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“Ihe CISPR, considering: CISPR 11, Sixth Edition, 2015-06
a. That ISM RF equipment is an important source The sixth edition cancelled and replaced the fifth
of disturbance; edition published in 2009 and its Amendment 1

published in 2010. It constituted a technical revision.
It introduced type testing of components of power
electronic equipment, systems, and installations. Its

b. That methods of measuring such disturbances
have been prescribed by the CISPR; and

C. That certain frequencies are designated by the emission limits were newly applied to low voltage (LV)
International Telecommunication Union (ITU) alternating current and direct current power ports,
Jor unrestricted radiation from ISM equipment, irrespective of the direction of power transmission.
Recommends that the latest edition of CISPR 11 Several limits were adapted to the practical test
be used for the application of limits and methods of conditions found at test sites. They are also applicable to
measurement of ISM equipment.” power electronic ISM RF equipment used for wireless
power transfer (WPT), for instant power supply and
CISPR 11, EDITION 6.0 charging purposes.

Amendment 2 to CISPR 11, Edition 6.0, 2019-01

'The limits in the range 1 to 18 GHz were applied
to continuous wave (CW)-type disturbances and to
fluctuating disturbances in a similar, uniform, and

Amendment 2 combines two principal changes to
Edition 6.0. One addresses semiconductor power
converters (SPC) and the other “improvement of
repeatability for measurements in the frequency
range 1 - 18 GHz.”

Type test requirements were added for two SPC
systems: 1) power conversion equipment intended
for assembly line photovoltaic power generating
systems, such as grid connected power converters
(GCPCs) and direct current to direct current
converters; and 2) GCPCs intended for assembly

into energy Storage systems.

'The improvement of measurements in the 1 to

18 GHz range involves group 2 equipment operating
at frequencies above 400 MHz. The measurements
can be made with two different weighting functions:
the traditional “LogAV detector” with a video
bandwidth of 10 Hz and the new amplitude
probability distribution (APD) method.

Amendment 1 to CISPR 11, Edition 6.0, 2016-06

'This Amendment introduced the fully-anechoic
room (FAR) for measurements of the disturbance
field strength in the range 30 MHz to 1 GHz on
equipment in the scope of CISPR 11. It contains
the complete set of requirements for measurement
of radiated disturbances from equipment fitting
into the validated test volume of a given FAR.

It specified a separation distance of 3 meters and
restricts use of the FAR to measurements on
table-top equipment.
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technology-neutral way. The measurements may implementation of the 150-ohm delta-network specified
be made with traditional Log-AV or the newer in CISPR 16-1-2 has been made available.
(APD) method.
'The Sixth Edition also included general maintenance

For measurements at (LV) direct current power items to address other technical issues in the fifth edition
ports of power electronic equipment, a modern of the standard.

CISPR 11 - Edition 1 - 1975 CISPR 11 - Edition 5 - 2009

Foreword Foreword

Preface Introduction

1-Scope 1- Scope

2 - Object 2 — Normative References

3 - Definitions 3 —Terms and Definitions

4 - Limits of Interference 4 - Frequencies Designated for ISM Use

5 — Methods of Measurement 5 — Classification of ISM Equipment

6 — Safety Precautions 6 — Limits of Electromagnetic Disturbance

Appendix A — Precautions to be taken in the use of a Spec- | 7 — Measurement Requirements

trum Analyzer

Appendix B - Propagation of Interference from industrial 8 — Special Provisions for Test Site Measurements (9 kHz to

RF equipment at frequencies between 30 MHz and 300 1 GHz)

MHz

Appendix C - Artificial Mains Networks for currents be- 9 — Radiation Measurements - 1-18 GHz

tween 25 amps and 100 amps

10 — Measurements in situ

11 — Safety Precautions

12 — Assessment of Conformity of Equipment

13 - Figures and Flowcharts

Annex A (Informative) — Examples of
Equipment Classification

Annex B (Informative) — Precautions to be taken in the use of a
Spectrum Analyzer (see 6.3.1)

Annex C (Normative) - Measurement of Electromagnetic Radia-
tion disturbances in the presence of signals from radio transmit-
ters

Annex D (Informative) — Propagation of Interference from indus-
trial radio frequency equipment at frequencies between 30 MHz
and 300 MHz

Annex E (Informative) — Recommendations of CISPR for protec-
tion of certain radio services in particular areas

Annex F (Informative) —Frequency Bands allocated for safety-
related radio services

Annex G (Informative) — Frequency Bands allocated for sensitive
radio services

Bibliography

Table 5: Comparison of the first and fifth editions of CISPR 11



FIFTH EDITION—2009

Released in 2009, the Fifth Edition of CISPR 11
continued the long-standing practice of Group 1

and Group 2, Class A and Class B equipment
classifications. The limits stated in the Fifth Edition
were similar to the limits found in the Fourth Edition.

Table 5 presents a side-by-side comparison of the table
of contents for the first edition and the fifth edition

of CISPR 11, which clearly shows the growth in the
length and complexity of the standard over a period
of 35 years.

