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WHITEPAPER:

ESD TESTING METHOD, FOR CLASS I
MEDICAL DEVICES

EXECUTIVE SUMMARY

A key change instituted in the 4" edition of the medical EMC standard 60601-1-2, 4"
ed, is to test practically all medical devices up to ESD level 4, 15KV air discharge, and
8KV direct discharge. Whereas in the 3™ ed only life support and critical medical
devices required this relatively high ESD test voltage. At the 15KV level, it is imperative
to use the proper ESD test protocol to obtain accurate test results, and not induce
power supply damage by capacitance charge ratcheting.

ESD CHARGE RATCHETING ISSUE

The typical problem associated with failure to properly remove the charge and
voltage from the product under test during ESD testing is voltage ratcheting upwards,
with each subsequent ESD pulse event. The voltage steps which occur, are
computable, and using special test equipment and procedures, this voltage stepping
action has been confirmed. In the diagram below, a typical power supply isolation
barrier capacitance of 1085pF is examined, thru simple mathematical means, to
show the charge voltage stepping action for 16 sequentially applied +15KV ESD
pulses.
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Voltage across 1085pF after the ESD charge transfer event
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If a 230VAC input rated Class Il power supply is to meet the touch current 100uA
requirement at the output leads, then the capacitance across the isolation barrier
must be somewhere around 1000pF. For this specific analyzed power supply in this
example, a network of several capacitance values achieves a total Class Il isolation
barrier capacitance of nominal 1085pF.

Several circuit components cross the isolation barrier in the power supply. Typically,
these will be:

A. Transformer
B. Optocoupler

C. EMI filter capacitors are often referred to as “bridging capacitors”

When two Y1 bridging capacitors are used in series across the isolation barrier, which
is typical in a medical power supply, the resulting pair of caps may withstand 14KV

www.AstrodyneTDIl.com | +1.908.850.5088


http://www.astrodynetdi.com/

ESD Testing Method, for Class Il Medical Devices AStrOdynem]

h Now you have power.
Released Date: May 19", 2022

peak blocking voltage. However, the optocoupler and the transformer will typically
not withstand that level, usually, 10KV is the maximum blocking voltage these
components can withstand before the isolation will breach/fail. In the case of the
optocoupler, this will typically destroy the optocoupler if the breach is internal to the
device, in the case of the transformer, the breach will typically not damage the
transformer, but semiconductor components on either side of the transformer
breach location may fail due to excessive voltage stress.

Therefore, it is not good to allow subsequent ESD pulse events to ratchet up the
voltage across the isolation barrier to the point of component failure. The 61000-4-2
standard warns against this in section 7.2.4.1 “Ungrounded Equipment”. It states on
pages 18 and 19 of the 2008 version:

Rationale: Ungrounded equipment, or ungrounded part(s) of equipment, cannot discharge
itself similarly to class | mains-supplied equipment. If the charge is not removed before the
next ESD pulse is applied, it is possible that the EUT or part(s) of the EUT be stressed up to

twice the intended test voltage. Therefore, this type of equipment or equipment parts could be
charged at an unrealistically high charge, by accumulating several ESD discharges on the
capacitance of the class Il insulation, and then discharge at the breakdown voltage of the
insulation with a much higher energy.

The general test setup shall be identical to the ones described in 7.2.2 and 7.2_3 respectively.

To simulate a single ESD event (either by air or by contact discharge), the charge on the EUT
shall be removed prior to each applied ESD pulse.

The charge on the metallic point or part to which the ESD pulse is to be applied, for example,
connector shells, battery charge pins, metallic antennas, shall be removed prior to each
applied ESD test pulse.

The above statement clarifies the problem, yet does not clarify the method to
remove the unrealistically high accumulated charge voltage resulting from multiple
sequential ESD pulse events. And the lack of clarity on the method to remove the
accumulated charge is the fundamental reason typical power supplies will fail the
15KV air discharge ESD test.

Perhaps some confusion in the wording of the standard maybe is created from the
following statement which directly follows the above section:
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When one or several metallic accessible parts are subjected to the ESD test, the charge shall
be removed from the point where the ESD pulse is to be applied, as no guaraniee can be
given about the resistance between this and other accessible points on the product.

