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Introduction to compliance measurements

Electrical or electronic equipment that uses the public power grid or has ptential for
electromagnetic emissions must pass EMC (electromagnetic compatilify) require-
ments. These requirements fall into four broad types of testing: radiaté and conducted
emissions testing, and radiated and conducted immunity testing.

Conducted emissions testing focuses on signals present on the AC mains thare gener-
ated by the equipment under test (EUT). The frequency range of these measuremts is
typically 9 kHz to 30 MHz. However, MIL-STD measurement may have a wider fregqocy
range.

Radiated emissions testing searches for signals being emitted from gnEUT through
space. The typical frequency range for these measurements is 30 MHz to 1 GHz
or 6 GHz, although FCC regulations require testing up to 40 GHz.

Figure 1 illustrates the difference between radiated emissions, radted immunity,

conducted emissions, and conducted immunity. Radiated immunity is the ality of a

GHYLFH RU SURGXFW WR ZLWKVWDQG UDGUDGWHRBPHQHWWURPDIQHWLF oHOGV
the ability of a device or product to withstand electrical disturbances on pwer or data

lines. Immunity testing will not be covered in this document.

For an electromagnetic compatibility problem to occur (such as when an eletic drill
interferes with TV reception), there must be a generator or source, a coujlg path, and a
receptor. Until recently, most efforts to remove EMC problems have focged on reducing
the emissions of the source to an acceptable level—now both emissions anaunity
tests are performed.

Emission Immunity = Susceptibility

Figure 1. Four types of EMC measurements

&RQGXF
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The compliance measurements process

Before compliance measurements can be performed on a product, some prelimary
questions must be answered:

1. Where will the product be sold (for example, the United States,Europe, orapan)?
:KDW LV WKH FODVVLoOFDWLRQ RI WKH SURRBXRW HRXLB[DPSOH LQIRUPDWLRQ WHFEK

PHQW ,7( LQGXVWULDO VFLHQWLoOF RWPMPHBLAFADWLREN "DXWRPRWLYH DQG FR
3.  Where will the product be used (for example, home, commercial, light indust, or
heavy industry)?

With the answers to the above questions, you can determine which testing reqeements
apply to your product by referring to Tables 1a and 1b below. For example, if you va
determined that your product is an ITE device that will be sold in the U.S., then yoneed
to test the product to FCC Part 15 regulations.

International regulations summary (emissions)

CISPR FCC EN Description

11 Part 18 EN 55011 ,QGXVWULDO VFLHQWLoF DQG PHGLFDO
13 Part 15 EN 55013 Broadcast receivers

14 EN 55014 Household appliances/tools

15 EN 55015 JOXRUHVFHQW OLJKWV OXPLQDULHV
16-1-1 OHDVXUHPHQW DSSDUDWXV PHWKRGYV
22 Part 15 EN 55022 ,QIRUPDWLRQ WHFKQRORJ\ HTXLSPHQW
25 EN 55025 $XWRPRWLYH

EN 50081-1,2 *HQHULF HPLVVLRQV VWDQGDUGYV

Table 1a. Comparison of regulatory agency requirements

European Norms (EN)

Equipment type Emissions
*HQHULF HTXLSPHQW EN 50081-1
Residential

Light industrial

Industrial EN 50081-2
,QGXVWULDO VFLHQWLOF PHGLFDOBIBRGXFWYV ,60
6RXQG DQG EURDGFDVW UHFHLYHUVENS55013

Household appliances EN 55014
,QIRUPDWLRQ WHFKQRORJ\ HTXLSPHENS5022 (
$XWRPRWLYH EN55025

Table 1b. Major European requirements



05 | Keysight | Making EMI Compliance Measurements - Application Note

European Norms

(1 &,635 , QGXVWULDO VFLHQWLoOoF DQG PHGLFDO SURGXFW

Class A: Used in establishments other than domestic areas.
Class B: Suitable for use in domestic establishments.

*URXS /IDERUDWRU\ PHGLFDO DQG VFLHQ@DROFIHDPXKUDPHRIW )RU H[DPSOH VL
measuring receivers, frequency counters, spectrum analyzers, stehing mode power
supplies, weighing machines, and electronic microscopes.)

