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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 4-2: Guidance and interpretation — Electromagnetic immunity:
performance of medical electrical equipment
and medical electrical systems

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
al|l national electrotechnical committees (IEC National Committees). The object of IEC is to promote
infernational co-operation on all questions concerning standardization in the electrical and €lectronic fields. To
thjs end and in addition to other activities, IEC publishes International Standards, Technical Specificgtions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inteffested
in| the subject dealt with may participate in this preparatory work. International, governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates c|osely
with the International Organization for Standardization (ISO) in accordance with conditions determingd by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express;,”as nearly as possible, an interngtional
cqnsensus of opinion on the relevant subjects since each technical committee has representation frgm all
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for intérnational use and are accepted by IEC N4gtional
Committees in that sense. While all reasonable efforts are¢made to ensure that the technical content df IEC
Piiblications is accurate, IEC cannot be held responsible for the way in which they are used or for any
m|sinterpretation by any end user.

4) 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
bgtween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation' of conformity. Independent certification bodies provide confgrmity
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fdr any
sdrvices carried out by independent.certification bodies.

6) Alj users should ensure that theyshave the latest edition of this publication.

7) N¢ 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 damgge or
other damage of any/nature whatsoever, whether direct or indirect, or for costs (including legal fees]) and

penses arising out ‘of the publication, use of, or reliance upon, this IEC Publication or any othef IEC

blications.

oo

8) Attention is drawn“to the Normative references cited in this publication. Use of the referenced publicatipns is
inflispensable.for the correct application of this publication.

9) Aftentionsissdrawn to the possibility that some of the elements of this IEC Publication may be the subjpct of
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The 3 cal-60 0 3 3 dards- pever, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 60601-4-2, which is a technical report, has been prepared by IEC subcommittee 62A:
Common aspects of electrical equipment used in medical practice, of IEC technical committee
62: Electrical equipment in medical practice.


https://iecnorm.com/api/?name=c2154f8d981221bcd0a06dd960512dc1

-6- IEC TR 60601-4-2:2016 © IEC 2016

The text of this technical report is based on the following documents:

Enquiry draft Report on voting

62A/1068/DTR 62A/1073A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In thjs technical report, the following print types are used:
— Recommendations and definitions: roman type.

— Testinstructions: italic type.

— Inpformative material appearing outside of tables, such as notes, examples and references: in smaller|type.
Normative text of tables is also in a smaller type.

— TERMS DEFINED IN CLAUSE 3 OF THIS TECHNICAL REPORT OR AS NOTEDZ-SMALL CAPITALS.
In referring to the structure of this technical report, the term

— “clause” means one of the numbered divisions within the<table of contents, inclusive of all
ubdivisions (e.g. Clause 1 includes 1.1, 1.2, etc.);

[V}

— ‘“bBubclause” means a numbered subdivision of a clause (e.g. 1.1, 1.2 and 1.3.1 are all
qubclauses of Clause 1).

Refgrences to clauses within this technical reportiare preceded by the term “Clause” follgwed
by the clause number. References to subclauses within this technical report are by number
only

In thjs technical report, the conjunctive®or” is used as an “inclusive or” so a statement is|true
if any combination of the conditions is-true.

The |verbal forms used in this technical report conform to usage described in Annex H of the
ISO/JEC Directives, Part 2. For'the purposes of this technical report, the auxiliary verb:

— “shall” means that cempliance with a requirement or a test is mandatory for complipnce
with this technical~report; however, we chose to use it in this technical report only as
described in 0.3;

—  “should” means’'that compliance with a requirement or a test is recommended but i$ not
mandatory“for compliance with this technical report;

- “may”is:used to describe a permissible way to achieve compliance with a requiremept or
Bst.

—

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title
indicates that there is guidance or rationale related to that item in Annex A.

A list of all parts of the IEC 60601 series, published under the general title Medical electrical
equipment, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or
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e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
0.1 * General

MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS are used in the practice of
medicine because they provide needed functions that are associated with the INTENDED USE. If
MEDICAL ELECTRICAL EQUIPMENT oOr a MEDICAL ELECTRICAL SYSTEM does not provide these
needed functions because of a lack of IMMUNITY to ELECTROMAGNETIC DISTURBANCES that are
expected to occur in the environment(s) of INTENDED USE, this can interfere with the practice of
medicine.

This[document provides guidance on assessing IMMUNITY, with regard to the INTENDED JUSE.
Basdd on the INTENDED USE, MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS
shodld have adequate IMMUNITY to provide the performance specified by the MANUFACTURER in
the presence of ELECTROMAGNETIC DISTURBANCES. See Annex A for more information‘regatding
performance.

Guidance for IMMUNITY with regard to INTENDED USE can be useful forMEDICAL ELECTRICAL
EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS for which the BASIC~SAFETY AND ESSEINTIAL
PERAORMANCE do not include the purpose(s) for which the ME EQUIPMENT or ME SYSTEM|was
purchased. It is important to the OPERATOR or RESPONSIBLE ORGANIZATION and to the del|very
of healthcare that these functions operate as intended in the (EM ENVIRONMENTS of INTENDED
USE.

Examples of performance that might not be BASIC SAFETY Or ESSENTIAL PERFORMANCE buf that
might be INTENDED USE include the following:

|
—

he ability to print an ultrasound image remotely;

|
—

he ability of a scale to accurately measurg PATIENT weight;

— gccuracy of X-RAY TUBE VOLTAGE in X-ray equipment for radiography and radioscopy,| e.g.
he error is less than 5 %.

—

In general in IEC 60601-1-2:2014,(the IMMUNITY TEST LEVELS for BASIC SAFETY and ESSENTIAL
PERAORMANCE are based on reasonably foreseeable maximum levels of EM DISTURBANCES. In
this [document, IMMUNITY TESF LEVELS for performance are based on typical levels of
EM DISTURBANCES. Rationales’concerning test methodology can be found in Annex A of this
docyment and in Annex A of IEC 60601-1-2:2014.

NOTH In general, typical IMMUNITY TEST LEVELS are equal to or lower than reasonably foreseeable majimum
levelq.

0.2 |Purpose of-this document

The [purpesg’ of this document is to provide a consistent method for evaluating the ability of
MEDICAL “ELECTRICAL EQUIPMENT oOr a MEDICAL ELECTRICAL SYSTEM to perform without
degrpdation of performance in the presence of ELECTROMAGNETIC DISTURBANCES.

0.3 How to use this document

This document can be used in conjunction with IEC 60601-1-2 and testing for conformity to
both documents can be done at the same time. This allows IMMUNITY testing of BASIC SAFETY,
ESSENTIAL PERFORMANCE and performance of the MEDICAL ELECTRICAL EQUIPMENT Oor MEDICAL
ELECTRICAL SYSTEM during one test, concurrently or sequentially. The main difference is the
use of performance criteria instead of pass/fail criteria, and differences can also include
modes and configurations. For BASIC SAFETY and ESSENTIAL PERFORMANCE, the pass/fail criteria
are determined as specified by IEC 60601-1-2. For performance, the criteria are determined
by the specifications, instructions and information provided by the MANUFACTURER.

This document uses “recommend” and “should” in place of “shall” in most cases. “Shall” is
used where an action is required by other standards or something needs to be done in a
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prescribed way in order to be effective. Also, this document has “normative” references. They
are “normative” because if you choose to follow the recommendations of this document, they
are indispensable for that use. An example of this would be testing for radiated RF IMMUNITY.
The test methods of IEC 61000-4-3 would be indispensable for this testing.

0.4 IMMUNITY TEST LEVELS

The IMMUNITY TEST LEVELS specified in this document are typical for the locations of INTENDED
USE of MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS. However, Annex C
provides a method for modifying the specified typical IMMUNITY TEST LEVELS for performance if
necessary or for particular environments (e.g. SPECIAL ENVIRONMENTS) for which this document
doeqnot specify IMMUNITY TEST LEVELS.
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MEDICAL ELECTRICAL EQUIPMENT -

Part 4-2: Guidance and interpretation — Electromagnetic immunity:
performance of medical electrical equipment
and medical electrical systems

part of IEC 60601 applies to the performance of MEDICAL ELECTRICAL EQUIPMENT

CAL ELECTRICAL EQUIPMENT oOr a MEDICAL ELECTRICAL SYSTEM are™referred tqg

object of this document is to provide guidance on the assessment of the performan
QUIPMENT or an ME SYSTEM in the presence of ELECTROMAGNETIC DISTURBANCES.

following documents are referred to in the text in such a way that some or all of
bnt constitutes requirements of this document. For dated references, only the eq
applies. For undated references, the latest edition of the referenced document (inclu

The way in which these referenced_documents are cited in normative requirements determines the

y and® essential performance — Collateral standard: Electromagnetic disturbanc

or a

CAL ELECTRICAL SYSTEM in the presence of ELECTROMAGNETIC DISTURBANCES. Hereafter,

as

ce of

their
ition
ding

bxtent

60417:2002, Graphical’ symbols for wuse on equipment (available from:

50601-1:2005, Medical electrical equipment — Part 1: General requirements for pasic

50601-1-2:2014, Medical electrical equipment — Part 1-2: General requirements for pasic

PS —

1 cope and object

1.1 Scope

This

MEDI

MEDI

ME EQUIPMENT or an ME SYSTEM.
1.2 | Object

The

ME E

2 Normative references
The

cont

cited

any amendments) applies.

NOTE

(in whole or in part) to which they apply.
IEC
http:f/www.graphical-symbolsJinfo/equipment)
IEC

safefy and essentidl performance
IEC p0601-1:2005/AMD1:2012 1)
IEC

safe

Require€ments and tests

IEC 60601-1-8:2006, Medical electrical equipment — Part 1-8: General requirements for basic
safety and essential performance — Collateral Standard: General requirements tests and
guidance for alarm systems in medical electrical equipment and medical electrical systems
IEC 60601-1-8:2006/AMD1:2012

IEC 60601-1-11:2015, Medical electrical equipment — Part 1-11: General requirements for
basic safety and essential performance — Collateral Standard: Requirements for medical
electrical equipment and medical electrical systems used in the home healthcare environment

1) There exists a consolidated edition 3.1, including IEC 60601-1:2005 and its Amendment 1:2012.
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IEC 60601-1-12:2014, Medical electrical equipment — Part 1-12: General requirements for
basic safety and essential performance — Collateral Standard: Requirements for medical
electrical equipment and medical electrical systems intended for use in the emergency
medical services environment

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-3:2006/AMD1:2007
IEC pT000-4-3:2Z0067/AMDZ:207102)

IEC p1000-4-4:2012, Electromagnetic compatibility (EMC) — Part 4-4: Testing | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC p1000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing | and
meakurement techniques — Surge immunity test

IEC p1000-4-6:2013, Electromagnetic compatibility (EMC) —<APart 4-6: Testing |and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fieldg

IEC p1000-4-8:2009, Electromagnetic compatibility ,(EMC) - Part 4-8: Testing | and
meagsurement techniques — Power frequency magnetic-field immunity test

IEC p1000-4-11:2004, Electromagnetic compatibility (EMC) — Part 4-11: Testing | and
measurement techniques —Voltage dips, short“interruptions and voltage variations immunity
tests

CISKR 16-1-2:2014, Specification for. radio disturbance and immunity measuring appafatus
and |methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling
deviges for conducted disturbance<measurements

ISO [r637-2:2011, Road vehicles — Electrical disturbances from conduction and coupling —
Part|2: Electrical transient.conduction along supply lines only

3 Terms and deéfinitions

For the purpesées of this document, the terms and definitions given in IEC 60601-1:2009 and
IEC p0601-1:2005/AMD1:2012, IEC 60601-1-8:2006 and IEC 60601-1-8:2006/AMD1:24012,
IEC p0601-1-11:2015, IEC 60601-1-12:2014 and the following apply.

ISO and TEC maintain terminological databases for use In standardization at the following
addresses:

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

NOTE 1 Where the terms “voltage” and “current” are used in this document, they mean the RMS values of an
alternating, direct or composite voltage or current unless stated otherwise.

2) There exists a consolidated edition 3.2, including IEC 61000-4-3:2006 and its Amendment 1:2007 and
Amendment 2:2010.
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NOTE 2 The term “electrical equipment” is used to mean ME EQUIPMENT or other electrical equipment. This
document also uses the term “equipment” to mean ME EQUIPMENT or other electrical or non-electrical equipment in
the context of an ME SYSTEM.