A cable with 470 kQ bleeder resistors, similar to the one used with the HCP and VCP is the
preferred device to remove charges; see 7 .2.

In the above section, it's clear the ESD applied point is metallic, which makes sense
since ESD does not discharge directly to plastic. However, the standard method to
apply the air discharge ESD pulse to the EUT will look for voids or cracks in a plastic
housing which can arc from the ball tip of the ESD gun. After the discharge is applied,
simply swiping the plastic with the carbon fiber brush wi// not remove the charge. To
remove the charge the metallic point of ESD injection must be directly contacted for
correct charge removal.

NEUTRALIZING ELECTROSTATIC CHARGE

Removal of the charge at the exact point of the ESD charge application may need to
be done with a thin metal contact that can reach between the plastic housing,
connected to the above-mentioned two 470K ohm resistors. Metallic contact only
needs to be maintained for a few milliseconds to dump the typical accumulated
charge.

Another point of charge removal is the output of the power supply. Since the charge
is being stored across the “capacitance of the Class Il Insulation”, which is located
within the power supply. The power supply output, typically the negative output
terminal, is an ideal place to remove the charge. This point in most medical devices
powered by an external power supply (AKA power adapter, can be reached by
disconnecting the DC output connector from the medical device. Another more
convenient way is to solder a short wire to the negative output terminal of the power
supply and apply the accumulated charge removal at this now accessible circuit point.
Besides the removal of accumulated charge using a direct path thru a pair of 470K
ohms resistor, the ESD standard mentioned the “self-discharge” method, the text
shown below:

www.AstrodyneTDIl.com | +1.908.850.5088 Astrodyne TDI


http://www.astrodynetdi.com/

ESD Testing Method, for Class Il Medical Devices AStrOdynem]

h Now you have power.
Released Date: May 19", 2022

Therefore as an alternative, the following options may be used:

— the time interval between successive discharges shall be extended to the time
necessary to allow natural decay of the charge from the EUT;

— sweeping of the EUT with a grounded carbon fibre brush with bleeder resistors (for
example, 2 x 470 kQ) in the grounding cable.

NOTE In case of dispute concerning the charge decay, the charge on the EUT can be monitored by a nmon-
contacting electric field meter. When the charge has decayed below 10 % of the initial value, the EUT is considered
to be discharged.

Unfortunately, this method may not be practical from a time perspective. Our
evaluation showed only a 2% voltage reduction at 2 minutes from an accumulated
charge voltage on 1000 to 2000pF capacitance. This works out to several Petra-ohms
of resistance, and the time required to self-discharge the capacitance across the Class
Il isolation barrier is extremely long. There may be types of Class Il isolation barriers
that have a 1000x lower resistance, but at the present, these have been identified.

Should the concept of removing the charge from the EUT ESD injection point between
plastic seams in the medical device, at the Class Il isolation barrier, cause a bit of a
queasy feeling due to confusion in the standard, there is another method which |
recently developed, which can alleviate the need for different ESD injection points
and charge removal points on the EUT, which | refer to as the alternating polarity ESD
injection method.

This new method is simply applying +15KV, then changing to -15KV, repeating this
sequence 10 times. This is in contrast to the normal method of applying ten +15KV
ESD pulses sequentially, then changing to -15KV pulses, applied ten times. Below are
the expected voltage levels across the Class Il isolation barrier:
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Voltage across 1085pF after the ESD charge transfer event
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From the above, it is noted that the first step produces essentially a +2000V residual
voltage on the isolation barrier after the first positive ESD pulse. The second negative
ESD pulse brings the accumulated voltage to slightly below zero volts. Continuation
of the pattern results in the eventual positive and negative plateaus approximating
+/-1000V.

The above shows 16 ESD pulses, but to meet the necessary minimum requirement
in the ESD standard, a total of 20 pulses (2x10) would be required. Additionally, it
would be strongly recommended to discharge any accumulated residual charge
voltage from the power supply between voltage level shifts, just to keep from
introducing drifting of the charge voltage on the Class Il isolation barrier when going
they the multiple level shifts. The most important point when to dump any residual
charge voltage at the Class Il isolation barrier would be between the +/-8KV air and
+/-15KV air levels transition.
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PRESCANNING AT 20 PULSES PER SECOND\BE CAUTIOUS

Identification of ESD sensitive points on keyboards and housings will often involve
setting the ESD gun at a rapid repetition rate, this concept is described on the top of
page 26 in the 2008 version of the standard:

MOTE 2 The points to which the discharges should be applied may be selected by means of an exploration
carried out at a repetition rate of 20 discharges per second, or more.

