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SPIRA EMI GASKETS
INTRODUCING THE NEW SPIRA-EMIL.COM

Celebrating 40 YEARS and a brand new website experience.

Spira’s patented EMI and environmental shielding
gaskets offer excellent solutions for both cost-
sensitive and high-performance applications.
The unique spiral design offers extremely low
compression set, long life and high shielding.
The company was founded by one of the leading
EMI design engineers in the industry. Gaskets
meet requirements including ITAR, DFAR, RoHS,
FCC, EC, HIRF, & TEMPEST. Configurations

are available both in groove and surface mount
options, in diameters from .034” up to 1.5".

CUSTOM CONFIGURATIONS: Spira

specializes in meeting customers’ unique
shielding needs. All our products are
available in custom configurations.

PRODUCT SELECTOR: Our new
website features a brand new Product
Selector feature to assist you in
determining which Spira EMI gaskets
will best meet your shielding needs.

TECH INFO: Spira was built on
engineering excellence. Our library of
technical papers assists design engineers

in solving their EMI design challenges,
and learning the latest breakthroughs in EMI
shielding theory.

FASTENER SPACING CALCULATOR: Our IAK
updated Fastener Spacing Calculator is -
now available online to make designing +
your EMI gasket solution quicker and (X ]
easier.

APPLICATION SUPPORT: Get your FAQ's
answered, and peruse our video library

featuring application techniques and the

World’s Greatest episode featuring Spira

as one of the world’s greatest in EMI gaskets and
shielding products.

FEATURED PRODUCTS: Spira’s newest and most
popular products are featured.

EMI Shielded Honeycomb Fan Filters and
Air-Vent Filters

Spira’s Shielded Fan Filters provide a high and
reliable level of shielding
at a great price. They
include our patented

spiral gasket and patented
honeycomb “blending”
process of the aluminum
panels that provides up

to 80dB of shielding at
1GHz. The filters are
compatible with 40, 60,
80, 92 and 120mm fans or
custom sizes with no additional design fees.
Available in 1/8" cell by 1/4” or 1/2” thick
honeycomb panels. Excellent EMI Shielded Air-Vent
Filters also available in custom configurations.

Standard or Front-Mount EMI and
Environmental Connector-Seal Gaskets

Spira’s Connector-Seal
gaskets, in standard

and front-mount
configurations, provide
the best EMI and
environmental protection
on the market! Our
unique design includes a
rigid layer between either
silicone or fluorosilicone
elastomeric sealing, and
includes our patented spiral gasket for excellent

EMI shielding. This gasket is extremely durable and
provides reliable one atmosphere environmental
sealing for flange-mounted connectors.
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SHIELDING MANUFACTURERS GUIDE

A Guide to Suppliers of EMI Shielding

Your quick reference guide to shielding manufacturers by shielding type, from absorbers to vent panels. Also in-
cludes popular gasketing materials such as silicon, form-in-place, finger stock, and various types of board level
shields. Contact links are included for convenience.
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Shielding Manufacturers Guide Type of Shielding Available
2 =5 | |£5 2% g, E
Manufacturer Contact Information - URL =2 g =T |« B SSlel [EE |8 |«
2835558258, 55,5528 22: B¢
S2E22ZBlEEE HE g 52 gL EESEasE
HEIEEEEEErEREE R EEE E SRR E EEREEEEE
3M www.3m.com X X
Alco Technologies www.alcotech.com X X X X
ARC Technologies arctech.com X
.Bul S.eul www.halseal.com X
Engineering Inc.
Fotofah www.fotofab.com X X
Ju-Bar Silicone Corp. jo-har.com X XX
Kemet www.kemet.com X
Kitagawa Industries America, Inc. kgs-ind.com X X X X |X X
Laird Technologies www.lairdtech.com XXX XX |X XX
Leader Tech leadertechinc.com X\ | X[X X X[ XXX XXX XX X[X|X
Magnetic Shield Corp. www.magneficshield.com X X
MAJR Products majr.com X X X X XX XX X X X X
MAST Technologies www.masttechnologies.com | X
Metal Textile Corp. www.mefexcorp.com X X X X X X[ XX
Nolato Silikonteknik www.nolato.com X/ X X/ X |X X
Orbel www.orbel.com X X X
Parker/Chomerics www.chomerics.com XXX | X X|X X X [X/X|X
Photofabrication Engineering Inc. www.photofabrication.com X
Rogers Corp. Www.rogerscorp.com X X X
Schlegel Electronic Materials www.schlegelemi.com X [X |[X|X X[ XX
Seleco seleco.com X
Shielding Source shieldingsource.com X X [X |[X|X
£ WWW.spirg-emi.com X X
Manufacturing Corp. YW SPITG-em.Com
SSP Inc. WWW.sspinc.com X
Stockwell Elastomerics www.stockwell.com X X X X
Swift Textile _
Metalzing LLC www.swift-fextile.com X
Tech Etch www.tech-eich.com X X| [ X |[X X X
V Technical Textiles / Shieldex US www.vtechtextiles.com X
VTl Vacuum .
. www.vactecinc.com X X
Technologies, Inc.
W.L. Gore & Associates Www.gore.com X X X
Wiirth Elekironik www.we-online.com X
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emi filterinc

The broadest line of standard products and custom passive component solutions.

Spectrum Control Brand Products

Ceramic Capacitors
Exhibit low parasitic capacitance and
superior EMI filtering capabilities

Coaxial Filters &

Interconnects

Delivering a broad range of custom and
off-the-shelf options to meet your design
requirements 4

Magnetics
Broad range of custom, application-
specific solutions

Power Filters

Ideal to filter the AC or DC power
entering your system to prevent
radiated or conducted EMI

Innovative solutions from components

Specialty Connectors to complex assemblies.

Custom connectors can be
designed to meet RTCA/DO-160
Section 22 Lighting Strike

api <>~
technologies corp.