NOTE 3 *The dictionary definition of “performance” applies.

NOTE 4 An index of defined terms is found beginning on page 56.

3.1

ACCESSIBLE PART

part of electrical equipment other than an APPLIED PART that can be touched by means of the
standard test finger

Note [l to entry: See also 5.9.2.1 of IEC 60601-1:2005.

[SOURCE: IEC 60601-1:2005, 3,2, modified — the original NOTE has been modifiedto add a
refenence to IEC 60601-1:2005.]

3.2
APPLIED PART
part |of ME EQUIPMENT that in NORMAL USE necessarily comes into physical contact with the
PATIENT for ME EQUIPMENT or an ME SYSTEM to perform its function

Note [l to entry: See Figure 3, Figure 4 and Figure A.1 to Figure A.7 (inclusive) of IEC 60601-1:2005.

[SOURCE: IEC 60601-1:2005, 3.8, modified — Note 1 has‘been modified to add a refergnce
to IE[C 60601-1:2005 and Note 2 and Note 3 have beendeleted.]

3.3
ELEQTROMAGNETIC DISTURBANCE
EM DJSTURBANCE

any glectromagnetic phenomenon that could.degrade the performance of a device, equipment
or system

Note [I to entry: An ELECTROMAGNETIC DISTURBANCE can be ELECTROMAGNETIC NOISE, an unwanted signa| or a
chande in the propagation medium itself.

[SOYRCE: IEC 60601-1-2:204945/3.3]

3.4
(ELECTROMAGNETIC) EMISSION
the pghenomenon by which electromagnetic energy emanates from a source

[SOYRCE: IE€60601-1-2:2014, 3.4]

3.5
ELECQTROMAGNETIC ENVIRONMENT

EM ENVIRONMENT

the totality of electromagnetic phenomena existing at a given location

Note 1 to entry: In general, the EM ENVIRONMENT is time dependent and its description might need a statistical
approach.

[SOURCE: IEC 60601-1-2:2014, 3.5]

3.6

ELECTROSTATIC DISCHARGE

ESD

a transfer of electric charge between bodies of different electrostatic potential in proximity or
through direct contact
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[SOURCE: IEC 60601-1-2:2014, 3.6]

3.7

ENCLOSURE PORT
physical boundary of the ME EQUIPMENT or ME SYSTEM that electromagnetic fields can radiate
through or impinge on

[SOURCE: IEC 60601-1-2:2014, 3.7, modified — Note 1 to entry has been deleted.]

3.8

\
IMMUMNTY{TOADISTURBANCE)

the 4
an E

[SOL

3.9

bility of ME EQUIPMENT or an ME SYSTEM to perform without degradation in the presen
| ECTROMAGNETIC DISTURBANCE

JRCE: IEC 60601-1-2:2014, 3.8]

IMMUNITY TEST LEVEL

the |
an IN

[SOL

3.10
INTE
INTE
use

instr

Note
intend
only t

[SOL

3.1
LARG
ME E

[SOL

3.12
LARG
ME S

evel of a test signal used to simulate an ELECTROMAGNETIC DISTYRBANCE when perfor
MUNITY test

JRCE: IEC 60601-1-2:2014, 3.9]

DED USE

DED PURPOSE

for which a product, PROCESS or service..s"intended according to the specificat
Lictions and information provided by the MANUFACTURER

ce of

ming

ons,

| to entry: INTENDED USE should not be confused with NORMAL USE. While both include the concept of yse as

ed by the MANUFACTURER, INTENDED USE focuses on the medical purpose while NORMAL USE incorporatg
he medical purpose, but maintenance, sekvice, transport, etc. as well.

JRCE: IEC 60601-1:2005 +\|EC 60601-1:2005/AMD1:2012, 3.44]

s not

E ME EQUIPMENT

QUIPMENT that cafinot fit within a2 m x 2 m x 2,5 m volume, excluding cables

JRCE: IEC 60601-1-2:2014, 3.12]

E ME SYSTEM

VSTEM that cannot fit within a 2 m x 2 m x 2,5 m volume, excluding cables; this incl

Ides

distr

buted ME SYSTEMS

[SOURCE: IEC 60601-1-2:2014, 3.13]

3.13
Low

VOLTAGE

line-to-line or line-to-neutral voltage that is less than or equal to 1 000 V AC or 1 500 V DC

[SOURCE: IEC 60601-1-2:2014, 3.14]

3.14

PATIENT-COUPLED
term referring to the presence of a path for the transfer of electromagnetic energy to or from
the PATIENT, whether intended or unintended
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Note 1 to entry: Examples of types of coupling include conductive, capacitive, inductive and optical.

[SOURCE: IEC 60601-1-2:2014, 3.15]

3.15

PATIENT COUPLING POINT

a sensing or treatment point of ME EQUIPMENT that is necessary to achieve the INTENDED USE of
the ME EQUIPMENT or an ME SYSTEM and that provides a path for transfer of electromagnetic
energy to or from the PATIENT, whether intended or unintended

Note 1 to entry: Examples of types of coupling include conductive, capacitive, inductive and optical.

[SOURCE: IEC 60601-1-2:2014, 3.16]

3.16
PORT
access to a device or network where electromagnetic energy or signals can be suppligd or
rece|ved or where the device or network variables can be observed or measured

Note I to entry: Examples of PORTS include terminal pairs, PATIENT cables (PATENT CONNECTIONS), §IGNAL
INPUT[OUTPUT PARTS such as data ports and USB connections, battery charger/connections, and the ENCLPSURE
itself [i.e. ENCLOSURE PORT).

[SOYRCE: IEC 60601-1-2:2014, 3.17]

3.17
PUBLIC MAINS NETWORK
LOW VOLTAGE electricity power lines to which all categories of consumers have access

[SOURCE: IEC 60601-1-2:2014, 3.18]

3.18
RADIP FREQUENCY
RF
a frgquency in the portion of the electromagnetic spectrum that is between the agydio-
freqyency portion and the infrared portion; frequency useful for radio transmission

[SOYRCE: IEC 60601-142:2014, 3.19]

3.19
SIGNAL INPUT/OUTRPUT PART
sip/gopP

part jof ME_ EQUIPMENT, not being an APPLIED PART, intended to deliver or receive signals fo or
from|other electrical equipment, for example, for display, recording or data processing

[SOURCETEC 6060112005, 3 115}

3.20

SPECIAL ENVIRONMENT

ELECTROMAGNETIC ENVIRONMENT with electromagnetic characteristics different from those
specified in this document in Table 2 through Table 6 or that requires IMMUNITY TEST LEVELS or
test methods that are different from those specified for the professional healthcare facility
environment and the HOME HEALTHCARE ENVIRONMENT

Note 1 to entry: The definition also implies the locations where SPECIAL ENVIRONMENTS are found.

Note 2 to entry: For ME EQUIPMENT and ME SYSTEMS intended for use in SPECIAL ENVIRONMENTS, special IMMUNITY
TEST LEVELS might be applicable.
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[SOURCE: IEC 60601-1-2:2014, 3.20, modified — references to the source document have
been changed to refer to this document, and Notes 1 and 2 to entry have been added.]

3.21

TRANSIENT (adjective and noun)

pertaining to or designating a phenomenon or a quantity that varies between two consecutive
steady states during a time interval short compared with the time-scale of interest

[SOURCE: IEC 60050-161:1990, 161-02-01, modified — “which” has been changed to “that”
and parentheses have been added around “adjective and noun”.]

4 General recommendations

4.1 | Concurrent and sequential testing

IMMUNITY testing according to this document can be performed concurrently or sequentially
with the IMMUNITY testing specified in IEC 60601-1-2.

If the IMMUNITY performance criteria determined according to this_document are met a} the
IMMUNITY TEST LEVELS specified in IEC 60601-1-2:2014, Clause 8; no further testing is ne¢ded
to dgmonstrate conformity to the recommendations of this document.

4.2 | General test conditions
4.2.1 Configurations

ME HQUIPMENT and ME SYSTEMS should be tested\in representative configurations and mpdes
conglistent with INTENDED USE.

Thege configurations should include:
— gttachment of cables to all PORTS' as necessary to achieve the INTENDED USE (incldding
gP/sops and, if applicable, the<POTENTIAL EQUALIZATION CONDUCTOR);
— gttachment of all tubing andfilling of all fluid containers;

— términation of the cables-with the intended equipment, subsystem simulators as spegified
im 8.5, PATIENT physiological simulators as specified in 8.2 or artificial hands as spegified
in4.2.2;

— darthing on the\ENCLOSURE PORT, if applicable, including connections to the termingl for
the connection.of a POTENTIAL EQUALIZATION CONDUCTOR;

|
[

se of cables and connectors that meet the specifications of the ME EQUIPMENT or
ME SYSTEM MANUFACTURER.

Spegiallhardware or software might need to be used with the ME EQUIPMENT or ME SYSTHM to
perform the tests specified in Clause 8. IT so, this should be documented In the test plan and
in the test report.

NOTE If the configurations used in IEC 60601-1-2 testing meet the recommendations of this subclause, this
could facilitate concurrent or sequential testing.

4.2.2 Artificial hand
Where an artificial hand is required by this document, it shall be connected as follows:

— For PATIENT COUPLING POINTS that do not have a conductive contact, the PATIENT COUPLING
POINT is terminated with the artificial hand and (series) RC element shown in Clause 8 of
CISPR 16-1-2:2014 (see Figure 1). The metal foil of the artificial hand is sized and placed
to simulate the approximate area and location of PATIENT coupling when the ME EQUIPMENT
or ME SYSTEM is providing its INTENDED USE. The metal foil of the artificial hand is
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connected to terminal M of the RC element and the other terminal of the RC element is
connected to the ground reference plane.

For PATIENT COUPLING POINTS that have conductive contact to the PATIENT (PATIENT
CONNECTION), terminal M of the RC element is connected directly to the PATIENT COUPLING
POINT, and the other terminal of the RC element is connected to the ground reference
plane. If normal operation of the ME EQUIPMENT or ME SYSTEM cannot be verified with
terminal M connected to the PATIENT COUPLING POINT, an insulating material with a
maximum thickness of 5 mm may be applied between the metal foil of the artificial hand
and the PATIENT COUPLING POINT. In this case, the metal foil of the artificial hand is to be
sized and placed to simulate the approximate area and location of PATIENT coupling when
the ME EQUIPMENT or ME SYSTEM is providing its INTENDED USE, and terminal M of the RC
lement is to be connected to the metal foil but not to the PATIENT COUPLING POINT.| The
ther terminal of the RC element is connected to the ground reference plane in all ‘casgs.

or ME EQUIPMENT and ME SYSTEMS that have multiple PATIENT COUPLING POINTS intended to
e connected to a single PATIENT, each PATIENT COUPLING POINT and each PATIENT-COUPLED
art is to have an artificial hand applied as specified above. The artificial handg are
nnected to a single common connection and this common connection-is connectgd to
terminal M of the RC element, as specified in Clause 8 of CISPR 16-1-2:2014.| For
E EQUIPMENT and ME SYSTEMS intended to be connected to multiple PATIENTS, artificial
ands are to be applied as specified above and a separate cammon connection ang RC
lement is to be used for each PATIENT for which the capacitive coupling effect and RF
impedance is to be simulated. The other terminal of each RC element is connected t¢ the
dround reference plane in all cases.

[z

5102 10 %

220 pF +20 %

IEC

Figure(1'— RC element of the artificial hand

4.2.3 Power input voltages and frequencies

For all tests exceptfor'the IEC 61000-4-11 test, the test may be performed at any one p
input voltage withinthe ME EQUIPMENT or ME SYSTEM RATED voltage and any one RATED p
freqyency. Unless' otherwise specified in this document, if the ME EQUIPMENT or ME SYSTH
testgd at ong"power input voltage and one power input frequency, it is not necessary to re
at additionalwvoltages or frequencies.

bwer
bwer
EM s
-test

The |IEC'61000-4-11 tests should be performed at the minimum RATED power input vo

tage

and any one RATED power input frequency. ME EQUIPMENT and ME SYSTEMS with power input

voltage selection by transformer taps should be tested according to IEC 61000-4-11 at
one tap setting.

only
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5 ME EQUIPMENT and ME SYSTEMS identification, marking and documents

5.1 Marking on the outside of ME EQUIPMENT or ME EQUIPMENT parts for which the
connector testing exemption specified in 8.13.2 d) is used

For ME EQUIPMENT and ME SYSTEMS for which the connector testing exemption specified in
8.13.2 d) is used, symbol IEC 60417-5134 (2003-04) for ESD sensitivity shall be applied
adjacent to each connector for which the testing exemption is used. The symbol graphic is
shown below.