Clause 6 in the Fifth Edition represented a major
overhaul from that in the Fourth Edition. Its main
clause and sub-clause headings are as follows:

¢ Clause 6 — Limits of Electromagnetic Disturbance
o 6.1 — General
© 6.2 — Group 1 Measured on a Test Site
© 6.3 — Group 2 Measured on a Test Site
© 6.4 - Group 1 and Group 2 Class A Measured

in situ
 Clause 7 added a new Sub-clause 7.1 (“General”)

and a new Sub-clause 7.7 (“Recording of Test Site
Measurement Results”).

* Clause 12 (“Assessment of Conformity of
Equipment”) added a new Sub-clause 12.1
(“General”) and then the next three Sub-clauses
were the same as Sub-clauses 11.1-11.3 in
the fourth edition.

* Clause 13, titled “Figures and Flowcharts,”
was new to this edition, as was Annex E.

The entire Fifth Edition was written to
provide a more transparent structure.

Table 17 in the standard was added with

a title of “Electromagnetic Radiation
Disturbance Limits for Class A (Group 1)
Equipment Measured i7 sizu.” It specifically
addressed equipment with input power

greater than 20 KVA.

Amendment 1 to the fifth edition was
released in 2010. It created a new subset

of equipment, “Small Equipment.” Small
Equipment is defined as “equipment, either
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positioned on a tabletop or standing on the floor
which, including its cables, fits in a cylindrical test
volume of 1.2 meters in diameter and 1.5 meters above
the ground plane.”

Using this definition, Tables 4, 5, 9, 10, and 11

in the standard were modified to allow testing of
Class A and B products meeting the small equipment
definition to be tested at a three-meter test distance.
The limit at three meters would be extrapolated from
the typical test distance of 10 meters using an inverse-
distance fall-off assumption (free-field).

FOURTH EDITION—2003

'The Fourth Edition of CISPR 11 was published in
March 2003. The fourth edition superseded the third
edition (1997), along with its first amendment (1999)
and its second amendment (2002).

There were a limited number of changes in the
Fourth Edition from the Third Edition. The first two
sentences in Clause 4 were changed to read:

“...the manufacturer and/or supplier of ISM
equipment shall ensure that the user is informed about
the class and group of the equipment, either by labeling
or by the accompanying documentation. In both cases,
the manufacturer/supplier shall explain the meaning
of both the class and the group in the documentation
accompanying the equipment.”

e | A STRONG PARTNERSHIP
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Clauses 7.1 and 7.2 were interchanged from the
Third Edition.

Clause 6.2.5 (“Artificial Hand”) was added to the
Fourth Edition, as well as Figure 6 (“Artificial Hand,
RC Element”). The concept of an artificial hand was
introduced to simulate the effects of the user’s hand
during the conducted emission measurements

The definitions of Group 1 ISM equipment, Group
2 ISM equipment, Class A equipment, and Class B
equipment remained basically the same as that in the

Third Edition.

With respect to limits of electromagnetic disturbance,
Class A equipment could once again be measured
either in a testing laboratory or in situ (as preferred

by the manufacturer). However, the Fourth Edition
continued to require Class B equipment to be
measured in a testing laboratory.

The limits of terminal disturbance voltage (conducted
emissions) gave the manufacturer two choices: 1) meet
the average limit with an average detector and the
quasi-peak limit with a QP detector; or 2) meet the
average limit when using a QP detector. This was the
same as stated in the Third Edition.

For radiated disturbances from 150 kHz to

1000 MHz, the limits stayed basically the same as
those found in the Third Edition. Measurements
were allowed at closer distances than the specified
distances under certain considerations. In case of
dispute, however, Class B (Group 1 and Group 2) and
Class A (Group 1) were to be measured at a distance
of 10 meters, while Class A (Group 2) were to be

measured at a distance of 30 meters.

Receivers used for the measurements were expected to
meet the criteria of CISPR 16-1. Requirements for the
artificial mains network (LISN) remained the same

as those in the third edition, that is, a 50 ohm/50
microhenry V-Network as specified in CISPR 16-1.
'The antennas used for measuring CISPR 11 products
were also expected to meet CISPR 16-1 requirements.
In a testing laboratory, the antenna must be raised

and lowered from one to four meters in the frequency
range 30 MHz to 1000 MHz. For measuring products
in situ, the antenna’s center must be fixed at two
meters above the ground.

Amendment 1 to the fourth edition was released in
2004. Primarily, Amendment 1 replaced Table 6 in
the Fourth Edition with a new table that addressed
Group 2 (Class A and Class B) ISM equipment
producing CW type disturbances and operating at
frequencies above 400 MHz.

Amendment 2 added CISPR 16-4-2:2003 to the
Normative References. It also added a new Table 2¢
for mains terminal disturbance voltage for induction
cooking appliances. It also modified Clauses 6.5.4
(microwave cooking appliances) and 6.5.6 (single
and multiple-zone induction cooking appliances)

to more closely match the IEC Product Standard.
Amendment 2 also added Clauses 6.6 (“Recording
of test-site measurement results”), 6.6.1 (“Conducted
Emissions”), and 6.6.2 (“Radiated Emissions”).