Email: eisSales@apitech.com
Phone: 1 (855) 294-3800

Standard configurable and fully customizable
electromagnetic integrated solutions.

eis.apitech.com
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EMC FILTERS MANUFACTURERS GUIDE

Kenneth Wyatt
Sr. Technical Editor Interference Technology

A Guide to Suppliers of EMI Filters

Your quick reference guide by various EMC filter types. The listing includes AC and DC line filters, filters for cham-
bers, feedthrough, board level, coaxial, ferrite, filtered connectors, power converter, EMP/HEMP, TEMPEST, and
custom. Applications include commercial, military, medical, and industrial. Also includes contact links for suppliers.
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Type of Filters Available
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Americor WWW.americor-usa.com X X X XX
Amphenol www.amphenol.com X X X
API Technologies http://eis.apitech.com XXX X X X|X X X X X X X XX
(LR 81} sl;;?i(iizgf’ower) www.astrodynetdi.com X X XX
Block USA www.block.eu/en IN/products/ X X X
emcfilter
Capcon WWw.capconemi.com X X X
Captor Corporation www.captorcorp.com XX X X XX
Coilcraft www.coilcraft.com X XX X XX
Curtis www.curfisind.com X X X/ X XX X
Dzliu Prodpds www deltoww.com XX XX X XX X
orporation
EMI Filter Company www.emifiltercompany.com X XX X X
EMI Solutions www.4emi.com X X X X X X
E&"nf;gn'!:f{: www.emitech.co.in XX X X
EMP-Tronic www.emp-tronic.se X
ETS LINDGREN www.etslindgren.com XX X
Genisco WWw.genisco.com X X X X X
Heilind (Corcom,
Deutsch, TE Connect.) yw.le.com X X X X X X X
Jiangsu www.wemctech.com X X X X
K&l www.kImicrowave.com X X
Kemet www.kemet.com X X X X XX X
Knowles (Syfer) www.knowlescapacitors.com/syfer X X X X X X X X X
MiniCircuits www.minicircuits.com/homepage/ X
homepage.html
MPE Limited (in EU) www.mpe.co.uk X X X X/ X|X X X X
Murata www.murata.com XX XX X X X X
OnFilter www.onfilter.com X XX X
Qualtek www.qualtekusa.com/producis-emi- X X X
filters.php
Quell www.quell.com X|X X XX XX X
Schaffner www.schaffnerusa.com XX XX X XX X
Schurter www.schurter.com X
TDK WWW.US(.epos.com XX XX XX XX X X
TriMag www.curtisind.com X X X X/ X XX X
WEMS Electronics WWW.Wems.com X XXX X X X|X
Wiirth Elekironik www.we-online.com XX X X X XX
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The WE-CMBNC is a VDE certified series of common mode chokes with a highly permeable

nanocrystalline core material. Despite the small size, it delivers outstanding broadband

attenuation performance, high rated currents and low DC resistance values. Low profile and high
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INPUT FILTERS — THE KEY TO SUCCESSFUL
EMC VALIDATION

Ranjith Bramanpalli | Steffen Schulze
Wiirth Elektronik

Introduction

Input filters are today as ever a requisite factor for successful EMC validation of switching controllers, irrespective
of the size of the AC component involved. Switching controllers create conducted EMC interferences due to AC
components in their lines, independent of their individual topology and application. Certain component manufac-
turers have therefore optimized their power modules for a low line-bound and radiated emission of interferences.
These types of modules’ residual ripple generally exhibits a negligibly low value, meaning that an output filter can
be dispensed within most applications. Since the input current at the step-down converter is pulsating, this may
generate radio-frequency interferences in the application. Depending on the specific application, the hardware
developer decides whether an input filter is necessary directly before the power module or in another position in
the switch. The design process of input filters for optimized power modules and the measurement techniques that
are used is discussed in this article.

&,
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INPUT FILTERS - THE KEY TO SUCCESSFUL
EMC VALIDATION

As a starting point it is useful to illustrate how differential
mode noises develop in the first place. Differential mode
noises are interference signals in a system with a sym-
metrical current back and forth between the source and
the load in the lines of a switching controller.

-

Source Load

AL

N

Figure 1 - Symmetrical system

In the input circuit, the clock frequency of the power mod-
ule includes an AC component superimposed over the
useful current and is similar in its configuration to the cur-
rent through the storage inductance of the power module.
The input current flows into the input capacitor Cin. Real
capacitors possess a resistive component, the ESR, and
an inductive component, the ESL as shown in Figure 2.

Due to the ESR of the input capacitor and the impedanc-
es of the lines of the power module, the AC component
produces an undesirable voltage drop.

In this form, the noise voltage shows up as a differen-
tial-mode signal. The amplitude of the interference voltage
occurring at the input capacitor is essentially dependent
on the ESR of the capacitor used. Electrolytic capacitors
have a relatively high ESR, the value of which can range
between just a few milliohms up to several ohms. As a
consequence, the interference voltage can vary between
a few millivolts up to several volts. Ceramic capacitors,
on the other hand, have a very small ESR of just a few
milliohms and thus result in a noise voltage of a few mil-
livolts. In addition, the circuit-board design of the power
module exerts a great effect on the interference voltage.

) lin | DC/DC converter
o—""Y 1O
Laupt Ruupt Y
> .
\er',“‘?I ESR
|
Vi L
Vin! i
Viies 8 Ca
v 3 i
Viioises2 O b !
‘ 1 1 ) !
Y Lsupz Raue h S e A
O—"YYY— I

Figure 2 - Development of the noise voltage

To reduce differential mode noises, at least one simple
LC filter must be fitted at the input of the converter as a
measure to minimize the AC component in the line. In
high-impedance systems, such an input filter can theo-
retically produce a voltage attenuation of 40 dB/decade
in the stopband. In practice, a lower degree of attenuation
is achieved since the terminating impedances are low-
ohm in their nature and also because the components
themselves exhibit losses. In dimensioning the LC filter a
corner frequency f_is selected that is below the switching
frequency f_, of the power module. If the factor is one
tenth, theoretically an insertion loss of 40 dB is achieved
at the switching frequency at which the highest spectral
amplitude occurs.

fe=30 (1)

The corner frequency of an LC filter is generally:
1

f -
“omdi - G

As an example for the calculation of the filter, an induc-
tance of 10 pH is selected and Equation (2) is trans-
formed to:

(2)

1
Cr=
@ - 0.1 -f,,)% L (3)

In arranging the filter components, as shown in Figure 3,
the filter capacitor can be positioned on the side of the
voltage source or on the input side of the power module.
The decisive factor for the attenuation of the pulsating
current drawn from the voltage source is the inductance
of the filter inductor.

