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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-7: Measuring methods of optical characteristics for
display with under-screen feature

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien.co

mprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote“intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields. ;To this
in addition to other activities, IEC publishes International Standards, Technical Specificationsy Technical
Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)’
preppration is entrusted to technical committees; any IEC National Committee interested‘in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
Stanfardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for international use and are accepted by IEC
Compittees in that sense. While all reasonable efforts are made)to ensure that the technical conten
Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national and regional publications. Any divergence
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any |EC Publication and the corresponding national‘of regional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of cahformity. Independent certification bodies provide cgnformity

mempbers of its technical committ€esand IEC National Committees for any personal injury, property da
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fqg
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 theicorrect application of this publication.

sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any
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IEC |[draws attention to the possibility that the implementation of this document may involve the udge of (a)

patept(s). IEC(takes no position concerning the evidence, validity or applicability of any claimed patent
respect thereof:-As of the date of publication of this document, IEC had not received notice of (a) patent(
may |be required to implement this document. However, implementers are cautioned that this may not r
the lptest information, which may be obtained from the patent database available at https://patents.iec
shalll nef'be held responsible for identifying any or all such patent rights.

rights in
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IEC 62341-6-7 has been prepared by IEC technical committee 110: Electronic displays. It is an
International Standard.

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

Draft Report on voting

110/1667/FDIS 110/1691/RVD

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

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62341 series, published under the general title Organic light emitting
diode (OLED) displays, 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 webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recpnfirmed,
e withdrawn, or

e revjsed.

IMPOIRTANT — The "colour inside” logo on the cover page of this"document indicates
that it contains colours which are considered to be useful fortthe correct understanding
of its|contents. Users should therefore print this document/using a colour printer.
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INTRODUCTION

A display has originally been conceived to show content or images on the screen and been
designed to be blocked on its back-plate, except for a transparent display. Along with advances
in display technologies, various screen forms with the display are available, such as a notch
type for the camera and sensors area, a pin-hole area, a teardrop shape, and a dual punch-
hole for the front camera.

The display has changed and consistently improved its pixel structures to make it easier for a
user to use multimedia without physical interference, for example, putting cameras and sensors
under the display screen to achieve the functions of finger touch, taking photos, 3D sensing

d 4l % b ] H [ Lol <l £ F
an S UTT, UTCOoT ITUUTTTTUTUYIT o LaAdllT VT LAallfTCuUu UuliutTT7oLTITTIT TCAtulTo.

This dpcument introduces mainly measuring conditions and measuring methods for_the impact
of thesfe developing under-screen features.
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAYS -

Part 6-7: Measuring methods of optical characteristics for
display with under-screen feature

ining the optical characteristics of an OLED display with under-screen camera
screen features, such as under-screen fingerprint or under-screen time of(flight
o be applied. This document applies to OLED displays such as mobile phone, 1
with under-screen features.

Under-screen feature will want the display to be partially transparent and partiallyynon-transparent,
chieved only by certain types of display technology, for example OLED. This,document mainly fogd
splay with under-screen feature.

prmative references

lowing documents are referred to in the text in such@ way that some or all of their ¢

dated references, the latest edition of the“referenced document (includin
ents) applies.

341-1-2, Organic light emitting diode (GLED) displays — Part 1-2: Terminology an
s

341-5-3, Organic light emitting(diode (OLED) displays — Part 5-3: Measuring met}
sticking and lifetime

341-6-2, Organic light emitting diode (OLED) displays — Part 6-2: Measuring meth
Huality and ambientperformance

62977-2-5, Eléctronic displays devices — Part 2-5: Transparent disp
rements of eptical characteristics

977-3-7,~Electronic displays — Part 3-7: Evaluation of optical performance -
feristics

ods for
. other
(TOF)
nonitor

and this
uses on

ontent

Lites requirements of this document. For dated references, only the edition cited applies.

g any

o letter

hods of

hods of

ays —

Tone

ISO 12233, Photography — Electronic still picture imaging — Resolution and spatial frequency

respon

ses
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62341-1-2 and the
following apply.