Also, Clause 11.4 (“Measurement Uncertainty”) was
added, stating that “determining compliance with the
limits in this standard shall be based on the results

of the compliance measurement, not taking into
account measurement instrumentation uncertainty.”
However, results of measurements of emissions from
ISM equipment were supposed to reference the
measurement uncertainty considerations contained in

CISPR 16-4-2.

THIRD EDITION—1997

'The Third Edition of CISPR 11 was also developed by
CISPR Subcommittee B and was released in 1997. It

replaced the second edition and its two amendments.

'The third edition of the standard reorganized the
first Clause, changing it from “Scope and Object” to
“General,” and comprised of two Sub-clauses, “Scope
and Object,” and “Normative References.”

Clause 6 of the second edition was renumbered as
Clause 11 in the third edition, and Sub-clause 6.1,
“Equipment in series production,” was replaced
with Sub-clause 11.2, “Equipment in small scale
production.”

A new Sub-clause 5.4, “Provisions for Protection
of Specific Sensitive Radio Services,” was added in
Clause 5, “Limits of Electromagnetic Disturbance.”

Clause 7 in the second edition became Clause 6 in
the third edition; Clause 8 became Clause 7, Clause 9
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became Clause 8, Clause 10 became Clause 9, and Clause 5.2.2 of the third edition also introduced
Clause 11 became Clause 10. the concept of measuring products at shorter
distances than the specified measurement distances
Annexes A — D remained the same in the third for radiated disturbances. For example, it allowed
edition as in the second. Two new annexes were Group 2-Class A equipment to be measured at
added, Annex E, “Safety-Related Service Bands,” and a distance of between 10 and 30 meters instead
Annex F, “Sensitive Service Bands.” of 30 meters. Also, it allowed Group 1 and
2-Class B, equipment to be measured at antenna
The classification of equipment remained the same distances between three and 10 meters. However,
from the second to the third edition, that is, Group 1 it stated that “in case of dispute, Class A-Group 2
and Group 2, and Class A and Class B. equipment shall be measured at a distance of
30 meters; Class B-Group 1, Class B-Group 2, and
With respect to the limits of electromagnetic Class A-Group 1 equipment shall be measured at a
disturbance, Class A equipment could still be tested distance of 10 meters.”
either at a testing laboratory or in situ, while Class B
equipment had to be measured in a testing laboratory. Tables 3a and 3b were added in the third edition
to cover Group 2 induction cooking appliances
The limits for conducted emissions on the power leads for Class B and Class A, respectively. Table 3a
were measured from 150 kHz to 30 MHz using a (“Limits of the magnetic field induced current
50-ohm/50-uH network. The limits remained the in a 2-m loop antenna around the device under
same for Class A and Class B equipment from the test”) was intended to use the Van Veen Loop
second edition of the standard, except that another Method measurement method as per CISPR 16-2.
category was added for Class A-Group 2 equipment Table 3b (“Limits of the magnetic field strength”)
for mains supply currents in excess of 100 amps per is measured at a three-meter antenna distance
phase when using the CISPR voltage probe. The limits with a 0.6 meter loop antenna as described in
for this special case are shown in Table 6. CISPR 16-1.
However, new limits were added in Table 2c in the Table 4 in the standard (“Electromagnetic
standard (“Mains terminal disturbance voltage for radiation disturbance limits for Group 2-Class B
inductive cooking appliances”) for Group 2-Class equipment measured on a test site”) added a new
B equipment for both domestic and commercial column of requirements, that the quasi-peak
cooking appliances. magnetic field (measured at three meters) will not
exceed 39 dBuAmp/meter decreasing linearly with
Table 3 in the standard (“Electromagnetic radiation the logarithm of the frequency to 3 dBuAmp/meter
disturbance limits for group 1 equipment”) had from 150 kHz to 30 MHz.
a major change, as the measurement distance for
Group 1-Class A equipment was changed from Table 5 in the standard changed the measurement
30 meters to 10 meters with a corresponding increase distance from 30 meters to 10 meters and increased
in limits of 10 dB (assuming an inverse distance the limits by 10 dB from the limits found in the
fall-off of the radiated electromagnetic field). second edition.

Frequency Band - MHz Class A - Group 2 Equipment Limit - dBuv Class A - Group 2 Equipment Limit - dBuV
Quasi-Peak Average

0.15-0.50 130 120

0.50-5.0 125 115

5.0-30 115 105

Table 6: Special case limits for conducted emissions, CISPR 11, Third Edition
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Table 6 was added to the third edition of CISPR 11.
It was entitled “Electromagnetic radiation
disturbance peak limits for Group 2-Class B ISM
equipment producing CW-type disturbances and
operating at frequencies above 400 MHz.” Table 7
(“Electromagnetic radiation disturbance peak limits
for Group 2-Class B ISM equipment producing
fluctuating disturbances other than CW and operating
at frequencies above 400 MH?z”) and Table 8
(“Electromagnetic radiation disturbance weighted
limits for Group 2-Class B ISM equipment operating
at frequencies above 400 MHz”) were also added.