A
Arad

5.2 | ACCOMPANYING DOCUMENTS
5.2.1 General

If information for BASIC SAFETY and ESSENTIAL PERFORMANCE (reqdired by IEC 60601-1-2) and
information for performance (according to this technical report) are included in the dame
docyment (e.g. instructions for use or technical description),<{the information for BASIC SAFETY
and | ESSENTIAL PERFORMANCE should be clearly distinguished from the information for
perfgrmance.

5.2.2 Instructions for use

As applicable, the instructions for use should include the following information:

a) degradation of performance due to EM"DISTURBANCES that is considered to be accepjable
Ry the MANUFACTURER;
b) 4gctions the OPERATOR or PATIENT could take to prevent or mitigate the degradgtion

escribed in a);

d) the environments of INTENDED USE. This should be the same as the environments spegified

g
q
c) the maximum recovery timgfollowing a TRANSIENT phenomenon;
t
dccording to IEC 606Q1+1-2.

5.2.3 Requirements applicable to ME EQUIPMENT and ME SYSTEMS for which the
connector testing exemption specified in 8.13.2 d) is used

For ME EQUIPMENT and ME SYSTEMS for which the connector testing exemption specifigd in
8.13|2 d) is-used, the instructions for use shall include the following:

a) ¢ reproduction of the ESD warning symbol (IEC 60417-5134 (2003-04)), as shown in §.1;

b) a warning that pins of connectors identified with the ESD warning symbol should not be
touched and that connections should not be made to these connectors unless ESD
precautionary procedures are used;

c) * a specification of the ESD precautionary procedures;

d) * a recommendation that all PATIENTS and OPERATORS receive an explanation of the ESD
warning symbol and ESD precautionary procedures.

5.24 * Technical description
The technical description should include:

a) the following statement: “The [name and model or type reference of the ME EQUIPMENT or
ME SYSTEM] was tested according to the recommendations of IEC TR 60601-4-2: Medical
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electrical equipment — Part 4-2: Guidance and interpretation — Electromagnetic immunity:
performance of medical electrical equipment and medical electrical systems.

b) a list of the ELECTROMAGNETIC phenomena and IMMUNITY TEST LEVELS with which the ME
EQUIPMENT or ME SYSTEM complied according to the recommendations of this document.

6 Documentation of the tests

6.1 Test plan
Prior to the start of formal testing, a detailed test plan should be provided to the test
laboratory—The TecommendedTmimmumr contents of g testpram for testimg ot Ty according
to thjs document are listed in Table 1. If testing for IMMUNITY according to this documentlis to
be cpmbined with testing for IMMUNITY according to IEC 60601-1-2, the test plans.Should be
combined.
Table 1 - Recommended minimum test plan (71 of 2)
No. Item Additional detail
Identification and description of the ME EQUIPMENT or | Include device name.and model number, desdribe
1 ME SYSTEM all equipment, raeks, modules, cables, etc.
belonging to the ME EQUIPMENT or ME SYSTEM.
The INTENDED USE (including environments
> (locations) of INTENDED USE), functions to be tested
and a description of how the performance will be
monitored during each test
ME EQUIPMENT or ME SYSTEM software / firmware
3 -
version of the sample to be tested
4 Number of samples to be tested The number of samples for each EMC test
5 Applicable standards and test methods A list of the standards (with dates) and IMMUN|TY
TEST LEVELS
6 Deviations from the Basic EMC standards, or this Include any instructions needed.
document
7 Applicability / tests that will natbe“performed Include the decision and justification not to
perform any measurement or test.
If the procedure specified by Annex C of this
document or an equiyalent procedure is used:
— ajustification fer.any SPECIAL ENVIRONMENTS
identified or @djustments made to the IMMUNITY
TEST LEVELS
— the adjuUsted typical EM DISTURBANCE levels
8
— the resulting final IMMUNITY TEST LEVELS,
rounded to the nearest whole number or, if a
decimal, to a single significant digit
=~ details of the methods and data sources used in
determining the appropriate IMMUNITY TEST
LEVELS
9 IMMUNITY TEST LEVELS for each IMMUNITY test
10 IMMUNITY performance criteria Specific IMMUNITY performance criteria as
recommended by 8.10.
11 ME EQUIPMENT or ME SYSTEM configurations, settings | List by test.
and operating modes
Test setup electrical and physical diagrams Show how the ME EQUIPMENT OR ME SYSTEM
12 hardware will be configured and connected to the

test systems, how cables will be routed and
bundled, and disposition of excess cable.
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Table 1 (2 of 2)

No. Item Additional detail

ME EQUIPMENT or ME SYSTEM power input voltages List by test.

13 and frequencies

Earthing configuration Describe how the ME EQUIPMENT OR ME SYSTEM

14 connects to protective earth.

Whether the ME EQUIPMENT or ME SYSTEM will be
15 tested as table-top or floor-standing equipment, or a
combination of the two

Testmy of PERMANENTEY INSTACLED TARGE Hom=sitetestmy s Tequired;diagranrthe
ME EQUIPMENT or ME SYSTEM equipment or system in the location in whichyit
16 ; ) : . :
will be installed and describe how testing will pe
performed.
17 Exercising of SIP/SOPS Describe how each SIP/SOP PORT is to be
exercised.
For floor-standing ME EQUIPMENT or ME SYSTEMS, the
18 .
height of the support
19 Description of any PATIENT-COUPLED cable
terminations to be used
Simulators, accessories and auxiliary equipment Describe simulators, ACCESSORIES and auxiligry
20 equipment used, including PATIENT physiologifal

and subsystem simulation

Documentation of any special ME EQUIPMENT or
21 ME SYSTEM hardware or software needed to perform

the tests
29 Planned ESD test points If possible, include a drawing or annotated phjoto
showing the ESD test points.
23 Dwell time for each IMMUNITY test requiring a dwell

time

6.2 | Test report

The fest report should meet the_recommendations of Clause 9.

7 1 EMISSIONS

This|clause is notwused in this document.

8 IMMUNITY'recommendations

8.1 Geéneral

The IMMUNITY test recommendations for this document are specified by this document on a
PORT-by-PORT basis. This follows the convention of the IEC 61000-6 (all parts) of generic EMC
standards. Figure 2 shows the PORTS of ME EQUIPMENT and ME SYSTEMS for the purpose of
IMMUNITY testing.
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ENCLOSURE PORT

PATIENT PATIENT COUPLING PORT AC power PORT
COUPLING

POINT

POTENTIAL EQUALIZATION CONDUCTOR

ME EQUIPMENT

Other SIP/SOP PORT DC power PORT
equipment

IEC

Figure 2 — * PORTS of ME EQUIPMENT and ME SYSTEMS

ELEQTROMAGNETIC IMMUNITY testing:

— dhould be performed in a well-defined and reproducible manner,
— dhould be performed individually as single tests in sequence, and
— may be performed in any order.

At Igast one of each type of PORT (e.g. having the same input or output electronic cirquits,
loadg, connected equipment) should be connected during IMMOUNITY testing. If| the
ME EQUIPMENT or ME SYSTEM has multiple identical PORTS, it is only necessary to test one of
each type during IMMUNITY testing.

The [[IMMUNITY test recommendations should be applied to.the ports of the ME EQUIPMENT or
ME S[ySTEM as specified in Table 2 through Table 6. These tables recommend IMMUNITY [TEST
LEVELS and test conditions for the professional healthcare facility environment and the HOME
HEALUTHCARE ENVIRONMENT. In this document, the recommended IMMUNITY TEST LEVELS fof the
profe¢ssional healthcare facility environment and:the HOME HEALTHCARE ENVIRONMENT arg¢ the
same. The procedure specified in Annex C can®he’used to determine IMMUNITY TEST LEVELS for
SPEJIAL ENVIRONMENTS or, if justified, can_bes used to modify the IMMUNITY TEST LEVELS of
Tablge 2 through Table 6 (higher or lower, as appropriate), based on specific| EM
charpcteristics of specific environments-or specific mitigations that might be associated|with
the ME EQUIPMENT or ME SYSTEM or thesconditions of INTENDED USE. If justified, higher or Ipwer
IMMUNITY TEST LEVELS determined using the procedure specified in Annex C may be us¢d in
placé¢ of those specified in Table 2'through Table 6.

NOTH 1 Use of Annex C can permit more precise assessment of the EM DISTURBANCES in the EM ENVIRONMENTS of
INTENPED USE and these can be used to determine IMMUNITY TEST LEVELS that are more specific to the INTENDED USE
of thel ME EQUIPMENT or ME SYSTEM.

NOTH 2 The entire contents of the basic EMC standards are not repeated here; however, modifications or
additipnal informationyngeded for the practical application of the tests to ME EQUIPMENT and ME SYSTEMS are|given
in thig document.

The dwell time' for IMMUNITY tests should be based on the settling time of the test system and
the timesrequired for the ME EQUIPMENT or ME SYSTEM to be exercised (if applicable)| and
adeduately respond to the test signal.

8.2 PATIENT physiological simulation

If simulation of the PATIENT is needed to verify normal operation of the ME EQUIPMENT or
ME SYSTEM, it should be provided during IMMUNITY testing. During testing according to
IEC 61000-4-4 and I|EC 61000-4-6, PATIENT physiological simulation shall not provide
additional conductive or capacitive connection to earth (other than needed to simulate the
PATIENT or OPERATOR) except as specified in 4.2.2.

As an alternative to the termination methods specified in 4.2.2, for the IMMUNITY tests for
which they are specified by 8.3 to be used, if PATIENT physiological simulation is intended to
simulate PATIENT physiological signals and also the capacitive coupling effect and RF
impedance of the PATIENT, the PATIENT physiological simulation shall provide, between the
coupling point(s) and the ground reference plane, an impedance equivalent to that of the
artificial hand and RC element as specified in 4.2.2.
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Prior to the beginning of the test, the amplitude of simulated PATIENT physiological signals
should be adjusted to be consistent with normal operation of the ME EQUIPMENT or ME SYSTEM,
as specified by the MANUFACTURER.

NOTE If the signal is set close to the threshold but above it, then the outcome of the test would not be penalized
by the statistics of detection and the noise floor of the detection circuitry. For example, for some ME EQUIPMENT,
setting the simulated signal at twice the threshold of detection (detection threshold plus 6 dB) would put the signal
close to and above but not at the threshold of detection.

8.3 Termination of PATIENT-COUPLED parts

For testing according to IEC 61000-4-4 and IEC 61000-4-6, the conditions specified in 4.2.2
apply.

8.4 | HAND-HELD ME EQUIPMENT and parts intended to be HAND-HELD

For festing according to IEC 61000-4-4 and IEC 61000-4-6 the following conditioh applies

HAND-HELD ME EQUIPMENT and parts of ME EQUIPMENT intended to_©e€~ HAND-HELD \vhile
prov|ding its INTENDED USE should be tested with an artificial handcapplied as specifigd in
Clause 8 of CISPR 16-1-2:2014, sized and placed to simulate the approximate area|and
localion of OPERATOR coupling while providing the INTENDED USE. “The metal foil of the artificial
hand is connected to terminal M of an RC element, ,ds) specified in Clause B of
CISKHR 16-1-2:2014 (see Figure 1), and the other terminal’of the RC element should be
conrlected to the ground reference plane. These conditions can also be used in other testp, as
spedified by the MANUFACTURER. If HAND-HELD ME EQUIRMENT also has PATIENT-COUPLED parts,
the PATIENT-COUPLED parts should also have artificialy’hands applied as specified in 4.2.2,
congistent with INTENDED USE.