Group 2: Industrial induction heating equipment, dielectric heating €uipment, industrial
microwave heating equipment, domestic microwave ovens, medical apgratus, spark
erosion equipment, and spot welders. (For example, metal melting, bilkeheating,
component heating, soldering and brazing, wood gluing, plastic weldig, food process-
ing, food thawing, paper drying, and microwave therapy equipment.)

EN55014 (CISPR 14)

Electric motor-operated and thermal appliances for household and similapurposes,
electric tools, and electric apparatus. Depending on the power rating 6the item being
tested, use one of the limits shown in Table 1c.

EN55014 Conducted household appliances QP
EN55014 Conducted household appliances AVE

(1 &RQGXFWHG - PRWRUV 43

(1 &RQGXFWHG : PRWRUV $9¢(

(1 &RQGXFWHG ! : . PRWRUV 43
(1 &RQGXFWHG ! : : PRWRUV $9¢(
(1 &RQGXFWHG ! : PRWRUV 43

(1 &RQGXFWHG ! : PRWRUV $9¢(

EN55014 Radiated household appliances QP
EN55014 Radiated household appliances AVE

(1 5DGLDWHG : PRWRUV 43

(1 5DGLDWHG : PRWRUV $9¢(

(1 5DGLDWHG ! : . PRWRUV 43
(1 5DGLDWHG ! : : PRWRUV $9(
(1 5DGLDWHG ! : PRWRUV 43

(1 5DGLDWHG ! : PRWRUV $9(

Note: The conducted range is 150 kHz to 30 MHz and the radiated range is 30 MHz to 300 MH

Table 1c. Tests based on power rating

EN55022 (CISPR 22) Information technology equipment

Equipment with the primary function of data entry, storage, displaying, etrieval, trans-
mission, processing, switching, or controlling. (For example, data@cessing equipment,
RIoFH PDFKLQHYVY HOHFWURQLF EXVLQHVYRHXUHBPHEGWHOWG WHOHFRPPXQLFDW

Class A ITE: Not intended for domestic use.
Class B ITE: Intended for domestic use.
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Federal Communications Commission

Equipment FCC
Broadcast receivers

Household appliances/tools Part 15

JOXRUHVFHQW OLJKWYV OXPLQDULHV

,QIRUPDWLRQ WHFKQRORJ\ HTXLSPHQW ,7(

,QGXVWULDO VFLHQWLoF PHGLFDO SURGXFWV ,60

&RQGXFWHG PHDVXUHPHQWYV N+] Par01g]

5DGLDWHG PHDVXUHPHQWYV 0+] 0+] *4]

Table 1d. FCC regulations

Federal Communications Commission (FCC)
FCC Part 15 Radio frequency devices—unintentional radiators

Equipment that unintentionally produces emissions that could interére with other
devices. (For example, TV broadcast receivers, FM broadcast receigeCB receivers,
scanning receivers, TV interface devices, cable system terminal deés, Class B
personal computers and peripherals, Class B digital devices, Class A digl devices and
peripherals, and external switching power supplies).

Class A digital devices are marketed for use in a commercial, industrial, or Isiness
environment.

Class B digital devices are marketed for use in a residential environment.

For assistance, contact the agency for conformation of the applicable regjrement—
see Appendix E for contact information.
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Compliance EMI receiver requirements

7KHUH DUH VHYHUDO UHTXLUHPHQWY IRU PDNAKH FRWPSAMDEH (0, PHDVXUHPHQWYV
EMI receiver that meets CISPR 16-14 such as the N9038A MXE EMI receiver.

A CISPR 16-1-1 receiver must have the following functionality in the rang
9 kHz - 18 GHz:
— A normal £2 dB absolute amplitude accuracy
- &,635 VSHFLoOoHG EDQGZLGWKYV G% DV LQGLFDWHG LQ WKH FKDUW EHORZ

Bandwidth Frequency range
+1] N+] WR N +]
N +] N+] WR 0+]
N+] N+] WR 0+]
0+] LPSXOVH *+] WR  *+]

IRWH 7KH IUHTXHQF\ UHVSRQVH Rl WKH 0OWHYHGPK\WV&,@BBVR IDOO ZLWKLQ D kPDVNy GHo

3HDN TXDVL SHDN (0, DYHUDJH DQG 506 DYHWDHH GHWHFWRUV ZLWK VSHFLOHG FK
discharge time, and meter constants for the quasi-peak detector (see Appndix D for

a description of these detectors)