Clause 5.4 (“Provisions for protection of specific
sensitive radio services”) was added to the third
edition. It referenced a new Annex F which gave
examples of bands to be protected.

The same general measurement conditions existed
as in the previous edition which is that Class A
equipment could be measured at a test lab or iz sizu.
Class B equipment had to be measured on a test site
(in a test lab).

For equipment on a turntable, the distance to the
antenna was measured from the center of the turntable.
For equipment not on a turntable, the distance to the
antenna was measured from the edge of the equipment.

Paragraph 6.5.6 (“Single and multiple-zone induction
cooking appliances”) was added to the third edition.

Amendment 1 to the Third Edition added requirements
for ISM lighting apparatus operating in the frequency
bands of 915 MHz, 2.45 GHz, and 5.8 GHz. It also
added IEC 60705:1999 (“Household microwave

ovens — methods for measuring performance”) to

the normative standards. It also added new words in
Clause 5.2.2 (discussed earlier) and it added a new
Table 5 (“Electromagnetic Radiation disturbance

limits for Group 2 — Class A equipment”). All new
wording was added to Clause 5.2.3 by Amendment
1.In Clause 6.2.1, it added the requirement that “for
measurements at frequencies above 1 GHz, a spectrum
analyzer with characteristics as defined in CISPR 16-1
shall be used.” Additionally, in Clause 6.2.4, it added the
words “for measurements at frequencies above 1 GHz,
the antenna used shall be as specified in CISPR 16-1.”
Also, Clause 6.5.4 (“Microwave cooking appliances”)
was added by Amendment 1.

An important (and somewhat controversial)
Sub-clause was added by Amendment 1 in Clause
7.1.3 (“Radiation measurements [9 kHz to 1 GHz]”).
It added two sentences that impacted the third
edition and subsequent editions. The first sentence
said “for the test site measurements, an inverse
proportionality factor of 20 dB per decade shall be
used to normalize the measured data to the specified
distance for determining compliance.” Also, it

added the parenthetical sentence, “care should be
taken in measuring a large test unit at 3 meters at a
frequency near 30 MHz due to near-field effects.”

It deleted a key sentence from the second edition
that said “at the closer measurement distance the
electromagnetic disturbances measured shall not
exceed the limit values specified in Clause 5.” In
Sub-clause 8.2 it added the sentence “the distance
between the receiving antenna and the EUT shall be
3 meters.” Sub-clauses 8.3 (“Validation and calibration
of test site”) and 8.4 (“Measuring Procedure”) were
completely rewritten. Finally, Amendment 1 added
Figure 5 (“Decision tree for the measurement of
emissions from 1 GHz to 18 GHz of Class B-Group 2
ISM equipment operating at frequencies above

400 MH?").

Amendment 2 replaced “spark erosion equipment”
with “electro-discharge machining (EDM) and arc
welding equipment.” It also made additional editing
changes to several Sub-clauses.

SECOND EDITION—1990
The Second Edition of CISPR 11 was released in

1990, and it contained numerous changes from the
original 1975 Edition, as well as two amendments.

In this Edition, ISM Equipment was divided into
two groups and two classes. Group 1 equipment
included all ISM equipment that used RF energy
only for internal functioning of the equipment, while
Group 2 equipment included ISM equipment used for
external treatment of material and similar processes.
Class A equipment is equipment suitable for use in all
establishments other than domestic buildings, while
Class B equipment is equipment suitable for use in
domestic surroundings.

The frequency bands for conducted emissions were
stated as covering 150 kHz to 30 MHz. The second
edition included new separate limits for Class A and
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In the General Measurements Requirements
clause, the standard provided for the
measurement of Class A equipment either

on a test site or iz sifu as determined by the
manufacturer. However, the standard mandated
that Class B equipment be tested and measured
in a testing laboratory only.

Class B equipment. The Class A-equipment limits in
dBuV are shown in Table 7.

The Class B-equipment Limits in dBuV are shown in
Table 8.

Electromagnetic radiation disturbance limits in
dBuV/m for Group 1 equipment in Edition 2 are
shown in Table 9. Measuring equipment used by a testing lab had
to comply with CISPR 16. Receivers needed
both average and quasi-peak capability. An
artificial mains network (LISN) was needed

for conducted emissions, and it was a 50 ohm-
50 microhenry network. Antennas used included
a loop antenna below 30 MHz and a balanced-
dipole antenna from 30 MHz to 1000 MHz.
Measurements were made in both horizontal
and vertical polarizations. Class A equipment
was measured with the center of the antenna
three meters above ground while, for Class B
equipment, the center of the antenna had to be
adjusted to between one and four meters.

There were additional limits for radiated emissions for
Group 2 equipment. In the frequency range 1 GHz
to 18 GHz, the limit for radiation disturbance power
was 57 dB above a picowatt (effective radiated power),
referred to a half~wave dipole in the narrow frequency
range 11.7 GHz to 12.7 GHz.

The standard used statistics for compliance
conclusions. Clause 6.1 stated “it cannot be shown
that equipment in series production fails to meet the
requirements of this publication without a statistical
assessment of compliance being carried out.”

