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'The EMCD applies

to both apparatus and
Jfixed installations, with
special legal meanings
for both of these
otherwise commonplace
terms. Figure 1 shows
that apparatus is treated
very differently from
fixed installations.

Apparatus is any
electrical/electronic
item that could cause or
suffer EMI and which
is “made available for
an end-user in the EU”
for the first time (see
later). It is important

to understand that

the EMCD applies to
every individual unit of
manufacture (e.g., individually serial numbered items),
and Chapter 2.2 in [4] and Chapters 1.2 and 3.2.2

in [5] provide much more detail on this.

The EMCD also has a special category of apparatus
“...intended for incorporation into a given fixed
installation, and not otherwise commercially available”
(which most of us would call custom, bespoke, or one-off
equipment), which can avoid having to be CE marked
for EMC, although it then has to comply with other
EMC activities.

Inherently benign equipment is excluded from the
EMCD’s scope, and the official guide [5] contains a list
of what is currently considered to be EMC benign. As a
general rule, inherently benign equipment never contains
any operational semiconductors (rectifiers, transistors,
ICs, etc.) or thermionic valves or makes sparks.

Equipment that is only made available for the
exclusive use of professional integrators in the
construction of their own products and which is not
made available for end-users (even by distribution) is
also excluded from the scope of the EMCD. However,
such equipment will almost certainly have to be CE
marked for compliance with an EU safety directive,
such as the Low Voltage Equipment Directive (the
LVD) [6], Machinery Directive [7], etc. This is one

Figure 1: Applying the EMC Directive

reason why a manufacturer should never assume
EMC compliance when purchasing a CE-marked
third-party product for incorporation into another
product, system, or installation.

I have seen many large projects suffer greatly from main
contractors making two big errors regarding EMC:

1. Mistakenly assuming that every item of equipment
that carries a CE marking must perforce comply
with the EMCD. This article describes three ways
in which this assumption can be wrong, all of
which are shown in Figure 1.

a. When the equipment is inberently benign;

b. When the equipment is only supplied
to professional integrators, whether it is
manufactured in volume or custom-designed
(e.g., as a subcontract); or

c. When the equipment is custom-made for a
particular end-user’s fixed installation

2. Mistakenly assuming that an EMC-compliant
final system merely needs EMC compliance for its

constituent parts, often mistakenly called the
CE + CE = CE approach (see later).

Also exempt from the EMCD are: a) radio amateur
equipment that is not commercially available;




b) aeronautical equipment covered by Regulation
216/2008; c) “custom-built evaluation kits destined
for professionals to be used solely at research and
development facilities;” and d) equipment covered
by the Radio Equipment Directive (2014/53/EU),
typically referred to as the RED?.

For any equipment that has one or more functions
that use radio wave communications or propagation
(even simple broadcast receivers), the RED has
very important implications for complying with

the EMCD [2] and the LVD [6]. (See a video of
my presentation at the 2020 IEEE EMC+SIPI
Symposium, “Who’s Afraid of the Big Bad RED,”
available at https://vimeo.com/469763677.)

Equipment that has EMC aspects addressed in
specific product Directives (e.g., medical devices,
automotive, etc.) is only exempt from the EMCD

to the extent covered by those other Directives.
Unfortunately, this is widely misunderstood to mean
they are totally exempt from the EMCD.

Apparatus that must comply with the EMCD when
made available for an end-user in the EU may be
advertised or exhibited before it is EMC compliant
as long as it is clearly marked as being non-compliant
with the EMCD and as not (yet) being available to
end-users in the EU.

EMC CONFORMITY OF APPARATUS
The EMCD requires all apparatus to:

1. Comply with the Essential Requirements
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All of the items 1-6 must be complete before the
apparatus is “made available” for the first time in the
EU (see 2.2 and 2.3 in [4]). It is important to note that
being made available for the first time in the EU does
not only mean new products. Used or second-hand
products that are brought into the EU are also covered
and have to comply with the EMCD, no matter how
old or how large they are.

As already mentioned, there is an exclusion to
compliance with the EMCD for apparatus intended
for incorporation into a given fixed installation and
not otherwise commercially available (see later).

