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Immunity

Immunity Testing for the CE Mark

member countries with a population of 370

million people and it represented 17% of the U.S.
exportsin 1997. The EU has recently expanded to 25
members and it will be even more important to U.S.
exportersin the near future. Since January 1, 1996,
manufacturers of electronic equipment have had to
meet the Electromagnetic Compatibility (EMC)
guidelines of EC Council Directive 89/336/EEC when
shipping electrical and electronic products to the EU.
Manufacturers must test and certify that their
equipment meets the directive and they must apply a
CE mark as testimony to this. Current and pending
changes to the specifications that describe the tests to
be made place more stringent requirements on the
equipment used for CE mark testing. Indeed, future
changes will require that the testing equipment be able
to expand its capabilities without causing the
equipment to become usel ess.

The European Union (EU) currently has 15

The legally prescribed test requirements for EMC
standards in the EU are issued by CENELEC, the
European Committee for Electrotechnical
Standardization. CENEL EC issues both “generic” and
“product” standards. The generic standards are:
EN 61000-6-1, which addresses the requirements
for immunity testing in the residential, commercial
and light industrial environment
EN 61000-6-2, which addresses the requirements
for immunity testing in the industrial environment
EN 61000-6-3, which addresses emission
requirements in the residential, commercia and light
industrial environment
EN 61000-6-4, which addresses emissions
requirements in the industrial environment.
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These generic standards apply to products for which
no dedicated “product” or “product-family” standard
exisgts. If aproduct or product-family standard exists,
it takes the place of the generic standards in
prescribing the test requirements. The generic and
product-family standards outline the test requirements.
They refer to what is known as the “basic” standards
to define the tests to be performed, the test methods,
the test set-up and the specifications of the generator
used to simulate interference phenomena. The
International Electrotechnical Commission (IEC)
writes the basic standards to which CENELEC refers
in their ENs. This article will focus on five of the
European Standards from CENELEC used in the
immunity portion of the standards, four of which are
required by the generic standards for CE mark
certification.

Basic Standards For EMC Immunity

The IEC promotes standardization in the fields of
electricity, electronics and related technologies. IEC
61000 part 3 covers emission specifications, and IEC
61000 part 4 covers immunity specifications. The
specifications are further broken down into sections.
CENELEC has also adopted the same numbering
system and refers to the specifications as ENs or
European Norms. They are EN 61000-3 and EN
61000-4. The immunity portions of the specifications
arelisted in Table 1.
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Interference Generation

The basic standards also specify the
generator to be used for smulating the
interfering phenomena. But, since the
disturbance phenomena have to be
determined and measured first, the
basic standards and the generator
requirements usually lag behind the real
environmental conditions.
Consequently, the standards are
subjected to constant changes. To
reduce the cost of testing to the
immunity standards, the generator used
must be versatile and capable of
covering as many of the foreseen
specification changes as possible.

Testing of one's own product is a
requirement for the CE mark. This
viewpoint is satisfactory; however,
immunity testing of a manufactured
product is also valuable as atool to
achieving customer satisfaction with the
end product. If a product is not
susceptible to ESD and fast transients
for instance, it will not fail as readily
during normal use. Thisis not only
important from a performance
standpoint, but from a safety and legal
liability standpoint as well. Therefore, it
is useful to use interference generators
in the product design and devel opment
stage, aswell as in the CE mark
certification process.

EN 61000-6-1 and EN 61000-6-2, Generic Immunity Standards refer to:

EN 61000-4-2 IEC 61000-4-2 Electrostatic Discharge (ESD)

EN 61000-4-3 IEC 61000-4-3 Radiated EM Field

EN 61000-4-4 |EC 61000-4-4 Burst-Electrical Fast Transients (EFT)

EN 61000-4-5 IEC 61000-4-5 Surge

EN 61000-4-6 IEC 61000-4-6 Conducted Radio Frequency disturbances
EN 61000-4-8 IEC 61000-4-8 Power frequency magnetic field

EN 61000-4-9* IEC 61000-4-9* Pulse magnetic field

EN 61000-4-11 IEC 61000-4-11 Voltage dips, interruptions

*EN 61000-4-9 and IEC 61000-4-9 are not required by the Generic Standards but are referenced

here for later use in this application note.

Table 1: Basic standards
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Figure 1: Fast transient/burst pulses
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Burst

The burst pulses, aso called electrical
fast transients (EFTS), are created on
public power lines by electrical arcs
across switch contacts during opening
of the switch. The nature of the loads
connected to the power lines causes
short bursts of pulses across the switch,
which can generate interference in

€l ectrical/el ectronic equipment
connected to the lines.

