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1.0 Introduction to Radiated and Conducted Emissions
Measurements

The concept of getting a product to market on time and within budget is nothing nev.
Recently, companies have realized that electromagnetic interferece (EMI) compliance
testing can be a bottleneck in the product development process. To ensure sicessful EMI
compliance testing, precompliance testing has been added to the develoment cycle. In
precompliance testing, the electromagnetic compatibility EMC perfomance is evaluated
from design through production units. Figure 1 illustrates a typical prodct development
cycle.

Many manufacturers use (EMI) measurement systems to perform conduaieand radiated
EMI emissions evaluation prior to sending their product to a test facilitydr full compliance
testing. Conducted emissions testing focuses on unwanted signals thaare on the AC mains
generated by the equipment under test (EUT). The frequency range for these nonercial
measurements is from 9 kHz to 30 MHz, depending on the regulation. Radiatedneissions
testing looks for signals broadcast for the EUT through space. The frequegaange for
these measurements is between 30 MHz and 1 GHz, and based on the regulation, cgo
up to 6 GHz and higher. These higher test frequencies are based on the highest ernal
clock frequency of the EUT. This preliminary testing is called precompliece testing.

Figure 2 illustrates the relationship between radiated emissions,adiated immunity,

conducted emissions and conducted immunity. Radiated immunity is the akiily of a device

RU SURGXFW WR ZLWKVWDQG UDGLDWHG HOHMMPW URPDK A HDELBD WD GV
of a device or product to withstand electrical disturbances on AC mains or dat lines. In

order to experience an electromagnetic compatibility problem, such as Wwen an electric

drill interferes with TV reception, there must be a source or generator, capling path and

receptor. An EMC problem can be eliminated by removing one of these componés

Product development cycle

Initial Design Lab Production Production
investigation breadboard prototype prototype unit

I8
=

: R E D E S| G N . Production
Figure 1. A typical product development cycle
Emission Immunity = Susceptibility

» Conducted
> Radiated

Figure 2. Electromagnetic compatibility between products

&RQGXFWHG LPPX(



04 | Keysight | Making Conducted and Radiated Emissions Measurements — Appligait Note

With the advent of the European requirements, there is an additional focusmproduct

LPPXQLW\ 7KH OHYHO RI HOHFWULF oHOG WKOMWUDB UMPAHBRZRU FDQ ZLWKVWDQG EHIRU
as product immunity. The terms immunity and susceptibility are used intercangeably.

This document will not cover immunity testing.

1.1 Precompliance versus full compliance EMI measurements

Full compliance measurements require the use of a receiver that meets the ggirements

VHW IRUWK LQ &,635 D TXDOLoHG RSHQ DUHBDUWHY& VLWH RU VHPL DQHFKRLF FKD
an antenna tower and turntable to maximize EUT signals. Great effort is taketo get the

EHVW DFFXUDF\ DQG UHSHDWDELOLW\ 7KHVHQDINVNRPRH WEHNLEBFQ EH TXLWH H[SHQVL
cases, the full compliance receiver can be replaced by a signal analyzer withe correct

bandwidths and detectors as long as the signal analyzer has the sensitiyi required.

Precompliance measurements are intended to give an approximation of thEMI
performance of the EUT. The cost of performing precompliance tests is a fréon of the
cost of full compliance testing using an expensive facility.

The more attention to detail in the measurement area, such as good ground ple and a
PLQLPDO QXPEHU UHpHFWLYH REMHFWV WKHAHEHWWWHU WKH DFFXUDF\ RI WKH PHDVXU|

1.2 Systems for performing precompliance measurements

The components used in systems for precompliance measurements are as folls:

signal analyzer with N6141A EMI measurement application, line impedee stabilization
network (LISN), transient limiter and antennas. To isolate problems aét they have been
LGHQWLoHG WKH FORVH oHOG SUREHV $ DUH XVHG

The environment for precompliance testing is usually less controlled tha full compliance
testing environments. See Figure 3 for the components used for precompliare testing.

EMI precompliance measurement system

1@ -Eigg Log periodic

antenna

06008
sl0coca

X-Series analyaeith N6141A
EMC measurement application

Biconical
antenna
(=] Q.
o 03 Close-field probe set
Diagnostics
LISN .%
\_ﬂ.
Transient
limiter

Figure 3. Components of a preproduction evaluation system
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2.0 Precompliance Measurements Process

The precompliance measurement process is fairly straightforward. élvever, before
making measurements on your product, some preliminary questions must berswered.

1. Where will the product be sold (for example, Europe, United States, Japgf?
:KDW LV WKH FODVVLOFDWLRQ RI WKH SURGXFW"
a. Information technology equipment (ITE)
E ,QGXVWULDO VFLHQWLOF RU PHGLFDO HTXLSPHQW
c. Automotive or communication
d. Generic (equipment not found in other standards)
3. Where will the product be used (for example home, commercial, light indust or
heavy industry)?

With the answers to these questions, you can determine which standard yourrnpduct
must be tested against. For example, if you determined that your product is an
information technology equipment (ITE) device, and you are going to sell ihithe U.S.,
then you need to test your product to the FCC 15 standard. Table 1 below will help you
choose the requirement for your product.

Emissions regulations (summary)

FCC CISPR EN's Description

18 11 EN 55011 Industrial, scientific and medical equipment

— 12 — Automotive

15 13 EN 55013 Broadcast receivers
14 EN 55014 Household appliances/tools
15 EN 55015 Fluorescent lights/luminaries

15 22 EN 55022 Information technology equipment
— EN61000-6-3,4 Generic emissions standards
16 — Measurement apparatus/methods
16 EN 55025 Automotive component test

Table 1. Comparision of regulatory agency requirements

2.1 European norms descriptions

2.11 EN55011 (CISPR 11) ISM

Class A:Products used in establishments other than domestic areas.
Class B:Products suitable for use in domestic establishments.