Frequency Band - MHz

Group 1 - Quasi-Peak

Group 1 - Average

Group 2 - Quasi-Peak

Group 2 - Average

0.15-0.50 79 66 100 90
0.50-5.0 73 60 86 76
5-30 73 60 90 decreasing 80 decreasing

with logarithm of
frequency to 70

with logarithm of
frequency to 60

Table 7: Class A limits for conducted emissions, CISPR 11, Second Edition

Frequency Band - MHz Quasi-Peak Average

0.15-0.50 66 decreasing with logarithm of frequency 56 decreasing with logarithm of frequency
to 56 to 46

0.50-5 56 46

5-30 60 50

Table 8: Class B limits for conducted emissions, CISPR 11, Second Edition

Frequency Band - MHz Group 1 -Class A - Group 1 - Class B - Group 1 - Class A -
30 meters 10 meters 30 meters from wall

0.15-30 X X X

30-230 30 30 30

230 - 1000 37 37 37

Table 9: Electromagnetic radiation disturbance limits, CISPR 11, Second Edition
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The testing laboratory had to meet special provisions
for measuring radiated emissions, including a
minimum-sized ground plane, and an area free of
reflecting structures and also large enough to allow for
the appropriate separation of the equipment under test
and the receiving antenna.

Amendment 1 to the second edition was released in
March of 1996. It changed some conducted emission
limits, especially for Class A equipment. Amendment
2 was also released in March of 1996 and it contained
limits for induction cooking appliances for both
conducted limits and radiated magnetic field limits.
Amendment 2 also modified radiation limits for
Group 2 equipment.

FIRST EDITION—1975

The title of the Premiere Edition was “Limits and
Methods of Measurement of Radio Interference
Characteristics of Industrial, Scientific, and Medical
(ISM) Radio-Frequency (RF) Equipment (Excluding
Surgical Diathermy Equipment).” It summarized the
technical content of a significant number of CISPR
publications, recommendations, and reports over a

period of eight years, from 1967 to 1975.

'The frequency range covered by the first edition of
the standard was 150 kHz to 18 GHz. The terminal
voltage limits were quoted in millivolts and covered

the frequency range 150 kHz to 30 MHz. Terminal

Frequency Range - MHz Limits in millivolts (mV) for microwave Limits in millivolts (mV) for all other ISM
ovens with RF power of 5 kW or less equipment
0.15-0.20 2 3
0.20-0.50 2 2
0.50-5.0 1 1
5.0-30.0 2 1
Table 10: Terminal voltage limits, CISPR 11, First Edition (Table 1)
Frequency Range - MHz On a Test Site, On a Test Site, Not on a Not on a Test Not on a Test
at a distance at a distance Test Site, at Site, at a Dis- Site, at a Dis-
from the equip- | from the equip- | a Distance of tance of 100 tance of 300 m
ment of 30 m ment of 100 m | 30 m from the | m from the from the equip-
boundary of boundary of ment
user's premises | user's premises
0.15-0.285 - 50 uv/m - 50 uv/m -
(34 dBuv/m) (34 dBuv/m)
0.285-0.49 - 250 (48) - 250 (48) -
0.49 - 1.605 - 50 (34) - 50 (34) -
1.605 - 3.95 - 250 (48) - 250 (48) -
3.95-30 - 50 (34) - 50 (34) -
30-470 30(30)-InTV - 30 (30)* 50 (34)** 200 (46)
Bands
500 (54) - Out-
side TV Bands
470 - 1000 100 (40) - InTV - 100 (40)* - 200 (46)
Bands
500 (54)**
500 (54) — Out-
side TV Bands

* - Compliance with these limits is required only for the TV channels in use at any time at the site

** - Limits for use outside the T'V channels in use at the time at the site

Table 11: Table 2 in the Standard, based on Limits of radiation, CISPR 11, First Edition (Table I1)
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voltage limits from the first edition are reproduced in

Table 1 of the standard (see Table 10).

The radiated limits were quoted in microvolts per meter
for the frequency range 0.150 MHz to 1000 MHz.
They were quoted at antenna-measurement distances
of 30, 100, and 300 meters from the equipment or 30
meters or 100 meters from the boundary of the users’
premises. Limits of radiation in microvolts/meter and
decibels (uV/m)] from the first edition was recreated in
Table 2 in the standard.

There was a special limit for radiation from microwave
equipment used for heating and medical purposes in
the frequency range from 1-18 GHz; it was 57 dB
above a picowatt effective radiated power (ERP),
referred to a half-wave dipole.

Methods of measurement quoted CISPR
Publications 1, 2, and 4 for quasi-peak measuring
sets. Measurement of the radio-frequency voltage on
supply mains (AC voltage lines) was conducted with a
V-network with an intrinsic impedance of 150 ohms.

Magnetic field measurements are made with a
balanced loop antenna below 30 MHz. For signals
greater than 30 MHz, an “electric aerial” would be
used as per CISPR Publications 2 and 4. The center of
the “aerial” would be 3 meters above the ground.