The concern with overstressing the product is of course a major factor. Without a
return path for the ESD charge to be dissipated within a short period (milliseconds),
the charge voltage will quickly ratchet up to the destruction point of the Class Il
isolation barrier components, when the ESD gun is set at +/-15KV. If the exploratory
approach is to be used, then it becomes necessary to ground the negative output of
Class Il power supply back to earth thru the pair of 470K-ohm resistors. Note, with
up to 5000pF of capacitance the discharge time for one time constant is:

5000pF x 940K-ohm = 4.7 milli-seconds

And 4.7 milli-seconds is far below the 50 millisecond period when the ESD gun
repetition rate is 20 pulses per second.

CLASS II POWER SUPPLIES WITH FUNCTIONAL EARTH:
3 TERMINALS AT AC INPUT

When a power supply has a 3 conductor AC input connector, this does not make it a
Class | power supply. The Class | designation indicates either:
A. The output of the power supply is earthed, or
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B. The power supply is in a metal housing, and the housing is earthed. In this case,
the output may be floating or earthed.

In the typical situation of a plastic housed power supply, when a 3 conductor AC input
configuration with one lead earthed is used, the output may either be floating or
earthed. If earthed, then the configuration is properly called a “Class I” configuration.
If the output is floating, then the configuration is properly called a “Class Il with
Functional Earth” configuration.

The importance of this is obvious, with the output floating, the isolation barrier will
develop a charge voltage ratcheting when exposed to ESD pulses. However, if the
output was earthed, it could not. Therefore, whenever a 3 conductor AC main
connection with the earth is encountered in the ESD lab, it is important to determine
if the output is floating or not. Should the output be floating, then itis a Class Il power
supply, and must be treated per the requirements of the ESD standard for section
7.2.4, Ungrounded Equipment, in the same way, that an ordinary Class | power supply
would be.

MODIFICATION TO THE EMC TEST PLAN:

As brought to my attention recently, for an orderly EMC test process on any product
to occur, a reasonably comprehensive test program from the equipment
manufacturer should exist. When problems crop up during ESD testing at 15KV such
as described above, and the test protocol is modified to prevent charge voltage
ratcheting on the isolation barrier components, it is good practice to note whatever
modifications to the standard protocol were used during the testing. In the recent
scenario, a simple 2 or 3 sentences describing the alternate polarity application of
the ESD pulses would suffice, this need would be added to the EMC test plan.

Similarly, if a wire is brought out from the negative lead of the DC output connector
of the power supply, and a pair of 470K-ohm resistors are series hooked up to the
ground from this point to prevent charge voltage ratcheting. Simply add this
description to the test plan.
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FOR REFERENCE:

A schematic model of the ESD charge transfer event, and a simplified model as well,
are shown below. Note, only the key elements as it applies to typical product
scenarios, are shown.

The voltage which results in the Class Il isolation barrier is shown as the variable Vx,
for the first ESD discharge pulse. For subsequent pulses, the incremental increase in
voltage is slightly less after each discharge, since the voltage difference driving
variable, is no longer 15KV - zero volts.
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DISCLAIMER:

The content provided in this application note is intended
solely for general information purposes and is provided
with the understanding that the authors and publishers are
not herein engaged in rendering engineering or other
professional advice or services. The practice of engineering
is driven by site-specific circumstances unique to each
project. Consequently, any use of this information should be
done only in consultation with a qualified and licensed
professional who can consider all relevant factors and
desired outcomes. The information in this application note
was posted with reasonable care and attention. However, it
is possible that some information in this application note is
incomplete, incorrect, or inapplicable to certain
circumstances or conditions.

Astrodyne TDI does not accept liability for direct or indirect
losses resulting from using, relying, or acting upon

information in this application note.
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