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

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

e |S

3.1.1

under-
feature
3D ser

3.1.2

under{screen area
display| area with special pixel structure and circuit design so that the under-screen featd

be ach

3.1.3

normal display area
display| area with normal pixel structure and circuit design except for the under-screen g

3.2

CCD
CCT
CTF
DUT
LMD
MTF
SFR
TOF

4 Measuring’'conditions

4.1

oniine browsing platrorm. avallable at Nips.//WWW.IS0.0rg/oop

screen feature
placed under the display screen to achieve the functions of finger touch,\taking y
sing and so on

eved

Abbreviated terms

charge coupled device
correlated colour temperature
contrast transfer function
device under test

light measuring device
modulation transfer\function
spatial frequency-response

time of flight

Standard measuring environmental conditions

hotos,

re can

rea

Measurements shall be carried out under the standard environmental conditions as follows:

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

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


https://www.electropedia.org/
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IEC 62341-6-7:2024 © |IEC 2024 -9-

4.2 Standard darkroom conditions

The luminance contribution from the background illumination reflected off the test display shall
be < 0,01 cd/mZ2 or less than 1/20 of the display’s black state luminance, whichever is lower. If
these conditions are not satisfied, then background subtraction is required, and it shall be noted
in the test report. In addition, if the sensitivity of the LMD is inadequate to measure at these low
levels, then the lower limit of the LMD shall be noted in the test report.

4.3 Standard measurement locations

Measurement shall be undertaken at several specified locations on the surface of the DUT. P
is the centre of the whole display area, P, is the centre of the under-screen area, P,, Pj, Py,
Py are|the centre of the adjacent display area, and m is the distance between test pointg which
is determined by the display design. If the shape of the under-screen area is round; n{ is the
diameter of the circle (see Figure 1 a)); if the shape of the under-screen area,is i[square, m is
the length of the side of the square (see Figure 1 b)); if the under-screen area ‘has a dffferent

shape,|m is the short side length of the shape. The measuring spots on the-display shall not
overlap.

A micrpscope should be used before making optical measurements\to check the shapg of the
under-screen area and to determine the distance m for test points.

NOTE [The under-screen area is generally located in the edge part of th€)display panel, so if the adjacent points
such as P,, P, or P, are out of the display area, the corresponding measurement data will not be taken into pccount.

Any deviation from the above-described standard lécations shall be added to the| detail

specification.
m m m_ m
~
ﬁ &
| [\ :
\

IEC IEC

a)/ under-screen circle shape b) under-screen square shape

Figure 1 — Example of measurement locations
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5 Measuring methods of display performance

5.1 Reflectance difference
5.1.1 General

The purpose of this method is to measure the reflectance difference between the under-screen
area and normal display area, including the display spectral reflectance and the luminous
reflectance for hemispherical diffuse illumination. It is recommended that the spectral
reflectance be measured. If a luminance meter is used to obtain the luminous reflectance, then
the measured luminous reflectance is only valid for the illumination spectra used during the
measurement. This reflection should not be used for calculating the reflection properties from
other gpectral distributions.

5.1.2 Measuring equipment
The apparatus shall be as follows:

— driying power source;
— driying signal source;

— sampling sphere with stabilized light source.

For reflectance measurement, an LMD that can measure luminance and spectral radiance is
necesdary, as well as a white diffuse reflectance standard,with a known hemispherical diffuse
spectral reflectance factor calibrated for the intended méasurement geometry.

The aperture of the LMD shall be smaller than the size of the under-screen area of the DUT to
ensurel the measurement completely focuses on/the transparent under-screen area.

5.1.3 Measuring procedure
The me¢asurement shall be taken at standard darkroom conditions and proceed as folloys:

a) Place the DUT against the sampte port of a sampling sphere, as indicated in Figure 4. Keep
the| centre of the sample port:pointed to the under-screen area of the display. Turn|on the
sampling sphere’s hemispherical diffuse illumination to the desired correlated |colour
temperature (CCT).

NOTE Since the DUT is-partially transparent, an opaque base plate will be attached to the bottom of the DUT
to pfevent the light from’passing through.

b) Mepsure theduminous hemispherical reflectance or spectral hemispherical reflectange R of
the| centre of)the entire display area P, and the centre of the under-screen area P,|shown

in Figure 1, as specified in IEC 62341-6-2.

c) Calcufate and report the relative reflectance difference between Py and P, in accofdance
with Formula (1).