Above 1 GHz, the “receiving aerial” was to be made
with a directive aerial of small aperture capable of
making separate measurements of the vertical and
horizontal components of the radiated field. The
height of the aerial had to be the same as the height
of the approximate radiation center of the equipment
under test.

CONCLUSION
The CISPR 11 standard for measuring disturbances

(emissions) from ISM equipment has been in existence
for 50 years. It has grown from a simple document

to a complex document involving several types of
products. It has grown from measuring products at a
larger distance (100 meters and 30 meters) for Class

A equipment to measuring them at three meters.
Class B equipment measurement distances have
shrunk to three meters, the distance used in the U.S.
since the release in 1979 of FCC'’s rules on personal
computer emissions. @
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MINIMIZING RISK WHEN BUYING

OR SELLING A COMPANY

ver the years, I have been involved in a
O number of situations involving product

liability issues arising out of the purchase or
sale of a business or product line. In my experience,
either the buying company (“buyer”) or the selling
company (“seller”) does not perform adequate due
diligence when analyzing risks. They always use
experienced merger and acquisition counsel who can
advise on how to structure the deal and generally the
kind of due diligence that should be performed. But
they rarely retain a product liability and product safety
lawyer to help evaluate certain pre-transaction and
post-transaction risks and make recommendations on
the specifics of the sales contract.

'This article will discuss this subject from the
perspective of the buying company, as well as the
selling company.

BUYER

First, let us talk about the risks of acquiring a business
or product line.

As the head product liability lawyer in a Fortune
500 company, I was periodically asked to evaluate

a potential acquisition from a product liability
standpoint. This usually just involved reviewing the
list of product liability cases that have been brought
against the company over the past few years. I was
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not asked to delve into the safety of a product and the
way they did business to try to identify potential legal
problems before they arose.

In addition, after I entered private practice, I served as
an expert witness in litigation involving the acquisition
of a manufacturer. Shortly after the acquisition, the
buyer had to undertake a recall of the product. The
buyer sued the seller and alleged that the seller hid the
fact that the product would have to be recalled.

I represented the seller. While the buyer did use
competent product liability counsel to help evaluate
future product liability risks involving these products,
I testified that this counsel did not see or appreciate
disclosed information that would have indicated that

a recall at some point in the future would need to be
considered and possibly undertaken. I testified that the
documentation that the seller provided to the buyer
was sufficient to alert them to this possibility and that
the seller was not hiding anything.

These experiences have made me sensitive to the
necessity to be proactive during the due diligence
process and to be sure that the buyer and seller
understand the short-term and long-term risks of
proceeding with the transaction and the ways that risk
can be minimized.

No matter what analysis is performed pre-acquisition,
it is possible that the buyer may assume liabilities that
even the selling company is not aware of. And rarely
are experienced product safety lawyers asked to audit
a selling company’s product line or corporate structure
to help determine if the products they have been
selling are reasonably safe and have minimal risks.

So, in addition to reviewing the facts surrounding the
disclosed incidents and lawsuits, product liability or
product safety counsel, along with experienced safety
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professionals, should also review the design process,
the warnings and instructions, the sales and purchase
contracts for the product, the marketing, the insurance
contracts in place, any recalls or safety campaigns that
have been taken by the seller, and the product safety
policies and procedures of the seller and the major
suppliers to the seller applicable to safety-critical
components or raw materials.

Examples of Buyers’ Exposure

Some of the problems with disclosed and undisclosed
product liability risks assumed by acquiring companies
are legendary. There have been many stories of large,
sophisticated companies that have purchased product
lines or companies and were then hit with huge product
liability problems. One recent situation that comes

to mind is 3M’s purchase of Aearo Technologies in
2007. Aearo sold combat arms earplugs to the military
from 2003 until 2015. These earplugs allegedly caused
injuries to thousands of service members. 3M settled

a good chunk of these cases for $6 billion in 2023, but
many cases remain. And 3M attempted to have Aearo
file for bankruptcy to get rid of the remaining cases, but
the courts have rejected this attempt.

In the 1980s, Monsanto purchased G.D. Searle, a
manufacturer of the Copper-7 IUD. Litigation against
TUD manufacturers was just starting and expanding as
there was other litigation involving the Dalkon Shield,
an IUD made by A.H. Robins, which bankrupted the
company. As a result of hundreds of lawsuits, G.D.
Searle stopped the sales of this IUD in 1986. Given the
Dalkon Shield litigation, you wonder why Monsanto
wanted to buy an IUD manufacturer without doing
significant research on the Copper-7 to confirm its

safety.

Monsanto was also involved in another disastrous
acquisition. This time, it was Bayer’s acquisition
of Monsanto in 2018, which included its chemical
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product, Roundup. Roundup has been involved in
significant litigation for many years, and Bayer has
already paid $10 billion to settle earlier cases and
has had to set aside almost $6 billion this year for
pending cases. And individual liability verdicts are
still occurring. In March of this year, a jury awarded
$2.1 billion to a farmer who claimed that Roundup
caused his cancer.