THE PROTECTION REQUIREMENTS

The Essential Requirements (Clause 1 of Annex I

in [2]) state the essential legal requirements

for compliance with the EMCD, using simple
terminology in the (probably vain) hope that this will
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make it difficult for lawyers to interpret them in ways
other than what was intended:

‘Equipment shall be so designed and manufactured,
having regard to the state of the art, as to ensure that:

(a) the electromagnetic disturbance generated does
not exceed the level above which radio and
telecommunications equipment or other equipment
cannot operate as intended;

(6) it has a level of immunity to the electromagnetic
disturbance to be expected in its intended use
which allows it to operate without unacceptable
degradation of its intended use.”

Who would ever want their products not to comply
with these Essential Requirements? The costs of

dealing with the resulting complaints (and the loss
of possible future sales) would eat into the financial
bottom line, making a manufacturer less profitable.

So, even if there was no EMCD, the Essential
Requirements above should still be applied to help
reduce financial risks.

CONFORMITY ASSESSMENT IN GENERAL

Conformity assessment is specified in Annex 11

of [2] and requires an EMC Assessment that

results in a TDF that demonstrates how it is that

a product can claim compliance with the Essential
Requirements. A TDF should cover all operational
modes and all intended use configurations, and the
amount of verification work required can be reduced
by first identifying the worst-case combinations of
configuration and operational mode, i.e., the ones that
would cause the highest emissions or are the most
susceptible to interference.

As I said earlier, there are two routes to conformity
with the EMCD:

1. 'The Standards Route, which uses harmonized
EMC standards; and

2. The EMC Assessment Route, which can use any
standards or none.

CONFORMITY ASSESSMENT BY USING
HARMONIZED STANDARDS

When following the Standards Route, the product’s
DoC must list all of the relevant harmonized EMC
test standards that apply to the product, which can be
found on the official listing website at [8]. This route
to EMC conformity requires that all these harmonized
standards are correctly applied. But what does
“correctly applied” actually mean?

Clearly, one way is to have a third-party test lab perform
all of the tests exactly as described in the relevant
standards, with the EMC test reports forming the bulk
of the TDEF. If the test lab is accredited by a national
accreditation body to perform a particular test, there

is more confidence that the test will be done correctly.
Unfortunately, my experience (and that of many others)
is that not all national accreditation bodies are equal.

Third-party testing has been very well described in [1],

so I don’t need to go into it here.

Some manufacturers (and not only the larger ones)
have their own full-compliance EMC testing labs, and
some of them even have some/all of their testing labs
accredited. These labs are generally best used just as if
they were third-party labs.

(Interestingly, in-house testing labs located in the
same building as the design teams can pay back their
original investment much more quickly than the usual
business case predicts. I have seen one such lab achieve

full payback in four months!)

However, as stated early on in this article, using the
services of a third-party accredited testing lab to
correctly apply a harmonized standard to test exactly
to the standard is not the only option when following
the Standards Route.

The correct application of a harmonized standard
actually means that a manufacturer has done enough
homework to have sufficient confidence that if the
product was fully tested in an EMC laboratory that

was accredited to test to that standard — it should pass.

Let’s be perfectly clear on this. Correct application
does not mean that the product has actually been
tested to that standard but only that, if it were tested
at some future time, it would probably pass.
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Unfortunately, even when full testing is done in a lab that
is accredited for that test and passed, it might not ensure
compliance with the Essential Requirements in real-life operation.

The EMCD leaves manufacturers totally free to
decide on the amount and quality of EMC testing
they do themselves or have done for them to have
sufficient confidence to sign their DoC when using the
Standards Route.

(It is important to understand that there are no absolute
guarantees in the world of EMC, even with fully
accredited third-party testing. A product that passes in
one testing lab can fail when tested in another lab, even
though nothing has changed in the product and the
exact same cables are used with it. Some manufacturers
take advantage of this by always using test labs that they
find are more likely to give them a pass result!)

Here are four examples of when laboratory testing
might not be required to correctly apply a harmonized
radiated emissions standard such as EN 55022:

A. When the product emits a certain amount of
radio frequency (RF) power spread in a particular
way over a particular frequency spectrum, and
calculations/simulations show that, if this emitted
power was measured according to the relevant
EMC test standard, it would be almost certain to
pass (even when taking measurement uncertainty
into account). For examples of this approach,

see [9] [10] and [11].

B. When the product is housed in a well-shielded
and well-filtered enclosure that has been proven by
shielding effectiveness testing and/or simulation
to provide more than sufficient RF attenuation to
ensure that, if its emitted RF power was measured
according to the relevant EMC test standard, it
is certain to pass (even when taking measurement
uncertainty into account).