Groupl: /I DERUDWRU\ PHGLFDO DQG VFLHQWLOF HIYHKWLB WHRQW
measuring receivers, frequency counters, spectrum analyzers, stehing mode power
supplies, weighing machines and electron microscopes.)

Group 2: Industrial induction heating equipment, dielectric heating equipment industrial
microwave heating equipment, domestic microwave ovens, medical apgratus, spark
erosion equipment and spot welders. (For example: metal melting, billet éating,
component heating, soldering and brazing, wood gluing, plastic weldig, food
processing, food thawing, paper drying and microwave therapy equipmat.)

,60

YRU H[DPSOH

VLJQDO JH
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2.1.2 EN55014 (CISPR 14)

This standard applies to electric motor-operated and thermal appliancs for household

and similar purposes, electric tools and electric apparatus. Limit fie use depends upon the
power rating of the item. EN55014 distinguishes between househol@ppliances, motors
less than 700W, less than 1000W and greater than 1000W. Limits for conductedmaissions
are 150 kHz to 30 MHz, and limits for radiated emissions are 30 MHz to 300 MHz.

2.1.3 EN55022 (CISPR 22)

Equipment with the primary function of data entry, storage, displaying, etrieval,

transmission, processing, switching or controlling is considerd ITE. For example, data

SURFHVVLQJ HTXLSPHQW RIoFH PDFKLQ MY VHOMHAHWBRQW RHIXLSPHQW
telecommunications equipment would be considered ITE.

There are two classes of ITE, Class A which is not intended for domestic use anca€$ B
which is intended for domestic use.

2.2 Federal Communications Commission

The FCC has divided products to be tested in two parts, Part 15 and Part 18. Part 15 is
further divided into intentional radiators and unintentional radators.

Unintentional radiators include TV broadcast receivers, FM receérs, cable system
terminal devices, personal computers and peripherals and external siiching power
supplies. Unintentional radiators are then again divided into Class A déces that are
used in industrial, commercial or business environments and Class B deviséhat are
marketed for use in a residential environment.

Part 18 devices are ISM.

2.2.1 FCC requirements summary

The frequency range of conducted emissions measurements is 450 kHz to 30 MHz @&n
the frequency range of radiated emissions measurements is 30 MHz to 1 GHz and up t
40 GHz, based on the device clock frequency.

FCC requirements (summary)

Equipment type FCC part
Broadcast receivers Part 15
Household appliances Part 15
Fluorescent lights/luminaries Part 15
Information technology equipment Part 15
(TXLSPHQW FODVVLOFDWLRQ

Class A Industrial Part 15

Class B Residential Part 15

,QGXVWULDO VFLHQWLOF DQG PHGHaRDBO HTXLSPHQW

Table 2. FCC requirements summary

EXVLQ
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3.0 Emissions Testing

3.1 Introduction

$IWHU WKH DSSURSULDWH UHJXODWLRQV KDYHVEKXSQVKEFEHYWVYWHG WKH QH[W VWHS LV W
HTXLSPHQW DQG SHUIRUP UDGLDWHG DQG FRREXRWMEHWRNVNYVLRQV WHVWYV 7KH oUVW Jl
is conducted emissions. The typical process is to interconnect thappropriate equipment,

load the limit line or lines, add the correction factors for the LISN and trangnt limit.

3.2 Conducted emissions testing

1. Interconnect the signal analyzer to the limiter, LISN and EUT as shown in Ricg 4.
Operation of the LISN and limiter is covered in Appendix A. Ensure that the peer
cord between the device under test (DUT) and the LISN is as short as possiblend
power cord can become an antenna if allowed to be longer than necessary. Meage
the signals on the power line with the DUT off. If you see the signal approachin
the established limit lines, then some additional shielding may be regued. Do not
use ferrites on the power cord because common mode signals from the DUT may be
suppressed causing a lower value measurement.

2. Next, be sure you are measuring within the appropriate frequency rangef
conducted emissions measurements, 150 kHz to 30 MHz. Keysight's EMI m&aarement
application uses a scan table to make it easy to select the appropriate fragency
range as shown in Figure 5. Deselect any other ranges that are selected.

Conducted emissions measurements
are easier than ever!

X-Series analyzer with N6141A
EMC measurement application

e

Keysight 11967D LISN Device

under test

oo
ooo

Limiter

Figure 4. Conducted measurements interconnection Figure 5. Scan table
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3. Load limit lines and correction factors. In this case, the two limit lines sed for
conducted emissions are EN55022 Class A quasi-peak and EN55022 Class A EMI
average. To compensate for measurement errors, add a margin to both limitles.

Figure 6. Conducted emissions display with limit lines and margin

4. Correct for the LISN and the transient limiter which is used to protect theriput mixer.
The correction factors for the LISN and transient limiter are usually stred in the
signal analyzer and they can be easily recalled. View the ambient emissie (with the
DUT off). If emissions above the limit are noted, the power cord between thelEN
and the DUT may be acting as an antenna. Shorten the power cord to reduce the
response to ambient signals (See Figure 7).

