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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Nanomanufacturing - Key control characteristics -
Part 3-5: Nanophotonic products - Light conversion efficiency
of quantum dot enabled light conversion films: luminance meter

FOREWORD

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

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

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

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

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

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

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

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

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 62607-3-5 has been prepared by IEC technical committee 113: Nanotechnology for
electrotechnical products and systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

113/957/DTS 113/986/RVDTS

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 Technical Specification 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 of the IEC 62607 series, published under the general titte Nanomanufacturing -
Key control characteristics, 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

— reconfirmed,

— withdrawn, or

— revised.


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

This document specifies how to measure the light conversion efficiency, which is one of key
control characteristics of quantum dot enabled light conversion films (Q-LCFs).

Quantum dot (QD) is a kind of representative nanomaterial, has typical quantum confinement
effects and exhibits distinct size-dependent properties, that is, the luminescence peak is
adjustable with the QD size. QDs have broad absorption spectra, as the absorption edge is
continuous for all wavelengths shorter than the absorption edge. They are also known for
narrow emission spectra — a trait that arises when QDs are consistent in both size and
composition. Using the same excitation source, commonly blue light-emitting diode, to excite
quantum dots of different particle sizes, QDs of different particle sizes can emit spectra with
different peak wavelengths which are larger than the excitation wavelength. Based on the above
unique characteristics, Q-LCFs are used in display products, greatly improving the colour gamut.
Currently Q-LCFs are widely adopted by television makers (manufacturers, suppliers, etc.) to
add a new feature to liquid crystal displays.

Although they have such advantageous features, quantum dots are sensitive to water, oxygen,
light, high temperature and so on. During the manufacturing process of Q-LCFs, various
chemicals are used to form a solid matrix in which quantum dots are dispersed. After the
quantum dots have been encapsulated in the films, water and oxygen still can pass through the
polymer matrix and reach the quantum dots to a certain degree, depending on the barrier
property of the matrix and encapsulation layer. During and after manufacturing, adverse effects,
such as lowering of quantum efficiency and stability of quantum dots, will occur.

It is critical to measure quantum efficiency of quantum dots in Q-LCFs; however, measurement
of this characteristic by integrating sphere is relatively complicated and of low test efficiency,
the integrating sphere test has limitations, such as the sample size must be smaller than the
size of the integrating sphere, and the luminance range of backlight is narrow. The light
conversion efficiency (LCE) parameter is more meaningful than the quantum efficiency (QE)
parameter in practical industrial applications, as the LED backlight usually has higher luminance.
For measuring LCE, a luminance meter is used as the test tool, which only measures the number
of photons within 2z steradian directly in front of the backlight after excitation of the sample.
This is significantly less than the number of photons collected by the integrating sphere. So the
light conversion efficiency (LCE) measured by this document is directly related to the luminance
actually detected in the display industry, whereas the quantum efficiency is not. It is for this
reason that LCE, a more straightforward characteristic, is measured instead. Brighter Q-LCFs
correlate with higher quantum efficiency of the quantum dots inside the film.

These characteristics will enable supplier and purchaser of Q-LCFs to determine rapidly
whether the quantum dots are stable and of high quantum efficiency in the matrix, or whether
the quantum dots and matrix are matched, or whether the Q-LCFs satisfy the luminance and
lifetime requirements, by using common equipment to test.

For predictable and reproducible results to be used in diversified situations, it is essential for
characteristics to be described and assessed in a standardized manner and to standardize the
methods for quality control of the manufacturing processes.

This document can also apply to other quantum dot conversion members such as quantum dot
diffusing plate.
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1 Scope

WARNING - Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices
and to ensure compliance with any national regulatory conditions.

This part of IEC 62607 establishes a standardized method to determine the optical key control
characteristic

— light conversion efficiency
for quantum dot enabled light conversion films (Q-LCFs) by
— luminance meter.

The light conversion efficiency is derived by the photoluminescence spectrum.

The typical application areas of this standardized measurement method are the nano-
photoelectric display devices using Q-LCF as key component, and other relevant optical
conversion devices.

2 Normative references

There are no normative references in this document.



(1]

(2]

(3]

(4]

(9]

(6]

(7]

1

IEC TS 62607-3-5:2026 © IEC 2026
Bibliography

ISO/TS 27687:2008, Nanotechnologies - Terminology and definitions for nano-objects -
Nanoparticle, nanofibre and nanoplate’

W. S. Song and H. Yang, Efficient White-Light-Emitting Diodes Fabricated from Highly
Fluorescent Copper Indium Sulfide Core/Shell Quantum Dots. Chem. Mater., 2012, vol.
24, 1961

Y. Zhu et al., Light Conversion Efficiency Enhancement of Modified Quantum Dot Films
Integrated with Micro SiO, Particles. Journal of Display Technology, 2016, 12, 1152

Y. Cheng et al., Silica Doped Quantum Dots Film with Enhanced Light Conversion
Efficiency for White Light Emitting Diodes. 18th International Conference on Electronic
Packaging Technology, 2017, 394

HISENSE ELECTRIC CO., LTD. Light conversion film and preparation method thereof,
and liquid crystal display device, US, 10101520[P].2017-02-09

SAMSUNG DISPLAY CO., LTD. Quantum well nanocrystals with quaternary alloy
structure for improved light absorption, US, 17/199613[P].2021-03-12

C. Krishnan et al., Hybrid photonic crystal light-emitting diode renders 123 % color
conversion effective quantum yield. Optica, 2016, Vol. 3, No. 5, 505

Withdrawn.

12