Many manufacturers purchase well-shielded/
filtered overall enclosures, then ruin them with
modifications, completely wasting their high cost
(see Chapter 5 of [12]). So an expert assessment is
usually required to have sufficient confidence in the

final assembly.

C. When a product fails in a test lab and a simple
modification applied by hand makes it pass, and
the same modification is applied on production
units, there can be sufficient confidence that, if a
new production sample was retested, it would pass.

In this context, “the same modification” means
physically and dimensionally the same — for
example, an additional shield bond made with

a screw-fixing is not the same for EMC as an
additional bond made in a different place or made
in the same place with a braid strap or piece of
green/yellow wire instead of a screw.

D. When a product has passed an equivalent or
tougher radiated emissions test and has not been
changed (either in its hardware, software, or
components). A typical example is a product that
has passed MIL-STD 461 radiated emissions tests,
which set lower emissions limits than the relevant
harmonized test standard (see [13]).

4.3 in [5] provides very good guidance on EMC
assessment and makes it clear that the EMCD
contains no legal requirements for testing.

Unfortunately, even when full testing is done in a lab
that is accredited for that test and passed, it might not
ensure compliance with the Essential Requirements
in real-life operation. This is, of course, what really
matters for compliance with the EMCD and also
(more importantly) for financial success. This is
because no harmonized test standards cover all of the
EM disturbances that could occur in real life. Also,
it is because the tests have been specifically developed
to ensure repeatability in testing, which can often
mean they are simply not representative of real-life

EM disturbances.

Also, given the inevitably slow pace of international
standardization, most published standards are behind
the times. For example, none of the harmonized
immunity standards cover the very close proximity of



NCOMPLIANCE

ELECTRONIC DESIGN, TESTING & STANDARDS

AT WORK.
AT HOME.

ONFTHE GE:

In Compliance®
is here for you.

!

34 | Feature Article

cellphones, e-book readers, Wi-Fi transmitters,
RFID transmitters (including active RFID tags),
etc., even though such proximity is now a normal
“... electromagnetic disturbance to be expected in
its intended use...”.

Immunity to the near-fields (see [14]) that can be
created by portable RF transmitters in very close
proximity is arguably now a necessity for legal
compliance with the Essential Requirements, even
though not tested by any harmonized standards.

“Big deal,” you might say, “but I don’t want to
spend any more on legal compliance than I have
to!” OK, but think for a minute about what I said
earlier in the section on Essential Requirements.
If products don’t comply with them, they are less
likely to be financially successful. If they have big
problems with EMC in real life, they could even
do irreparable damage to a manufacturer’s brand
image and future profitability. Some companies
have actually been bankrupted by real-life

EMC problems.

The real reason we need to achieve EMC
compliance is to have products that work well
enough in real life and don’t upset customers.
Achieving this is important to help control
financial risks, and so what if we have to produce
a few pages of legal documentation for EU

sales, when it merely covers EMC work we have
already done?

For these reasons, when following the Standards
Route, in addition to correctly applying all relevant
harmonized standards, I always recommend
performing a full EMC assessment as detailed
below, then doing whatever else it takes to ensure
conformity with the Essential Requirements. This
can sometimes be as quick and easy as a check for
emissions or immunity using a homemade near-
field probe with a low-cost spectrum analyzer [15].

Please note that, when following the Standards
Route, the DoC should not state that the product
has been tested to the listed harmonized standards
and has passed those tests (unless they have been,
of course!). Generally, it is better for the DoC to
say something like, “The following standards have
been applied...”.


https://incompliancemag.com

CONFORMITY ASSESSMENT BY NOT USING
HARMONIZED STANDARDS

The EMC Assessment Route is the other route to
EMC conformity permitted by the EMCD. When
following this path, a manufacturer declares the
EMC conformity of his apparatus directly with the
Essential Requirements of the EMCD, using just
some of the relevant harmonized standards, or just
some parts of some harmonized standards, or even
ignoring all harmonized standards completely. The
EMC Assessment Route must follow a specified
technical methodology to ensure that the Essential
Requirements are met.