Figure 7. Conducted ambient emissions
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6ZLWFK RQ WKH '87 WR 0QG VLJQDOV DERYH WKN OLPLW OLQHV 7KLV LV D JRRG WLP
to make sure that the input of the signal analyzer is not overloaded. To do thistep
the input attenuator up in value, if the display levels do not change, then thee is
no overload condition. If the display does change, then additional atnuation is
required. The margin is also set so signals above the margin will also be led. To
identify the signals above the margin of either limit line, select scan ad search to
get the peak amplitude and frequency. The amplitude and frequency of the sigia is
displayed. In this case, 14 signals were captured (See Figure 8).

Figure 8. Scan and search for signals above the limit

6. Finally, the Quasi-peak and average of the signals need to be measured and
compared to their respective limits. There are three detectors: Deteatr 1 will be set
to peak, Detector 2 to Quasi-peak and Detector 3 to EMI average.
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7. Review the measurement results. The QPD delta to Limit Line 1 and EAVE detb
Limit Line 2 should all have negative values. If some of the measurementsear
positive, then there is a problem with conducted emissions from the DUT. Gtk
to be sure there is proper grounding if there are conducted emissions proleims.
Long ground leads can look inductive at higher conducted frequencies gemated by

VZLWFKHU SRZHU VXSSOLHV ,I SRZHU OLQM 26W®EULQJ LV XVHG

grounded (See Figure 9).

Figure 9. Quasi-peak and average delta to limit

Here are some additional hints when making conducted measurements. If #nsignals you
are looking at are in the lower frequency range of the conducted band (2 MHz or lowg,
you can reduce the stop frequency to get a closer look. You may also note that there ar
fewer data points to view. You can add more data points by changing the scan tabél

The default in the scan table is two data points per BW or 4.5 kHz per point. To get more
data points, change the points per bandwidth to 2.25 or 1.125 to give four or eigt points

per BW.

3.3 Radiated emissions measurements preparation

Performing radiated emissions measurements is not as straightforard as performing
conducted emissions measurements. There is the added complexity of thembient
environment which could interfere with measuring the emissions from a DU. There
are some methods that can be used to discriminate between ambient environnre and
signals from the DUT. In more populated metropolitan areas, ambient envanments
could be extremely dense, overpowering emissions from a DUT. Testing in arsi-
anechoic chamber can simplify and accelerate measurements because thenaient
signals are no longer present. Chambers are an expensive alternative tgen area
testing. Following are some methods for determining if a signal is ambient

1. The simplest method is to turn off the DUT to see if the signal remains. However
some DUTSs are not easily powered down and up.

PDNH VXUH WKDW
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2. Use the tune and listen feature of the signal analyzer to determine if the ghal is a
local radio station. This method is useful for AM, FM or phase modulated sigls.

3. If your device is placed on a turntable, rotate the device while observina signal
in question. If the signal amplitude remains constant during device rotabn, then
the signal is more likely to be an ambient signal. Signals from a DUT usually main
amplitude based on its position.

4. A more sophisticated method of ambient discrimination is the two antena method.
Place one antenna at the prescribed distance as called out by the regulatgrbody,
DQG D VHFRQG DQWHQQD DW WZLFH WKH GLVWDQFH RI WKH oUVW DQWHQQD &RQQt
antennas to a switch, which is then connected to the signal analyzer. If the sital is
the same amplitude at both antennas, then the signal is likely to be an ambient
signal. If the signal at the second antenna is 6 dB lower, then the signal origirtas
from the DUT.

3.4 Setting up the equipment for radiated emissions measurements

1. Arrange the antenna, DUT and signal analyzer as shown in Figure 10. Septadhe
DQWHQQD DQG WKH (87 DV VSHFLoHG E\ WKH UFHHIXOUDWRU DJHQF\ UHTXLUHPHQWYV I V
limited, then the antenna can be moved closer to the DUT and you can edit the linst
WR UHpHFW WKH QHZ SRVLWLRQ )RU H[DPSOH LI WKH DQWHQQD LV PRYHG IURP PH
PHWHUV WKHQ WKH DPSOLWXGH PXVW EH DGMXVWHG E\ G% ,W LV LPSRUWDQW
DQWHQQD LV QRW SODFHG LQ WKH QHDU oHORURI Wo#] UDGLDWLQJ GHYLFH ZKLFK LV
for 3 meters. Most commercial radiated emissions start at 30 MHz.

Precompliance Radiated Measurements

) ) Biconical
X-Series analyzeith N6141A Antenna
EMC measurement application
|
Tripod Device
under test

Figure 10. Radiated emissions test setup

2. Set up the signal analyzer for the correct span, bandwidths and limit lies with margin
included. After the signal analyzer has been powered up and completed itsaibration,
use the scan table to select Range 3, and deselect all others. This gives a fregucy
range of 30 MHz to 300 MHz, bandwidth of 120 kHz and two data points per
bandwidth. Load limit lines for EN55022 Class A. To get the best sensittyi switch on
WKH VLIJQDO DQDO\]HUjV SUHDPSOLoHU DQG VHW WKH DWWHQXDWRU WR G%
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3.5 Performing radiated
emissions measurements

The goal of radiated emissions testing is to
identify and measure signals emitting from
the DUT. If the signals measured using the
correct detector are below the margin set

at the beginning of the measurement, then

the DUT passes. These measurements must

be repeated for each face of the DUT. The
orientation change of the DUT is achieved
using a turntable. The test sequence
follows:

1. With the DUT off, perform a scan and
search of the signals over the band of
interest, and store the list of frequency

DPSOLWXGH SDLUV WR D oOH \RX PD\ ZDQW

to mark ambient.

2. With the DUT on and oriented at the
0 degree position, perform a scan and
search.

3. A second group of signals will be added
to the existing ambient signals in the
list.

4. Search for duplicates using the “mark
all duplicates.”

5. Delete the marked signal, which now
leaves only the DUT signals (and those
that were not present during the
ambient scan).

