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I ntroduction

Thegad of eledromagnetic compatibility, or EMC, is to design eledronic systems
that are dedromagneticdly compatible with their environment. EMC requirements exist
S0 that eledronic systems designers have a st of guideli nes that explain the limits of what
is considered eledromagneticaly compatible. Thereisnat, however, one dl-encompassng
set of EMC guidelines. Instead, EMC guidelines are aeded by individual product
manufacturersand bythe government. Requirements st forth by the government arelegal
requirementshat products must med, whil e the requirements st forth by the manufacurer
are self-imposed and often more stringent than those set forth by the government.

Government Requirements

Not al courtries have the same EMC requirements. In fad, eadh courtry is
responsibleo enforce their own set of requirements. This does not, however, mean that
eachcourtry hasaunique set of EMC requirements. Infad, thevarious EMC regquirements
set forth byall thecourtries of theworld are very similar, and nany courtries are moving
towardacceting an international standard for EMC requirements know as the CISPR 22
standads. These standards have been adopted throughou much of Europe and were
developedin 1985 byCISFR (the French trandation meaning International Spedal
Committee on Radio Interference).

In the United Statesthe Federal CommunicationsCommisson(FCC) ischarged with
the regulation of radio and wire communcaion. Radio frequeng devices are the primary
concernin EMC. A radio frequency deviceis defined by the FCC as any devicethat is
capableof emittingradio frequency energy by radiation, condwction a other meanswhether
intentionally or not. Radio frequencies are defined by the FCC to be the range of
frequenciegxtendingfrom 9 kHz to 3000GHz. Some examplesof radio frequency devices
aredigital computers whose dock signals generate radiated emissons, blenders that have
dc motors where acing at the brushes generates energy in this frequency range, and
televisionsthat employ dgital circuitry. Infad nealy all digital devices are considered
radio frequency devices.

With the advent of computers and aher digital devicesbeaming popuar, the FCC
redized that it was necessary to impose limits on the dedromagnetic emissons of these
devicesin order to minimize the potential that they would interfere with radio and wire
communications. Asaresult the FCC set limitsonthe radiated and conducted emissons of
digital devices. Digital devicesaredefined bythe FCCasany unintentional radiator (device
or system) that generates and uses timing pulses atia eatessof 9000pulses (cycles)
per secondand uses digital techniques... . All electronic devices with digitaiircuitry and
aclock signal in excessof 9 kHz ae wvered undr this rule, althoudh there ae afew
exceptions.

Thelaw makesit illegal to market digital devices thathave not had their conducted
andradiated emissons measured and werified to be within the limits st for by the FCC
regulations. This means that digital devices that have not been measured to pess the
requirementgan not be sold, marketed, shipped, or even le dfered for sale. Although he
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penalties for violating these regulations include fines and or jail time, companies are nmore
concernedvith the negative pulicity that would ensue onceit becane known that they hal
marketeda product that fails to med FCC regulations. Furthermore, if the product in
gueston were already made a&ailable o the pubdic, the company would be forced to recdl
theproduct. Thusit isimportant that every unit that a company producesis FCC compliant.
Althoughthe FCC does nat test each and eary modue, they do grform randam tests on
products and if a single unit fails to comply, the entire product line can be recalled.

The FCC has different sets of regulations for different types of digital devices.
Devicesthat are marketed for use in commercial, industrial or businessenvironments are
classifiedas Class A digital devices. Devices that are marketed for us in residential
environmentsnawithstandingtheir useincommercial, industrial, or businessenvironments
areclassfied as ClassB digital devices. In general theregulations for ClassB devicesare
more stringent than those for Class A deviceshisisbecaisein gerera digital devices
are in closer proximity in residential environmerasd the owners of the devicesare less
likely to have the ailiti es and a resourcesto corred patential problems. The following
table showsa wmparison d the ClassA and ClassB condcted emissonslimits, whereyou
canclealy see hat heregulation for ClassB devicesare more gtrict than those for ClassA
devices. A comparisonfor radiatedemissons will be shown later. Personal computers are
asubcategory of ClassB devicesandare egulated more strictly than ather digital devices.
Computemanufadurers must test their devices and submit their test resultstothe FCC. No
otherdigital devices require that test data be sent to the FCC, rather the manufadurer is
expectedo test their own devicesto besurethey are dedromagneticdly compatible andthe
FCC will police the industry through testing of random product samples.