6SHFLOHG LQSXW LPSHGDQFH ZLWK D QRPLQDOG/'D® X :RI RKPV GHYLDWLRQV VSHFLOH
%H DEOH WR SDVV SURGXFW LPPXQLW\ LQ D 9 P oHOG

— Be able to pass the CISPR pulse test

2WKHU VSHFLoF KDUPRQLF DQG LQWHUPRGXODWLRQ UHTXLUHPHQWYV

7KH &,635 SXOVH WHVW FRQVLVWY RI EURDGEDPWQWEROVHY RI D GHoOQHG VSHFWUDO LQ
varying repetition frequency presented to the EMI receiver. The quasigak detector

PXVW PHDVXUH WKHVH SXOVHV DW D VSHFLOoH® RHWYGCHQ WRWKLQ D VSHFLoOHG DFFXUDF
PHHW WKLV SXOVH WHVW LW LV LPSOLHG EXWHQRW VSHFLoHG WKDW WKH UHFHLYHU

- 3UHVHOHFWLRQSDFKLHYHG E\ LQSXW oOWHWWGWRKRBW WUDFN WKH UHFHLYHU WXQLQ.
broadband noise overload at the front end mixer

- BHQVLWLYLW\ DQG G\QDPLF UDQJHSWKH (0, UHFRMNIMHU PXVW KDYH D QRLVH pRRU O
to measure signals at low PRFs

A recommended feature for ensuring accurate measurements is overloadedection.

To make an accurate measurement, the receiver must be in linear operating ode and

not be in saturation at the front-end mixer because of large narrowband sigals or

broadband emissions. A useful overload detection scheme will alert #nuser to overload

conditions in all frequency ranges and in all modes of operation. An advaneeoverload

GHWHFWLRQ DQG PHDVXUHPHQW VFKHPHQL®OWKDRWRRXQEKH v RU DXWRPDWLFDO
DWWHQXDWLRQ SULRU WR WKH oUVW PL[HU WPRGPWDR®VH WKH VLIQDO LQ QRQ RYHUOR

Requirements above 1 GHz

Regulations require a 1 MHz bandwidth for measurements above 1 GHz. In addini, no
quasi-peak detector is required for measurements above 1 GHz. The CISPR paltest is
not required above 1 GHz, but excellent sensitivity in the measuring systens important
WR DFKLHYH VXIoFLHQW G\QDPLF UDQJH LQ RUGHU WR SHUIRUP WKH PHDVXUHPHQWYV

$FFRUGLQJ WR FXUUHQW )&& UHIJXODWLRQV WKHKPODPRRXAF WHVW IUHTXHQF\ LV WKH o
RI WKH KLJKHVW FORFN IUHTXHQF\ IRU DQ MXGFRPBHOAWURQDO UDGLDWRUyY IRU H[DPSC
without wireless connectivity) and the tenth harmonic for an intentioral radiator (such as

a cellular phone or wireless LAN) 1. Comite International Special des
' Perturbations Radioelectriques
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Conducted emissions measurements

Emissions testing is divided into conducted emissions and radiated erssions testing.
Follow the steps outlined below to set up the test equipment,
accessories, and EUT.

Conducted test setup

$16, & GHVFULEHV D VSHFLOoF WHVW VHWXSWRUGHRWBGXFWHG HPLVVLRQV
the limits for these tests. Refer to ANSI C63.4 for the latest conducted emissns setup—
CISPR 22 shows a similar conducted test setup for ENs.

&RQ0JIJXULQJ WKH UHFHLYHU

Interconnect the EMI receiver, such as the Keysight Technologies, Inc. N88A MXE,
LISN, and EUT. The function of a LISN is detailed in Appendix A.

1. Disconnect the input to the receiver.

2. Setup the correct frequency range by selecting CISPR Band B, which also selts
the correct bandwidth. Select the correct range in the scan table and switb on the
RF preselector.

3. Based on the type of equipment and the regulatory agency requirements, sett the
appropriate limit line from a wide range of limits in the EMI receiver.

Note: This sequence of steps for making a compliant measurement with the EIMneasurement receiver
assumes that the measurement setup and measuring receiver are complig with the applicable
standard and a system alignment has been completed, if required.