Figure 11. Ambient radiated emissions signals

Figure 12. Duplicate ambient signals marked
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6. Perform measurements using the QP
detector and compare to delta limit.

7. If the signals are below the limit, then
the DUT passes. If not, then some work
needs to be done to improve emissions.
Store the signals shown in Figure 14
for future reference when
troubleshooting problems.

Repeat the process, Step 1-7, for another
position of the turntable, such as 90
degrees. If you have stored the ambient
signal in the previous measurement, then
you recall the list and process with Step 2,
which is where the DUT is switched on.

After you have observed the DUT on all
four sides you will have a list of signals for
each side. If you note a signal that is the
same amplitude for all four sides of the
DUT, it could be an ambient signal that
was missed during the ambient scan.

Figure 13. Duplicate signals deleted

Figure 14. DUT signals with quasi-peak measurement compared to limit
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4.0 Problem Solving and Troubleshooting

After the product is tested and the results are recorded and saved, your produds either
ready for full compliance testing and production, or it must go back to the bench ér
further diagnosis and repair.

If your product needs further redesign, the following process is recommeded:

Connect the diagnostics tools as shown in Figure 15.
From your previous radiated tests, identify the problem frequeneis.
Use the probe to locate the source or sources of the problem signals.

P w DN

With the probe placed to give the maximum signal on the analyzer, save theace to
internal memory.

o

Make circuit changes as necessary to reduce the emissions.

6. Measure the circuit again using the same setting as before, and save the rahs in
another trace.

7. Recall the previously saved trace and compare the results to the current
measurement.

Diagnostic measurement setempissions

X-Series analyawith N6141A
EMC measurement application

Device under test
Close-field prob

Circuit under test

Figure 15. Diagnostics setup interconnection

4.1 Diagnostics testing setup

It is recommended that the spectrum analyzer mode be used for diagnosis. Caction

factors for the probe should be loaded from the internal memory. The Keysig 11945A probe
kit contains two probes, one for 9 kHz to 30 MHz and another for 30 MHz to 1 GHz frequency
range. Place the signal analyzer into the spectrum analyzer mode. Conngthe probe for the
appropriate frequency range and recall the correction factors from inérnal memory.
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4.2 Problem isolation

Using information stored earlier from the conducted and radiated teststune the signal

analyzer to one of the problem frequencies with a narrow enough span to give adpiate

GLITIHUHQWLDWLRQ EHWZHHQ VLJQDOV ORYWKWKHB7FQEVHWBLHKWG SUREH VORZO\ RYH
the display for maximum emissions as you isolate the source of the emissienAfter you

have isolated the source of the emissions, record the location and store thdisplay to an

internal register (See Figure 16).

Figure 16. Preliminary diagnostics trace

The next step is to make design changes to reduce emissions. This can be accongbled
by adding or changing circuit components, redesigning the problem cirait or adding
shielding. After the redesign, compare the results again to the previouglirecorded trace.

With your probe on the trouble spot, compare the emissions before and after ngairing

the problem. As you can see from the difference between the two traces in Figarl?,

there has been about a 10 dB improvement in the emissions. There is a one-to-one

FRUUHODWLRQ EHWZHHQ FKDQJHV LQ FORVHHWWQQ BMWREH PHDVXUHPHQWY DQG FKDQ
oHOG PHDVXUHPHQWY )RU H[DPSOH LI \RX QRWH D G% FKDQJH LQ PHDVXUHPHQWYV |
E\ D FORVH oHOG SUREH \RX ZLOO DOVR QRWH D G% FKDQJH ZKHQ \RX SHUIRUP D ILC

measurement using an antenna and a signal analyzer.

Figure 17. Diagnostics traces before and after redesign
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Appendix A:
Line Impedance Stabilization Networks (LISN)

Al1.0 Purpose of a LISN
A line impedance stabilization network serves three purposes:
1. The LISN isolates the power mains from the equipment under test. The powsupplied

to the EUT must be as clean as possible. Any noise on the line will be coupled to the
X-Series signal analyzer and interpreted as noise generated by the EUT

2. The LISN isolates any noise generated by the EUT from being coupled to thewer
mains. Excess noise on the power mains can cause interference with the prep
operation of other devices on the line.

3. The signals generated by the EUT are coupled to the X-Series analyzer ngia high-
SDVV oOWHU ZKLFK LV SDUW RI WKH /,61 6LIJQDSMWHKDW DUH LQ WKH SDVV EDQG RI
OOWHU VHH D # ORDG ZKLFK LV WKH LQSXW WR WKH ; 6HULHV VLJQDO DQDO\]HU

A1l LISN operation

The diagram in Figure A-1 below shows the circuit for one side of the line relatevto earth

ground.
7KH ") LQ FRPELQDWLRQ ZLWK WKH "+ LOGXFWRRIPLY WKH oOWHU WKDW LVRODWHYV
WKH (87 7KH "+ LQOGXFWRU LVRODWHY WKH QRLVHWKHQHUDWHG E\ WKH (87 IURP WKH

") FRXSOHV WKH QRLVH JHQHUDWHG E\ WKH (B UWRHWYXHU; 6HULHYVY VLIJQDO DQDO\]HU
$W IUHTXHQFLHY DERYH N+] WKH (87 VLIQDOVFBIUH SUHVHQWHG ZLWK D # LPSHGI

The chart in Figure A-1 represents the impedance of the EUT port versus frequen

Line Impedance Stabilizatiatwork (LISN)

From powesource ToEUT

ToReceiver or EMC analyzer #

Impedancéohms)g-
50-
40-
30-

L |
01 1 1 10 100 FrequencgMHz)

Figure A-1. Typical LISN circuit diagram
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Al.2 Types of LISNs

The most common type of LISN is the V-LISN. It measures the unsymmetric voltage
between line and ground. This is done for both the hot and the neutral lines or for a

WKUHH SKDVH FLUFXLW LQ D k<y FRQoJXUDWHKHRQH PHMWZHHQ HDFK OLQH DQG JURXQG

other specialized types of LISNs. A delta LISN measures the line-to-lenor symmetric
emissions voltage. The T-LISN, sometimes used for telecommunicatisrequipment,
measures the asymmetric voltage, which is the potential difference beteen the

midpoint potential between two lines and ground.