According to [5], the EMC Assessment Route is
usually more appropriate than the Standards Route in
the following situations:

* Where the Essential Requirements are not entirely
covered by the application of the harmonized
standards that are relevant for the product;

* Where the apparatus uses technologies incompatible
with, or not yet taken into account by, any
harmonized standards;

* The manufacturer uses test facilities not yet covered
by harmonized standards;

* The manufacturer prefers to apply other standards or
specifications (even in-house specifications) that are
not harmonized under the EMC Directive; or

* The apparatus is physically too large to be tested
in the type of facility specified by a relevant
harmonized standard or where “in-situ” testing is
necessary (e.g., for systems or installations that are
first assembled on the end-user’s site) and is not
adequately covered by a harmonized standard.

Of course, a manufacturer may choose to follow the
EMC Assessment Route simply to save time and
money, which is often the case for start-up companies
that cannot afford the cost of laboratory testing.

'This alternative conformity route is essentially the old
TCF route under the first EMC Directive (89/336/
EEC), but with the significant difference that now
there is no legal requirement for any TDFs to be
assessed by a third party (see Notified Bodies, later).

Non-harmonized methods of demonstrating
conformity with the Essential Requirements, which
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may be able to be used, either singly or in suitable
combinations, as part of an EMC Assessment Route,
include (but are not limited to):

1. Non-EU-harmonized but published EMC test
standards (e.g., FCC, military, automotive, etc.);

2. In-situ/on-site EMC tests [16];
3. EMC tests or checks developed by the

manufacturer that are not compliant with the
harmonized test methods listed in [8]. These are
often called “pre-compliance” EMC tests and

can vary from full-compliance tests that are just
done a little more quickly than they should be, to
near-field probing and a variety of other low-cost
methods e.g., those described in [15], which might
bear little resemblance to harmonized tests;

4. Calculations (e.g. [9] [10] [11]);

Validated computer simulations;

W

6. Comparisons with known EMCD-compliant
products made by the same manufacturer,
which use the same technologies, devices, and
construction methods. (But beware. Hardware and
software technologies, and devices, change very
rapidly. And so do their EMC characteristics!)

The EMC Assessment Route’s technical methodology
includes (but is not limited to):

A. Assessing the EM environment(s) normally
expected at the user(s) location(s), taking into
account (see [17]):

i. 'The likely proximity to sensitive equipment that
the product’s emissions could interfere with;

ii. The likely EM “threats” that could interfere
with the product, plus the degradation of
functional performance that the user will accept
when it is interfered with.

B. Create the EMC specifications for the product.
To help make life easier, these often use modified
versions of harmonized standards, basic IEC test
methods (see [1]), other EMC standards (automotive,
military, aerospace, etc.), and/or guidance for systems
and installations such as [12] [18] [19] or some of the
many references they contain.

C. Verify and/or validate the product’s design
against the EMC specifications. Verification and
validation techniques include, but are not limited

to, EMC testing.
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THE 37° EDITION OF THE EMCD, 2014-30-EC,
APPLIES FROM 20 APRIL 2016

All of the technical compliance issues discussed in
this article, and in [1], were previously published

in In Compliance Magazine in December 2014

(see [20]) and are unaffected by the third edition of
the EMCD [2]. The changes in [2] are more to do
with adapting the existing EMCD to the EU’s New
Legislative Framework (NLF, see [4]).

The changes wrought by the NLF are mostly concerned
with extending legal compliance requirements to all
economic operators through whose hands EMCD-
compliant products pass, including the manufacturer of
the products (obviously), appointed agents, distributors,
importers, etc.

CE + CE DOES NOT EQUAL CE

Constructing systems only from items that are
CE-marked, and mistakenly assuming that this alone
takes care of the EMC compliance of the overall
system or installation, is often (mistakenly) called the
CE + CE = CE approach. I say “mistakenly” because it

simply doesn’t work!

This incorrect approach is very widely used by
system integrators, installers, and major contractors.
However, it is easy to show that, technically and/or
legally, this approach should never be relied upon,
and Chapter 1.2.2 in the official guide [5] contains
a specific warning against using it. More detailed
information on this is given in Chapter 1.5 of [12],
Chapter 2.3.4 of [18], and Chapter 2.3.3 of [19].

Note that the so-called CE + CE = CE approach is
also incorrect technically and/or legally for most, if

not all other, EU Directives, including [6] and [7].

CONCLUSION AND ADDITIONAL INFORMATION

There’s a great deal more I could write on complying
with the EMCD, but I've covered the main issue of

how to comply without using laboratory testing and

wandered off into some related issues as well.