8.5 | Subsystems

Conformity with the recommendations of this document may be demonstrated by testing pach
subgystem of an ME SYSTEM, providedcthat normal operating conditions are simulated.| Any
simulator used instead of actual equipment should properly represent the electrical and, if
necgssary, the mechanical charac¢teristics of the interface, especially with respect tg RF
signals and impedances, as welllas cable configuration and types.

8.6 | PERMANENTLY INSTALLED LARGE ME EQUIPMENT and LARGE ME SYSTEMS
PERMANENTLY INSTALKED-LARGE ME EQUIPMENT and LARGE ME SYSTEMS should be TYPE TEBTED
by af least one of the)following methods:

— @gn a test sitétas a system;

— gn a test{site on a subsystem basis;

— ip sita as a system at the premises of a RESPONSIBLE ORGANIZATION.

PERMANENTLY TNSTALLED LARGE ME EQUIPMENT and CARGE ME SYSTEMS thatare constructed in
such a way that simulated operation of subsystems is not feasible are exempt from the testing
requirements of IEC 61000-4-3 specified in 8.11 and 8.12. If this exemption is used, such
PERMANENTLY INSTALLED LARGE ME EQUIPMENT and LARGE ME SYSTEMS should be tested for
IMMUNITY to this phenomenon by TYPE TEST, either at one installation site or on an open area
test site, using the RF sources (e.g. radio (mobile/cellular/cordless) telephones, walkie-
talkies, radio-frequency identification (RFID) systems, other legal transmitters) that are
expected to be operating in any of the locations of INTENDED USE. In addition, testing should
be performed in the range 80 MHz to 6 GHz at frequencies designated by the International
Telecommunications Union (ITU) for ISM use. The power of, and distance from, any source
used shall be adjusted to provide the applicable IMMUNITY TEST LEVELS of Table 2 according to
the locations of INTENDED USE and the IMMUNITY TEST LEVELS of Table 7, with the exception that
the actual modulations may be used (e.g. for radio (mobile/cellular/cordless) telephones,
walkie-talkies).
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The frequencies designated by the ITU for ISM use can be found in Volume | of the ITU
Regulations [3]3 and in CISPR 11:2015, Table 1.

NOTE Use of 1 kHz AM instead of actual modulation could be especially useful in the ISM bands.

This exemption applies only to the test methods specified by IEC 61000-4-3. Except as
specified in this paragraph, the other recommendations of 8.11 and 8.12 apply to
PERMANENTLY INSTALLED LARGE ME EQUIPMENT and LARGE ME SYSTEMS. The exception is that if
the applicable Basic EMC standard allows in situ testing, the allowance in the Basic EMC
standard shall take precedence.

8.7 | Operating modes

During IMMUNITY testing, the ME EQUIPMENT or ME SYSTEM should be tested in the modes| and
settings (e.g. gain) that are most likely to result in unacceptable degradation of performgnce.
This|should be determined using experience, engineering analysis, or pretesting. Also| see
Anngx D. If the ME EQUIPMENT or ME SYSTEM is not RATED for continuous duty, a duty ¢ycle
may|be selected that is appropriate for the ME EQUIPMENT or ME SYSTEM under test.| The
operpting modes selected for testing should be documented in the test'plan and in the| test
report.

8.8 Non-ME EQUIPMENT

If tHe MANUFACTURER of the ME SYSTEM has determined."that non-ME EQUIPMENT ¢ould
advdrsely affect the performance associated with the INTENDED USE, the ME SYSTEM, inclyding
the hon-ME EQUIPMENT, should fulfil the IMMUNITY TEST LEVELS and performance criter|la of
Clause 8.

8.9 | * Environments of INTENDED USE

This| document refers to three environments (locations) of INTENDED USE: the professjonal
healthcare facility environment, the HOME HEALTHCARE ENVIRONMENT and the SPECIAL
ENVIRONMENT.

Addifional IMMUNITY tests or higher IMMUNITY TEST LEVELS might be needed for ME EQUIPMENT
and [ME SYSTEMS for which the MNTENDED USE includes types of transportation (e.g. land) sea
and pir vehicles) or other locations in the HOME HEALTHCARE ENVIRONMENT such as those| that
can pe accessed by walking (e.g. near radiofrequency identification (RFID) systems and [anti-
theft| systems). If additional IMMUNITY tests or IMMUNITY TEST LEVELS that are higher than those
spedified in Table 2-through Table 6 are appropriate or are specified by standards appligable
to thie EM ENVIRONMENT of a type of transportation, these additional tests and higher IMMYNITY
TEST| LEVELS should apply. Other parameters that might need special values for these
envifonments-include modulation and frequencies.

For MEEQUIPMENT and ME SYSTEMS with an INTENDED USE that includes use in aircrdft, a
standard that applies is ISO 7137. This is identical to EUROCAE ED-14C:1989 | and
RTCA DO-160C:1989. The latest editions are EUROCAE ED-14G [4] and RTCA DO-160G [5].

ME EQUIPMENT or ME SYSTEMS intended for use in the EMERGENCY MEDICAL SERVICES
ENVIRONMENT should follow the recommendations of Table 2 through Table 7. If locations in
the EMERGENCY MEDICAL SERVICES ENVIRONMENT or any environment are identified for which
the specifications in Table 2 through Table 7 are not adequate, Annex C can be used to
determine appropriate IMMUNITY TEST LEVELS.

3 Numbers in square brackets refer to the Bibliography.
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If the INTENDED USE of the ME EQUIPMENT or ME SYSTEM includes more than one environment,
the most stringent IMMUNITY TEST LEVELS among all the applicable environments should apply.

8.10 * Performance criteria

Before IMMUNITY testing begins, the MANUFACTURER should determine specific, detailed
IMMUNITY criteria, based on the INTENDED USE, as specified in Annex D. The MANUFACTURER
should also determine how the ME EQUIPMENT or ME SYSTEM will be monitored during the tests
to verify that the specific performance criteria have been met. If the ME EQUIPMENT or ME
SYSTEM is damaged by the IMMUNITY tests, the performance test result should be considered
to be failure unless otherwise specified by the MANUFACTURER. These performance criteria and
the §pecifications for monitoring performance against these criteria should be Iincluded. ih the
test plan and the test report. If degradation is observed during IMMUNITY testing, actions\thgt the
OPERATOR or PATIENT could take to prevent or mitigate the degradation should be described in the
instructions for use (see 5.2.2).

IMMUNITY performance criteria can specify degradations that are acceptable.”They should be
documented in the test plan.

For this document, the general performance criteria for the INTENDED)JSE are as follows:

a) The ME EQUIPMENT or ME SYSTEM should continue to meet the performance criteria dyiring
gnd after the following tests, without the need for OPERATOR intervention. This also applies
tp tests for other continuous phenomena that might bexapplicable to the ME EQUIPMENT or
NIE SYSTEM.

4 [EC 61000-4-3 for radiated EM field IMMUNITY~test
- |IEC 61000-4-3 interim method for proximity fields from RF wireless communicalions
equipment
4 IEC 61000-4-6 for conducted disturbances induced by RF fields IMMUNITY test
b) The ME EQUIPMENT or ME SYSTEM should continue to meet the performance criteria aftef the

1
fpllowing tests, without the need\for OPERATOR intervention to restore operation.|The
NIANUFACTURER should specify(in the instructions for use the maximum recovery fime.
While operation as intended.\during the test is desirable, some degradation is acceptpble.
This also applies to tests for other TRANSIENT phenomena that might be applicable t¢ the
NIE EQUIPMENT Or ME SYSTEM.

- IEC 61000-4-2 foRELECTROSTATIC DISCHARGE IMMUNITY test

- IEC 61000-4-4-for electrical fast TRANSIENTS / bursts IMMUNITY test
-4 IEC 61000%4+5 for surges IMMUNITY test

-4 |IEC 64000-4-11 for voltage dip IMMUNITY test (0 % Ur)

c) The MEEQUIPMENT or ME SYSTEM should continue to meet the performance criteria aftef the
bllowing tests. OPERATOR intervention is allowed to restore operation.

—h

NOTE While operation as intended during the test is desirable, degradation can be expected.
— |EC 61000-4-11 for voltage dip IMMUNITY test (70 % Ur)
— |EC 61000-4-11 for voltage interruptions IMMUNITY test.

Specific IMMUNITY performance criteria are determined as specified in Annex D.

8.11 * IMMUNITY TEST LEVELS

The IMMUNITY test recommendations should be applied to the PORTS of the ME EQUIPMENT or
ME SYSTEM according to the environments of INTENDED USE, as shown in Figure 3. If
applicable, an INTENDED USE environment not shown in Figure 3 should be assigned to an
environment with a similar location, as determined by the MANUFACTURER. If there is no similar
location in Figure 3, Annex C can be used to determine applicable IMMUNITY TEST LEVELS.


https://iecnorm.com/api/?name=c2154f8d981221bcd0a06dd960512dc1

- 24 - IEC TR 60601-4-2:2016 © IEC 2016

The procedure specified in Annex C can be used to determine IMMUNITY TEST LEVELS for
SPECIAL ENVIRONMENTS or, if justified, Annex C can be used to modify the IMMUNITY TEST
LEVELS of Table 2 through Table 7 (higher or lower, as appropriate), based on specific EM
characteristics of specific environments or specific mitigations that might be provided by the
ME EQUIPMENT or ME SYSTEM or the conditions of INTENDED USE.

As specified in Annex C, IMMUNITY TEST LEVELS should be based on typical levels of EM
DISTURBANCES.

NOTE 1 IMMUNITY TEST LEVELS are determined for each phenomenon.
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Physician offices, dental offices,
clinics, limited care facilities, freestanding
surgical centers, freestanding birthing
centers, multiple treatment facilities,
hospitals (emergency rooms, patient
rooms, intensive care, surgery rooms
except near HF SURGICAL EQUIPMENT,
outside the RF shielded room of an ME
sYSTEM for magnetic resonance imaging)

hea

app

med

EQUIPMENT (HF SURGICAL EQUIPMENT, SHORT-WAVE
THERAPY EQUIPMENT, inside the RF shielded room

Althoyigh healthcare professionals ate- present in the EMERGENCY MEDICAL SERVICES ENVIRONMENT]

ELECT|

purpgses of this document, the(IMMUNITY recommendations for the HOME HEALTHCARE ENVIRONMENT ap

ME EQ

such p location is an ambulance.

Military areas (submarines, near radar
insfallations, near weapons control systems),

baper mills, foundries, automotive and

Professional healthcare
facility environment

Restaurants, cafes, shops, stores,
HOME HEALTHCARE markets, schools, churches, libraries

SPECIAL d i
T outdoo treet dewalk: P k
ENVIRONMENT ENVIRONMEN rs (S r S, Sl alks, par S)/

helicopters), train stations, bus statior]
airports, hotels, hostels, pensions,

industrial areas (power plants, steel and
y (p P ! museums, theatres

iance manufacturing, smelting and mining

operations, oil and gas refineries),
cal treatment areas with high-powered ME

f an ME SYSTEM for magnetic resonance
imaging)

ROMAGNETIC ENVIRONMENT iswsimilar to that of the HOME HEALTHCARE ENVIRONMENT. Therefore, fq

UIPMENT and ME SYSTEMS intended for use in the EMERGENCY MEDICAL SERVICES ENVIRONMENT. An exam

Figure 3)= Examples of environments (locations) of INTENDED USE

dondiciles (residences, homes, nursing homes),
vehicles (cars, buses, trains, boats, planes,

SI

IEC
the
r the
ly to
ble of
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Table 2 — * ENCLOSURE PORT