A2.0 Transient limiter operation

The purpose of the limiter is to protect the input of the EMC analyzer from large
transients when connected to a LISN. Switching EUT power on or off can cause k&

spikes generated in the LISN.

7TKH .H\WVLJKW

DWWHQXDWRU ,W FDQ ZLWKVWDQG N: IRU

0+] 7KH KLJK SDVV oOWHU UHGXFHV WKH OLQBAQUHUXHQFLHY FRXSOHG WR WKH (0&

$ WUDQVLHQW OLPLWISD W\ BRWSRU DWIEVDM OLPLWHU KLJK

"VHF DQG KDV D IUHTXHQF\ UDQJH RI

Types of LISNs

V asymmetrit V, unsymmetric

¢ Ground

V-LISN Vector Diagram
V-LISN: Unsymmetric emissions (line-to-ground)
A-LISN: Symmetric emissions (line-to-line)

T-LISN: Asymmetric emissions (mid point line-to-line)

Figure A-2. Three different types of LISNs
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Appendix B:
Antenna Factors

B1.0 Field strength units

5DGLDWHG (0, HPLVVLRQV PHDVXUHPHQWYV PIK&DWWUHWKMKHOHFWULF oHOG 7KH oH
FDOLEUDWHG LQ G%"9 P )LHOG VWUHQIJWK L® G%"9 P LV GHULYHG IURP WKH IROORZL(

P = total power radiated from an isotropic radiator

Pp WKH SRZHU GHQVLW\ DW D GLVWDQFH U IURP WKH LVRWURSLF UDGLDWRU 1IDU c
Pb= P B

5 #

Pb= ER

E2R= P, U

E= (R x 302 Jr (V/m)

)D U & k4 0CoBsidered to be >

B1.1 Antenna factors

7KH GHOQLWLRQ RI DQWHQQD IDFWRUV LV WKHWMHUWEBRHVIHYMWH HOHFWULF oHOG LQ YRC
at the plane of the antenna versus the voltage out of the antenna connector. Note:
Antenna factors are not the same as antenna gain.

B1.2 Types of antennas used for commercial radiated measurements

There are three types of antennas used for commercial radiated emissions mgarements.

Biconical antenna: 30 MHz to 300 MHz

Log periodic antenna: 200 MHz to 1 GHz (the biconical and log periodic overlap
frequency)

Broadband antenna: 30 MHz to 1 GHz (larger format than the biconical or log peodic

antennas)
Antenna factors Biconical Antenna
Biconical Log Periodic (30 - 300 MHz)
dB/m @ 10m @1im
3
25 e
20 4
15
10
5 Broadband Antenna
0 200 400 600 800 1000 (30 - 1000 MHz) Log Periodic Antenna
Frequency, MHz (200 - 1000 MHz)
Linear units:AF = Antenna factor (1/m) AF = Ein
E = Electric field strength (V/m) V out
V = Voltage output from antenna (V)
Log units: AF(dB/m) = E(dBuV/m) - V(dBpuV)
E(dBpv/m) = V(dBuV) + AF(dB/m)

Figure B-1. Typical antenna factor shapes Figure B-2. Antennas used in EMI emissions measurements

1)DU oHOG LV WKH PLQLPXP GLVWDQFH IURP D UDGLDWRU ZKHUH WKH oHOG EHFRPHV D
planar wave.
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Appendix C:
Basic Electrical Relationships

The decibel is used extensively in electromagnetic measurements. It ifi¢ log of the ratio
RI WZR DPSOLWXGHV 7KH DPSOLWXGHV DUH LQLSRZBDWGYROWDJIJH DPSV HOHFWULF ot
PDJQHWLF oHOG XQLWYV

decibel = dB =10 log (B/P4)
'DWD LV VRPHWLPHV H[SUHVVHG LQ YROWYV RUODHHDG ZRMWIKQIWK XQLWV ,Q WKLV FDVH UH

If the impedances are equal, the equation becomes:
dB =20 log (W/V4)

$ XQLW RI PHDVXUH XVHG LQ (0, PHDVXUHPHQWV LV G%"9 RU G%~$ 7KH UHODWLRQVKL
and dBm is as follows:

G%~9 dBm 3
7KLV LV WUXH IRU DQ LPSHGDQFH RI  #

Wave length (1) is determined using the following relationship:
= 3x108/f (Hz) or = 300/f (MHz)

Appendix D:
Detectors Used in EMI Measurements

D1.0 Peak detector

Initial EMI measurements are made using the peak detector. This mode is muchdter than
quasi-peak, or average modes of detection. Signals are normally displag on spectrum
analyzers or EMC analyzers in peak mode. Since signals measured in peak eetion mode
always have amplitude values equal to or higher than quasi-peak or average dettion
modes, it is a very easy process to take a sweep and compare the results to a limit ling
all signals fall below the limit, then the product passes and no further testig is needed.