LookLn:lBUmits vJ@ ¥ @
Name - Size | Type Date Modified o]

@ EN 55022, Class B Cond, Quasi-Peak.lim 1KB LIMFile 12/16/2010 10:21 AM

EN 55022, Class B Rad {10m).im 1KB LIMFile 12/16/2010 10:21 AM

EN 55022, Class B Rad, Average (3m... 1KB LIMFile 118/2011 4:56 PM

EN 55022, Class B Rad, Peak (3m).lm 1KB LIMFile 1/18/2011 4:55 PM

FCC Part 15, Class A Cond AVE.lim 1KB LIMFile 12/16/2010 10:21 AM

FCC Part 15, Class A Cond QP.lim 1KB LIMFile 12/16/2010 10:21 AM

FCC Part 15, Class A Rad (3m).lm 1KB LIMFile 1f18/2011 4:56 PM

FCC Part 15, Class A Rad {10m).lim 1KB LIMFile 12/16/2010 10:21 AM

FCC Part 15, Class B Cond AVE.lim 1KB LIMFile 12/16/2010 10:21 AM

1KB LIMFile 12/16/2010 10:21 AM

FCC Part 15, Class B Rad (3m).lim 1KB LIMFile 12/16/2010 10:21 AM

FCC Part 15, Class B Rad (10m).lim 1KB LIMFile 12/16/2010 10:21 AM

GB9254 1898, Cond Class A, Averag... 1KB LIMFile 12/16/2010 10:21 AM |

Fiename:  [FCC Par 15, Class B Cond GP vl Ceen ]

Files of type: l Legacy Limit Data {~lim) v ‘ I Cancel ]

Figure 2a. FCC Part 15 limits

)&& 3DU
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&RQO0JXULQJ WKH UHFHLYHU FRQWLQXHG

4. Next, load correction factors for the LISN from the transducer list avdable
in the EMI receiver.

Open @

Look in: | & Ampcor v ‘ 'Q ¥ .v
ame Size | Type Date Modlﬁed

‘Q] 11940A Close Field Probe {30 ... 1KB ANT File 12/16/2010 10:21 AM
11241A Close Field Probe (2 k... 1KB ANT File 1 10 10:21 AM
@ Biconical (30 MHz to 300 MHz)... 1KB ANT File /2010 10:21 AM
@ Broadband {26 MHz to 3 GHz)... 2KB ANT File 1 j2010 10:21 AM
@ Double Ridged Horn (1 GHz to 1KB ANT File 2010 10:21 AM
=) - 10A (9 kHz to 30 MH 1KE ANT File 1 2010 10:21 AM
g Log Periodic (200 MHz to 2 GH... 2KB ANTFile 1 2010 10:21 AM

File name: LISN - 10A {8 kHz to 30 MHz) v Open

Files of type: VLegac,. Antenna Comections {".ant) v

Figure 2b. Transducer correction factors with LISN

After loading the LISN correction factors and limit lines, and starting a san, your display
should look similar to Figure 3.

Meas Setup

OFF |
Sean

SelectSignal

signal List»|

Step Control
Step Size &,
Dwell Time

Scan Table »|

| o—
Start 150 kHz Stop 30 MH. e
Res BW 9 kHz VBW 90 kHz Dwell Time 382 s (4.5 kHz)
8I6 TRC| FREQ PE&K AMPL QPD ALIPL EAVG ALIPL PEAKLL1A QPDLL1A EAVGLLIZA D i »
e = = =S =S = (Measure)
e m—
E-EIII_ ___
43,951 MHz More
E 56.821 MHz e
0 T e —— d

Insc sTATUS ! DC Coupled

Figure 3. Display with limit line and correction factors for conducted enssion testing
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Performing conducted emissions measurements

At this point, the EMI receiver is set up with all of the correct parameters, inleiding

bandwidth, frequency range, LISN compensation, and limit line. Howewgbefore starting

conducted measurements, consider the effect of the ambient environment o the results.

