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Review of IEC 60601-1-2: 2014 (4th Edition)

IEC 60601-1-2:2014 Edition 4 was published February 2014 and replaces IEC 60601-1-2 Edition 3 published in 2007. It per-
tains to EMC for medical electrical equipment and medical electrical systems. The European version (EN60601-1-2:2015)
is identical to its IEC counterpart with exception of references to the EN versions of the 61000-4-x series and the addition of
an Essential Requirements annex.

The motivation behind the 4th edition was to create a safety standard that pertains to electromagnetic disturbances in order
to align with the general requirements of IEC 60601-1 Edition 3. The previous version of IEC 60601-1-2 did not adequately
address the safety aspects as related to electromagnetic interference. In addition, the differences between edition 3 and 4
with respect to immunity are substantial.

Global Implementation

IEC 60601-1-2 Ed 4:2014 was published in February 2014. The FDA now recognizes the 4th edition and the mandatory
compliance date for new submittals was December 31, 2018. That date was selected to harmonize with the requirements
of the EU (EN 60601-1-2:2015).

The FDA does not require compliance with the 4th edition for legacy devices unless substantial changes are made to the
product.

In the European Union, the Date of Withdrawal (DoW) of EN 60601-1-2:2007 is published as December 31, 2018. There-
fore, all devices manufactured and imported into the EU after that date are required to comply with the 4th edition. There is
no allowance for legacy devices as allowed by the FDA.

For other regions, the requirements vary significant by country. China does not currently accept the 4th edition. See Table
6 for additional details.
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Summary of Changes Between the 3rd and 4th Edition

The following significant changes were made for 4th edition:

The classification of life support vs non-life support used in the third edition has been eliminated. It has been replaced
with three intended use immunity categories: Professional healthcare, home healthcare and special environment.

Modified emissions and immunity limits and levels as shown in Tables 1 through 4.
The immunity pass/fail criteria is limited to maintaining the essential performance and basic safety.

The potential equalization conductor terminal is required connected to the local ground during testing. The third edition
make no mention of the potential equalization conductor terminal.

The use of the artificial hand is clarified.

The test methodology for performing ESD testing on connectors is modified.

The standby mode for both emissions and immunity testing should be considered.

A new procedure has been added to establish if a device is damaged during immunity testing.

Non-medical equipment used as part of the medical electrical system shall meet its relevant EMC requirements. The
system shall maintain essential performance and basic safety.

The AC input voltage and frequency requirements are streamlined. With the exception of the Voltage Dips and Interrup-
tions tests, testing with just one voltage & frequency within the device rated rage is acceptable.

Testing of SIP/SOPS (signal input/output ports) not used during patient use is clarified.
The allowance for radio susceptibility during radiated immunity testing has been eliminated.

Labeling requirements have been modified & partially streamlined. The EMC declaration of conformity tables listed in
the third edition have been eliminated.

An EMC test plan is required and includes recommended content.

The minimum dwell time used for immunity testing is reduced.

An EMC test report is required and minimum content is defined.

Risk management — numerous EMC considerations are required.

All standards referenced are dated references (3rd edition uses undated references).

The warning statement required in the instructions for use for Class A devices differs from that found in CISPR 11.
Devices used in aircraft should consider meeting the immunity requirements listed in RTCA DO-160.

The use of the ESD warning symbol near sensitive connectors has been eliminated.

Specialistin Wireless and EMC Compliance Testing 3
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Emissions Requirements

In most cases, the emission limits in the 4th edition are the same as those in the third edition. Various clarifications were
made in the 4th edition as shown in Table 1 below.

IEC 60601-1-2:2007 IEC 60601-1-2: 2014

SR (3rd Edition) (4th Edition) SEELE
Conducted Emissions | CISPR 11 CISPR 11 -
Radiated Emissions CISPR 11 CISPR 11 -
Harmonic Distortion IEC 61000-3-2 IEC 61000-3-2 Class A limits apply
Voltage Fluctuations/ | = 51000.3-3 IEC 61000-3-3 _
Flicker
Devices with Simple May require compliance N/A B
Components to CISPR 14
Lighting Equipment CISPR 15 N/A -

20 dB relaxation
X-Ray Equipment N/A CISPR 11 applies for quasi-peak
emissions
. Must comply with Must comply with
I'TE Equipment CISPR 22 CISPR 35 -
Devices with Radio Intentional emissions Intentional emissions B
Subsystems exempt exempt
Patient Cables - C°mm°f‘ mOde Informative
Conducted Emissions N/A current limited to requirement
dBuA (1-30 MHz)
Devices with Motors
or Switching Circuits N/A CISPR 14-1 B

Table 1 - Emission Requirements Comparison

4 www.complianceworldwide.com



COMPLIANCE
WORLDWIDE

%

(S

Immunity Requirements

Significant changes for the immunity levels were made in the 4th edition as shown in Tables 2 through 4. The levels were
based on “reasonably foreseeable maximum”.