D1.1 Peak detector operation

The EMC analyzer has an envelope or peak detector in the IF chain that has a time ctant,
such that the voltage at the detector output follows the peak value of the IF sigal at all
times. In other words, the detector can follow the fastest possible changein the envelope of
the IF signal, but not the instantaneous value of the IF sine wave (See Figure D-

Output of the envelope detector follows
the peaks of the IF signal

IV

Figure D-1. Peak detector diagram
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D2.0 Quasi-peak detector

Most radiated and conducted limits are based on quasi-peak detection modeQuasi-
peak detectors weigh signals according to their repetition rate, whit is a way of
measuring their annoyance factor. As the repetition rate increases, #hquasi-peak
detector does not have time to discharge as much, resulting in a higher voltag output
(See Figure D-2). For continuous wave (CW) signals, the peak and the quapeak are the
same.

Quasi-peak detector output varies
with impulse rate

Quasi-peak Quasi-peak
Peak response detector reading detector response

Test limit

—t

Testlimit

—t

Figure D-2. Quasi-peak detector response diagram

Since the quasi-peak detector always gives a reading less than or equal to péa
detection, why not use quasi-peak detection all the time? Won't that maketi easier to
pass EMI tests? It’s true that you can pass the tests more easily; however, qugseak
measurements are much slower by two or three orders of magnitude compared to usg
the peak detector.

D2.1 Quasi-peak detector operation

The quasi-peak detector has a charge rate much faster than the discharge rat
therefore, the higher the repetition rate of the signal, the higher the ouput of the quasi-
peak detector. The quasi-peak detector also responds to different amjtude signals in
a linear fashion. High-amplitude, low-repetition-rate signals coud produce the same
output as low-amplitude, high-repetition-rate signals.
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D3.0 Average detector

7KH DYHUDJH GHWHFWRU LV UHTXLUHG IRU VRPHWHLR@QGCXIFIMWKHG HPLVVLRQV WHVWYV LQ F
using the quasi-peak detector. Also, radiated emissions measuremes above 1 GHz are

performed using average detection. The average detector output is alwayless than or

equal to peak detection.

D3.1 Average detector operation

Average detection is similar in many respects to peak detection. Figure [3-shows a

VLIQDO WKDW KDV MXVW SDVVHG WKURXJK WKH ,) DQG LV DERXW WR EH GHWHFWHG
the envelope detector is the modulation envelope. Peak detection occwwhen the post

detection bandwidth is wider than the resolution bandwidth. For averag detection to

WDNH SODFH WKH SHDN GHWHFWHG VLIJQDO PXWKNLYDPXFWKURXJK D oOWHU ZKRVH ED
OHVV WKDQ WKH UHVROXWLRQ EDQGZLGWK FYKHPBORMHUODWWHUDIHY WKH KLJKHU IUHTX
such as noise at the output of the envelope detector.

Average detection
A
S a VAN N~
%t
OXD‘—I W O
Envelope detector
I 9;99

Average detector

Figure D-3. Average detection response diagram
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Appendix E

EMC regulatory agencies

IEC
CISPR

PO Box 131

3, Rue de Verembe

1121 Geneva 20, Switzerland
IEGvww.iec.ch

CISPRhttp:iwww.iec.ch/emcl/iec_emcl/iec_emc_players_cispr.htm )

ITU-R (CCIR)

Place de Nation

1211 Geneva, Switzerland

Telephone: +41 22 730 5111
(ITU Switchboard)

Fax: +41 22 733 7256

http://www.itu.int/ITU-R

Australia

(CSA)

&DQDGLDQV 6WDQGDUGYV $VVRFLDWLRQ
6DOHYVY '"HSDUWPHQW RI WKH &HQWUDO 210 BM60RSpenttitd Wag
Mississauga, Ontario

L4W 5N6
CANADA
Telephone:

416 747 4000

800 463 6727
Fax: 416 747 2473
http://lwww.csa.ca
, 78 *HQHUDO 6HFUHWDULDW 6DOHV 6HUYLFH

Denmark

'DQVN (OHNWURWHNQLVN .RPLWH
Strandgade 36 st
DK-1401 Kobenhavn K

Telephone:

+45 72 24 59 00

Fax: +45 72 24 59 02
http://iwww.ds.dk /en

$XVWUDOLD (OHFWURPHFKDQLFDOI&RPPLWaWEH 6WDQGDUGYV $VVRFLDWLRQ R
&RPLWH (OHFWURWHFKQLTXH )UDQFDLYV

$XVwWUDOLD

PO Box 458

North Sydney N.S.W. 2060

Telephone: +61 29634111

Fax: +61 2 963 3896
AustraliaElecto-technical Committee
http://www.ihs.com.au/standards/iec /

Belgium

Comite Electrotechnique Belge
Boulevard A. Reyerslaan, 80
B-1030 BRUSSELS

Telephone: Int +32 2 706 85 70
Fax: Int +32 2 706 85 80
http://www.ceb-bec.be

Canada

6WDQGDUGY &RXQFLO RI &DQDGD
6WDQGDUGY 6DOHYV 'LYLVLRQ

270 Albert Street, Suite 200

Ottawa, Ontario K1P 6N7

Telephone: 613 238 3222

Fax: 613 569 7808

http://www.scc.ca

UTE CEdex 64

F-92052 Paris la Defense

Telephone:

+33 14907 6200

Fax: +33147787198
http://lwww. cenelec.eu/

Germany

9'( 9(5/$* *PE+

Bismarckstr. 33

10625 Berlin

Telephone: +4930348001-0
(switchboard)