L¢

O Y'Y\

Supply —— G Converter

O O

Figure 3 - Arrangement of the components of the input filter

When the quality of the filter resonance is too high, os-
cillations may occur in the event of changes in the input
voltage that must be regulated. The stability criterion that
applies here is that the output impedance of the input filter
Z within a broad frequency spectrum has to be lower

out,filter

than the input impedance of the power module Z

in,converter”

|Zoutwer |<|Zin.converter| (4)

In addition, the corner frequency f of the input filter
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should lie far below the crossover frequency f_ of the
power module.

fe miter<< feo,converter (5)

Figure 4 shows how this is done by placing an attenuat-
ing branch parallel to the power module input.

_YY Y
O— —O
L
—
Supply —— G Converter
Rq
O O

Figure 4 - Attenuation of the input filter

The attenuator reduces the quality of the input filter and
consequently its output impedance at the resonance
frequency. Equation (6) can be applied to calculate the
attenuation resistance Rd for a filter quality of Qf=1:

Ly
Ry = j; (6)

A value that has established itself in practice as an indi-
cator of the capacity of the attenuation capacitor C is the
five-to-ten-fold measure of the filter-capacitor capacitance:

(5-Cy) <Cy<(10 - Cy) (7)

As an alternative, the filter can be attenuated by selecting
an electrolytic capacitor that is switched parallel to the
filter output instead of the attenuator. As a rule, the val-
ue of the ESR of the electrolyte capacitor is sufficient to
attenuate the filter.

SELECTING THE LC FILTER COMPONENTS

Both capacitors and coils show capacitive as well as in-
ductive properties in reality. Filter inductors have their
highest filter effect at their self-resonant frequency (SRF).
In coils, the SRF is strongly dependent on the inductance
and the capacitive coupling between the winding turns. In
capacitors, the SRF is strongly dependent on the capaci-
tance and the length of their terminations. When selecting
the filter components, it is hence advisable to make sure
that the SRF is at the upper end of the frequency range in
which the RFI voltage is at its maximum or, respectively,
in which the filter is to be active.

The decisive factor for the reduction of the differen-
tial-mode noise is the filter inductor, since this is the com-

ponent that counteracts the rapid rise and drop in the
current in the input circuit. Figure 5 shows the impedance
curves of three rod core chokes based on an example of
the Wirth Electronics WE-SD product family.

100000

10000

€ 1000
8
c
3
D 100
E —744 710 210
= . —744 710610
1
—744 711 010
1
1 10 100 1000
Frequency [MHz]

Figure 5 - Example of Impedance of one manufacturer’s SD rod core chokes

The higher the inductance, the smaller the SRF. It is
recommend-ed to select an inductor with an inductance
whose numeric value is lower than the capacitance of
the filter capacitor. In practice, a filter inductance with a
maximum value of 10 yH is selected, since — depending
on the design — such an inductance has a self-resonant
frequency of approximately 30 MHz.

Exceeding the rated current of the filter inductor may re-
sult in damage to the wire winding. Taking the efficien-
cy of the switching controller as a basis, it is possible to
calculate the effective input current of the power module
using Equation 8.

Vout ~ lout

hn = gt
VIn ‘N (8)

For safety reasons, a larger value should be selected as
the rated current of the filter coil.

The filter capacitor may take the form of a liquid elec-
trolyte capacitor, a polymer capacitor, or even a ceramic
capacitor. The only aspect that must be considered is that
the filter quality at the corner frequency is sufficiently low.

Further measures must be considered when dimension-
ing a I filter. In the optimal case, an input filter should
be placed as close as possible to the input of the power
module. For the case that the in-put filter is placed further
away due to geometric circumstances, the traces may
act as an antenna between the input filter and the power
module at higher frequencies. The trace inductance can,
however, also be used together with a ceramic capacitor
to establish an additional LC filter with a higher cut-off
frequency (see Figure 6). Due to its negligibly low ESR, a
ceramic capacitor can swiftly short-circuit high-frequency
voltages to ground with low impedance.
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O__fVEf/Y\__O
Supply::cr c. —_ Converter
O O

Figure 6 - [ input filter

The SRF of the capacitor should roughly lie within the
spectrum of the switching frequency of the power mod-
ule. To illustrate this point, Figure 7 shows impedance
curves of Wirth Elektronik WCAP-CSGP ceramic capac-
itors in the 0805 size.

— HE5012207085_1nF

—E5012207050_4.TnF

By

= 85012207062_10nF
- [

=]

BE5012207094_Z2nF

P _.\ e BE5012207096_4TrF
— T
i N ‘“Q\ e 885012207008_1000F
0 il —
o _% T e 885012207100_2200F
o T
oo \ A —BE501220T102_470nF
o7

BB5012207108_14F

o
8

10 100
Frequency [MHz]

Figure 7 - Impedance of ceramic capacitors

Of the components shown in Figure 7, at a clock frequen-
cy of 2 MHz, for example, a capacitor with 1 yF would
be suitable (resonant frequency marked in red). Even a
100 nF ceramic capacitor (resonant frequency marked in
blue), which is used as a blocking capacitor in numerous
electronic circuits, would be a suitable candidate at these
values; it should be mentioned, however, that com-pared
with the 1 pF version the 100 nF capacitor has an ESR
higher by a factor of nine.

DIMENSIONING AN OUTPUT FILTER

Some power modules on the market, such as Wiurth
Elektronik Magl*C power modules, exhibit a negligibly
low residual ripple at the output, which is why an output
filter is not absolutely necessary. For the case that com-
ponents supplied by the switching controller decouple
interference signals via interfaces (e.g. sensor switches,
analog switching circuits), it may be necessary to include
an output filter to filter the output voltage.