Immunity Acceptance Criteria

The pass/fail immunity requirements detailed in the 4th edition is based on the medical device maintaining basic safety and
Essential Performance. The definitions of those concepts are detailed below.

Basic safety — As defined per IEC 60601-1:2012, Edition 3.1:

BASIC SAFETY
Freedom from unacceptable risk directly caused by physical hazards when ME equipment is used under normal condition
and single fault condition.

ESSENTIAL PERFORMANCE
Performance necessary to achieve freedom from unacceptable risk performance of a clinical function, other than that relat-
ed to basic safety, where loss or degradation beyond the limits specified by the manufacture results in an unacceptable risk.

NOTE — Essential performance is most easily understood by considering whether its absence or degradation would result
in an unacceptable risk.

IEC 60601-1-2:2014 (4th Edition)
IEC 60601-1-2:2007

Phenomenon (3rd Edition) Prof. Healthcare =~ Home Healthcare
Environment Environment

ESD 8 kV Air Discharge (max.) | 15 kV Air Discharge (max.)
(test per IEC 61000-4-2) | 6 kV Contact Discharge 8 kV Contact Discharge

2 kV - AC Mains 2 kV AC Mains
1 kV - 1/O Ports 1 kV I/O Ports
5 kHz or 100 kHz PRR 100 kHz PRR

EFT/Burst
(test per IEC 61000-4-4)

: 2 kV (max.)
Surges - AC Mains 2 kV (max.)
(test per IEC 61000-4-5) g’ng%sﬂo degree phase 0,90,180 & 270 degree phase angles

Surges — 12 VCD
Power N/A 600 V
(test per ISO 7637-2)

* U.=0%, 0.5 cycle

L] o i
Voltage Dips & U; < 5%, 0.5 periods (0, 45, 90,135,225, 270 and 315°)
« U.=40%, 5 periods — no/ .
Interrupts (test per IEC . UT = 70%, 25 periods * U,.=0%;1cycle
-4- ’ . = o/ .
61000-4-11) . UT - 5%, 5 seconds U. =70%; 25/30 cycles (@ 0 degrees)

—
L]

U, = 0%, 250/300 cycle

Table 2 - Immunity Level Comparison — Transient Phenomenon (Bold = Changes from Edition 3)
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IEC 60601-1-2:2014 (4th Edition)
IEC 60601-1-2:2007

Phenomenon (3rd Edition) Prof. Healthcare Home Healthcare
Environment Environment

3V (0.15-80 MHz)
10 V ISM Bands -
Life Support Equipment

Conducted Immunity
(test per IEC 61000-4-6)

3V (0.15-80MHz) | 3V (0.15-80 MHz)
6 V (ISM bands) 6 V (ISM & Amateur)

Magnetic Immunity 3 A/m 30 A/m
(test per IEC 61000-4-8) | 50 & 60 Hz 50 or 60 Hz

Table 3 — Immunity Level Comparison — Steady State Phenomenon (Bold = Changes from Edition 3)

IEC 60601-1-2:2014 (4th Edition)

IEC 60601-1-2:2007

Phenomenon (3rd Edition) Prof. Healthcare Home Healthcare
Environment Environment

3 V/m - Non Life Support | 3 V/im 10 Vim

Radiated Immunity 10 V/m - Life Support

(test per IEC 61000-4-3) 80 MHz - 2.5 GHz 80 MHz - 2.7 GHz | 80 MHz — 2.7 GHz
80% @ 2 Hz (or 1 kHz") | 80% @ 1 kHz 80% @ 1 kHz
AM Modulation AM Modulation AM Modulation

Proximity Field from 9 V/m to 28 Vim

Wireless Transmitters N/A 15 specific frequencies per

(test per IEC 61000-4-3) IEC 60601-1-2:2014, Table 9

Table 4 — Immunity Level Comparison — Steady State Electric Field Phenomenon (Bold = Changes from Edition 3)

It is critically important for the manufacturer to understand and apply these above concepts for the medical device to be
tested. In many cases, a device may be susceptible to electromagnetic disturbances, but if basic safety and essential per-
formance are maintained, then the device may be judged as being compliant with the 4th edition.