AR=‘RO_R1 x100(%) (1)

The DUT shall be measured at the OFF-state. The spectral characteristics and CCT of the
illuminant source should be recorded and reported.

The display reflectance should not change with the state of the display. If it does, then it shall
be measured at both OFF-state and white pattern.
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Figure 2 — Measurement geometries for reflectance

Uniformity
General

rpose of this method is to measure the luminance unifermity and chromaticity uni
normal display area and the under-screen area.

Measuring apparatus
paratus shall be as follows:

measuring equipment that can-measure luminance and CIE 1931 chron
rdinates (x, y);

ing power source;
ing signal equipment.

el number of the LMD-should be at least ten times that of the DUT to avoid moiré g

Measuring procedure
pasurement shall be taken at standard darkroom conditions and proceed as folloy

w the_apparatus sufficient time to reach thermal equilibrium before the measurer
w/the DUT to display a full screen white pattern and measure the luminance a

193

formity

naticity

attern.

nents.
hd CIE

T\chromaticity coordinates (x, y) of the display from positions P, to P..

c) Cal

culate the luminance uniformity in accordance with Formula (2):

N=(1—Lm—i”j><100(%)

max
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d) Calculate the chromaticity difference between P, and the other four measurement points,

e)

5.3

5.3.1 General

i.e., P, versus P,, P, versus P53, P, versus P4, and P, versus Pg. Other differences among
P, to Pg can also be calculated in accordance with Formula (3) and Formula (4):

' 4x ' 9x
u'= V= (3)
3-2x+12y 3-2x+12y
2 2
Au'v'=\/<u'i—u'j) +(v'l~—v'j) (4)

Report the maximum chromaticity difference as chromaticity uniformity.

Gamma

The purpose of this method is to measure the gamma characteristics(ofthe normal display area

and th¢ under-screen display area.

5.3.2 Measuring apparatus

The apparatus shall be as follows:

5.3.3 Measuring procedure

light measuring device that can measure luminance;
driying power source;

driying signal equipment.

The me¢asurement shall be taken at standard darkroom conditions and proceed as follows:

a)
b)

c)
d)

Allgw the apparatus sufficient‘time to reach thermal equilibrium before the measurements.
Allgw the DUT to display a full screen W, R, G, B pattern and measure the luminance of the
display from location-Ryto P5 under gray scale from 0 to 255 or 0 to 1 023.
Calculate the gamma value in accordance with IEC 62977-3-7.

Drgw the tong)curve of P, to P5. The curve should be between the maximum and minimum

vallie specified by the display supplier. Figure 3 shows an example of gamma 2,0 [for the
mirlimuptand gamma 2,4 for the maximum.
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N
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chr]

0 51 102 153 204 255 -

Gray scale value
IEC

Figure 3 — Example tone curve of the display

Angular chromaticity shift
General

rpose of this method is to evaluate the chromaticity<shift of the normal display ar
er-screen display area at different viewing angles:

Measuring apparatus

pparatus shall be as follows:

ing power source;

ing signal equipment.
Measuring procedure

pasurement shallybe taken at standard darkroom conditions and proceed as folloy

made.

n the LMD to the normal line of the display surface and measure the CIE
praticity coordinates (x, y) of the DUT at location P, to Pg

ea and

brimeter or spectroradiometer thatiean measure the CIE 1931 chromaticity coordinates

VS:

w the apparatus sufficient time to reach thermal equilibrium before the measurgments

1931

c) Change the measuring direction to a settled viewing angle, as shown in Figure 4. The angle
relative to the display normal in the horizontal plane is expressed as ¢ and 0g, the angle

relative to the display normal in the vertical plane is expressed as ¢ and ¢g. The LMD can

be

moved within these planes.
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Normal line
$=0°60=0°

d) Mepsure the CIE 1931 chromaticity coordinates (x, y) of the DUT at location P4 to P4

12 o’clock
6, =90° direction
g7 =90°
6 o'clock Y
direction Or=96°
¢g = 90°
IEC

Figure 4 — Viewing angle set up

e) Calculate the chromaticity shift of different points in the same measuring direction gnd the
chrpmaticity shift of the same point in different measuring dire¢tions in accordange with
Formula (3) and Formula (4).

f) Recgord the measurement results, as shown in Table 1.