The power cable between the LISN and the EUT can act as an antenna, which can cause

false EUT responses on the display. To test that this phenomenon is not ocaimg, switch

RIl WKH (87 DQG FKHFN WKH GLVSOD\ WR HQVXUH WKDW WKH QRLVH pRRU LV DW OHDYV
limit line as shown in Figure 4.

iver, - Frequency Scan.
L A2 FRESEL | 502 ANDC | CORREC | | SENSEINT|S 3 ALIGNAUTO __101:30:33 PMFeb FETTaE
| Select Signal 0 FREQUENCY SCA 5 a
CISPI Smooth G Trig:FreeRun
can Atten: 10 48

VBW 90 kHz Dwell Time 382 us (4.5 kHz)

PEAK ALIPL QPD ANPL E£VG AIIPL PEAKLL1A | OPDLLIA | BAVGLLY

status 1 DC Coupled

Figure 4. Test for ambient signals

Switch on the power to the EUT and observe the display. If there are no signals atee the
limit line, then your product passes the conducted emissions limit. Data ad signals close
to the limit may need to be collected for your report. Remember that line and netral
must be tested. If there are signals above the limit, closer analysis is need.

T L ) 01:32:44 PMFb 09, 2011
FREQU 5C I Delete Signals

Trig:Free Run
Atten: 10 dB Select Signal

Delete Signal
Delete All

Delete Marked

STATUS 1 DC Coupled

Figure 5. Conducted emissions from DUT



11 | Keysight | Making EMI Compliance Measurements - Application Note

Performing conducted emissions measurements (continued)

The next step is to perform a quasi-peak measurement on signals above the litrline.
This is accomplished by placing the signal in the EMI receiver list and perforing a
remeasure using the selected detector. At this point, all of the measuredignal values
have been recorded.

The product passes this test if no measured quasi-peak values are above the quaseak
limit, and no measured average values are above the average limit; or no measd
quasi-peak values are above the average limit.

Figure 6. Conducted emissions failure QP measurement

Remember that all lines—such as line and neutral or all phases—must be tedtdf some
of the values are above the quasi-peak level using the quasi-peak detectpand are
also above the average limit with the average detector, then some troublestoting and
redesign is required.
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Radiated emissions measurements

Performing radiated emissions measurements is not as straightforard as performing
conducted EMI measurements. There is the added complexity of the open air anwoit
environment, which can interfere with the emissions from the EUT. Fortwately, there are
methods to differentiate between signals in the ambient environment suk as TV, FM,
and cellular radio.

Open site requirements

EUTs are measured in an open area test site (OATS). ANSI C63.4 and CISPR 16-1-1
specify the requirements for an OATS, including:
— Preferred measurement distances of 3, 10, and 30 meters
— Antenna positioning at 1 to 4 meter heights
- $Q DUHD FDOOHG WKH k&,635 HOOLSVHYy RI PDMRU GLDPHWHU ; DQG PLQRU GLDPHW
3v; ZKHUH ; LV WKH PHDVXUHPHQW GLVWDQFH WKH HOOLSVH PXVW EH IUHH RI D
UHpHFWLQJ REMHFWYV
— A metal ground plane for the measurement area

- ODMRU GLDP H-Wps ;

OLQRU GLDPHWHU

b < ; |
Antenna EUT

Figure 7. The CISPR ellipse

For complete details on OATS requirements, see CISPR 16-1-1 and ANSI C63.4,aell
as ANSI C63.7. In addition, ANSI C63.7 describes OATS construction.

Note: 10 meter anechoic chambers and GTEM cells can also be used for radiatedmpliance
measurements.
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Radiated emissions test setup

Note: The following sequence of steps for making a compliant measuremenvith the analyzer assumes that
the measurement setup is compliant with the applicable standard.

1. Arrange the antenna, EUT, and EMI receiver as shown in Figure 8. Separatesth
DQWHQQD DQG WKH (87 E\ PHWHUV PHWHUV LI VSHFLoOoHG E\ WKH UHJXODWLRQ

CISPR and ANSI require the EUT to be in worst-case mode of operation
(for example, with cables and monitor attached).

CISPR radiated EMI test setup

1-4 meters above
ground plane

Antenna

Equipment
under test
—— ——EMI
— | ":ﬂ'\ ~receiver

Table is 80 cm high,
non-conductive

" Ground plane

Figure 8. Radiated test setup

2. Use Table 1 to determine the regulation for which your product must be teste.

3. Set up the EMI receiver for the correct span, antenna correction factorsand limit
line with a margin. In this case, we are testing to the FCC Part 15, Class B, 3-meter
limit. Load in the appropriate limit line from the available limits in the receiver.

Figure 9. Loading FCC 3-meter Class B limit
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Radiated emissions test setup (continued)

Figure 10. Load correction factors for the antenna

Load the appropriate antenna correction factors from the receiver. Sice these are typi-
cal correction factors, you may need to edit them using the receiver's edihg features.