The circuit schematic shown in Figure 6 images an out-
put filter as an option comparable to that shown here in
Figure 8. It is not generally possible to make a definitive
statement on the necessity for and effectiveness of such
an output filter, since this must be dimensioned individ-
ually for each specific application. It may be possible to

use an output filter to reduce the residual ripple of the
power module to an absolute minimum, or otherwise to
suppress undesirable subharmonic oscillations. The filter
can be dimensioned as already described. Attenuation of
the filter resonance is not necessary in this case.

Lﬁlter
Wgo
Converter —— Ghiter Output
O O

Figure 8 - Output filter
MEASURING THE NOISE VOLTAGE

The noise voltage is measured according to the basic
standard IEC CISPR 16-2-1, which describes the types
of the interference variables to be measured, the equip-
ment to be used for the various interfaces, and the mea-
surement set-up for table-top and floor-standing devices.
The interferences are evaluated in the frequency range
from 9 kHz to 30 MHz. The measuring devices include
besides the EMI receiver a variety of line impedance sta-
bilizing networks (LISNs), voltage probes, current clamps
and capacitive couplers. In a measurement set-up for
table-top devices, as shown in Figure 9, the test object
(DUT, “device under test”) is positioned on a non-con-
ductive table standing on a ground reference plane. The
table should be 40 cm in height. In the case that a vertical
ground reference plane is also present, the table should
be at least 80 cm in height. The LISN must be connected
to the ground plane ensuring good conductivity. The DUT
itself and any attached cables are to be arranged so that
they are 40 cm distant from the ground plane.

conductive wall

EMI
receiver

J T

T
non-conductive table

DU LISN

Figure 9 - Test set-up for measuring conducted inferferences on powersupply lines
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The length of the cable between the DUT and the LISN
should not exceed 80 cm. The EMI receiver evaluates the
asymmetric noise voltage that is decoupled at the LISN
for the separate leads of the cable.

MEASURING THE RADIATED NOISE

The method for measuring the radiated noise above 30
MHz is described in the IEC CISPR16-2-3 basic standard.
The measurement environment is generally in the form of
an anechoic room with a conductive floor or, at a smaller
scale, an anechoic chamber. Here, too, the DUT is posi-
tioned on a non-conductive table (for portable or table-top
devices, see Figure 10) or on the floor. To enable the DUT
to revolve on its own axis in its default state during the
measurement, it is placed on a turntable. In larger anecho-
ic rooms, the receiving antenna is placed at a distance of
10 m from the DUT and adjusted in its height during the
measurement to find the maxi-mum electric field strength
at each measurement frequency (peak spectrum). In ad-
dition, the orientation of the antenna is altered (horizontal
and vertical polarization). In smaller anechoic chambers,
the distance between antenna and DUT should be 3 m;
since the antenna height needs to be fixed, the height
scan is omitted and he floor between the antenna and the
DUT must be covered with absorbing material.

=

iS)

cables
leaving the
test volume

turntable

Figure 10 - Test set-up for measuring the radiated noise in anechoic rooms
or chambers

CASE STUDY — MEASURED NOISE VOLTAGE

The following section describes the measurement of the
noise volt-age using a Wirth Elektronik Magl*C power
module evaluation board fitted with a Variable Step Down
Regulator Module (171 020 601) as an example.

Already during the preliminary phase it is possible to mea-
sure the AC component at the power module’s input using
an oscilloscope. By running an analysis within the time
domain, the anticipated interference spectrum can be es-
timated at the start of the work on the design of the filter.

Figure 11 - Time-domain signal with a broadband spectral content

Figure 11 shows an AC component of 80 mV, measured
at an in-put voltage of the power module of 7.5V, an av-
erage input current of 1.2 A, and an average load current
of 2 A. Switching controllers have the property to show up
as a negative differential resistance from the viewpoint of
the power supply. The input current rises with decreas-
ing input voltage. For this reason, the noise voltage is
measured under “worst case” conditions — minimum input
voltage, maximum current.

Conducted EMI according to EN55022 (CISPR-22)
Measured on evaluation board with no LC Input Filter
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® CI5PR22 Quasi Peak Limit
» CISPR2Z Average Limit

Conducted Emission [dBuV]
=)

&
eg

Frequency [MHz]

Figure 12 - Noise voltage without an input filter

The decisive factor in the analysis of this type of noise
emission, however, remains the measurement of noise
voltage as can be per-formed in an EMC laboratory. Fig-
ure 12 shows the result of a noise voltage measurement
without an input filter.

This power module operates at a clock frequency of 370
kHz. In the interference spectrum, the highest amplitude
(red peak: 68 dBpV) can be measured at this frequency.
The amplitude density of the noise voltage drops at a rate
of approx. 40 dB/decade, meaning that no significant in-
terference level can be seen above the 15th harmonic.
Nevertheless, it is only above the 9th harmonic that the
interference level is more than 10 dB below the limit for
the average detector (dark blue line).

Equation (3) can now be used to calculate a suitable LC
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input filter. Due to the relatively low switching frequency,
an inductor with a low SRF and an inductance of 4.7 yH
is selected and the filter capacitance is calculated.

1
G (21 - 0.1 - )% Ly

©)

The selected filter capacitor is the one with a little higher
capacitance of 10 yF. The maximum input current is cal-
culated using Equation (8).

This calculation requires the efficiency of the evaluation
board, which is determined by measurement and in this
case has a value of 91%.

_5V:2A

L e e (10)
7 8V-001

=1.83A

On the basis of the calculations of the filter inductance
and input current, it is now possible to select an appro-
priate inductor. Picked for the purpose is an unshielded
inductor from the Wiirth Elektronik PD2 series, size 5820.
Figure 13 shows the result of the noise voltage measure-
ment with the matched filter.