Figure 1 shows the bursts called out by
IEC 61000-4-4. The pulses within the
15-millisecond burst period are defined
by the specification as having a
frequency of SKHz. However, recent
draft proposals of IEC 61000-4-4 (IEC
61000-4-4, Ed. 2 77B/382/CDV)
increase the frequency of the pulses up
to 100 KHz. The burst pulses are
applied in peak voltage levels from 500
voltsto 4 KV on the power supply lines
of the equipment under test (EUT).
Because the burst pulses can be
radiated into equipment signal lines
(from nearby power leads), the burst
pulses are aso required to be
capacitively coupled to the signal leads.

The burst test is alow energy test, and
as such, it is not destructive. The burst
test is particularly hard on complex
digital equipment with high clock
frequencies. The test can cause
degradation of performance, loss of
function, uncontrolled process
sequences, failuresin programmable
equipment, loss of information stored in
memory and incorrect data processing.
For these reasons, the burst test should
be the first test performed on an EUT.

In order to take into account constantly
increasing clock frequencies of
microprocessor applications, higher
burst pulse frequencies exceeding the 5
KHz specified frequency and even
higher than the 100 KHz proposed
frequency should be used in
developmental testing. If the burst
testing were done at 5 KHz, it would
take many tests to find and isolate a
burst susceptibility design problem.



If, for example, the EUT were to have a
clock frequency of 10 MHz, the 5 KHz
burst pulse tests only every 2,000th
function state. The test piece’s critical
states are likely to be among the 1,999
function states not tested. If the testing
isdone at 100 KHz, the design
problems can be more quickly
discovered because 20 times as many
function states are tested in any given
testing time.

CENELEC has aso added new
requirements related to pulse
verification and calibration of the burst
generator. These are included in IEC
61000-4-4: 1995/A2: 2001. Test
generators must meet these verification
and calibration requirements effective
July 1, 2004. The changes made require
that the burst pulse be verified at the
generator output into an open circuit
(1000 ohms) and into a 50-ohm load.
Because of the high frequency character

Figure 2: Coaxial adapter for burst pulse
observation

of the burst pulses, to reduce stray
capacitance, a specia coaxia adapter
(see Figure 2) and a minimum 400
MHz bandwidth oscilloscope is
required to make the pulse verification.
The specification changes were made to
achieve more uniform pulse
characteristics among the various
transient generator manufacturers and
to provide repeatable test results.

Since the burst test is relatively easy to
set up and its reproducibility is high,
the test is suitable for in-house
developmental testing.

Surge

|EC 61000-4-5 prescribes tests for
simulating the effects of lightning
discharges as well as voltage surges
caused by switching disturbancesin
power stations. The surge waveforms
are defined by the specification as
shown in Figures 3 and 4 below. The
peak voltage for the voltage waveform
in Figure 3 varies between 500V and
4.0KV. The peak current in Figure 4 is
between 250A and 2.0KA.

|EC 61000-4-5 requires that the
generator be capable of applying surge
pulses at arate of “at least one per
minute.” The surge pulse must be
applied at 0, 180, 270 and 360 degrees
of the power input waveform. This
requires that the surge generator be
synchronized to the AC input. The
surge pulses must be coupled from line
to line and from the line(s) to earth of
the power leads. The peak voltage level
of the surge pulse is adjusted in steps
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starting at 500V, to 1000V and 2000V.
In total, 320 pulses are required.

The smulator must have sufficient
energy available to complete thistest in
atimely matter because if a generator
just meets the bare minimum
requirement of one pulse per minute,
the test will take 5 hours and 20
minutes. If the generator is capable of
providing surge pulses faster than one
per minute, the test time can be
reduced. This assumesthe EUT itself is
designed to handle the faster surge
pulse repetition rate. The surge test can
be destructive to the EUT if adequate
protection is not incorporated into the
design. Therefore, this test should be
carried out only after a successful burst
test so that if the EUT is destroyed, the
tester at least has some useful test data.

The coupling and decoupling networks
for applying the burst and surge pulses
are usually contained within the surge
generator. For coupling to the signal
leads for both burst and surge pulses,
external coupling clamps or networks
are required.

Power Fail Simulation

IEC 61000-4-11 specifies the levels for
testing supply line dips, interruptions
and variations. Faults in the power
distribution networks, brownouts or
sudden large changes in the load on the
lines cause voltage dips and short
interruptions. The line voltage
variations are caused by continuously
varying loads connected to the network.

Figure 3: Waveform of open circuit voltage (1.2/50 s)

Figure 4: Waveform of short circuit current (8/20 s)
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