To find out more about related issues, here are some
sources of free information:

* Employing Notified Bodies (see [21]);

¢ Creating and maintaining the TDF (Technical
Documentation File) (see [21]);

* 'The EU EMC DoC (Declaration of Conformity)
(see [21]);

* Correctly affixing the CE Marking (see [21]);

* The EMC information legally required to be
provided with each apparatus (see [21]);

* Maintaining EMC compliance in serial or batch
manufacture (see [21]);

* Maintaining EMC compliance when the
harmonized standards change (see [21]);

* EMC compliance of custom-designed “apparatus
intended for incorporation into a given fixed
installation, and not otherwise commercially

available” (see Chapter 2.5 of [18]); and
* EMC compliance of “Fixed Installations” (see [18]). @
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METHODS AND EFFECTS OF
MAGNETIC PULSES ON THE
MAGNETORECEPTION OF BIRDS

Exploring Magnetic Sensing Mechanisms in Avian Navigation

| 4 I \he Earth’s magnetic field is a dipole that acts
like a large magnet, with its poles relatively
near to the geographic (rotational) poles.
Although the magnetic north pole is really in the
geographic south position and vice versa, the magnetic
north pole is typically referred to as the end of the
dipole closest to the geographic north pole, and the
magnetic south pole is similarly referred to as the end
of the dipole closest to the geographic south pole.
The geomagnetic field lines of force leave the magnetic

South through Antarctica, circle the Earth, and
re-enter through the magnetic North’s surface, through
the Arctic pole, creating vectors of these ascending
lines of force in the Southern Hemisphere and
descending lines of force in the Northern Hemisphere,
which are parallel to the earth’s surface at the equator.

As one moves closer to the equator, the strength
of the lines of force steadily declines, reaching
maximum values of around 60,000 nT at the poles
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and around 30,000 nT at the Equator [1].
These characteristics make the magnetic
field a very reliable and omnipresent source

of information, in which the magnetic

vector (the vector between the line of force of the
magnetic field and the line of force of gravity)
provides directional information that the bird can
use as a “compass.” Further, the spatial distribution
of other factors, such as intensity or inclination, can
be components of the “map,” providing information
on the geographic position of the bird as they vary
between the poles and the equator. [2, 3].

METHODS OF MAGNETIC SENSING IN BIRDS

Although it is not completely understood how
migratory birds are capable of sensing the orientation
and intensity of the geomagnetic vector field generated
by the Earth, behavioral experiments indicate that
they use a combination of sensing methods and that
the combination of these senses provides migratory
birds with the ability to successfully migrate [4].
Referred to as the avian magnetic compass, migratory
birds determine their position and direction with two
separate measurements, which consist of inclination
(or deviation) from the magnetic field lines for
determining orientation with the poles and magnetic
field intensity for determining direction [4]. The two
primary methods of detecting inclination and intensity
are the radical pair mechanism and the magnetite

hypothesis.

Radical Pair Mechanism

A likely mechanism for an axial magnetic compass

in migratory birds, the radical pair mechanism

relies on unpaired electrons with parallel (T) and
antiparallel (S) spins [5]. Sets of unpaired electrons
result in differing chemical properties based on what
spin combination the set has. This, in turn, alters the
reaction rate and yield of chemical processes that occur.

A weak external magnetic field can modify the
relative alignment of the electrons, thereby altering
the reaction rate and yield, and is dependent on the
intensity and the orientation of the external field.

For migratory birds, this process usually occurs on the
surface of certain cell membranes. The direction of the
external field lines produces arrays of protein oriented
in the same direction, and the varying density of the
synthesized protein enables the bird to determine the
orientation of the field lines [5].

In order to produce these radicals, cryptochrome
photoreceptors located in the eyes of the bird use
photons from external light, such as the sun [4].
Behavior experiments determined that the
photoreceptors and the bird’s ability to navigate are
impacted by the wavelength of perceived light. Further,
short wavelengths of light from UV to about 560nm
were necessary for radial pair production [4]. Tests that
involved birds in total darkness displayed a 90-degree
shift in the preferred direction, which suggested that
the radical pair sensing mechanism was not activated.
Instead, a separate magnetic sensing mechanism
behaves as a backup [5]. Although it is uncertain

what the backup mechanism is, it likely relies on the
magnetite-based magnetoreception mechanism.