FCC Conducted Emission Limits
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Since he FCC regulations ar@iacerned with radiated and condwcted emissons of
digital products, it isuseful to understand what these enissonsare. Conducted emissons
arethe aurrents that are passed ou throughthe unit’s AC power cord and daceal onthe
common power net. Condwctedemisgons are unasirable becase orce hese currents are
ontothebuldingwiringthey radiate very efficiently asthe network of wiresadslike alarge
antenna. The frequency rangfecondicted emissons extends from 450kHz to 30 MHz.
Devicesare tested for compliancewith conduwcted emissons regulations by inserting aline
impedancestabili zation network (LISN) into the unit’s AC power cord. Current passs
throughthe AC power line and into tie LI1SN, which measures the interference current and
outputsavoltage for measurement purposes. The a¢ual FCCregulations st limitsonthese
output voltages from the LISN even thoughthe aurrent is what is truly being regulated.
Radiated emissions are the electric and magnetic fields radiated by the device that may be
receivedby aher devices, and cause interference in those devices. Althoughradiated
emissiongsre both eledric and magretic fields, the FCC and oher regulatory ageries only
requirethat eledric fields be measured for certificaion. The magnitudes of thesefieldsare
measuredn dBuV/m andthe frequency range for radiated emissons extendsfrom 30 MHz
to 40 GHz. Radiated field measurements for FCC compliance ae dore in either a
semianechoic chamber oramtopen field test ste. The productundertest nmust be rotated
sothat the maximum radiationwill be adieved and measurements must be made both with
themeasurement antennain verticd and haizontal polarizaionswith resped to the ground
plane.

Themethodfor measuringradiated emissonsvariesdepending onthetypeof device
being measured. Class A digital devioasst be measured at adistance of 10 m from the
product and Class B devices are to be measured at a disté&eefim the product. As
explainedealier, the ClassB devices, which are maketed for residential use, have stricte
regulationsand thus must be measured in closer proximity than ClassA devices. The
following graph displays the radiated emisson limits that are defined by the FCC for Class
A and ClassB digital devices. Because the measurement distances defined by the two
requirements are different, we must scalemieesurement distances  that they are both
atthe samedistancesin order to achieve an acasrate mmparison. Oneway to dothisiswith
theinverse distance mehod, which assumes that emissonsfall off linealy with increasing
distanceo the meaurement antenna. Thus emissons at 3 m are assumed todoreduced by
3/10if the antennaismoved out to adistanceof 10 m. So, to rarslate ClassA limitsfrom
adistanceof 10m to 3m, we add 2log,, (3/10) = 10.46 B to the ClassA limits. This
approximationisonly valid, however, if the measurements are taken in the fa field of the
emitter. We can assume that the far field boundary is three wavelé&mgiiite emitter,
and with the radiated emissons frequency range defined as 30 MHz to 40 GHz, the
maximum distance from the emitter thla¢ meaurementswill bein thefar field is 30 m
Thus,at 10m not al measurementswill beinthefar field. At 10m frequenciesof 90MHz
andhigher will bein the farzore. So, for the case of this plot, the inverse distance mehod
can be assumed bz accuate for frequerciesabove 90MHz, but bagins to bresk down a
lower frequencies. However, this comparisonstill nicely demorstrated how ClassB limits
tend to be roughly 10 dB more strict than Class A radiated emission requirements.
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FCC Radiated Emission Limits (Measurement Distance 3 m)
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Internationally EMC requirements differ from those in the United States. As
discusse@alier, eat courtry isresporsiblefor itsown set of EMC regulations. Since te
CISPR 22 regulations have been adopted by several courtries we will examine them and
comparethem to the FCC regulationsin the United States. CISFR 22regulationsrequire
that radiated emissiomseasurementsfor ClassA devices be measured at a distanceof 30
m and ClassB devices be measured at adistanceof 10m. Again usngthe inverse distance
method we can scde the meagurement limits to a @mmon distanceand plot the CISFR 22
and FCC regulations together to compare them. Asyou can seg althoughthe regulations
varydlightly in diff erent frequency ranges, thereisn’t much dff erencebetween the FCCand
CISPR 22 regulations for radiated emissions.

Radiated Emissions Limits for Class A Digital Devices
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The differences ithe FCC and CISPR 22 regulations becomeanunore obvious
when looking a the mnduwted emissons limits. The most notable difference is the
frequencyrange that is regulated for condwcted emissons. While they bath have a
maximumfrequency of 30 MHz, the CISPR 22 regulations extend davn to 150 Kz, while
theFCCregulationsonly extend davnto 450 KHz. Y ou can seethat the CISFR 22limit for
classB devicesrises for frequencies below 500 KHz. This extension was put in placeto
coverthe emissons of switching paver supdies, which are growing in importance over
linearpower supdiesdueto their efficiency andlight weight. Ancther diff erenceisthat the
CISPR22regulationsfor condicted emissonsare given for when therecever usesaquasi-
pe&k detedor (QP) and when the recever uses an average detedor (AV). FCC conducted
emissiondimitsand CISPR 22 and FCC conducted emissions limits all apply to the uge o
a quasi-peak detector.

