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Abstract: This document includes a definition of the concept of modulation frequencies for light-
emitting diodes (LEDs), a discussion on their applications to LED lighting, a description of LED
lighting applications in which modulation frequencies pose possible health risks to users, a
discussion of the dimming of LEDs by modulating the frequency of driving currents/voltage, and
recommendations for modulation frequencies (flicker) for LED lighting and dimming applications
to help protect against known potential adverse health effects.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, >re
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“TEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards thr¢agh a
consensus development process, approved by the American National Standards Institute (“A’SI™), w.ich
brings together volunteers representing varied viewpoints and interests to achieve the fiial p.-uuct.
Volunteers are not necessarily members of the Institute and participate without compensation frc m IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consens 1s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of *he 1. rmation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material ~catainea m its standards, and
expressly disclaims all warranties (express, implied and statutory) not incides in this or any other
document relating to the standard, including, but not limited to, the warranties or: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effc.ti -aness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relatiug te results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH AJLL FAU _TS.”

Use of an IEEE standard is wholly voluntary. The existercc ot «n IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, . tkei or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about thi »ugh developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards a'ai’ab'e, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any perso.. or c=ity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. An * pei-on utilizing any IEEE Standards document, should rely upon his
or her own independent judgmen.n the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SH: "L 1 EE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR (UNSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREM~NT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINEC_S INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHEK IN" CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
"JFCN ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
RUGARVDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardles: ot
membership affiliation with IEEE. However, IEEE does not provide consulting information or «dvic»
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in*be \>rm _fa
proposed change of text, together with appropriate supporting comments. Since IEEE standaras epresent a
consensus of concerned interests, it is important that any responses to comments and quest ons alsu receive
the concurrence of a balance of interests. For this reason, IEEE and the members of i3 societies and
Standards Coordinating Committees are not able to provide an instant response to ccmmen.s or questions
except in those cases where the matter has previously been addressed. For the san.» rea. »n, ’2EE does not
respond to interpretation requests. Any person who would like to particivewe in yovisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should co.scl all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards dormecot does not imply compliance to any applicable regulatory
requirements. Implementers of the:stari 12:d are responsible for observing or referring to the applicable
regulatory requirements. IEEE does n¢'. by tlie publication of its standards, intend to urge action that is not
in compliance with applicable laws, ¢ 1d t. ese documents may not be construed as doing so.

Copyrights

IEEE draft and approved s.:ndards are copyrighted by IEEE under U.S. and international copyright laws.
They are made availoole L 7 IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by rc “wence, in laws and regulations, and use in private self-regulation, standardization,
and the promecicn of engiaeering practices and methods. By making these documents available for use and
adoption by |, ublic authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Pheta.copies

Likject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
ohotocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been arn.>nacd
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA @ Wucbsite @ at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. Foi inore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA W zbsite at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Web. ite at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encovragid to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation »f th’s standard may require use of subject matter
covered by patent rights. By publication of this standard, ..>"position is taken by the IEEE with respect to
the existence or validity of any patent rights in cennection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accenrtea Leticr of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.czo/aou'/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or cawilling to grant licenses under patent rights without
compensation or under reasonable races, \7"ch 1 2asonable terms and conditions that are demonstrably free of
any unfair discrimination to applicarts ¢.2siring to obtain such licenses.

Essential Patent Claims may ~xi:. for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying E. ‘ent'al Patent Claims for which a license may be required, for conducting
inquiries into the legal vai.dity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided ‘n ¢ nncction with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasciab e or non-discriminatory. Users of this standard are expressly advised that
determination ~f the vai.dity of any patent rights, and the risk of infringement of such rights, is entirely
their owr res;onsiility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1789-2015, IEEE Recommended Practices for Modulating Current in High-
Brightness LEDs for Mitigating Health Risks to Viewers.

The IEEE P1789 Working Group was formed in December 2008. Prior that time, the impact of flicker in
light-emitting diode (LED) lighting was not being discussed. New technologies were being developed in
LED lamps that introduced high levels of flicker. Occasionally, under special circumstances, some lamps
would fail and cause flicker that could introduce seizures in the small percentage of the population that
suffers from photosensitive epilepsy. One of the initial reasons to form the working group was to bring
together a diverse community of experts to discuss the effects of flicker: members from the medical
community, lighting community, photobiologists, electrical engineers, and many more. Without
community discussing the issue of flicker, it would not be possible for developers of LED lighting to fu'ly
understand any health effects that might be related to their design. The intent of this document.is to ex, lain
what is known about flicker in LED lighting and to provide recommended practices that can , “ip 1»iti zate
possible adverse biological effects of light flicker, when such mitigation is desired.