Magnetite Hypothesis

'The biomineralization of magnetite in animals that
migrate, such as certain birds and fish, leads to the
hypothesis that the ferrous ferrite may play a role in
magnetoreception [5]. Crystals of magnetite roughly
50nm in size are attached to mechanoreceptors
within specific cells and behave as small compass
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needles within the cells of the bird or fish. The torque
produced by the crystal under an external magnetic
field triggers the receptor, thereby providing a
method of sensing the field. This behavior has also
been studied in magnetotactic bacteria, which orient
themselves with external magnetic fields [5].

Studies conducted on homing pigeons have determined
that magnetite-containing dendrites are located at six
locations on the upper beak. Clusters of the dendrites
have been found to deform under weak magnetic fields,
producing a torsion on the dendrite. We hypothesize
that this torque behaves in the same manner as the
radical pairs, and provides a complementary sensing
method for magnetic fields [5].

MAGNETIC PULSE GENERATION WITH
HELMHOLTZ COIL

In order to further investigate the behavior and
functionality of magnetoreception in birds (or other
animals), the application of magnetic pulses with

Figure 1: An example of a Helmholtz coil two-system for uniform magnetic
field creation

specific direction and intensity are used to study how
the bird’s flight behavior is affected. The application
of magnetic shielding techniques may be used to
block Earth’s existing magnetic field. But in order

to generate a uniform magnetic field with specified
direction and intensity, the application of a Helmholtz
coil (see Figure 1) is employed [6].

Two coils placed in parallel along the same axis can
produce a relatively uniform magnetic field between
the coils, This configuration is known as a Helmholtz
coil, named after the German physicist Hermann

von Helmholtz. Three pairs of Helmholtz coils can
be configured on the X, Y, and Z axis, allowing for
complete control of the magnetic field in the center of
the configuration.

A configuration of a 3D Helmholtz coil system enables
the ability to cancel Earth’s magnetic field, as well as
produce a static, rotating, or alternating field [6].

EFFECTS OF MAGNETIC PULSES ON BIRDS

'The application of 500mT pulses for a few seconds on
passerine migrants (bird) initially produces a shift in
orientation during flight [5]. As expected, by 4 to 10
days after the treatment, the passerine migrants that
had experienced the pulses had recovered their normal
orientation and returned to their expected migration
path. Another important note made in the experiment
was that young birds that had not yet migrated were
not affected by the pulse treatment. The shift in
orientation due to magnetic pulses indicates that there
is involvement with magnetic material for migratory

and targeted-location flight [5].

A similar experiment was conducted on homing
pigeons [5]. It was determined that pigeons treated
with pulses deviated from the untreated control group
path, a deviation that became more substantial as

the distance between home and the release point was
increased. Overall, this indicated that the magnetic
pulses would affect the internal avian compass but
left the navigation map relatively unaffected, as the
pigeons were still capable of returning home.

CONCLUSION

The magnetic orienting mechanism in birds has been
discovered to be a two-step system. First, utilizing
the information offered by variables of the terrestrial



magnetic field, such as strength or tilt, the map allows
them to calculate their geographical position, and the
compass allows them to decide the direction to follow.
It is also known that birds have an intrinsic sense of
magnetoreception. It is the primary foundation, along
with the internal circadian clock, for establishing the
many navigation systems through intricate learning
processes. All of this comes together to produce an
adult bird’s entire navigation system.

The following are two hypothesized magnetoreception
models: By converting the strength of the Earth’s
magnetic field into mechanical force within
specialized cells, magnetoreception based on
magnetite particles housed in the upper part of the
beak function as chains of magnetite particles that
interact with the Earth’s magnetic field and provide
directional information and even geographic position
to the birds.

Chemical magnetoreception based on a radical pair
model, in which a molecule is energized by the
absorption of a photon, produces an electron and
forms a pair of radicals, which affects the speed of
singlet-triplet interconversion depending on the
alignment with the Earth’s magnetic field.

Because both magnetoreception models are
hypothetical, the current understanding of
magnetoreception models is insufficient to identify
the magnetoreception model employed. Although a
clear picture of how information from the magnetic
compass is interpreted is beginning to appear, our
present understanding of magnetoreception is
constantly evolving.

There are still a lot of questions concerning
magnetoreception and how data is processed from
these receptors to the brain. Advances in behavior,
anatomy, and physiology will aid in the discovery
and identification of magnetic reception structures in
the future. @
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IMPACT OF DECOUPLING CAPACITORS AND TRACE LENGTH
ON CONDUCTED EMISSIONS IN A CMOS INVERTER CIRCUIT

By Bogdan Adamczyk and Mathew Yerian-French
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without the decoupling capacitors and with decoupling

capacitors by each inverter (0.1 pF and 1 pF).

