminating surface toward a viewer (see 3.1.3 and Figure B.2).

y

Non-illuminating surface

Display illuminating surface
play g Ec

Figure B.1 — Normal-state FLU

y
llluminating_surface
z (light emesrgent surface)

IEC

Figure B.2 — Inverted-state FLU
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Annex C
(informative)

Angular measurement system

There are two kinds of optical systems for angular optical measurement. One is the
goniometric system (Figure C.1) and the other is the Fourier optics (or conoscopic) system
(Figure C.2).

LMD

IEC

Figure C.1 —Standard goniometric system

Imagesensor
Bandpass filters

Relay lens
Iris

A

»Field lens

First Fourier plane

a

»

» Fourier lens

[ ]
FLU/FLU integrated with display

IEC

Figure C.2 — Conoscopic system
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Annex D
(informative)

Measurement parameters for BRDF and BTDF

D.1 BRDF
An optical measurement system for the BRDF is shown in Figure D.1. The reflected light on

the FLU in case of low and high reflectance is shown in Figure D.2.

LMD
Ly(6r.¢r. 0. 6. %)

Light source

E (6.4, 4)

IEC

Figure D.1 — System for méasuring the BRDF

‘ Diffuse LMD
reflected

Ligh{ source distribution
Specular
reflection
FLU
I ]
Y
Diffuse , AL
transmitted
Specular
distribution trgnsmission
LMD
(a) FLU with low front surface reflection (partially ~ (b) FLU with high front surface reflection
(glossy surface)
IEC

matte surface)

Figure D.2 — Measuring the BRDF of an LGP for an FLU

D.2 BTDF
An optical measurement system for the BTDF is shown in Figure D.3. The transmitted light
through the FLU in case of low and high transmittance is shown in Figure D.2.
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NOTE

Light source

E, (6.4, 4)

v

LMD

Ly (646,661, /)

IEC

The geometrical shape of an LGP for an FLU can be a slab shape, a wedge shape,-er an arbitrary {

Figure D.3 — System for measuring the BTDE

hape.
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Annex E
(informative)

Determining the polarization state of reflected light on the front surface
of an FLU or transmitted light through the FLU

Three polarizing filters (0, n/4, n/2) are used to measure Iy, I, I, to calculate the
polarization ellipse at the given point (measuring point, P;) for the given zenith (6) and
azimuth (¢;) angles.

4 . 8 8 S at the
given point for the glven zenlth and aZ|muth angles (see Flgure E. 1) The manual calculation
or builf-in calculator can give the polarization state.

Figure E.1 — Geometry of a'reflected or transmitted polarized light

14+ cos2¢ x cos2a
Ig =4 > (E.1)

1+ cos2¢s x sin2a
I7/4 = Ag > (E.2)

1-c0s2¢ x cos2a
Inj2 = Ay 5 (E.3)

2Iq/4 —Io —Iy)2 J

L To =12 (E.4)
T ca< ™
2 2
Iy =I2
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F.1

Annex F
(informative)

Optical transfer function (OTF) of an FLU

Optical transfer function evaluation chart

Black and white line pairs (see Figure F.1) with different periodicities printed on photographic
paper are used beneath the FLU instead of the reflective display shown in Figure A.1 to
measure the transmitted light intensity versus the spatial frequencies (f; = 1/P) or the inverse

of the
transfe

NOTE
direction
each an

Figu

F.2

The m

Hala £ 1l I H + O] Tl H 3 HY o ol £ H +lo
pICIT U urc e ydirto (J]. rIc TmoiITtony vorouo Uic opdatlidl 1TTTyYutTIiIvy To UiT

r function of the FLU that shows the image transmission of the FLU.

P

IEC

Printed charts are used instead of reflective displays in the x-direction (parallel to light sources
(perpendicular to light sources) as in FiguresA,*. The black and white pair-lines have a width
I P as pitch of the line-pairs (P = 2W).

re F.1 — Printed charts on photographic paper for measuring the OTF of the

Example of optical transfer function

used l]o calculate the /©OTF of that chart of spatial frequency. The measured resu

norma
The re
signal
millime
white |
25 um

aximum and minimum ‘signal measured by the LMD (image sensor) for each g

ised to that of(the” white and black chart levels (i.e. taken as zero spatial freqy
sulting normalised values are plotted in a graph as shown in Figure F.2. The dg

optical

and y-
pof W for

FLU

hart is
ts are
ency).
btected

level appfoaches zero and as a result the OTF falls to zero at fifty line pajrs per

ter (e.gl in this document, line pairs are fifty line pairs per millimeter and bla
ne widths are 10 um). The size of a single micro-structure on the FLU is assume
(spatial frequency of forty line pairs per millimeter) that can be compared w

ck and
d to be
ith the

chart-I

ne.Ywidth _and _its effect on _the FLU resolution. The measuring device cove

rs the

measu

red spatial frequency, i.e., at least two pixels per line width (refer to 4.2.4).
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