Class A Conducted Emission Limits
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Class B Conducted Emission Limits
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Military EMC regulations also exist. Asyou would exped, EMC issles are very
importantin military applicaions o that missons will not be mpromised. Alongwith
conducted and radiated emissons, the military also regulates susceptibility. Thisisvery
importantin military applications, asit isvita that military equipment isimmuneto ouside
interference . Themilitary ismorestrict initsregulationsthan the FCC or CISFR and it also
hasamuch larger frequency rangethat isregulated and hes several subdivisions within that
frequencyrange. Additionaly, the military may deem to have the EMC requirements
waivedfor catain applicaionsif it isjudged that it isnecessary to missonsuccess CISFR
and FCC regulations cannot be waived for commercial products.

Measuring Radiated Emissions

In order to ensure that testing for radiated emissons are acarate, the FCC and
CISPRhaw testing standards that explaimhiesting must be dore. This ensures that the
testingis acarate and repeaable. For radiated emissons the FCC spedfies that the
measurementsf radiated and condwcted emissons must be performed onthe cwmplete
system.All interconned cables to peripheral equipment must be conreded and the g/stem
mustbe in a typical configuration.The cablesand the system must also be configured in a
representativevay such that the enissonsaremaximized. For instance aunit with interior
wire harnesses must have the harnesses configured in such that for all possblewaysthe unit
canbe aembled with those wire harnesses, the way with the most radiated emissons must
be tested. Thisensures that for massproduction of a unit, the worst case scenario is take
into consideration.

8-8



Thetesting standards <t forth by the FCC for radiated emissons testing are very
specificand dfficult to automate. Radiated emisgons are to be measured at a distance of
10mfor ClassA devicesand at adistanceof 3 m for ClassB devices. These measurements
areto be made oeragroundplane usng a tined dipoe antennaat an open field test site.
Additionally, thetestsareto be made with the measurement antennain bah theverticd and
horizontalpositions. During development of products, however, most companiestest their
productsin a semianechoic chamber, which is a shielded room with radio frequency
absorbingcones on the walls and celling. This mianetoic chember simulatesan op@
field test site, and eliminates any ambientambient signals that may be present in an open
field environment. An example of this setup can be seen in the following figure.

Shielded Room

DUT

3m .
}47 or 4* vertical
and

Scan w
height

1-4m

horizontal
polarization

Ground Plane J

Spectrum Analyzer
or Receiver

Anotherway that companies smplify the FCC test procedure is by using a broadband
antenna such as a log-periodic or discone aitenna.  Such antennas are desireale since,
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unlike atuned dpadle, their length dcesnat need to be ajusted with ead frequency change.
This all ows companiesto test their products wsing a frequency sweep rather than taving o
do each frequency separately and adjusting the dipole lengths with each measurement.
Onelast test requirement for radiated emisgons testing is the bandwidth of the
receiverbeing used to measure the signal must be at least 100 kHz. By having such a lage
bandwidth thetest will nat pick up intendednarrowband sgnals such as clock signals, but
it will deted emissons from broadband sources such as the acing at the brushes of a dc
motor. A related issue is the detedor used in the output stage of the recaver. Although
typicd spedrum analyzers us peek detedors, the FCC and CISPR test procedures require
thatthe reciver use aquasi-ped detedor. This ensures that fast changing, momentary
signalssuch as randamly ocaurring ikes will not charge up the quasi-peakdetedor to as
high a level as periodic signals. After al, the FCC is nat concerned with randamly
occurringone time signals. Rather, they are concerned with more significant and frequent
emissions that would cause interference with radio and wire communications.

M easur ement Requirementsfor Conducted Emissions

The intent of condwcted emissons limitsisto prevent noise arrents from passng
outthroughthe AC power cord of the deviceonto the mommon paver net of theinstall ation.
The common pover net of an instalation is an array of interconneded wires in the
installationwalls, and can be seen as a large atenna. Noise aurrents placeal orto the
commonpower net will consequently radiate very efficiently. An example of thisis the
interference hat occurs on yauelevision or radio whenyou wse the Bender. The arcing
of the brushes of the dc motor in the blender causes noise currents that passout throughthe
powercord of the blender andinto the dmmon paver net of your howse. Thewiring in the
house acts as an antenna and radiates the noise, which is pidsadtaerencein your
television and radio.