3B. Short trace vs. long trace: 30 MHz - 108 MHz

2. CONDUCTED EMISSIONS MEASUREMENT Conducted emission results are shown in Figure 5
SETUP (battery line) and Figure 6 (ground line).

The measurement setup is shown in Figure 2. The

measurements were performed in a semi-anechoic x Igsgggl’f-n”eonggéff;; womiy Ve i

chamber, in accordance with CISPR 25 Edition 5 1 — 1 T

automotive standard. o L ur

Y 2 | e mwwzwr

Measurements were taken on both the battery and @ | [

ground lines, in the frequency range 150 kHz - e o r’“:’ e, =

108 MHz. In the frequency range 150 kHz — 30 MHz ' ' T

measurements were taken with a bandwidth of 9 kHz Vee ¢

while in the range 30 MHz — 108 MHz the bandwidth

was set to 120 kHz. All measurements were taken with mverter | T 'MF T 01uF

the average, peak and quasi-peak detectors.

. . '

GND

3.IMPACT OF THE TRACE LENGTH ON
CONDUCTED EMISSIONS

Figure 1: Block diagram of the inverter circuit and the PCB

In this section, we evaluate the conducted emission
results from the PCB with short traces (3,000 mils)
and long traces (20,000 mils) without decoupling
capacitors by the inverters.

3A. Short trace vs. long trace: 150 kHz - 30 MHz

Conducted emission results are shown in Figure 3
(battery line) and Figure 4 (ground line).

Observations

Both short and long trace showed failures at the
same frequencies, on both the battery and ground
lines. The failures for the short trace were smaller. Figure 2: Measurement setup
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Observations

Both traces showed failures over the entire frequency
region, with one trace outperforming the other in
three frequency subregions.

30 — 42 MHz: Short trace outperformed the long
trace, on both the battery and ground lines, using
both detectors.

44 — 88 MHz: Long trace outperformed the short
trace, on both the battery and ground lines, using
both detectors.

90 — 108 MHz: Short trace outperformed the long
trace, on both the battery and ground lines, using
both detectors.

4. IMPACT OF THE DECOUPLING CAPACITORS ON

CONDUCTED EMISSIONS - SHORT TRACE

In this section, we evaluate the conducted emission
results from the PCB with short traces, without
the decoupling capacitors, and with the decoupling
capacitors by each inverter (0.1 pF and 1 pF).

4A: Short trace with and without decoupling
capacitors: 150 kHz - 30 MHz

Conducted emission results are shown in Figure 7

(no caps) and Figure 8 (caps) on page 44.
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Observations

Battery Line: Capacitors eliminated the failure at
6.04 MHz. At 26.17 MHz, quasi-peak failure was
eliminated and the average detector failure was
substantially reduced.

Ground Line: Capacitors eliminated the failures at
6.04 MHz and 26.17 MHz.

4B. Short trace with and without decoupling
capacitors: 30 MHz - 108 MHz

Conducted emission results are shown in Figure 9
(no caps) and Figure 10 (caps).

Observations

Battery Line: Capacitors eliminated the quasi-peak
failures over the entire frequency range except for a
single substantially reduced failure, at 107.73 MHz.
'The average detector failures were eliminated up to the
frequency of 73 MHz, and the failures in the range

73 — 108 MHz were substantially reduced.

Ground Line: Capacitors eliminated the quasi-peak
failures up to the frequency of 87 MHz, and the
failures in the range 87 — 108 MHz were substantially
reduced. The average detector failures were eliminated
up to the frequency of 73 MHz, and the failures in the
range 73 — 108 MHz were substantially reduced. @&
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faster. As we assist our customers in delivering the next generation of medical devices and systems to market, we remain Committed to Enhancing Patient

Experiences and Outcomes.

For more information on our Medical EMC Test and Measurement Solutions, visit our website at www.ets-lindgren.com.

Connect with us at:
® olo
SNETS - LINDGREN

An ESCO Technologies Company

Offices Worldwide | ets-lindgren.com

4/24 RR © 2024 ETS-Lindgren v1.0


https://www.ets-lindgren.com
https://www.ets-lindgren.com