NOTE |[The accuracy of the chromaticity shift can be affected by the quality of the colorimeter or spectroradiometer.

Table 1 — Measurement results

Angle Position ,
0 0 P, P, P, P, P, Al max
0 15
0 30
0 -15
0 -30
15 0
30 0

-15 0
-30 0
Aunv'l —

5.5 Fuminancedegradation
5.5.1 General

The purpose of this method is to evaluate the luminance degradation of an OLED display with
under-screen feature; the luminance degradation is evaluated by the elapsed time required
when the luminance of the normal area and transparent area decrease to a satisfied threshold

value.
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5.5.2 Measuring apparatus
The test apparatus shall be as follows:

— light measuring device that can measure luminance;
— driving power source;
— driving signal equipment.

5.5.3 Measuring procedure

The measurement shall be taken at standard darkroom conditions and proceed as follows:

a) Allgw the apparatus sufficient time to reach thermal equilibrium before the measur¢ments

are| made.

b) Apply a full white screen driving signal to the DUT at 100 % gray level.

c) Mepsure the initial luminance of the centre position of the entire display.area P, gnd the

cerjtre position of the under-screen area P4, shown in Figure 1.

d) Keep the above operating conditions and measure the luminance’)of P, and P

at the

spqcified time. The specified time canbe 1 h, 10 h, 100 h, 1 000.h{2 000 h, 3 000 h, 4 000 h
and 5 000 h. An example of the luminance behaviour in operation is shown in Figurg 5, as

spqcified in IEC 62341-5-3.
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Figure 5 ~Example of luminance decreases versus operating time

e) Calculate theduminance difference of Py and P4 in accordance with Formula (5):

AL=Iy-14

IEC

(5)

f) Record the elapsed time when the luminance difference between the normal display area
(at Pg) and under-screen display area (at P,) decreases to a satisfied threshold value.

NOTE The threshold value of the luminance difference can be defined by the display manufacturer according to its

own quality control target.

Generally, the luminance of the under-screen display area will decrease faster than the normal
display area because of the special pixel structure and circuit design. Table 2 and Figure 6

show an example of measured data for a display with an under-screen camera.
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Table 2 - Example of measured data

Luminance Time (h)
(cd/m?) 0 100 200 300 400 500 600 700
Ly 361 344 335 328 320,5 312,5 305 296,5
L, 367 340 329,5 324 321 318,5 317 316
AL -6 4 5.5 4 -0.5 -6 -12 -19,5
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IEC
Figure 6 — Example of the decrease of a luminance difference curve
6 Measuring methods of transmittance performance
6.1 Transmittance
6.1.1 General
Transmittance refers to._the proportion of light passing through the display screen. I} is an

important parameter, for under-screen camera. In general, higher display transmittanceg in the
region|of the under=screen feature will result in better image quality. However, having|higher
display| transmittance in the under-screen region compared to that of the rest of the display can
impact|display.uniformity. A special pixel structure and circuit design are necessary in drder to
optimize thisjtradeoff.

NOTE The purpose of this test item is to measure the transmittance of the under-screen area (P,) of the OLED
display under test. If necessary, the transmittance of the normal display area (P, and P,-P;) can also be considered.

6.1.2 Measuring apparatus
The apparatus shall be as follows:

— driving power source;
— driving signal equipment;
— light measuring device that can measure luminance or spectral radiance;

— integrating sphere with a stabilized light source which covers the visible light range from
380 nm to 780 nm.
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Measuring procedure

The transmittance is obtained by comparing the luminous value of the light source before and
after it passes through the transparent area of the OLED display. All conditions shall remain

consta
measu

nt during the measurement of both Iluminance values (temperature, illumi
ring distance, etc.).

nation,

The measurement shall be taken at standard darkroom conditions and proceed as follows:

a) Allow the apparatus sufficient time to reach thermal equilibrium before making any
measurement.

b) Tur

c) Ift
tha

d) Me

e integrating sphere has a light trap port, place a port plug, or diffuse white stand
port.

asure the initial luminance of the light source L at the sample port.

e) Tunn off the DUT and place the centre position P, of the under-screen-area agai

san

nple port of the integrating sphere. The measurement configuratjensis shown in F

, amd ingress of external light into the integrating sphere is prevented. The aperturg

LM
me

In
shd
co\

f) Me
g) Ca

hsurement completely focuses on the transparent under-screen area.