Fax: +49 303417093

http:// vde-verlag.de/english.html

India

%XUHDX RI ,QGLDQ 6WDQGDUGY 6DOHV 'HSD

Manak Bhavan

9 Bahadur Shah Zafar Marg.
New Delhi 110002

Telephone:

+91113310131

Fax: +91 11 331 40 62
http://www.bis.org.in

Italy

&(, &«aRPLWDWR (OHWWURWHFQLFR ,WDOLDQR

Sede di Milano
Via Saccardo, 9
20134 Milano
Telephone:

02 21006.226

Fax: 02 21006.222
http://lwww.ceiweb.it
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Japan
-DSDQHVH 6WDQGDUGYV $VVRFLDWLRQ
1-24 Akasaka 4

Minato-Ku
Tokyo 107
Telephone: +81 35838001
Fax: +81 3580 14 18

http:/lwww.jsa.or.jp/default_english .asp

Netherlands

Switzerland

6ZLVV (OHFWURWHFKQLFDO &RPPLWWHH
Swiss Electromechanical Association

Luppmenstrasse 1

CH-8320 Fehraltorf

Telephone: +41 4495611 11

Fax: +41 44 956 11 22

http:/www.electrosuisse.ch /

1HGHUODQGY 1RUPDOLVDWLH ,QVWLW X X Whited Kingdom

Afd. Verdoop en Informatie
Kalfjeslaan 2, PO Box 5059
2600 GB Delft

NL
Telephone: (015) 2 690 390
Fax: (015) 2 690 190

http:/ www.nen.nl /

Norway

Norsk Elektroteknisk Komite
Harbizalleen 2A

Postboks 280 Skoyen

N-0212 Oslo 2
Telephone: 67 838700
Fax: 67 8387 01

http://lwww.standard.no/ toppvalg/nek/

South Africa

6RXWK $IULFDQ %XUHDX Rl 6WDQGDUGYV
Electronic Engineering Department

Private Bag X191

Pretoria

0001 Republic of South Africa
https://www.sabs.co.za/Sectors-and-Services/Sectors/
Electronics/index.asp

Spain

Comite Nacional Espanol de la CEl
Francisco Gervas 3

E-28020 Madrid

Telephone: +34 91 432 60 00
Fax: + 3491 310 45 96
http://lwww.aenor.es

Sweden

6YHQVND (OHNWULVND .RPPLVVLRQHQ
PO Box 1284

S-164 28 Kista-Stockholm

Telephone: 08 444 14 00

Fax: 08 444 14 30
http://lwww.elstandard.se/standarder/emc_standarder.asp

%6, 6WDQGDUGYV

389 Chiswick High Road

London

W4 4AL

United Kingdom

Telephone: +44 (0)20 8996 9001
Fax: +44 (0)20 8996 7001
http:/ www.bsi global.com

%ULWLVK '"HIHQFH 6WDQGDUGYV '6WDQ +HOSG
UKDefence Standardization

Room 1138

Kentigern House

65 Brown Street

Glasgow

G2 8EX

Telephone: +44 (0) 141 224 2531
Fax: +44 (0) 141 224 2503

http:/lwww.gov.uk /uk-defence-standardization

United States of America

$PHULFD 1DWLRQDO 6WDQGDUGY ,QVWLWXW'€E
Sales Dept.

1430 Broadway

New York, NY 10018

Telephone: 212 642 4900

Fax: 212 302 1286

http://lwebstore.ansi.org/

FCC Rules and Regulations

THFKQLFDO 6WDQGDUGY %UDQFK
2025 M Street N.W.

MS 1300 B4

Washington DC 20554

Telephone: 202 653 6288

http:/www.fcc.gov

)&& (TXLSPHQW $XWKRUL]DWLRQ %UDQFK
7435 Oakland Mills Road

MS 1300-B2

Columbia, MD 21046

Telephone: 301 725 1585

http:/www.fcc.gov
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*ORVVDU\ RI $FURQ\PV DQG '"HOQLWLRQV

Ambient level

Balun

1. The values of radiated and conducted signal and noise existing A balun is an antenna balancing device, which facilitates use of
DW D VSHFLoHG WHVW ORFDWLRQ DQG WdaRiH feddsiixh\8ykhettiddavienvide BiERdd d dibd@R W

activated.
2. Those levels of radiated and conducted signal and noise

Broadband emission

HILVWLQJ DW D VSHFLoHG WHVW ORFDW%RQ IDEED QG AL ZKKIH G\HOH) WWHIVRQ IRU DQ LQWE

sample is inoperative. Atmospherics, interference from other
sources, and circuit noise, or other interference generated
within the measuring set compose the ambient level.

Amplitude modulation
1. In asignal transmission system, the process, or the result of
the process, where the amplitude of one electrical quantity is
varied in accordance with some selected characteristic of a
second quantity, which need not be electrical in nature.
2. The process by which the amplitude of a carrier wave is varied
IROORZLQJ D VSHFLOHG ODZ

Anechoic chamber
1. A shielded room which is lined with radio absorbing material to

VHYHUDO VSHFWUDO OLQHY DUH ZLWKLQ WKH
bandwidth.

Broadband interference (measurements)

$ GLVWXUEDQFH WKDW KDV D VSHFWUDO HQH!
broad, so that the response of the measuring receiver in use does

QRW YDU\ VLIQLOFDQWO\ ZKHQ WXQHG RYHU I
receiver bandwidths.

Conducted interference
Interference resulting from conducted radio noise or unwanted

signals entering a transducer (receiver) by direct coupling.