So far, you have arranged the equipment with the EUT 3 meters from the antenna,
chosen the appropriate limit line, and corrected the display for antennadss.

Measuring radiated emissions

The next step is to evaluate the radiated emissions from your product. With #8nEUT off,
sweep the frequency range of interest. This gives you a good idea of the ambientgsial
levels. The ideal situation is to have all the ambient signals below the limitde. In many
cases, they are not, so it's a good idea to measure and record them. The amplitudend
frequency of the ambient signals above the limit or margin can be stored in the regiver's
signal list for future comparison and removal.

Figure 11. Ambient signals placed in signal list
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Placement of EUT for maximum signals
(manual measurement process)

Radiated emissions from electronic devices are not uniform. The straest emissions
may be from the rear panel, front panel, or slots in the shielding. To ensure thaou are
measuring the worst-case emissions from your device, follow the stepsdiow:

1. With the EMI receiver adjusted to view the span of interest, move the EUT thrgh a
360° rotation in 45° increments

2. Ateach 45° step, note the amplitude of the largest signal—save the screen ain
LQWHUQDO oOH IRU ODWHU UHIHUHQFH

After all the screens have been captured, upload them into a graphics appiation so you

FDQ FRPSDUH WKH VFUHHQ FDSWXUHV VLGH E\ VKBHH,Q VRPH FDVHV \RX PD\ 0QG WKI
are worst-case emissions for different frequencies at different posions. For example,

\RX PD\ 0QG ZRUVW FDVH IRU 0+] HPLVVLRQV DW i DQG DW i IRU 0+] ,Q WKLYV
example, the emissions tests must be performed at both positions. If you areat sure

whether the signal you are looking at is an ambient or EUT signal, switch off the Eld—an

ambient signal will not change. Worst-case emissions must be found for bdt horizontal

and vertical antenna polarizations.

Ambient plus EUT measurements

Orient the EUT to one of the worst-case positions. There may be more than one EUT
position with emissions above the limit line. A quasi-peak measurement st be
performed on each of these above-the-line emissions. If the quasi-peak masurement
still indicates a failure, then some troubleshooting and repair is requied. The solution
could be as simple as poor cable grounding or unwanted slots in the shielding.

, WKHUH DUH VHYHUDO VLJQDOV DERYH WKH DI1@LDWVWKDPXWN DUH QRW LGHQWLOHG DV D
should zoom in on one or two at a time, measuring the quasi-peak value of each. Usj

software to perform the above processes allows for more repeatable measements and

documentation.

Figure 12. Ambient environment plus DUT emissions
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Appendix A

Line impedance stabilization networks

Purpose of a LISN

A line impedance stabilization network serves three purposes:

1. The LISN isolates the power mains from the EUT. The power supplied to the EUT
must be as clean as possible. Any noise on the line will be coupled to the EMI
receiver and interpreted as noise generated by the EUT.
2. The LISN isolates any noise generated by the EUT from being coupled to the wer
mains. Excess noise on the power mains can cause interference with the prope
operation of other devices on the line.
3. The signals generated by the EUT are coupled to the EMI receiver using a higlass
oOWHU ZKLFK LV SDUW RI WKH /,61 6LJQDOV ZKL¥K DUH LQ WKH SDVV EDQG RI WKt
oOWHU VKRZ D # ORDG ZKLFK LV WKH LQSXW WR WKH (0, UHFHLYHU

LISN operation

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

ground.
Line impedance stabilization
network (LISN)
From power, 50 uH To
source EUT
1uF 0.1 pF o
I 1000W EMI receiver
- © (50w)
Impedance
(ohms) 60
50
40
30
20
10
- L L L Frequency(MHz)
.01 1 1 10 100

Figure A-1. Typical LISN circuit diagram

7KH $) FDSDFLWRU LQ FRPELQDWLRQ ZLWK WKIHWHW+ LQGXFWRU LV WKH oOWHU WKD
the mains from the EUT. The 50 pH inductor isolates the noise generated by the BHU

from the mains. The 0.1 pF capacitor couples the noise generated by the EUT tog¢h

(0, UHFHLYHU $W IUHTXHQFLHY DERYH N+] WKKBI (8# VLIJQDOV DUH SUHVHQWHG ZL
impedance.