ESD Testing on Connectors

The third edition requires contact discharges be performed on individual connector pins that are accessible per the IEC
guidelines of IEC 60601-1. There is no established test procedure to perform this test. The 4th edition refined this procedure
per Table 5 below:

Connector Shell Discharge Requirements Port Usage

Conductive Contact Discharge to Shell Only Intended and Normal Usel®

Air Discharge to Shell and Air
Insulated Discharge to Pins Intended Use
(if reachable by the IEC Test Finger)

Table 5 — ESD Connector Testing Requirements
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Risk Management

The concept of risk management for EMC is new. The 4th edition requires the following issues be addressed with respect
to risk management. These items should be addressed and documented in the EMC test report and in the risk manage-
ment file:

*  The minimum separation distance with portable communication devices should be considered.

* Annex F, risk management for basic safety and essential performance should be considered.

*  Operating modes used for testing should be based on risk analysis.

» Testing of non-medical equipment (i.e. disturbances shall be taken into account in the risk management process).
» Effects observed of the EUT response during immunity testing should be addressed.

* The Risk Management process shall be used to determine whether subsystem testing is allowed.

* Reduced test levels, if used, must be justified.

* Mitigations used to justify lower immunity test levels must be documented.

» Alternative modulation frequencies can be used.

+  Current communications services shall be taken into account.

*  Must test to higher magnetic immunity levels if a device is closer than 15 cm to a power frequency magnetic source.

Declaring compliance with the 4th edition requires five conditions:

» Atest plan be created prior to testing

*  Compliance with relevant testing requirements

* Adetailed test report with required minimum content specified

* The risk management requirements listed are addressed

» The device labeling is complaint per the requirements of clause 6.

It is the responsibly of the manufacturer to ensure all of the above items are adequately addressed.
Since publication, several errors and ambiguities have surfaced:
* There is a discrepancy in the footnotes in Tables 1 and 5. Footnote c in Table 1 should be used.
» Table 9is sometimes misread to require testing be performed at a 0.3 m test distance. The test distance as specified

in IEC 61000-4-3 applies.
+ The FDA does not accept the allowance listed in Table 8 Note b pertaining to cable length.

Dates for Compliance

The compliance dates for the 4th edition as well as many other standards can be a complex problem to solve. The dates
are dependent of the type of device, the region it is sold into, and also may be driven by other higher level standards and
regulations. Table 6 summarizes the mandatory compliance dates based on the region.

United States European Union Other Regions

Legacy Devices: Never!!
New Submissions:
January 1, 2019

Varies by:
* Country Regulations?
« |EC 80601-2-X Standards"®

All devices: January 1, 2019
(compliance to EN 60601-1-2;2015)

Table 6 — Compliance Dates for IEC 60601-1-2:2014 (4th edition) by Region
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Summary

This article has provided a comparison of IEC 60601-1-2 3rd and 4th editions. As shown in the above tables, the test levels
in many cases are different and are often (but not always) more stringent. The 4th edition requires the basic safety and es-
sential performance of the medical device be maintained in the presence of the various electromagnetic environments listed
in the standard. Susceptibilities not related to basic safety and essential performance would usually not be considered a
test failure. In addition, the 4th edition requires that the number of aspects be considered with respect to risk management.

The two standards are significantly different with respect to test levels and the immunity pass/fail acceptance criteria, the
modes of operation, and more. Given this, it would be incorrect to state compliance with the 4th edition would equate to
compliance with the third edition.

References

1. 1 kHz modulation is used for medical devices that do not control, monitor or measure a physiological parameter.

2. Although single fault condition is officially mentioned in this definition, many users of IEC 60601-1-2 would consider
compliance during a single fault condition impractical to impossible to achieve and is therefore often ignored.

3. Refer to IEC 60601-1 for the definition of intended and normal use.

4. Per FDA substantial equivalence (predicate) scheme.

5. Some countries do not presently accept the 4th Edition.

6. The particular standards (IEC 60601/80601-2-X)are in the process of converting to dated references to IEC 60601-1-2:2014.
Until the conversion is completed, some of the part standards will reference IEC 60601-1-2:2014, some will reference IEC
60601-1-2:2007 and others will utilize an undated reference to IEC 60601-1-2.
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