Conducted EMI according to EN55022 (CISPR-22)
Measured on evaluation board with 4.7uH+10pF LC Input Filter
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Figure 13 - Noise voltage with an input filter

The interference level measured at the 370 kHz switching
frequency has a value of 30 dBuV. The levels of all har-
monics are lower than 20 dBuV and are thus sufficiently
attenuated. The average level at 370 kHz corresponds to
the peak level and is 18 dB lower than the average limit of
47 dBpV. In measuring such conducted interferences in
the practical context, a signal-to-noise ratio of this dimen-
sion is entirely sufficient in order to confirm the conformity
of this measurement.

The purpose of the measurement of the noise voltage is
to demonstrate the usefulness of an analysis of the inter-
ference potential in the time domain; though an analysis
in the frequency domain is still indispensable.

Finally, the equations can be used to calculate an atten-
uating resistance.

4.7 pH

(11)

The higher the value of the attenuation resistance, the
higher the attenuation of the filter resonance. In this
case, the next higher resistance of the E12 series of 1 Q
can be selected.

Avalue of 47 pF is selected for the attenuation capacitor.
This may be, for example, a Wurth Elektronik eiCap ce-
ramic capacitor of the WCAP-CSGP series.

MEASURING ACCORDING TO IEC CISPR 22

The above measurements were performed according to
the IEC CISPR16-2-1 standard, as described in Section
8. The use of a LISN enabled the asymmetric voltage
to be decoupled and equated to the asymmetric (com-
mon-mode) voltage, which was then compared to the
limit, taken from the IEC CISPR 22 standard for devices
for private and commercial use (Class B). For power-sup-
ply components — and this includes all types of switching
controllers — there is no directly applicable EMC standard.
The entire application in which the switching controller is
used must be assigned to a specific category of devices
and then tested according to the corresponding standard
applicable for the product or product family. In this case,
the product-family standard IEC CISPR 22 for IT instal-
lations was taken only with reference to the limits, which
are also given in the IEC 61000-6-3 generic standard.
The generic standards can be used in cases for which
there is no specific standard for the device in question.

SUMMARY

Irrespective of the size of the AC component involved,
an input filter is today as ever a requisite factor for a
successful EMC validation of a switching controller. Sim-
ple-to-apply equations can be used to calculate such an
input filter on an individual basis. Taking the impedances
of the filter and the switching controller into account in
the equations, this enables oscillations to be avoided and
also ensures the control stability of the switching con-
troller itself. A targeted selection of the filter components
lays the foundations for an optimal design of the filter.
Equipped with an appropriate degree of technical skill in
EMC testing methods, the hardware developer can de-
sign his switch purposefully and, wherever necessary,
make any adjustments to the filter himself.
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DOES THE NUMBER OF BYPASS
CAPACITORS FOR A CHIP MATTER?

Ghery S. Pettit, NCE
President Pettit EMC Consulting LLC
Ghery@PettitEMCConsulting.com

Introduction

How do you decide on the size of a bypass capacitor (or capacitors) for your project? Do you need multiple
capacitors to bypass a specific chip? Are multiple value capacitors important for a given use? Do you subscribe to
the old Wife's Tail about having a couple capacitors a couple orders of magnitude different in value in parallel? Here
is one take on the subject for you to consider.

Or not...
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DOES THE NUMBER OF BYPASS
CAPACITORS FOR A CHIP MATTER?

IS A CAPACITOR JUST A CAPACITOR?

When you took a class in basic circuit theory in college
the professor introduced various types of circuit elements
as if they were perfect devices. Aresistor only had resis-
tance. Aninductor only had inductance. And, a capacitor
only had capacitance. “Neglecting fringe effects...” was
probably heard by the student from the professor. And,
due to the law of primacy (that which you learn first sticks
with you) many engineers go on believing this to be true,
much to the delight of EMC engineers and technicians as
this mistaken belief keeps us gainfully employed.

While the concept of a pure capacitor is a useful tool,
in a real circuit there is also resistance and inductance
involved. The resistance comes from the fact that our cir-
cuit boards aren’t super conductors and the inductance
comes from the fact that a circuit has some length and
area to it. For this discussion we’ll assume (dangerous
word, but...) that the resistance is negligible. Not zero,
but close enough for government work. The inductance,
however is important.

If we have some small, non-zero, inductance in the cir-
cuit we can model the capacitor, as installed, as a series
circuit consisting of the capacitor and the small value of
inductance.

The value of the impedance of both the capacitor and
inductor are dependent on the value of the device and
frequency. For the inductor (which we will assume to be 3
nH for this example as that is typical for a bypass capac-
itor circuit on a PWB) this impedace is:

Z (f) = 2mfL
And for the capacitor this impedance is:
Z(f) = 1/2mfC

As we are looking at a series LC circuit, the total imped-
ance is 2mfL + 1/2mfC.

The self-resonant frequency where to total impedance is
zero (if we are neglecting the small value of resistance
that actually exists in the circuit) is:

1
2mV(LC)

Below the self-resonant frequency the circuit will appear
capacitive and above it the circuit will appear inductive.

EXAMPLES

What does this look like as a function of frequency? Let's
take a look at a .1 pF capacitor, in series with 3 nH of
inductance, starting at 1 MHz and going through 5 GHz.

The self-resonant frequency for this LC circuit is just be-
low 10 MHz, so if we were looking for bypassing to be
effective for radiated emissions we might think this capac-
itor is too large as 30 MHz is above the self-resonance
frequency for the circuit. Let's take a look at a smaller
capacitor, say 470 pF. What does the impedance of this
circuit look like?

Now we’ve moved the self-resonant frequency up to just
above 100 MHz. That looks better. How about making
the capacitor an order of magnitude smaller, 47 pF?
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Now the self-resonant frequency is just above 400 MHz.
This should be great.

NOT QUITE SO FAST!

How do you decide on the size of a bypass capacitor (or
capacitors) for your project? Do you need multiple capac-
itors to bypass a specific chip? Are multiple value capac-
itors important for a given use? Do you subscribe to the
old Wife’s Tail about having a couple capacitors a couple
orders of magnitude different in value in parallel? Here is
one take on the subject for you to consider.