The chart in Figure A-1 represents the impedance of the EUT port versus frequen.
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Appendix A (continued)

Types of LISNs

Types of LISNs

H .
/V symmetrw\ N

V asymmetric V, unsymmetric

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

The most common type of LISN is the V-LISN. It measures the asymmetric voltage

between line and ground. This is done for both the hot and the

QHXWUDO OLQHV RU IRU D WKUHH SKDVH FLUFXLW LQ D k<y FRQ0JXUDWLRQ EHWZHH
each line and ground. There are some other specialized types of LISNs.

A delta LISN measures the line-to-line or symmetric-emissions voltage

The T-LISN, sometimes used for telecommunications equipment, meases

the asymmetrical voltage, which is the potential difference between the

midpoint potential between two lines and ground.
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Appendix B

Antenna factors

Field strength units
5DGLDWHG (0, HPLVVLRQV PHDVXUHPHQWYV PKBDWWUHQUKHK HOHFWULF oHOG 7KH oH

FDOLEUDWHG LQ G%"9 P )LHOG VWUHQJIJWK LO® 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
Ppo =P g 5 #

Po=B/R

E?/R = Py g

E = (R x 30)“2 /r (V/m)

)DU oHOG LV FRQW.GHUHG WR EH !

)DU oHOG LV WKH PLQLPXP GLVWDQFH IURP D UDGIZIDWRU ZKHUH WKH oHOG EHFRPHVY D SODQD

Antenna factors

7KH GHOoQLWLRQ RI DQWHQQD IDFWRUV LV WKHWMHUWERHR/IHgMWH 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.

Antenna factors

Biconical Log periodic
@ 10m g@gjlm

@m " ..
30
25}
20}
15}
10}
5B ‘ ‘ ‘ ‘ ‘
0 200 400 600 800 1000
Frequency, MHz
Linear units:AF = Antenna factor (1/m) Ein

E = Electric field strength (V/m) ~Vout
V = Voltage output from antenna (V)

Log units: AF(dB/m) = E(dBuV/m) - V(dBpV)
E(dBuV/m) = V(dBuV) + AF(dB/m)

Figure B-1. Typical antenna factor shapes



19 | Keysight | Making EMI Compliance Measurements - Application Note

Appendix B (continued)

Types of antennas used for commercial radiated measurements

Biconical antenna
(30 - 300 MHz)

Broadband antenna Log periodic antenna
(30 - 1000 MHz) (200 - 1000 MHz)

%HW%‘

Figure B-2. Antennas used in EMI emissions measurements

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

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 periodic antennas)
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Appendix C

Basic electrical relationships

The decibel is used extensively in electromagnetic measurements. It if¢ log of the ratio
RI WZR DPSOLWXGHY 7KH DPSOLWXGHV DUH LQLSRZHDQ®ROWDJH DPSV HOHFWULF ot
PDJQHWLF oHOG XQLWYV
decibel = dB =10 log (B/P;)
'DWD LV VRPHWLPHY H[SUHVVHG LQ YROWYV RU oHOG VWUHQJWK XQLWYV
In this case, replace P with V/R.
If the impedances are equal, the equation becomes:

dB = 20 log(\b/V+)

A unit of measure used in EMI measurements is dBuV or dBpA. The relationship of dBuV
and dBm is as follows:

dBpV = 107 + Rgnm
7KLV LV WUXH IRU DQ LPSHGDQFH RI #
Wavelength (l) is determined using the following relationship:

=3x10/f (Hz) or =300/f (MHz)
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Appendix D

Detectors used in EMI measurements—peak, quasi-peak, and average

Peak detector

Initial EMI measurements are made using the peak detector.

This mode is much faster than quasi-peak, or average modes of detection. Sigis are
normally displayed on spectrum analyzers or EMI receivers in peak modeir8e signals
measured in peak detection mode always have amplitude values equal to or high than
quasi-peak or average detection modes, it is a very easy process to take a sweep@n
compare the results to a limit line. If all signals fall below the limit, then the poduct
passes, and no further testing is needed.

Peak detector operation

The EMI receiver has an envelope or peak detector in the IF chain with a constaritte
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 FigureI).

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

T+

Figure D-1. Peak detector diagram
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Appendix D (continued)

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 measur-
ing their annoyance factor. As the repetition rate increases, the quaspeak detector does
not have time to discharge as much, resulting in a higher voltage output. (Seeigure D-2
below.) For continuous wave (CW) signals, the peak and the quasi-peak aredtsame.

