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This technical brief is one in an ongoing series of briefs that are intended to provide an introduction
to key concepts and requirements covered in the new safety standard for audio/video, information
and communication technology equipment, IEC 62368-1.
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Introduction

FFim

One of the more interesting areas involving application of the legacy ITE safety standard, IEC
60950-1, and now the new standard, IEC 62368-1, is to secondary circuits with interconnected
parts, particularly when one part of the circuit is considered hazardous to touch and one part is
required to be safe to touch.
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This Brief will discuss the requirements for these accessible circuits with respect to electrically-
caused injury (Clause 5) when a class 3 electrical energy source (ES3) exists in secondary circuits
that is separated from a.c. mains supply by either double or reinforced insulation, or basic insulation
plus protective earth. Circuits classified as ES3 associated with primary circuits (circuits connected
to the a.c. mains) are not discussed in this brief.
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Past Challenges
WEORE

As we know, household electricity is by nature alternating current (AC) operating at hazardous
voltages, so safety measures (safeguards) must be provided so that parts or circuits of equipment
accessible to persons will not pose an electric shock hazard. Historically, parts or circuits at
hazardous voltage are required to be ‘insulated’ from parts that are accessible to persons, without
exception.
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However, in the legacy standard the investigation of secondary circuits with hazardous voltages that
did not contain specific ‘insulation’ between parts of the circuit operating at hazardous voltages and
parts of the circuit that were accessible was more of a challenge.
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As early as February 1990, the IEC TC 74 Chairman’s Advisory Panel had issued an interpretation
sheet, Question No. 12, to address components connected between hazardous voltage and safety
extra-low voltage (SELV) parts in secondary rectifier circuits that were not capable of meeting
relevant insulation requirements, as commonly seen in switch mode power supplies (SMPS). These
requirements were later incorporated into 2.2.4, Connections of SELV circuits to other circuits, of
IEC 60950-1.
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Figure 1 (below) shows a typical schematic diagram of a SMPS. Different colors represent different
circuit classifications according to their operating voltages under different operating conditions.
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Figure 1 — Simplified schematic diagram of a common switch mode power supply
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Area A represents a circuit or circuits either directly connected to, or not isolated from the a.c.
mains supply, more commonly known as the primary circuit. Area B represents parts of the
secondary circuit before the rectifier (either a single diode or symmetric diodes, dependent upon
topology) and that generally operate at hazardous voltages. Area C represents the part of the
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secondary consisting of rectified circuits that are typically classified as SELV; in other words, the
portion safe to touch.
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The challenge was - what is the required insulation between Areas B and C, since Area B fits
perfectly the criteria for a secondary hazardous voltage, but it is not isolated from other parts of the
secondary circuit (Area C) that are required to be safe to touch?
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If formal rules for application of insulation were applied (e.g., Table 2H of IEC 60950-1), the rectifier
(usually power diodes) would be required to incorporate double or reinforced insulation, which as
we know is not feasible.
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As a result, the original interpretation panel agreed, and the 60950-1 standard was eventually
revised to allow for the ‘single-fault’ principle, mainly the accessible portion of the circuit could be
classified as SELV and thus safe to touch if it remained at voltage levels allowed for SELV circuits
both under normal and single fault conditions. For such applications, double or reinforced insulation
is not required between parts of secondary circuits operating at hazardous voltages and accessible
parts meeting the requirements for SELV. This principle has been proven sound and effective for
more than two decades.
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IEC 62368-1’s Challenges
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Nevertheless, with the publication of IEC 62368-1, the previous challenge has been revived.
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Sub-clause 5.3.5 of IEC 62368-1 and its Table 12 summarizes the safeguards required between
different energy sources. This information has been recreated below as Figure 2, and as can be
seen, electrical energy sources (ES) classified at different levels are required to be separated by at
one or two safeguards, depending on the application.
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Again, applying these requirements to Figure 1, at least one (if Area B is ES2) or two (if Area B is
ES3) equipment safeguards (e.g., levels of insulation) are required to be interposed between Areas
B and C. However, the secondary rectifier circuit still consists of power diodes that do not provide
any safety insulation. Therefore, although two decades in time have passed, a conclusion could be
reached that this ever-present SMPS construction is non-compliant with IEC 62368-1.
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Electrical | Required Number of Equipment Safeguards
Source | ES1 ES2 ES3
E51 0 1 2
Eae 1 O 2
EsS3 2 2 0

Figure 2 — Overview of required number of equipment safeguards between ES1, ES2 and ESS3.
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Fortunately, early during the application of IEC 62368-1, Edition No. 1 this deficiency in the
standard was identified and it currently is being addressed within IEC TC108, with an expectation
that the Standard will be revised to address this topic in Edition No. 2.
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As a solution, it is anticipated the criteria for defining ES1 (safe to touch) will be modified to include
circuits that,
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¢ Normal operating conditions, and
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¢ Abnormal operating conditions, and
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¢ Single fault conditions of a component, device or insulation not serving as a
safeguard, and,
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Do not exceed ES2 limits under:
FAEDNEE CES2IRENEZE 2 200 -
¢ Single fault conditions of a basic safeguard.
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The primary change is that a component that is considered a safeguard (e.g., opto-coupler,
capacitor, etc.) will be able to be used to protect persons from an electrical energy source up to ES2
limits when subject to a single fault, but a component not considered a safeguard (e.g., diode) can
only protect up to ES1 limits.
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In the case of Fig. 1, circuits in Area C will be required to remain within ES1 limits at all times and
under all conditions, including short of the rectifier diode.
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Although technically for these circuits there remain some differences between IE 62368-1 and IEC
60950-1 (for example, IEC 60950-1 allows higher short-time limits, e.g., 71 V peak or 120 V d.c.), it
is expected that additional refinement will be made over time to continue to address the challenges
these circuits provide in the context of a safety standard like IEC 62368-1.
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In this continuing series of technical briefs, additional key topics associated with the new IEC
62368-1 standard will be reviewed similarly.
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