The red line is the overall impedance of a series LC cir-
cuit with a .1 yF capacitor and a 3 nH inductor, the green
line is the same with a 470 pF capacitor and the blue line
is the same with a 47 pF capacitor. Yes, the self-resonant
frequency is higher for the smaller capacitors, but the ul-
timate impedance is the same once we are a bit above
the self-resonant frequency. Remember, above self-reso-
nance the overall circuit is inductive, and the inductance
hasn’t changed. Also, the impedance of the capacitors
goes up as the value goes down for a given frequency.
What do we gain by placing a smaller capacitor in paral-
lel with a larger one? Looking at this graph, not much, if
anything. What have we lost by adding a second capaci-
tor for each chip? Extra board real estate and decreased
reliability, due to the addition of the extra parts.

Now, this example assumes (dangerous word) that add-
ing a second capacitor hasn’t added any inductance to
the circuit. Let's take this a bit further. In the real world
that second capacitor isn’t exactly collocated with the first
one, so there’s a little bit of extra inductance associated
with it. Instead of a circuit that looks like this:

Ll

0]

IC a

=

We wind up with a circuit that looks like this:

We wind up with a total impedance looking into the by-
pass circuitof Z , + Z_I(Z ,*Z_,)

If we place the larger capacitor on the side towards the
chip being bypassed, we assume that the values of the
capacitors are .1 pF and .001 yF and we assume that
the additional inductance, L2, is perhaps .5 nH, we get
an impedance curve something like this (in green). If we
superimpose the new curve on the original curve (in red)
for the large capacitor (.1 uf) we see just what the new by-
pass circuit might look like. Not much of an improvement
(if any), is there? BTW, the little blip in the green curve
around 200 MHz seems to be an artifact from the math
program. Blowing up the resolution to 10 kHz steps and
looking carefully at the graph reveals that this blip is gone.

Now, just for fun, let’s reverse the capacitors so the small-
er one (.001 yF) is towards the IC and the larger one (.1
WF) is added “outside” the first capacitor. We get a very
interesting change to the graph:
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The trace in green is the total impedance of the bypass
circuit with the larger capacitor on the side towards the
chip being bypassed and the trace in red is the total im-
pedance of the bypass circuit with the smaller capacitor
on the side towards the chip. The large “spike” in the
overall impedance shows up in this one for the circuit
with the smaller capacitor closer to the IC. Also, note that
the self-resonant frequency has shifted ever so slightly
lower when we reverse the two capacitors. If a harmonic
to be suppressed happened to align with the positive go-
ing spike (the parallel resonance just below the crossover
frequency) there could be serious trouble with emissions.

Given the overall change (and not for the better with the
spike in the total impedance) adding a second capaci-
tor that is smaller has virtually no impact if it is placed
outboard of the larger capacitor and a potentially nega-
tive effect if the smaller capacitor is placed inboard of the
larger capacitor. Use a single bypass capacitor.

NOW, HOW BIG SHOULD THAT ONE CAPACITOR BE?

That’s the 64 million dollar question (and if you are too
young to understand the reference, look it up on Goo-
gle, it's so old it was a 64 thousand dollar question “back
in the day”). There is no one right answer, but keep in
mind that a previous employer of the author simply used
.1 WF capacitors (or was it .01 pF, | can’t remember) ev-
erywhere. And it worked fine. What they did not do was

use multiple capacitors of different values for each chip.
That capacitor does two jobs. First, it serves as a bypass
capacitor to minimize emissions, and second, it serves as
a local charge reservoir to allow current to be available to
the chip when needed. Those big capacitors where the
power comes onto the board are simply too far away to
help with this. Their whole purpose is to resupply charge
to all the bypass capacitors.

CONCLUSION

There have been many in the past who have advocated
that two capacitors, a couple orders of magnitude apart
in value, should be used to bypass chips to minimize
emissions. | hope you see why this isn’t a valid idea. The
second capacitor doesn’t help, and it costs you space on
the board and it costs you decreased reliability due to the
extra parts. Not to mention the impact it can have on the
overall impedance curve. The only place it helps is your
capacitor salesman’s commission.

Have fun keeping the board designers honest, and don’t
tell your professors about how their “neglecting fringe
effects” statement to sophomore engineering students
keeps you employed.
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REVIEW OF THE EMC FILTERS KIT FROM
WURTH ELEKTRONIK

Some weeks ago | received one unit of the EMC-Filter kit
from Waurth Elektronik (Order Code: 744998), a very nice
and useful kit for industry and academia (Fig. 1).

Figure 1 - The EMCFilter kit from Wiirth Elektronik (Order Code: 744998)

If you are interested in filtering conducted emissions,
this is a great kit for evaluation of components and to-
pologies in both differential mode (DM) and common
mode (CM) emissions.

The kit is specially useful combined with some kind of
simulation tool (i.e. LTSPICE) and some frequency re-
sponse analyzer as Bode100 from Omicron.

GENERAL VIEW
The box is included in a high quality plastic box with the

traditional elegant style from the German manufacturer.
Inside of the kit you will find (Fig. 2):

= LE e Detailed
ox © -._= LR identification of

caps - - components in kit

Test-PCBs

Resistors_ .,
(below PCBs) ‘-..
SMD
Power
connectors s,

i CM  Tweezers
.... chokes

™ ?
chokes CM chokes

(nanocrystalline core)

Figure 2 - What you will find inside the kit

» Several PCBs offering an easy way to build up a line filter

+ X capacitors for DM filtering (line-neutral)

* Y capacitors for CM filtering (line-earth and neu-
tral-earth)

» Common mode chokes for CM filtering

* Resistors for discharging X capacitors as specified by
safety rules

* Tweezers

* SMD terminals

* Plastic spacers

» Brochure and documentation

The kit offers the user and easy way to evaluate the best
topology for a given application using the Wirth compo-
nents but | think another great possibility is to use the kit
to learn about EMC conducted emissions filters.

TOPOLOGY AND COMPONENTS
The integrated PCBs with different topopologies and foot-
prints for components offer a simple way to try any design

in a few minutes.

The basic topology implemented in the PCB boards is in
Fig. 3:

Figure 3 - Basic topology in the kit.