Cross coupling

UHGXFH UHpHFWLRQV IURP DOO LQWH U QHe Qo dfaksigndl frp Orfe th@rn&, Kifsuit, or conductor to

anechoic chambers have such material on all internal surfaces,
, WV DOVR FDOOHG D kIXOO\ DQHFKRLF FKDPEHU y

ZDOO FHLOLQJ DQG pRRU
A semi-anechoic chamber is a shielded room which has

another, where it becomes an undesired signal.

Decoupling network

DEVRUELQJ PDWHULDO RQ DOO VXU IDF HA\deddupkh§ WétwirK id ap Bl&ttdical circuit for preventing test

Antenna (aerial)

1. A means for radiated or receiving radio waves.

2. Atransducer which either emits radio frequency power
into space from a signal source or intercepts an arriving

signals which are applied to the EUT from affecting other devices,
equipment, or systems that are not under test. IEC 801-6 states
that the coupling and decoupling network systems can be
integrated in one box or they can be in separate networks.

HOHFWURPDJQHWLF oHOG FRQYHUWLQUDipo¥# LQWR DQ HOHFWULFDO VLJQDO

Antenna factor
The factor which, when properly applied to the voltage at the
input terminals of the measuring instrument, yields the electric

1. An antenna consisting of a straight conductor usually not more
than a half-wavelength long, divided at its electrical center for
connection to a transmission line.

2. Any one of a class of antennas producing a radiation pattern

oHOG VWUHQJWK LQ YROWYV SHU PHWHU D Q Gadprdxibhdtadrithet.of an &lémnentsrWelétti@ dipoke. L Q

amperes per meter.

Antenna induced voltage
The voltage which is measured or calculated to exist across the
open circuited antenna terminals.

Antenna terminal conducted interference

Any undesired voltage or current generated within a receiver,
transmitter, or their associated equipment appearing at the
antenna terminals.

Auxiliary equipment

Equipment not under test that is nevertheless indispensable for
setting up all the functions and assessing the correct performance
of the EUT during its exposure to the disturbance.

Electromagnetic compatibility (EMC)

1. The capability of electronic equipment of systems to be
RSHUDWHG ZLWKLQ GHoQHG PDUJLQV RI VD
RSHUDWLQJ HQYLURQPHQW DW GHVLJQHG C

degradation due to interference.

2. EMC is the ability of equipment to function satisfactorily

in its electromagnetic environment without introducing
intolerable disturbances into that environment or into other
equipment.

Electromagnetic interference
Electromagnetic interference is the impairment of a wanted
electromagnetic signal by an electromagnetic disturbance.
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Electromagnetic wave

The radiant energy produced by the oscillation of an electric
charge characterized by oscillation of the electric and magnetic
oHOGV

Emission
Electromagnetic energy propagated from a source by radiation or

conduction.

)DU oHOG

Open area

A site for radiated electromagnetic interference measurements

ZKLFK LV RSHQ pDW WHUUDLQ DW D GLVWDQF|
buildings, electric lines, fences, trees, underground cables, and

pipe lines so that effects due to such are negligible. This site should
KDYH D VXIoFLHQWO\ ORZ OHYHO RI DPELHQW
testing to the required limits.

Polarization
$ WHUP XVHG WR GHVFULEH WKH RULHQWDWL|

7KH UHJLRQ ZKHUH WKH SRZHU pX[ GHQVLWDGLRRVEG DG QQD

approximately obeys an inverse squares law of the distance. For a
dipole this corresponds to distances greater than I/2 where | is the
wave length of the radiation.

Ground plane

1. A conducting surface or plate used as a common reference
point for circuit returns and electric or signal potentials.

2. A metal sheet or plate used as a common reference point for
circuit returns and electrical or signal potentials.

Immunity
1. The property of a receiver or any other equipment or system

Radiated interference
Radio interference resulting from radiated noise of unwanted
signals. Compare radio frequency= interference below.

Radiation
The emission of energy in the form of electromagnetic waves.

Radio frequency interference

RFl is the high frequency interference with radio reception. This
RFFXUV ZKHQ XQGHVLUHG HOHFWURPDJQHWLF
to the high frequency input of a receiver or antenna system.

HOQDEOLQJ LW WR UHMHFW D UDGLR GLVWXUEDQFH

2. The ability of electronic equipment to withstand radiated

RFI sources

HOHFWURPDJQHWLF oHOGV ZLWKRXW S $8u&eshate@quikmest ldndisysemas well as their components

responses.

Intermodulation

Mixing of two or more signals in a nonlinear element, producing
signals at frequencies equal to the sums and differences of integral
multiples of the original signals.

Isotropic
Isotropic means having properties of equal values in all directions.

Monopole

An antenna consisting of a straight conductor, usually not more
than one-quarter wave length long, mounted immediately above,
and normal to, a ground plane. It is connected to a transmission
line at its base and behaves, with its image, like a dipole.

Narrowband emission
That which has its principal spectral energy lying within the
bandpass of the measuring receiver in use.

which can cause RFI.

Shielded enclosure

A screened or solid metal housing designed expressly for the

purpose of isolating the internal from the external electromagnetic
environment. The purpose is to prevent outside ambient
HOHFWURPDJQHWLF oHOGV IURP FDXVLQJ SHU
and to prevent emissions from causing interference to outside

activities.

Stripline
Parallel plate transmission line to generate an electromagnetic
oHOG IRU WHVWLQJ SXUSRVHYV

Susceptibility

Susceptibility is the characteristic of electronic equipment that
SHUPLWYV XQGHVLUDEOH UHVSRQVHY ZKHQ VX
energy.
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