Therefore ,condwcted emissons are wncerned with the airrent that is passed ou
throughthe power cord of thedevice However, the FCCand CISPR 22 conducted emisson
limits are given in unts of volts. This is becaise the LISN, which is used to measure
conductedemissons converts the noise aurrents to vdtage. In order to understand the
functionof theLISN it isimportant to uncerstandthe standard acpower distribution system.
In the United States, AC voltage used in residential and husiness environments has a
frequency of 60 Hz and an RMS voltage of 120 V. The power wiratiome consig of
3 wires, aphase wire, aneutral wire, and the green wire. Both the phase and reutral wires
carry the 60 Hz power and the potential between eat wire and goundis 120V. The
currents that need to be measured for condicted emisgons tests are the currents that ocaur
on the phase and neutral wires.
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The dovefigureshowstheLISN used for FCCcondicted emissonstests. A similar
LISN is used for CISFR 22 conduwcted emissons testing, but the comporent values are
different due to the diff erent frequency range defined by CISPR for condicted emissons
testing. The LISN hastwo functions. Thefirst function is to isolate external noise fromthe
common ac neérom contaminating the meaurement. The second ppose of the LISN is
to present aconstant impedance in frequency from site 1o site to the product between phase
and ground and between neutral and ground.

Followingisan explanation of how the LISN works. First, one of the50Q resistors
representshe inpu impedance of the spedrum analyzer, and the other 50 Q resistor isa
dummyload. The cgadtors C, =0.1 pFisin placeto preventany dc from ovetoading the
testrecaever and the resistors R,=1kW are in placeto provide a path an path for C, to
discharge in the event the50 Q resistors are disconnectedhe product under test shoud
operate normally at 60 Hz power frequerties. Thus, at 60 Hz the capadtors will | ook like
open circuits and the inductors will lotike short circuits, and the equivalent circuit will
look like this:
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Thusthe product under test will operate asif there were nothing between it andthe acpower
netat 60 Hz. In the frequeng rangeof conducted emissons (450kHz-30 MHz), however,
the conductors will 1 ook like short circuits and the inductors will | ook like open circuits.
The equivalent circuit will look like this:
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Thus, the currents on timeutral andphase lines can beisolated and neasired at the 50 Q

resistors.Notice that the currents on the ptase and neura lineshave no peth that they can
get onto the ac power net with.

Additional Product Requirements

As gated ealier, the FCC and CISPR 22 regulations are requirements st forth by
law to regulate digitatlevices. Individual companies, however, self impose their own set
of regulations on their products, which are often much more stringent than the required
regulations. Thautomobile industry, for example isxempt from FCC requirements, yet
their self-impaosed regulations far excee thaose that the FCC sets forth for normal digital
devices. Thisisbecaise companies standto lose far more noney as aresult of afaulty or
poorly designed product, than they would byinvestingto make suretheir product is sfe and
well designed. After all, peopleput their livesin the handsof auto manufadurersevery time
they drive a vehicle, and auto manufacturers cannot afford to have lax standards.

Aside from imposing stricter versions of government regulations on themselves,
many companies also impose design constraints on their products that proted againgt,
radiatedmmunity, condwcted immunity, and eledrostatic discharge (ESD). The FCCdoes
not regulate these eeas becaise they donot pose a tred to radio or wire communications,
soindividual manufadurers are |left to create thir own standards. Furthermore, as each o
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these categories pertaitosa products ability to function despite outside interfererce, they
areof the utmost importance for manufadurers to guard against. Radiated immunityis a
productsability to operate in the faceof high paver transmitters, such as AM and FM
transmittersand airport surveillance radars. Manufadurers test their products by
illuminating their product with typicd waveformsand signal strengths that smulate worst
caseexposure that the product could encourter. Conducted immunity is the aility of a
product to operate despite a variefyinterferences that enter the device viathe acpower
cord. An obviousexample of such interferencewould be apower surge caised bylightning
drike. Manufadurers must design teststhat would simulate te effed of lightning induced
transientsand design their product to resist such interference acordingly. Eledrostatic
dischargeswhen gtatic charge buil dsup onthe human body @ furniture andis subsequently
discharged to thproduct when the person or furniture @mesin contad with the podud.
Such dtatic voltage can approadh 25 R/ in magnitude. When the discharge throughthe
productoccurs, large aurrents momentarily coarse throughthe product. These arrentscan
causemadines to reset, IC memories to clea, etc. Manufadurers test their products by
subjecting them to controlled ESD events and design pihaltct to operate successully
in the event of such ESD occurances.
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