In all of these situations, a sophisticated company bought
a product line that might have already had product
liability issues. Or they failed to conduct adequate
pre-acquisition analysis that would have enabled them to
discover the risk of future litigation before the purchase.
Competent lawyers surely helped structure these deals,
but in the end the acquiring company had to shoulder
the sometimes-enormous financial burden.

The Importance of a Safety Audit

So, what should an acquiring company do before
deciding to buy a business or product line? The

most obvious step is for the buyer to be sure that

the acquisition lawyers retain experienced product
liability or product safety counsel and independent
product safety professionals to do an in-depth audit
of the company or product line to be acquired. This
audit should go well beyond the actual incidents and
litigation that have been disclosed.

If this audit is done, and the buyer still wants to
proceed, they should plan for eventual litigation or
safety issues arising in the future. So, there should
be contractual provisions that will apply if there are
lawsuits or recalls involving products manufactured
by the seller. Most importantly, who is going to

be responsible for new litigation and safety issues
involving products manufactured pre-acquisition?
Decisions must be made regarding who will retain
the documents needed for defense, which personnel
are required to handle the case and their employer
affiliations, and whether the seller’s employees

can provide assistance while remaining in the
seller’s employ.

This audit should help the buyer decide whether

to buy the company or product line, what kinds of
improvements need to be made in the products or
procedures for designing future products, and whether
any recall or post-sale warning to consumers of the
pre-acquisition products may be necessary.

I suspect that, in the majority of deals, the buyer will
not assume liability for products sold by the seller.
'This is usually done by making it an asset purchase
and not a complete purchase of the company. Despite
doing this, there are ways for the courts to place
liability on the buyer even though they did not make
or sell the product involved in the purchase that
injured someone. These theories place liability on the
successor when there has been fraud in the sale of the
business to get rid of liability or in cases in which the
injured parties have no recourse against the seller since
the seller is out of business and there is no one that
will be responsible.

This means that the buyer should structure the deal so
that the seller or its insurance company is available to
compensate any deserving injured party. But even if
this is done, the buyer needs to decide if it really wants
to buy a company that has had lots of lawsuits and will
have more lawsuits that will generate bad publicity. If
the seller is responsible for defending cases involving
its products, the buyer loses control over the handling
of the litigation. Settlements or plaintiffs’ verdicts
suffered by the seller could generate new lawsuits
against the buyer, which would harm its reputation
and business relationships.

SELLER

Let us now turn to the perspective of the selling company.

Wouldn'’t it be nice if manufacturers could sell the
part of their business that had the biggest product
liability risk and be done with it? Unfortunately, it is
not that easy. If you can convince the buyer to assume
all current and future risks, and if it is still in business
and can adequately cover the risk when an incident
occurs, then the seller will be protected.

However, since the buyer usually does not want to
assume risks on products that were sold prior to the
date of their acquisition, the seller may still have to
defend cases on products it sold despite no longer
owning the business. This raises serious potential
problems for both buyers and sellers.

When I was in-house counsel, my company tried

to sell a division that had lots of lawsuits. No one
would buy it and assume responsibility for products
manufactured prior to the acquisition. So, we kept the
liability and were responsible for defending lawsuits
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for many years. Ultimately, my company recalled all of
the products it manufactured. We experienced many
of the serious problems discussed here.

'The buyer will usually inherit the personnel,
documents, and assets of the business that it acquires.
As a result, the seller, who must defend pending and
future cases it is responsible for, may not be able to
defend itself easily.

After an acquisition, the buyer should immediately
evaluate the quality and safety of the products it

has acquired and make appropriate design or safety
changes for future production. As a result, it is likely
that there will be improvements in various aspects
of the product, including the design, warnings,

and instructions.

In reality, even if the buyer is not legally responsible
for products sold before acquisition, the reputation

of their products is a significant asset, and the buyer
wants it protected. To obtain such protection, the
buyer might decide to make a safety improvement and
want to offer the improvement to prior customers.

Or it may want to undertake a retrofit or recall of
products in the field. In either case, the buyer will
need the seller’s cooperation and maybe approval to
make these improvements.

These kinds of activities by the buyer can create

big problems for the seller as it attempts to defend
pending lawsuits. One way to prove that the product
was defective at the time of sale is to show that

the manufacturer improved its manufacturing
procedures or started to sell products with improved
designs, warnings, and instructions sometime after
the accident. Even though the buyer is a different
company than the seller, the improvements show that
they can be made, and that the successor company
considered the improvements necessary.

SOME RECOMMENDATIONS FOR SELLERS

As a result, the seller needs to seriously consider the
effect of the buyer’s possible post-acquisition actions
when entering into negotiations for the sale of the
product or division. There should be an agreement as
to when and how personnel and documents from the
acquiring company are made available to the seller
and whether the buyer will be compensated for its
time and effort.

There should also be an agreement about whether the
buyer needs to consult with the seller before making
significant changes in manufacturing and design, so
the seller can at least be aware of it before it comes
up in a lawsuit. Although the seller may not be able
to stop a manufacturing or design change by the
buyer, it should be allowed to provide input about the
appropriateness of the changes and help the buyer

assess any risks that arise from making these changes.