Phenomenon Basic EMC standard IMMUNITY TEST LEVELS Performance criterion
(See 8.10)
ELECTROSTA';’IC IEC 61000-4-2 + 4 kV contact
e b
DISCHARGE £ 2KV, £ 4 kV, + 8 KV air
Radiated RF EM field?) | IEC 61000-4-3 3vim®
80 MHz to 2,7 GHz") a
80 % AM at 1 kHz ©)
Pro®imity fields from RF IEC 61000-4-3 See Table 7
wire]Jess communications a
equipment
RATED power frequency IEC 61000-4-8 3 A/m, 50 Hz or 60 Hz 4
magpetic fields o)
a) The interface between the PATIENT physiological signal simulation, if used, and.\the ME EQUIPMEN[ or
E SYSTEM should be located within 0,1 m of the vertical plane of the uniform field area in one orientatign of
e ME EQUIPMENT or ME SYSTEM.
b) E EQUIPMENT and ME SYSTEMS that intentionally receive RF electromagnetic energy for the purpose of fheir
peration are exempt from testing at the frequency of reception.
©) esting may instead be performed at other modulation frequencies identified by the MANUFACTURER basefd on
e environments of INTENDED USE.
) efore modulation is applied.
e) bee 8.13 regarding ESD testing of connectors.
f) . . . - N
A\pplies only to ME EQUIPMENT and ME SYSTEMS with magnetically sensitive components or circuitry.
9) During the test, the ME EQUIPMENT or ME SYSTEM/may be powered at any NOMINAL input voltage, but with the
game frequency as the test signal
Table 3»~* Input AC power PORT (7 of 2)
Phenomenon Basic EMC standard Performance IMMUNITY Performance criterjon
TEST LEVELS (See 8.10)
Eledtrical fast TRANSIENTS «.JEC 61000-4-4 + 1 kV b
/ bufsts ™ ) 5 kHz or 100 kHz
repetition frequency
Surdes ? ¥ P IEC 61000-4-5 + 05KV, +1kV b
Linetto-line
Surdes PV N P) IEC 61000-4-5 +0,5KkV, = 1KV, + 2 kV b
Linerto-gfound

Conducted disturbances IEC 61000-4-6 3V n a

induced by RF fields P
0,15 MHz to 80 MHz

80 % AM at 1 kHz ®



https://iecnorm.com/api/?name=c2154f8d981221bcd0a06dd960512dc1

IEC TR 60601-4-2:2016 © IEC 2016 - 27 -

Table 3 (2 of 2)

Phenomenon Basic EMC standard Performance IMMUNITY Performance criterion
TEST LEVELS (See 8.10)
Voltage dips 2 IEC 61000-4-11 0 % Ur; 0,5 cycle 9 b

At 0° and 180° ¢

h
70 % Ur; 25/30 cycle ™ c
Single phase: at 0°
. . a) \Eo a4000. 444 h) i)
VoIt Hge Tnierruptons ML A AL U 70 Ut, £0U/5UU CyCle ~

iy

The IEC 61000-4-11 tests should be performed at the minimum RATED power input voltage. These tests
e performed at any one RATED power input frequency.

A\l ME EQUIPMENT and ME SYSTEM cables that are associated with the INTENDED USE,  should be atta
uring the test

Not used.

During the 0,5 period duration test, products with a mains transformer 4nay experience magnetic
gaturation of the transformer core. In this case, the test may be performed using both 90° and
gwitching.

Testing may instead be performed at other modulation frequencies identified by the MANUFACTURER base
the environments of INTENDED USE.

IE EQUIPMENT and ME SYSTEMS with a DC power input intended for use with AC to DC. converters shoul
YE SYSTEM. The IMMUNITY TEST LEVELS are applied to the AC power input of the converter.

A\pplicable only to ME EQUIPMENT and ME SYSTEMS cofnectted to single-phase AC mains.

F.g. 25/30 means 25 periods at 50 Hz or 30 perieds-at 60 Hz.

A\t 0° for ME EQUIPMENT and ME SYSTEMS with.RATED input current not exceeding 16 A. For ME EQUIPMENT,
YE SYSTEMS drawing more than 16 A, the phase angle is optional.

IE EQUIPMENT and ME SYSTEMS with (RATED input current greater than 16 A/ phase should be interru
nce for 250/300 cycles at any angle ‘and all phases at the same time (if applicable). ME EQUIPMENT an
YSTEMS with battery backup should resume line power operation after the test. For ME EQUIPMENT
YE SYSTEMS with RATED inputreutrent not exceeding 16 A, all phases should be interrupted simultaneousl

VIE EQUIPMENT and ME SYSTEMS that do not have a surge protection device in the primary power circuit
be tested only at + 2 kViline(s) to earth and + 1 kV line(s) to line(s).

Not applicable to GLASS Il ME EQUIPMENT and ME SYSTEMS.

\ direct coupling-network should be used.

RMS, befare)modulation is applied.

A\pplicable to ME EQUIPMENT and ME SYSTEMS with RATED input current less than or equal to 16 A per phag

\pplicable to ME EQUIPMENT and ME SYSTEMS with RATED input current less than or equal to 16 A per p

may

hed

flux

P70°

d on

[ be

tested using a converter that meets the specifications~0f the MANUFACTURER of the ME EQUIPMEN[ or

and

pted
il ME
and

.

may

ase

and ME EQUIPMENT and ME SYSTEMS with RATED input current greater than 16 A per phase.
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Table 4 — Input DC power PORT

Phenomenon Basic EMC standard IMMUNITY TEST LEVELS Performance criterion
(See 8.10)
Electrical fast TRANSIENTS | IEC 61000-4-4 +0,5 kV b
/ bursts &

5 kHz or 100 kHz
repetition frequency

Surges @) IEC 61000-4-5 +0,5 kV b
Line-to-line
Surdes P IEC 61000-4-5 +0,5kV b

Linerto-ground

Confucted disturbances IEC 61000-4-6 3V 9 a
induced by RF
fields 2 9 0,15 MHz to 80 MHz

80 % AM at 1 kHz ©

Eledtrical TRANSIENT ISO 7637-2 As specified in ISO 7637- b
con t#):tion along supply 2:2011, 5.6.
lineg

The test is applicable to all DC power PORTS intended to be connected.permanently to cables longer fhan
m.

A\l ME EQUIPMENT and ME SYSTEM cables should be attached during.the test

This test does not apply to INTERNALLY POWERED ME EQUIPMENT that cannot be used during battery charging,
is of less than 0,4 m maximum dimension including the maximum length of all cables specified and hap no
onnection to earth, telecommunications systems, any other equipment or a PATIENT.

o7

) The test may be performed with the ME EQUIPMENF, or ME SYSTEM powered at any one of its NOMINAL ihput
oltages.
e) Testing may instead be performed at other mgdulation frequencies identified by the MANUFACTURER basefd on
the environments of INTENDED USE.
f Direct coupling should be used.
9)

RMS, before modulation is applied.

For ME EQUIPMENT and ME SYSTEMS intended to be installed in passenger cars and light commercial vehjcles
including ambulances fitted with 12 V electrical systems or commercial vehicles including ambulances fjtted
vith 24 V electrical systems, the starting profile and load dump test waveforms are specified in ISO 16f50-
2:2012, 4.6.3 and 4.6.4) respectively.
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Table 5 — * PATIENT COUPLING PORT

Phenomenon

Basic EMC standard

Performance IMMUNITY

Performance criterion

TEST LEVELS (See 8.10)
ELECTROSTATIC IEC 61000-4-2 + 4 kV contact b
piscrARGE * ¢ £ 2KV, 4KV, £8KkV air

Conducted disturbances IEC 61000-4-6 3y P2 a

induced by RF fields

0,15 MHz to 80 MHz
80 % AM at 1 kHz

The following apply:

cables.

q

RMS, before modulation is applied.

bee 8.13 regarding ESD testing of connectors.

—| AIll PATIENT-COUPLED cables should be tested, either individually or bundled

—| PATIENT-COUPLED cables should be tested using a current clamp unless a current clamp is not suitablp.
cases were a current clamp is not suitable, an EM clamp should be used.

—| No intentional decoupling device should be used between the injection point and the PATIENT COUPLING
POINT in any case.

14
5

—| Testing may instead be performed at other modulation identified by the MANUFAETURER based on| the
environments of INTENDED USE.

—| Tubes that are intentionally filled with conductive liquids should be considered to be PATIENT-COUPLED

Discharges should be applied with no connection to an artificial\htand and no connection to PATIENT
imulation. PATIENT simulation may be connected after the test as needed in order to verify performance.
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Table 6 — SIGNAL INPUT/OUTPUT PARTS PORT

h)
DISCHARGE

Phenomenon Basic EMC standard Performance IMMUNITY Performance criterion
TEST LEVELS (See 8.10)
ELECTROSTATIC IEC 61000-4-2 + 4 kV contact b

+ 2 kV, £4KkV, £ 8KV air

Electrical fast TRANSIENTS | IEC 61000-4-4 + 0,5 kV b
/ bursts

b) e)
5 kHz or 100 kHz
repetition frequency

Surdes [EC 61000-4-5 +1kV b
Ling-to-ground 3)
Confucted disturbances | IEC 61000-4-6 VAL 4
inddced by RF fields 9
0,15MHz to 80 MHz
80 % AM at 1 kHz ©
a) This test applies only to output lines intended to connect directly to outdoor cables(
®) BIP/SOP cables less than 3 m in length are excluded.
©) Testing may instead be performed at other modulations identified by~the® MANUFACTURER based on| the
environments of INTENDED USE.
4 Calibration for current injection clamps should be performed in a 150 Q system.
e) Capacitive coupling should be used.
f RMS, before modulation is applied.
9) This test does not apply to INTERNALLY POWERED ME EQUIPMENT that cannot be used during battery charging,
iis of less than 0,4 m maximum dimension including, the maximum length of all cables specified and hap no
onnection to earth, telecommunications systems;any other equipment or a PATIENT.
" Bee 8.13 regarding ESD testing of connectors:
8.12| * IMMUNITY to proximity fields from RF wireless communications equipment
The |ENCLOSURE PORT of ME EQUIPMENT and ME SYSTEMS should be tested as specifigd in
Table 7 using the test methods specified in IEC 61000-4-3.
The frequencies and services listed in Table 7 are representative examples that are basgd on
RF ¢ommunications equipment in use at the time of publication of this document. The| test
spedification does not attempt to cover every frequency and service used in every country.
Test|ng should be performed at the additional frequencies identified that are not represgnted
in Tgble Z:
NOTH_ MY is understood that communication might not be possible when ME EQUIPMENT that includes |radio
equipment is tested in its passband.
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RF wireless communications equipment

Table 7 — Test specifications for ENCLOSURE PORT IMMUNITY to

Test Band 2) Type of service Modulation ®) IMMUNITY TEST LEVEL
frequency being simulated 2
MHz MHz Vim
Pulse
385 380 to 390 TETRA 400 modulation ® 6
18 Hz
FM ©
450 430 to 470 GMRS 460, FRS 460 + 5 kHz deviation 9
1 kHz sine
710 Pul
ulse
745 704 to 787 LTE Band 13, modulation * 3
217 Hz
780
810 GSM 800/900,
TETRA 800, iDEN Pulse
870 800 to 960 820, CDMA 850, mod1u8la|_t||§n 9
930 LTE Band 5
1720 GSM 1800; CDMA
1700 to 1900; GSM 1900; Pulse
1845 1 990 DECT; modulation ® 9
LTE Band 1, 3, 217 Hz
1970 4, 25; UMTS
Bluetooth, W LAN, Pulse
2 450 2 400 to 802.11 b/g/n, RFID modulation ® 9
2 570 2450, 217 Hz
LTE Band 7
5240 PuUl
ulse
5 500 5100 to W,LAN 802.11 a/n modulation * 6
5800
217 Hz
5785
NOTE If necessary to achieve the IMMUNITY TEST LEVEL, the distance between the transmitting antenna and|the
ME EQUIPMENT or ME SYSTEM may be reduced to 1 m. The 1 m test distance is permitted by IEC 61000-4-3.
a) For some services, only thetplink frequencies are included.
°) The carrier should be medulated using a 50 % duty cycle square wave signal.
°) As an alternative to [FM modulation, 50 % pulse modulation at 18 Hz may be used, because while it doeg not
represent actual modulation, it would be worst case.
8.13| * ESD testing of connectors
8.13/1.°C Application of ESD to connectors

ESD testing of connectors should be performed as follows:

— Replace IEC 61000-4-2:2008, Table 4 with Table 8 of this document.
— Cable connections should be as shown in Table 9.

— The input AC power PORT and the input DC power PORT should be tested consistent with

INTENDED USE.

— For connectors where the shell is covered by the mating connector, perform ESD testing
to the mating connector.