Integrating sphere LMD

IEC

Figure 7 — Measurement geometry

brder to obtain‘the accurate transmittance data, the diameter of the integrating
uld be smalfter than the under-screen area, if not, the normal area of the DUT shq
ered with.opaque material such as lightproof foam to prevent the light passing th

Asuresthe transmitted luminance L, at the sample port.

culate the Iluminous hemispherical transmittance factor as a percentage

bilize.
ard, at

hst the

gure 7
of the

D shall be smaller than the size of the under-screen area 6f the DUT to ensdre the

sphere
uld be
rough.

using

For

PPN
mtra (O

T=

Ly
Ly

(6)

h) Carry out the procedure three times and use the average of the three calculated results as

the

luminous hemispherical transmittance factor value.

The type and wavelength of the light source used and other factors which can affect the

measu

rement result should be reported.

Small subtense light sources should be avoided, because it is found that they are very sensitive
to the measuring conditions and have poor reproducibility.
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6.2 Clarity
6.2.1 General

Due to the periodicity arrangement of the display pixel, the light source will have a certain
degree of diffraction after passing through the display panel, and this will have an effect on the
under-screen feature. For example, the under-screen camera usually has serious starlight,
image blur, edge ghosting and other problems, as shown in Figure 8.

IEC Q
a) normal camera Q b) under-screen camera

Figure 8 — Diffraction phenq&@\on of under-screen camera

IEC

The pyrpose of this method is to measur@ﬁ diffraction which is caused by the OLED display
with ujder-screen feature. There are two methods that can be used to measure clarity,|one is
the modulation transfer function (M'I‘@ another is the spatial frequency response (SFR].

: O :
6.2.2 Measuring method q)}lodulatlon transfer function (MTF)
6.2.2.1 Measuring a;@rétus
The apparatus shall be as follows:

— light measuri@.@evice that can measure the luminance;
— driying p source;

— dri i%ggnal equipment;

—  reférénce display device to display the test pattern;

— CCD camera that can capture the image of the test pattern.



https://iecnorm.com/api/?name=9dbbd69b297bbe3c4ab51b9999c0d74a

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 Measuring conditions
	4.1 Standard measuring environmental conditions
	4.2 Standard darkroom conditions
	4.3 Standard measurement locations

	5 Measuring methods of display performance
	5.1 Reflectance difference
	5.1.1 General
	5.1.2 Measuring equipment
	5.1.3 Measuring procedure

	5.2 Uniformity
	5.2.1 General
	5.2.2 Measuring apparatus
	5.2.3 Measuring procedure

	5.3 Gamma
	5.3.1 General
	5.3.2 Measuring apparatus
	5.3.3 Measuring procedure

	5.4 Angular chromaticity shift
	5.4.1 General
	5.4.2 Measuring apparatus
	5.4.3 Measuring procedure

	5.5 Luminance degradation
	5.5.1 General
	5.5.2 Measuring apparatus
	5.5.3 Measuring procedure


	6 Measuring methods of transmittance performance
	6.1 Transmittance
	6.1.1 General
	6.1.2 Measuring apparatus
	6.1.3 Measuring procedure

	6.2 Clarity
	6.2.1 General
	6.2.2 Measuring method of modulation transfer function (MTF)
	6.2.3 Measuring method of spatial frequency response (SFR)


	Figures
	Figure 1 – Example of measurement locations
	Figure 2 – Measurement geometries for reflectance
	Figure 3 – Example tone curve of the display
	Figure 4 – Viewing angle set up
	Figure 5 – Example of luminance decreases versus operating time
	Figure 6 – Example of the decrease of a luminance difference curve
	Figure 7 – Measurement geometry
	Figure 8 – Diffraction phenomenon of under-screen camera
	Figure 9 – Reference test pattern
	Figure 10 – Measurement configuration

	Table 1 – Measurement results
	Table 2 – Example of measured data