In addition, there should be some agreement about
whether the buyer needs the seller’s permission
before it reports a safety issue to the U.S. government
or a foreign government entity and to undertake a
recall. The matter of responsibility for the cost of any
potential recall also needs to be discussed.

Of course, while all of these activities could seriously
hamper the seller’s ability to defend its cases, they
could also damage the buyer’s position in the
marketplace and its ability to defend its future cases.

In addition to these agreements, the buyer and the
seller should both agree to periodically discuss their
litigation history and strategy. Adverse verdicts
against one party will undermine the other’s ability to
defend itself in future litigation as well. Also, without
this coordination, there are likely to be inconsistent
positions taken on the products that are being

defended by both the buyer and seller.

CONCLUSION

As a result of all of these considerations, given the
significant potential problems we've identified in this
article, the buyer should seriously consider assuming
all liability for products sold before the sale in order
to control its own fate and eliminate the risk of a
seller creating future risks for the buyer. If an audit is
performed, the buyer will hopefully have a reasonably
good idea of future risk and can price that risk into
the purchase price, as well as determine whether the
transaction should also include a monetary hold-back
from the seller’s proceeds to pay for future liabilities
that will be the financial responsibility of the buyer. @
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SHIELDING TO PREVENT RADIATION

Part 2: Uniform Plane Wave Normal Incidence on a Conducting Shield

By Bogdan Adamczyk

his is the second of seven articles devoted to the

topic of shielding to prevent electromagnetic
wave radiation. The first article, [1], discussed the
reflection and transmission of uniform plane waves
at a normal boundary. This article discusses the
normal incidence of a uniform plane wave on a solid
conducting shield with no apertures.

UNIFORM PLANE WAVE INCIDENT ON A
SHIELD IN FAR FIELD

Consider a conducting shield of thickness 7,
conductivity o, permittivity €, and permeability p,
surrounded on both sides by air (free space, and thus
a perfect dielectric), as shown in Figure 1 [2].

A uniform plane wave is normally incident on its
left interface. Uniformity assumption, together with
normal incidence, means that the shield is in the far
Jreld of the radiation source.

'The incident wave upon arrival at the leftmost
boundary (E;, H;) will be partially reflected
(E,, H,) and partially transmitted (E,, H;)
through the shield. The transmitted

wave (E;, H;) upon arrival at the

rightmost boundary will be partially
transmitted (E;, H,) through the shield.

The reflected wave (Ey, ;) propagates
back through the shield and strikes the
first interface, incident from the right. A,

Once again, a portion of this wave is
transmitted through the left interface
and adds to the total reflected field

in the left medium, and a portion is
reflected and proceeds to the right.

'The process continues in the same
fashion, but the additional reflected
and transmitted fields are progressively
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attenuated. If a shield has a thickness that is much
greater than the skin depth of the material [3] at

the frequency of the incident field, these multiple
reflections and transmissions can be disregarded, and
only the initial reflection and transmission at the left
and right interfaces need to be considered.

'The incident wave is described by (since air is treated
as a perfect dielectric o, = 0 and ¥ = a0 + jfo = jfo)

Mo, &9 Heo Ep

Figure 1: Uniform plane incident on a conducting shield
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E; = Eje~JPozq, (1)
H; = f—;e'mﬂza}. (1b)
where

Bo = w\/ o€ )
Mo = i_: 3

The reflected wave is described by

E, = E.elPozq, (4a)

H, = —-elbozq, (4b)

Mo

'The wave transmitted through the left interface
is described by

f.‘l = ﬁ'le_?zax (52)

H —ée‘?za (5b)
1= i v

where

7 = Jjwp(o + jwe) = a +jB (6)

= [ = el %

The wave reflected at the right interface is
described by

ﬁ'z — é\'ze?zax (83.)
H,=-Ee7q (8b)
2~ 7 Vv

Finally, the transmitted wave through the right
interface is described by

E, = E,e iPozq, (9a)

H, = "Le iF7q, (9b)
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SHIELDING EFFECTIVENESS OF THE
SHIELD IN FAR FIELD

The effectiveness of the shield, or shielding
effectiveness, SE, can be determined by
evaluating the ratio of the incident field
magnitude to the transmitted field magnitude.

(SE)g = :g—il (10a)
(SE)y = % (10b)

Since the wave is a uniform wave, the two
definitions are identical, since the electric and
magnetic field magnitudes are related by the
intrinsic impedance of the medium.

Let’s demonstrate that. Recall from the previous
article, [1], that the uniform plane wave was
described by

A

E, = Efe e P7 4 E 02t (11a)

A Er . . E- . .
Hy=Tme azg jﬁze ;Sn_Tmeazejﬁze jBy

(11b)

The wave described by Equations (11) consists of

the forward and backward propagating waves.

E, =B + £ (122)
H, = i, + i, (12b)

where the forward waves are described by

Ef = Efe-aze=ifz (13a)
. o . :
H;; — ETme—aze—jﬁze—Jen (13b)

while the backward waves are described by

b = f-aZeifz (14a)
“31 - _ E?Ez e%ZgjBzg—jy (14b)
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