NOTE These recommendations apply to INTENDED USE and not to “NORMAL USE” as used in IEC 61000-4-2.
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Table 8 — Parts of connectors to be tested for ESD, based on the

connector shell and cover material

Case Connector shell Cover material Air discharge Contact discharge
material testing to: testing to:

1 Conductive None - Shell
2 Conductive Non-conductive Cover Shell if accessible
3 Conductive Conductive - Shell and cover
4 Non-conductive None Shell and pins -
5 Non-conductive Non-conductive Cover =
6 Non-conductive Conductive - Cover

Table 9 — * Testing of connectors and pins while connected and:-disconnected

cable is not necessary for the
INTENDED USE and is normally
connected and disconnected

during use

or disconnected.

Cage Cable description Connector shell material is Connector shell materiallis
conductive non-conductive
1 Connector is ACCESSIBLE and Test with cable connected Test with cable connected
cable is necessary for the
INTENDED USE and normally not
disconnected once installed
2 Connector is ACCESSIBLE and Test with cable cennected Test with cable connected apd
cable is necessary for the disconnected.
INTENDED USE and is normally
connected and disconnected For the case of cable
during use. disconnected, use air dischgrge
tip.
Test pins and shell of
ENCLOSURE connector.
3 Connector is ACCESSIBLE and Test with cable connected Test with cable connected
cable is not necessary for the
INTENDED USE and is normally
not disconnected once installed
4 Connector is ACCESSIBLE and Test with cable either connected | Test with cable disconnected.

8.13]2¢{, Exclusions

The following exclusions apply. Discharges are not applied to these items:

a) connectors that are not ACCESSIBLE PARTS (e.g. they are covered). However, if the
connector cover itself is an ACCESSIBLE PART, discharges are applied to the cover;

b) for connectors requiring a tool for disconnection, discharges are not applied to the pins;

c) connectors that are no longer ACCESSIBLE PARTS after FIXED installation or after being
installed as specified in the instructions for use; for example, the bottom or wall side of ME

EQUIPMENT OR ME SYSTEMS;

d) pins of a connector that for functional reasons cannot be adequately protected from ESD
discharges. In this case, 5.1 and 5.2.3 apply.

NOTE For example, RF inputs from measurement, receiving or other communication equipment.
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At a minimum, the test report should include the items listed in Table 10.

Table 10 — Test report minimum contents (71 of 2)

No. Item Additional detail
1 Name and location of the test facility
Names and functions or equivalent identification of
2 P
the persons authorizing the test report
s Include the device name, model number and
3 Description of the ME EQUIPMENT or ME SYSTEM MANUEACTURER.
Description of the INTENDED USE and important
4 functions and a description of how the performance
was monitored during each test
5 ME EQUIPMENT or ME SYSTEM software / firmware
version
6 Prototype or production version of the ME Additionally, the relationship of the model testef to
EQUIPMENT or ME SYSTEM production models,may-be described.
Units tested and the rationale for the selected .
7 . Include serial. numbers.
sample size
8 INTENDED USE locations
. A list{of the standards (with dates) and IMMUNIT|
9 Applicable standards and test methods TEE\EVELS
10 Deviations from the Basic EMC standards or from
this document
. - The decision and justification not to perform a
1 Applicability / tests not performed measurement or test should be documented.
If the procedure specified by Annex C or.an
equivalent procedure is used:
— ajustification for any SPECIAL ENVIRONMENTS
identified or adjustments made
12 — the resulting final IMMUNITY/TEST LEVELS,
rounded to the nearest whole number or, if a
decimal, to a single*significant digit
— details of the methods and data sources used
in determining.the appropriate IMMUNITY TEST
LEVELS
13 IMMUNITY_TEST' LEVEL for each IMMUNITY test
14 IMMUNITY performance criteria Including the monitoring specification
15 Dégradation observed during IMMUNITY testing
16 Environmental conditions as required by the
relevant Basic EMC standards
17 Test results summary statement (pass/fail) List for each test
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Table 10 (2 of 2)

No. Item Additional detail
18 Maximum recovery time following TRANSIENT
phenomena testing
19 Test data that support the performance Include units of measurement
determination for each test performed
20 ME EQUIPMENT or ME SYSTEM configuration during Block diagram of the ME EQUIPMENT or ME SYSTEM
the test, including a block diagram . . )
All peripherals and auxiliary equipment used
At cabies used and thelr positions
21 ME EQUIPMENT or ME SYSTEM settings and operating | List for each test
modes
22 ME EQUIPMENT or ME SYSTEM power input voltages Record the ME EQUIPMENT or ME SYSTEM power
and frequencies input voltages and frequencies foreach test.
23 Any connections to the terminal for connection of a Include information on connegetion to the terminpl
POTENTIAL EQUALIZATION CONDUCTOR, if used for connection of a POTENTIAL-EQUALIZATION
CONDUCTOR used during. testing, if any.
24 Testing of PERMANENTLY INSTALLED LARGE ME
EQUIPMENT or ME SYSTEM: frequencies, power and
modulation of the RF test sources and test
distances used.
25 Deviations from the test plan
26 Photographs of all test setups.
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Annex A
(informative)

General guidance and rationale

annex provides rationale for particular clauses, subclauses and tables in the text.

Subclause 0.1 — General

Man
“pro
“the

rsimilar definitions of “performance” can be found in online dictionaries. These include

ess or manner of functioning or operating” [12], “doing something successfully” [12] and
capabilities of a machine, vehicle, or product, especially when observed undercpartigular

conditions” [11]. Synonyms include “functioning”, “working”, “operation”, “capabilifies”,

“cap

hcity”, “power” [11], “carrying into action” and “execution” [12]. In this,‘document,

“performance” refers to the ability of an ME EQUIPMENT or ME SYSTEM to perform (operat¢) as
interlded, particularly with regard to the INTENDED USE, in the environments ‘of INTENDED |USE.

This

document focuses on performance. However, if a failure to provide BASIC SAFETY or

ESSHNTIAL PERFORMANCE is found during performance testing, this shaquld be evaluated further

usin

Sub

It is
iden

HELD TOOL unless proper precautionary procedures have been followed.

Preclautionary procedures include:

) IEC 60601 standards.
clause 5.2.3 ¢) — a specification of the ESD precautionary procedures

necessary to make PATIENTS and OPERATORS aware(dhat accessible pins of conneftors
ified with the ESD warning symbol should not betouched with the fingers or with a HAND-

— methods to prevent build-up of electrostatic charge (e.g. air conditioning, humidificgtion,

donductive floor coverings, non-synthetic clothing);

— discharging one’s body to the frame of the ME EQUIPMENT or ME SYSTEM or to earth|or a

hrge metal object;

— Bonding oneself by means.¢fya wrist strap to the ME EQUIPMENT or ME SYSTEM or to earth.

Sub

recefive an explanation.:..

PATI

Clause 5.2.3 d) — a recommendation that all PATIENTS and OPERATORS involved

ENTS and ORERATORS that could touch connectors identified with the ESD warning symbol

shodld receivé/this explanation. If the INTENDED USE includes the professional healtHcare

facili
Sub

For
parti

ity envicenment, then this includes clinical/biomedical engineering and health-care staff.

clause 5.2.4 — Technical description

this document, where tests and IMMUNITY TEST LEVELS are only recommendations, it is
cularly important that the MANUFACTURER disclose to the USER or purchaser the

phenomena to which the ME EQUIPMENT or ME SYSTEM was tested and the IMMUNITY TEST

LEVE

Ls. While this information might only have meaning for e.g. biomedical engineers, it

should be made available.

Clause 7 — EMISSIONS

It is

assumed that the ME EQUIPMENT or ME SYSTEM will be tested for EMISSIONS according to

IEC 60601-1-2. This document does not recommend any further EMISSIONS testing.
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Subclause 8.1 — General
Figure 2 — PORTS of ME EQUIPMENT and ME SYSTEMS

“Other equipment” connected to the SIP/SOP PORT can include sensors and PORTS such as
audio, video (e.g. HDMI), printers, eSATA, Ethernet, and USB.

Subclause 8.9 — Environments of INTENDED USE

The IMMUNITY TEST LEVELS are the same for the professional healthcare environment and the
HOME HEALTHCARE ENVIRONMENT and are combined in Table Z through Table 7 becausé the
typigal levels of the electromagnetic phenomena were considered to be the samenin‘pach
envifonment.

Sub¢lause 8.10 — Performance criteria

The |general performance criteria that are used in many other EMQC)standards forl the
evalyation of IMMUNITY test results for equipment, e.g. A and B (see [6], [14], [15]| and
Anngx E), are not appropriate for ME EQUIPMENT or ME SYSTEMS because of the “permissible|loss
of pgrformance” and the reasons presented below.

Perfprmance criterion B is not appropriate for the performance of ME EQUIPMEN[T or
ME S[ySTEMS because based on the INTENDED USE, ME EQUIPMENT and ME SYSTEMS should phave
adedquate IMMUNITY to provide the performance spécified by the MANUFACTURER in| the
presgence of ELECTROMAGNETIC DISTURBANCES. As_a\.consequence of this, degradatiorns of
perfgrmance that are not specified by the MANUFAGTURER should not be allowed.

Perfoprmance criterion C would be equivalent to operating as intended after the tesf, as
spedified in 8.10 with self-recovery allowed and also with OPERATOR intervention to regtore
operption allowed. Of the IMMUNITY tests-in*this standard, this would only be acceptable fofr the
IEC p1000-4-11 tests. Particularly forsthe voltage interruption IMMUNITY test, ME EQUIPMENT
and ME SYSTEMS without battery baekup cannot be expected to continue operating during the
250/B00 cycles (5 s) of the mains interruption.

With| the exception of the example immediately above, 8.10 specifies that ME EQUIPMENT| and
ME S[ySTEMS are expected to continue to operate after the IMMUNITY tests listed in a) anfd b).
ME HQUIPMENT and ME-SYSTEMS are also specified to continue to operate during the IMMYNITY
testd in a) because-they represent continuous phenomena. ME EQUIPMENT and ME SYSTEMS
are not specified to continue to operate during the IMMUNITY tests in b) because they reprgsent
TRANSIENT phenomena. In use, ME EQUIPMENT and ME SYSTEMS can be exposed to continous
EM phenomena that continue for extended periods of time. Therefore, testing for performpnce
during the<test is important. For TRANSIENT phenomena, the exposure to the ME EQUIPMENT or
ME S[ySTEM) in use is likely to be short so that only the performance after the exposure is
impdrtant. In addition, the test exposure can be so short that it would be difficult to asses$ the
performance of the ME EQUIPMENT or ME SYSTEM during the exposure.

Subclause 8.11 — IMMUNITY TEST LEVELS

The IMMUNITY TEST LEVELS in this document are generally based on typical levels of the
expected EM DISTURBANCES, rather than reasonably foreseeable maximum levels. The
variation in the typical levels is however, not due to the same factors within the environment
of INTENDED USE for each type of DISTURBANCE phenomenon. For example, levels of ESD
exposure are a strong function of relative humidity and the materials that are present and
interact to develop static charges. The relative humidity has a wide Gaussian statistical
distribution as a result of seasonal and geographic variation. For IEC 60601-1-2, the
reasonably foreseeable maximum ESD exposure was estimated based on the assumed
minimum relative humidity of 20 %, leading to higher ESD IMMUNITY TEST LEVELS, whereas the
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relative humidity used for estimating the typical ESD exposure was 35 % to 40 %, leading to
lower ESD IMMUNITY TEST LEVELS.

For radiated RF DISTURBANCES, it is assumed that many of the sources are transmitters that
are not located immediately within the environment of INTENDED USE. Therefore, the ME
EQUIPMENT OR ME SYSTEM will be in the far field of the radiated RF signal. Within the far field,
the field strength will vary largely due to the variation in attenuation characteristics within a
structure, but not due to distance, as movement within a structure does not cause a
significant change in the distance from the source transmitter. As a result, the statistical
distribution of the expected levels of DISTURBANCE is nearly uniform, and in this case the
typical and reasonably foreseeable maximum values are essentially the same. This same
consdideration is also applied to conducted RF DISTURBANCES induced by radiated RF fields.