As a general information for you, in my kit | found basi-
cally (this information is orientative and can change in
future kits because | know designers in Wirth Elektronik
are always looking for better and new kits including new
components for evaluation:

» 10 PC boards ready for soldering components using
several footprints and combinations.
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Several X2 capacitors with 10nF, 15nF, and 150nF
values and rated 275VAC. They will offer a low imped-
ance path to high frequency signals trying to circulate
in the LINE-NEUTRAL path.

* 10 resistors with 10Mohm values for discharging the
X caps as mandatory from safety regulations. The re-
sistors are connected in parallel with the capacitors.

* A good number of X1/Y2 capacitors with 680pF, 1nF,
and 2.2nF values and rated 250VAC They will offer a
low impedance path to high frequency signals trying to
circulate in the DM (LINE-NEUTRAL) and CM (LINE-
EARTH and NEUTRAL-EARTH) path modes.

» Several common mode chokes with 700uH, 1mH,
2.2mH, 3.3mH, 5mH, 6.8mH, 7mH, 9mH, 10mH,
20mH, and 27mH values. The chokes with 7mH and
9mH values are nanocrystalline technology. The CM
chokes are used for filtering high frequency signals
trying to circulate in the LINE-EARTH and NEU-
TRAL-EARTH paths (CM) offering a high impedance
to those signals. In theory this component is trans-
parent to the DM signals but, because of the leakage
inductance, we will be able to offer some filtering effect
with the CX capacitors for differential mode signals.

USING THE KIT AND EXAMPLE

As soon as the kit was in my hands | tried one of the com-
binations. The process was easy: just choose your com-
ponents and solder them in the PCB. No detailed analy-
sis (to do later) but a fast working prototype that create
enthusiasm for the topic.

| decided to select one 150nF X capacitor, two 1nF Y
capacitors, and one 5mH CM choke.

The response of the filter in DM and CM modes was mea-
sured with my Bode 100 instrument as shown in Fig. 4.
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Figure 4 - The DM and (M responses in my first prototype.

Note we can identify the attenuation at different frequen-
cies in both modes, check for parasitic resonances be-
cause components and/or layout, and discover under-
damping responses that can create special increase in
emissions at some frequencies (e.g. 30-40kHz in DM
mode). The experience was really positive so, | recom-
mend you to try the kit for your future EMC conduced
emissions problems.
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T-FILTERS, TRANSMISSION LINES AND EMC

Aziz Yuldashev
EMC Engineer
aziz.yulda@gmail.com

Introduction

Have you ever had a signal integrity issue that did not have its toll on EMC? If you did then you should consider
yourself lucky to have avoided this nightmare.
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T-FILTERS, TRANSMISSION
LINES AND EMC

I. SITUATION:

An 12S bus master clock driver is set to 12.288MHz and
run at 3.3V. Drive strength is at 50-Ohms. Rise time is at
2ns. Fall time is at 2ns.

Figure 1 - The Master Clock of 125 Bus

However, hiding behind this promising picture is EMC per-
formance. Figure 2 shows the Radiated Emissions(RE)
of this clock.

£
S04
o
‘ G
» I
2 1
10
k 10 100 1000
MHz

EPK & AV 0P

Figure 2 - Radiated Emissions of 125 Bus Master Clock

Three spikes shown in Figure 2 are at 135MHz, 160MHz,
and 184MHz. In other words, the 11™, 13™ and 15" har-
monic of the master clock radiating through the flex cable
were causing emissions failures. To address this issue,
the EMC design engineer had placed a T-Filter (Murata
NFL18ST506H1A3D) at the input of the flex cable con-
nector on the “Master Board”. This filter has a cut-off fre-
quency of 50MHz. As shown in Figure 3, the implementa-
tion of the filter had a dramatic effect on RE.

it %0 (=]
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Figure 3 - Radiated Emissions of 125 Bus Master Clock with T-Filter

Figure 3 is quite good to look at. Having a 5dB margin
is a luxury in the EMC world. However, the joy of a 5dB
margin did not last long. When the master clock line was
re-analyzed for Signal Integrity (Sl), well, Figure 4 was
the result.

Figure 4 - Signal Integrity of the Master Clock with T-Filter Implemented

Adding the T-Filter to the transmission line added 110pF
of capacitance to ground resulting in a reflection caused
by a phase shift. Due to this reflection the VOL margin
was lost and introduced a concern of false edge detection.

Il. SOLUTIONS CONSIDERED WITHOUT THE USE
OF FILTERS:

Note: The design team rejected all proposals for layout
changes because of procedural and requirement con-
straints. Other solutions needed to be considered.

Reducing the drive strength

Increasing the rise and fall times can mask reflections,
but not always. This solution would work if the transmis-
sion line was not 14 inches long. Reducing drive strength
worked great for EMC, but resulted in cut-off transmission.
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Reducing the line voltage

The master clock was run at 3.3V, however the 12S bus
can operate at 1.8V without any issues. Luckily there was
a place holder for a level shifter (SN74AUP1T34) imple-
mented on the PCB whose pads were populated with ze-
ro-ohm resistors. Implementing the level-shifter to drop
the line voltage from 3.3V to 1.8V resulted in S| similar to
Figure 1 and RE performance similar to Figure 3.

11l. AVOIDING THIS TYPE OF A PROBLEM:
Shorten the Transmission Line

The distance traveled by the transmission line between
the I12S driver and the receiver should be as short as pos-
sible. Ideal situation for a bus traveling from the “master
board” to the “slave board” is to place the driver and the
receiver close to the connectors leaving/entering boards.
In the example discussed if the trace length on the “slave
board” was very short then placing the T-Filter may not
have caused the signal integrity problem.

Properly Match Impedances

If the length of the transmission line is constricted due to
some design constraints then it is important to make sure
there is no mismatch at the source and load of the trans-
mission line. One could consider a series match or a par-
allel match schemes (refer to Chapter 4 of Introduction to
Electromagnetic Compatibility, 2006 by Clayton R. Paul).

Avoid Vias

We have seen cases where transmission lines cross
board layers though vias. When cross-sectional dimen-
sions of the transmission line change, the characteristic
impedance of the line will change and will create a reflec-
tion at that discontinuity. A signal passing through a via
will encounter a discontinuity.