This document was written through the following procedure:

a) Creation of an outline of topics using teleconferences and web board discuss. ns

b) Drafting of various publications and other working documents by pri. xiry « thors;

c) Presentation and editing of the working documents by subcommitte.~.~omposed of experts in
lighting, health, and flicker;

d) Approval of the working documents of the subcommittees to " pzssented to all members of the
working group;

e) Presentation of the working documents to all members of tt.> wr rking group by teleconferences and
electronic media;

f)  Solicitation of comments and edits from all memb<.s ot vorking group;

g) Revision of the working documents to include me nbe) comments;

h) Merging of all the working documents into this formal recommended practices document;

i)  Inclusion of additional material into th> merged document, written by primary authors and
necessary to make the recommended pr.-ctic2s more complete;

j)  Obtaining of comments and edits fron:subcommittees on the recommended practices;

k)  Revision of the recommended prz cti~es document according to subcommittee comments;

1)  Submission of the recommenc=d } wac.ices document for comments to all members of the working
group;

m) Revision of the recommei.ec practices document according to the comments from working group
members; and

n) Submission of tho rcormended practices document for ballot, following the official IEEE
standards balloting ~rocess for approval (not described here).

The IEEE P1789 Woi.-in_ Group effort is an open process. All official comments or proposed edits from
working grour-members for this document were formally entered onto a comment form. Regardless of
whether 2 co. 1meit was fully accepted, partially accepted, or rejected, the reasons for the decision were
also enterc.' onthe form. As a matter of transparency and ethics, only comments submitted through
comment forti:s or in official working group meetings/teleconferences were reviewed by working group
membe:s.

The nroczss to develop this document took longer than initially anticipated. While the material in Clause 5
a. . Clause 6 was developed by the working group carefully and in a timely fashion, the group wanted to
carefully weigh all the available scientific data in an objective and fair manner before it developed any
recommended practice. It was decided that the working group members should develop a hazard and risk
analysis for flicker using a formal process. The development of the material in Clause 7 was led by the
same authors that developed the European Union Commission’s policy on consumer product recall. That is,
the material in Clause 7 was carefully developed over a one- to two-year period by experts in hazard

viii
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analysis who accumulated research data and scientific references and flew around the world (at their own
expense) to interview experts in flicker, LED lighting, and human vision—all to prepare the material in
Clause 7.

Similarly, the philosophy of the working group was to recruit experts in diverse research fields whenever
necessary to help develop material. To create a comprehensive and precise set of recommended practices, it
was necessary to include in the working group research experts in the fields of power electronic drivers,
risk analysis, photobiology, vision, lamp design, psychology, LEDs, and many other areas. The result was a
diverse field of experts, able to interpret scientific studies in medical fields, vision, electrical engineering,
hazard analysis, and lighting. Many of the authors of the original scientific studies that are discussed in this
document also contributed to, and authored text in, this document; this collaboration leads to a strong
confidence in the scientific accuracy of IEEE Std 1789.

Each clause was developed by separate subcommittees, and then input and comments were received from
the entire IEEE 1789 community about the individual clauses. Brad Lehman, chair, served as editor-in-
chief of the entire document, but he also served as editor of Clause 1-Clause 3 and Clause 5 and co-editor
of Clause 6 and Clause 8. Jennifer Veitch served as editor of Clause 4. Clause 7 had three co-editors: Bob
Altkorn, Xiao Chen, and Gene Rider. Additionally, Arnold Wilkins served as co-editor of Clause 6 and
Clause 8. Dozens of IEEE members contributed technically to the document, but major writing
contributions of this document were performed by Sam Berman, Faisal Khan, Naomi Miller, and Michael
Poplawski in addition to the previously listed editors.

A goal of this working group and recommended practices document is to aid all standards groups that want
to develop suitable standards or certification processes about flicker in LED lighting. Observers from
various agencies were included in the working group (ENERGY STAR, NEMA, IEC, CIE, OSHA, and
many others). The working group plans to continue to work with these agencies and remain a resource for
them in their processes (see http://grouper.ieee.org/groups/1789/).

X
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IEEE Recommended Practices for
Modulating Current in High-Brightness

LEDs for Mitigating Health Risks to
Viewers

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.1 Scope
The scope of this recommended practices document is to

—  Define the concept of modulation frequencies for light-emitting diodes (LEDs) and discuss their
applications to LED lighting.

— Describe LED lighting applications in which modulation frequencies pose possible health risks to
users.

— Discuss the dimming of LEDs by modulating the frequency of driving currents/voltage.

—  Present recommendations for modulation frequencies (flicker) for LED lighting and dimming
applications to help protect against known potential adverse health effects.

1.2 Purpose

Presently, there are no standards on safe modulating frequencies for high-brightness LEDs. Vendors
suggest various driving frequencies—some at low frequencies and others at high frequencies. In the late
1980s and early 1990s, studies showed that office fluorescent lighting with magnetic ballasts modulating at
twice the ac line frequency increased the incidence of health-related problems, such as headaches,
eyestrain, and, when the lamps were in failure, epileptic seizures. The detrimental effects depend on factors
such as brightness, angle of viewing, wavelength, and depth of modulation, among others. The purpose of
this document is to describe some possible health risks associated with low-frequency modulation of

1
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