For proximity fields from RF wireless communication equipment, these DISTURBANCE soyrces
are g¢xpected to be within the environment of INTENDED USE. The ME EQUIPMENT OR‘ME SYSTEM
is ndt in the far field of the transmitter, but rather in the near field, where the field strength is a
funcfion of distance from the source and also affected by absorption and reflection. Becpuse
these portable sources can be expected to move, the DISTURBANCE levels-ean be expect¢d to
havg a wide statistical variation over time. The typical and reasonably\foreseeable maximum
DISTURBANCE levels are therefore considerably different. Additional considerationp in
detefmination of the proximity field IMMUNITY TEST LEVELS are discussed in the rationalg for
subdlause 0.

Table 2 — ENCLOSURE PORT

ELEQTROSTATIC DISCHARGE

An gir discharge IMMUNITY TEST LEVEL of 8 kVxwas considered to be an appropriate typical
level. As the handbook of electrostatic processes [1] shows, at 10 % relative humidity the
probpbility of an 8 kV discharge is about*10 %. For this reason, 8 kV will be considered a
typidal environmental level for this phenoimenon.

The |contact discharge IMMUNITY, TEST LEVEL was chosen to be 4 kV to harmonize |with
CISRR 24 [6] and IEC 61000-6-2([15].

Table 3 — Input AC power PORT

All phase angles have)been deleted in the voltage dips row except 0° for 70 % and 0° and
180° for 0,5 cycle. This is for consistency with the Basic EMC standard IEC 61000-4-11. Also,
in C|SPR 24 [6]:all phase angles other than the zero crossings are not used. Applying this
test Jat some-phase angles to ME EQUIPMENT with transformers might cause an overcufrent
protgction_device to open. This can occur due to magnetic flux saturation of the transformer
core| after ;the voltage dip. If this occurs, the magnetic flux saturation can be avoidefd by
applying ,the test at 90° and 270° instead of 0° and 180°. Other phase angles arg not
necessary-

Table 5 — PATIENT COUPLING PORT

PATIENT COUPLING PORT connectors and PATIENT COUPLING POINTS (e.g. SpO,, ECG,
temperature) have a high probability of being touched by the OPERATOR of ME EQUIPMENT and
ME SYSTEMS DURING INTENDED USE. For this reason, it is necessary to apply ESD to all of the
specified PORTS and areas of the ME EQUIPMENT and ME SYSTEMS, to ensure that the INTENDED
USE is maintained after the application of the discharges. This might include applying
discharges to the pins of the PATIENT PORT connector and directly to the PATIENT COUPLING
POINTS. The INTENDED USE should be verified as soon as practicable after the discharges;
however, some Part 2 standards (e.g. IEC 60601-2-25 [16]) allow up to 10 s for the ME
EQUIPMENT or ME SYSTEM to return to normal operation after ESD.
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Subclause 8.12 — IMMUNITY to proximity fields from RF wireless communications

equipment

The IMMUNITY TEST LEVELS for the proximity test of IEC 60601-1-2 where chosen based on the
maximum foreseeable field strength from a transmitter as close as 0,3 m to ME EQUIPMENT or
an ME SYSTEM. The probability of these levels is quite low because typical separation
distances are greater than 0,3 m and because of the adaptive power control of modern digital
radio services. Adaptive power control ensures that the output power of transmitting devices
of many modern radio services, e.g. GSM, LTE and TETRA reduce their power in relation to
the received signal from the base station. Additionally the use of high power services such as
GSM will be reduced in the future because of the rising number of modern radio services such
as LTE, which uses much less transmitting power than e.g. GSM. In summary, the IMMUNITY

TEST| LEVELS for proximity fields that are listed in Table 7 are based on typical separgtion
distgnces and typical output power levels of the transmitters listed.
The [assumptions on which the IMMUNITY TEST LEVELS specified in Table 7 werg"based are
shown in Table A.1. Note that the separation distance column is not the test distance but the
assumed distance between the mobile RF transmitter and the ME EQUIPMENT, or ME SYSTEM that
the {est simulates. This assumed separation distance and the assumed-typical power Jevel
werg used to calculate the Table 7 IMMUNITY TEST LEVEL for that wireless:service.
Table A.1 — Assumptions used in determining IMMUNITY TEST LEVELS
specified in Table 7 (1 of 2)
Test Band ¥ Service 2 Modulation ® | Typical Separa- | IMMUNITY Remarks
frequency MHz power tion TEST
MHz W distance LEVEL
m V/m
Assumed typigally
half power by
adaptive powyer
380 to s b Coggggfawor "
85 390 TETRA 400 modulation 0,9 1 6 because the
181z average usef is
more than 30]cm
away from T¢tra
devices
Fm @
Assumed typjcal
150 43380 GEARRSS‘é%O’ +5 kHz 2 1 9 separation]
deviation distance is 1| m.
1 kHz sine
(10 Assumed typjcal
Pulse LTE power pf
45 | "9 | TEBAM | modutation® | 0,02 03 3 20 mW by
i ’ 217 Hz adaptive poyer
80 control (-10 ¢B)
I\ GSM Assumed typjcal
800/9001 Pulse FiloYaYa) mwW
870 peweref206
800to [ TETRA 800, [ ' .  'b) 0.2 0.3 9 by adaptive
960 iDEN 820, 18 Hz power control
930 CDMA 850, (-10 dB)
LTE Band 5
1720 GSM 1800;
CDMA 1900; Assumed typical
1845 1700 GSM 1900; Pulse power of 200 mW
to DECT; modulation ®) 0,2 0,3 9 by adaptive
1990 LTE Band 1, 217 Hz power control
1970 3, (-10 dB)
4,25; UMTS
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Table A.1 (2 of 2)

Test Band® | service ? Modulation ® | Typical Separa- | IMMUNITY Remarks
frequency MHz power tion TEST
MHz w distance LEVEL
m V/m
RFID handbook
indicates a
Bluetooth, W maximum of 4 W
LAN, EIRP (2,4 W
2 450 ‘o 802.11 modzllj:iin b) 2 1 9 ERP) indoor and
b/g/n, RFID 0,5 W EIRP
2 570 g,Mm‘ 217 Hz outdoor
LTE Band 7 Separatio
distancenis™ m
typically.
5|240 5100 Pul
ulse : .
5500 to sos. 4N | modulation ® 0,1 0,3 6 Typical poneris
5 800 : 217 Hz
5/785

a) For some services, only the uplink frequencies are included.
The carrier should be modulated using a 50 % duty cycle square wave signal

¢ As an alternative to FM modulation, 50 % pulse modulation at 18 Hz may be used because while it doeq not
flepresent actual modulation, it would be worst case.

Subg¢lause 8.13 — ESD testing of connectors

ESD|can occur to unused connectors and to connector pins, especially when cables are heing
conrlected. Therefore, it is important to expose ¢onnectors to ESD and check the performance
of the ME EQUIPMENT or ME SYSTEM after the tests and after all cables that are associated|with
the INTENDED USE are reconnected.

ConJ\ector covers could be in the form of a cover plate or cap. These items shoulfl be
congidered part of the ENCLOSURE and tested for ESD accordingly.

Many connector PORTS are designhed to handle high-frequency information, either analogdie or
digital, and therefore cannot_be provided with sufficient overvoltage protection devices. Ip the
caseg of analogue signals, bandpass filters might be a solution. Overvoltage protecting dipdes
havg too much stray capacitance to be useful at high frequencies.

Table 9 — Testing of connectors and pins while connected and disconnected

Examples_of-Case 4 are cables needed for charging and cables needed for servige or
mairjtenance.
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Annex B
(informative)

Guide to labelling recommendations

ACCOMPANYING DOCUMENTS, instructions for use

Recommendations for information to be included in the instructions for use are found in the
subclauses of this document listed in Table B.1.

Table B.1 — ACCOMPANYING DOCUMENTS, instructions for use

Description Clausge or
subclpause

ME EQUIPMENT or ME EQUIPMENT parts for which the connector testing exemption specified in, 8313.2. 5.
d) is|used; marking of
Degrpdation of performance that is considered to be acceptable by the MANUFACTURER: statement of 5.2.2 a)
If dedradation is observed during IMMUNITY testing, any mitigations or actions that could betaken by the 5.2.2 b)
OPERATOR or PATIENT as a consequence: statement of
The rhaximum recovery time following a TRANSIENT phenomenon: statement of 5.2.2 c)
The gnvironments of INTENDED USE: statement of 5.2.2d)
Conrjector testing exemption; reproduction of the ESD warning symbol 5.2.3 a)
Conrjector testing exemption; warning that pins of connectors identified with the ESD warning symbol | 5.2.3 b)
shou]d not be touched and that connections should not be made'to these connectors unless ESD
precautionary procedures are used
Conrjector testing exemption; ESD precautionary procedures 5.2.3 ¢)
Conrjector testing exemption; recommendation for, ESD explanation for PATIENTS and OPERATORS 5.2.3d)

B.2| ACCOMPANYING DOCUMENTS, technical description
Additional recommendations for information to be included in the technical description are
founf in the subclauses:of this document listed in Table B.2.
Table B.2 — ACCOMPANYING DOCUMENTS, technical description
Description Clauge or
subclause

The MEE€QUIPMENT or ME SYSTEM was tested according to the recommendations of this document: 5.2.4 a)
statement of
ELECTROMAGNETIC phenomena and IMMUNITY TEST LEVELS: list of 5.2.4 b)
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Annex C
(informative)

Determination of IMMUNITY TEST LEVELS for SPECIAL ENVIRONMENTS

C.1  General

This annex specifies a procedure for determining IMMUNITY TEST LEVELS for ME EQUIPMENT and
ME SYSTEMS for which the environments of INTENDED USE include one or more SPECIAL
ENVIRE Q rE—pa-aoa —¥= +re—lererrHaae = = o

ONMMEINTS: v, wisie ~Z aid

NOTH 1 Examples of when this might be appropriate include ME EQUIPMENT and ME SYSTEMS in the)vicirnjity of
SHORT-WAVE THERAPY EQUIPMENT (diathermy) and PERMANENTLY INSTALLED computed tomography systems within an
X-ray|shielded room with air conditioning (controlled temperature and humidity).

NOTH 2 The following documents were used in the preparation of this annex: IECS 61000-1-2 [7] and
IEC TR 61000-2-5 [9]. Please refer to them for additional information.

The existing IMMUNITY TEST LEVELS of Clause 8 are based on typical,EM DISTURBANCES related
to 4§ set of electromagnetic phenomena that are characteristic of the specified EM
ENVIRONMENTS, i.e. professional healthcare facility environment and HOME HEALTHCARE
ENVIRONMENT.

The [situations that could justify new IMMUNITY TEST LEVELS or an increase or decrease i the
exisfing IMMUNITY TEST LEVELS are as follows:

a) mitigations that might reduce exposure toEM DISTURBANCE levels resulting from the
phenomena listed in Clause 8.

b) gpecial conditions, due to INTENDED USE Or SPECIAL ENVIRONMENTS, where one or mofe of
the EM phenomena listed in Clause 8tare expected to have lower EM DISTURBANCE levéls;

gpecial conditions, due to INTENDED USE or SPECIAL ENVIRONMENTS, where one or mofre of
the EM phenomena listed in Clause 8 are expected to have higher EM DISTURBANCE lgvels
(e-g. shorter minimum separation distances for RF wireless equipment);

c)

d) the presence of an EM DISTURBANCE from an EM phenomenon that is not listed in Clauge 8.

The [difference between a mitigation and special condition might not always be obvious. In
gengral, mitigation ‘involves an active or passive defence of the ME EQUIPMENT or ME SYBTEM
agaipst the EM ENVIRONMENT. An example would be the use of an uninterruptible power sypply
to limit the ~eXposure to voltage dips and interruptions. Note that in this case, th¢ EM
ENVIRONMENT-has not changed or been altered.

An gxample of a special condition would be a SPECIAL LOCATION where the relative hunpidity
levels are always above 80 %. In this situation, it could be expected that the ESD
DISTURBANCE levels would be lower than those specified in the tables in Clause 8. This is an
example of a situation where the environment of INTENDED USE would have lower EM
DISTURBANCE levels for ESD than the tables in Clause 8, but an active defence of the ME
EQUIPMENT or ME SYSTEM would not be necessary.

On the other hand, if an environmental chamber is used to control the relative humidity and
the ME EQUIPMENT or ME SYSTEM is specified and labelled to always and only be used within
this chamber, then this is an example of ESD mitigation.