S| Budgeting

It is important to determine the signal integrity budget
of the transmission line. This can be done at the layout
stage of the design. Using the Cadence/Allegro/Spice
tools the margin/bandwidth-for-error can be calculated by
adding capacitance, inductance and DCR to the trans-
mission line. For instance, doing this will let you know
how much added capacitance (due to filters, between
traces, between connectors, etc.) you could tolerate on
the transmission line and still have good SI.

IV. SUMMARY

The layout of the transmission lines must be properly im-
plemented following good design practices for SI. Having
good signal integrity provides margin/bandwidth for im-
plementing EMC fixes (if there is any), such as placing a
T-Filter (or any other means of filtering) without distorting
the signal significantly. Finally, it is always a good idea to
have an EMC engineer review your board layout before
building the board.
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THE IMPORTANCE OF LAYOUT
IN ESD SUPPRESSING DIODES

ESD protection of sensitive electronics via transient volt-
age suppression (TVS) diodes is becoming a common
circuit technique across industries. Signal lines in a circuit
that are accessible to humans by touch (such as USB,
HDMI, etc.) require ESD protection on all sensitive signal
lines that are input to some IC’s. Placement of the ESD
protection diodes on the circuit board relative the IC’s
they are protecting play a significant role. It is important
to understand the behavior of PCB traces of signals at
transient conditions such as ESD. As an example, a sim-
ple schematic of an 12C bus extender with TVS diodes is
shown in Figure 1.

3.v
g
= 2|eon o 08 EXT
. Tlsa sa (£ —HLEXT
- -
[=]
z
o
7]

Figure 1 - Common schematic of TVS protection devices.

The realistic model of this circuit at transient ESD is
shown in Figure 2.
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Figure 2 - A realistic model of common schematic showing trace inductances and
parasitic capacitances.

PCB traces will have inductances associated with
them based on their length. Consider the SDA signal
trace. Trace lengths connecting the following points are
very important:

* The trace length from node A to the cathode of
the diode.

* The trace length from the anode of the diode to the
ground connection.

» The trace length from node A to the input pin of the IC.

In other words, the ESD protection diode must be placed
as close to the pin that it is protecting as possible and its
connection to the reference plane must be made as close
to the anode pin as possible. Otherwise the trace induc-
tance between any of these points may be large enough
that due to the input capacitance of the IC and the stray
capacitance of the trace, a tank circuit may form. The
tank circuit may oscillate at voltages that can exceed the
input voltage capability of the IC and can cause substan-
tial damage to the IC.

This scenario was modeled in LTSpice. Figure 3 shows
the schematic created in LTSpice. It consists of two parts.
The first part is the Human body model for ESD based
on IEC 61000-4-2 test method. The second part is the
representation of Figure 2 for trace SDA. The Figure 3
representation is for a diode (10Vclamp) that was placed
properly with very short traces at all points listed above,
thus resulting in very small trace inductances. Figure 4
shows the voltage at the CMOS based input (represented
by a capacitor).
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Figure 3 - LTSpice ESD circuit model for a properly-placed diode.
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Figure 4 - Voltage at the CMOS based input for a properly-placed diode.

When the ESD protection diode is placed properly by
having the shortest possible traces, the ESD pulse is
clamped down by the diode to a safe level. This diode
and its placement work well to protect the IC from ESD.

On the other hand, Figure 5 shows a schematic for a diode
(10Vclamp) that was not placed properly. The trace from
node A to the cathode of the diode in Figure 2 is about 1
inch long and was estimated to be about 1 nH. The trace
from anode to ground is about 0.03 inches and was esti-
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mated to be about 250 pH. Figure 6 shows the voltage at
the CMOS based input (represented by a capacitor).
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Figure 5 - LTSpice ESD Circuit Model for Improperly Placed Diode
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Figure 6 - Voltage at the CMOS based input for an improperly-placed diode.

Figure 6 clearly shows the effect of long traces connect-
ing the diode cathode to the node of the signal line and
the diode anode to the ground. The oscillation observed
peaks at 21V and rings at the frequency dictated by the
trace inductance, stray capacitance of the line and the
input capacitance of the IC.

CONCLUSION

To minimize oscillations on /O lines due to ESD and to
avoid IC damage, the following must be assured:

» Clamping (TVS) diode must be placed as close to the
IC pin as possible.

* The trace leading to the cathode of the diode must be
as short as possible.

» The trace leading to ground return from the anode of
the diode must be as short as possible.
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Galvanic Chart

MIL-STD 1250A
(Reference)

Volt

Gold 0.15
Graphite, Rhodium | 0.05
Silver 0.00
Nickel, Monel | -0.15
Copper, Bronze |-0.20
Nickel silver 1 -0.20
Stainless Steel | -0.20
Brass -0.30
Chromium | -0.45
Tin -0.50 |-0.
Tinlead solder | -0.50 | -0.
Lead 0.55 0.
Iron, Steel -0.70 |-
Aluminum 0.75 |-
Cadmium 0.80 -

Galvanized steel

-1.05

-5} f— — -y 2
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-0.15/-0.20 | -0.20  -0.20 | - -0.50 | - -0.70 |-0.75 -0.80 | -1.05 | -1.05 -1.60

0.50

.85

-0.85

-0.75

-0.60

-0.55

-0.55

-0.50

Hot-dip-zinc plate | -1.05
Zinc -1.10
Magnesium -1.60

Cathotic metals - least suseptable to corrosion (noble to less noble - vertical to horizontal)
Anodic metals - most suseptable to corrosion (less noble to noble - horizontal to vertical)

Green - Metals in harsh or marine environments such as salt spray or salt water. Volt potential difference equal or less than 0.15V
Blue - Metals in normal environments without temperature or humidity control, warehouse storage. Volt potential difference equal or less than 0.45V
- Metals in controlled environments with temperature and humidity control. Volt potential difference equal or less than 0.95V

Red - Not recommended

.55

-0.90 -0.85-0.80 -0.55 -0.55 -0.50
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