In the end, it does not matter whether it's called a mitigation or a special condition, as long as
the new or adjusted IMMUNITY TEST LEVELS are appropriate for the EM DISTURBANCE levels to
which the ME EQUIPMENT or ME SYSTEM will be exposed.
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C.2 EM DISTURBANCE level determination

The MANUFACTURER of an ME EQUIPMENT or ME SYSTEM should first determine the typical
exposure level from EM DISTURBANCE(S). See C.6 for examples of conditions that might affect
exposure levels. The new EM DISTURBANCE level will be the typical exposure level from the EM
source at the location of INTENDED USE of the ME EQUIPMENT or ME SYSTEM. See C.3. This new
exposure level can then be used to determine the IMMUNITY TEST LEVEL for the ME EQUIPMENT
or ME SYSTEM. Each phenomenon that is mitigated will need its own assessment

Examples of sources in the location of INTENDED USE that should be considered include RF
transmitters such as AM radio, FM radio, TV RFID and mobile devices, The fypir‘nl expgsure
level determination should take into consideration the DISTURBANCE sources that are eXpgcted
to bg in the location of INTENDED USE.

C.3| Assessment of EM DISTURBANCE sources

MetHods of making an assessment include, but are not limited to, the following:
— gvaluation of each DISTURBANCE source and determination ofs/the” EM level that will be
gresent at the ME EQUIPMENT or ME SYSTEM locations of INTENDED 'USE;

— Use of measured data, including field survey results;

— Use of applicable standards representing the generally accepted state-of-the-art;
— Use of scientific research results, including clinical data;

— Uyse of IMMUNITY levels of ME EQUIPMENT and ME SYSTEMS in use, being considered statge-of-
the-art.

The pbove assessments are listed in preferred, assessment order, i.e. “DISTURBANCE soufces
shodld be evaluated first and “use of IMMUNITY levels of ME EQUIPMENT and ME SYSTEMS in|use
shodld be evaluated last.

The [IET Guide to EMC for Functional Safety [2] has useful information applicable to [field
survey measurements.

EM [DISTURBANCE levels can be obtained from direct measurement or by obtalning
MANUWFACTURER’S data or _other published technical information. Other references exist| that
desdribe methods for’ assessing the EM ENVIRONMENT. One such referencg is
IEC IS 61000-1-2:2016 [7], 6.1 to 6.3. In  addition, IEC 61000-4-1[8] |[and
IEC TR 61000-2-5.[9] list EM phenomena that should be considered and which can be lsed
as a|basis for understanding compatibility levels.

C.4| Test methods

Whenever possible, the testing specifications of the Basic EMC standards (IEC 61000-4-x)
should be used. For EM phenomena that are not listed in 8.11 or a Basic EMC standard for
testing the EM phenomenon does not exist, a special test method might be necessary. If so,
this should be documented in the test plan and the test report.

C.5 Test plan

It is important to capture the assessment performed by the MANUFACTURER of an
ME EQUIPMENT or ME SYSTEM and how the IMMUNITY of the ME EQUIPMENT or ME SYSTEM will be
verified. See 6.1.
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C.6

Example mitigations and special

phenomenon.

— 43 —

Examples of mitigations and special conditions

conditions are shown

in Table C.1,

listed by EM

Mitigations and special conditions and resulting IMMUNITY TEST LEVELS are unique to each ME
EQUIPMENT and ME SYSTEM and each EM ENVIRONMENT. These are examples only and should
not be misinterpreted as recommendations or requirements.

TableC4—E les-of-adiusted re-to-mitiaati

or special conditions

Phenomenon / Example mitigation or Example adjusted Reéimarks
Basic EMC standard special condition IMMUNITY TEST LEVEL
ESD Actual relative humidity + 8 kV for contact See
< 10 % and synthetic floor discharge [EC 61000-4-2:20018
IEC 61000-4-2 soverings J Table A.1
+2kV, £4kV, £8kV,
+ 15 kV for air discharge IEC 61340 (all partp)
Radiated RF Specified for use only in an 0,3 V/Im
EM field RF shielded location
SPECIAL ENVIRONMENT,
IEC 61000-4-3 including filtering of all
cables passing through the
shielding, with @ minimum
shielding effectiveness and
filter attenuation of 20 dB
Rddiated RF EM fields RF shielded environment 1V/m VG 95376-4
including filtering of all MIL-STD- 285
IEC 61000-4-3 cables passing through the EN 61587-3
shielding (e.g. room,
housing, bunker), with\a Example: bunker
minimum shielding for electron accelergtor
effectiveness anditter
attenuation of.20 dB
Elecfrical fast TRANSIENTS / | Signal line(separation by a 500 V IEC 61000-4-4:201p,
bursts minimum_of 30 cm required Annex B
by installation guide and
IEC 61000-4-4 verified by acceptance
testing.
Surges Internal / external lightning 500 V IEC 61000-4-5:2014,
protection with periodic Annex B
IEC 61000-4-5 maintenance throughout
the EXPECTED SERVICE LIFE
as shown in the circuit
diagram / critical
components list
Condleted disturbances |RF shielded environment 1V
induced by RF fields including filtering of all
cables passing through the
IEC 61000-4-6 shielding, with @ minimum
shielding effectiveness and
filter attenuation of 20 dB
Voltage dips Uninterruptible power No testing Test applicable only to
supply (UPS) sufficiently UPS
IEC 61000-4-11 fast and powerful to
provide the energy needed
Voltage interruptions Uninterruptible power No testing Test applicable only to
supply (UPS) sufficiently UPS
IEC 61000-4-11 fast and powerful to
provide the energy needed
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Annex D
(informative)

Identification of specific IMMUNITY performance criteria

D.1 General

This annex provides guidance and examples to aid in the determination of specific, detailed
IMMUNITY performance criteria.

D.2| IMMUNITY performance criteria principles

D.2. General

It is hecessary to identify the specific hardware, firmware, and software functions that ne¢d to
be Verified during IMMUNITY tests. These functions should be derivedOfrom one or [nore
sourges, including the INTENDED USE. The response of these functions,should be monitpred,
with [sufficient accuracy and resolution during and after IMMUNITY testing.

The [ IMMUNITY performance criteria should be specified using quantitative values When
possible. An example starting point to quantify the performance criteria might be| the
MANYFACTURER’S accuracy specification in the ACCOMPANY(NG DOCUMENTS.

The [selection of performance criteria should includé consultations with clinicians whose
expgrience and area of expertise include the use @f the particular ME EQUIPMENT or ME SYSTEM.

D.2.2 IMMUNITY performance criteria for-non-ME EQUIPMENT used in an ME SYSTEM

An ME SYSTEM that includes non-MESEQUIPMENT should have a determination whether
additional IMMUNITY tests and performance criteria are necessary.

D.2.3 IMMUNITY performance'eriteria determination

The functions to be tested and the specific, detailed IMMUNITY performance criteria should be
derijed from one or more sources. This includes identification of:
— the functions to/be-tested for IMMUNITY (to verify performance);
— the INTENDED.USE;

— NIANUFACTWURER’S specifications;

— qperating modes;

— dharacteristics of simulated PATIENT physiological signals;

— IMMUNITY performance criteria specified in the IEC 60601-2 (all parts) should be
considered.

IMMUNITY performance criteria can specify degradations that are acceptable because they do
not result in unacceptable performance.

D.3 IMMUNITY performance criteria examples

D.3.1 General examples

The following are examples that can be used to develop performance criteria. For
ME EQUIPMENT and ME SYSTEMS with multiple functions, the performance criteria should be
applied to each function, parameter and channel.
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Examples of performance that could be considered failure of the test:

malfunction;

non-operation when operation is required;

unwanted operation when no operation is required;

deviation from normal operation or specifications (e.g. by a specified amount);

component failures;

change in programmable parameters;

reset to factory defaults (MANUFACTURER’S presets):

d
9

hange of operating mode;
rror of a displayed numerical value sufficiently large to affect diagnosis or treatment;

honitoring;

rtefact or distortion in an image in which the artefact would interfere with diagn
reatment or monitoring.

nples of performance, during and after the applied IMMUNITY teSt-signals, required to

oise on a waveform in which the noise would interfere with diagnosis,, treatment or

pSsis,

ass

pst:

br a mammography system, the compression full rel€éase and associated comr
emains fully operational;

N ULTRASONIC DIAGNOSTIC EQUIPMENT, image quality;
Linctions perform as intended;

oise on an ECG waveform greater than a specified value.

hples of acceptable degradation:

n imaging system displays an image that could be altered, but in a way that woulg
ffect the diagnosis or treatment;

heart rate monitor displays, avheart rate that could be in error, but by an amount th
ot clinically significant;

PATIENT monitor exhibits' a small amount of noise or a TRANSIENT on a waveform an
oise or TRANSIENT would not affect diagnosis, treatment or monitoring.

nples of ME EQUIPMENT and ME SYSTEMS with multiple functions:

hulti-parameter monitors;
naesthesia system with monitors;

entilators with monitors;

hultiple instances of the same function (e.g. multiple invasive blood pressure sensors).

hand

not

at is

| the

Cessation or interruption of an intended operation

Failure of therapy equipment to terminate a treatment at the intended time can be considered
cessation or interruption of an intended operation. If the effect of the test signal on an
ME EQUIPMENT or ME SYSTEM is so brief as to be transparent to the PATIENT or OPERATOR and
does not affect diagnosis, monitoring or treatment of the PATIENT, this can be considered not
to be cessation or interruption of an intended operation. For example, if in response to the
IMMUNITY TEST LEVEL an ECG monitor stops monitoring for 50 ms and then resumes operation
such that performance is within acceptable limits, this would not be considered cessation or
interruption of an intended operation.
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When testing multiple times might be needed

It might be necessary to test the ME EQUIPMENT or ME SYSTEM multiple times, e.g. under one
set of conditions to assure that it does something when it should and under another set of
conditions to assure that it does not do something when it should not.

D.3.2 Example of immunity performance criteria for a radiological table system

During, and after the IMMUNITY tests, the radiological table system provides its specified
performance (see Table D.1).

Table D.1 — Example of IMMUNITY performance criteria
for a radiological table and gantry system

No. Function IMMUNITY performance criteria a)
1 System initialization at power ON The start/initialization sequence\takes less tharj
1 min before returning to the main menu.
2 Remote management of table and gantry The remote user interface-that would be locateq in
movements. the control room can~manage the table and ganftry

movements specifiediin the test plan.

3 Automatic repositioning of table and gantry The auto positioner function returns the gantry pr
the table to thé programmed position from a
specified starting position in less than 30 s.

4 Manual positioning of table and gantry The table-and gantry move to a specified positipn
frommawspecified starting position in less than 30 s,
when’commanded to do so from a remote user
interface that would be located in the control ropm.

5 DISPLAY OF information. Data, information and images are displayed as
specified by the MANUFACTURER.

A\dditional specific IMMUNITY criteria might apply, based on the specifications of the system.

D.3.3 Example of immunity performance criteria for ultrasonic diagnostic equipment

During, and after the IMMUNITY tests, the ULTRASONIC DIAGNOSTIC EQUIPMENT provideg its
spedified performance (see Table D.2).

This| example of MMUNITY performance criteria is based on the specifications of| the
ME ERQUIPMENT Or ME-SYSTEM.



https://iecnorm.com/api/?name=c2154f8d981221bcd0a06dd960512dc1

IEC TR 60601-4-2:2016 © IEC 2016 - 47 -

Table D.2 — Example of IMMUNITY performance criteria for
ULTRASONIC DIAGNOSTIC EQUIPMENT

. o . b
Function a) IMMUNITY performance criteria )

Ultrasound image acquisition The EQUIPMENT displays and records an image

and

the features of the displayed or recorded images
are recognizable as (e.g. simulated) physiologic.

Doppler waveform acquisition The EQUIPMENT displays and records a Doppler
waveform and the features of the displayed or

simulated) physiologic

recorded waveforms are fully recognizable as (e.g.

Image storage Recorded images are stored in an acceptable
amount of time and have an acceptable amount
error.

of

Image transfer Images are transferred through a network PORT
received remotely with an acceptable amount o
error and in acceptable amount'of time.

and

The SYSTEM SPECIFICATIONS can be used to address specific operating modes.

A\dditional specific IMMUNITY criteria might apply, based on the specifications ofjthe system.
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