Since the quasi-peak detector always gives a reading less than or equal to p&adetec-
tion, why not use quasi-peak detection all the time? Though quasi-peak mesurements
can help you more easily pass EMI compliance tests, they are much slower by 2 or 3
orders of magnitude, compared to using the peak detector.

Quasi-peak detector output
varies with impulse rate

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

Figure D-2. Quasi-peak detector response diagram

Quasi-peak detector operation

The quasi-peak detector has a charge rate much faster than the discharge rat there-
fore the higher the repetition rate of the signal, the higher the output of the quasi-peak
detector. The quasi-peak detector also responds to different amplitue signals in a linear
fashion. High-amplitude, low-repetition rate signals could produce the same output as
low-amplitude, high-repetition-rate signals.
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Appendix D (continued)

Average detector

The average detector is required for some conducted emissions tests in conjation with
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.

Average detector operation

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

signal that has just passed through the IF and is about to be detected. The outputfo

the envelope detector is the modulation envelope. Peak detection occuwrwhen the post

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

WDNH SODFH WKH SHDN GHWHFWHG VLIJQDO PXXWWXFBVYV WKURXJK D oOWHU ZLWK D EL
OHVV WKDQ WKH UHVROXWLRQ EDQGZLGWK FYKHBSORHUQBWWHUDIHY WKH KLIJKHU IUHTX
such as noise, at the output of the envelope detector.

Average detection
A
N\ T~
%t
OXD‘? wwW—— O
Envelope detecto {l
I QT_If_T?? Filters

Average detector

Figure D-3. Average detection response diagram

RMS average detector

RMS average weighting receivers employ a weighting detector that is a combation of
the rms detector (for pulse repetition frequencies above a corner fregency fc) and the
average detector (for pulse repetition frequencies below the corner frguency fc), thus
achieving a pulse response curve with the following characteristics10 dB/decade above
the corner frequency, and 20 dB/decade below the corner frequency. See CISPR1L-1
2010 for detailed response characteristics.
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Appendix E

EMC regulatory agencies

IEC (CISPR)

Denmark

(& &HQWUDO 2lo0FH 6DOHYV DdgbRElekimidkisk Komite

PO Box 131
5XH GH 9HUHPEH
*HQHYD
ZZZ LHF FK
KWW S
JXLGH KWP

ITU-R (CCIR)
ITU, General Secretariat, Sales Service
Place de Nation

*HQHYD 6ZLW]HUODQG

THOHSKRQH

)DI

KWW S Z2Z2ZZ LWX LQW ,78 5
Australia

Australia Electromechanical Committee
Standards Association of Australia

PO Box 458

1IRUWK 6\GQH\ 1 6 :
7THOHSKRQH

)D [

BWUDQGJDGH VW
' .REHQKDYQ .

6ZLW]JHUODQGHOHSKRQH

)DI

Z2ZZ LHF FK VWDQGIKKUWGW S HY BXEHQLENWLNRQV

France

Comite Electrotechnique Francais
87( &(GH|

F-92052 Paris la Defense
7THOHSKRQH

)D[
KWWS ZzZZ XWH IU FRP )5

Germany

VDE VERLAG GmbH

%LVPDUFNVWU

10625 Berlin

7THOHSKRQH

)D[

HPDLO YHUWULHE#YGH YHUODJ GH

$XVWUDOLD(OHFWR WHFKQIWEB®O &RPPLWWHH

KWWS

Belgium
Comite Electrotechnique Belge

ZZZ LKV FRP DX VWBucabUr@isn Gtdridards, Sales Department

ODQDN %KDYDQ
%DKDGXU 6KDK =DIDU 0DUJ

%RXOHYDUG $ 5H\HUVODDQ/HOHSKRQH

% %5866(/6
7THOHSKRQH

)DI QW
KWWS 7ZZZ EHF FHE EH

QW

Canada
Standards Council of Canada
Standards Sales Division

1HZ '"HOKL

)D[

KWW S ZZZ ELV RUJ LQ
Italy

CEIl-Comitato Elettrotecnico Italiano
6HGH GL OLODQR
9LD 6DFFDUGR

$OEHUW 6WUHHW 6XLWH7HOHSKRQH

2WWDZD 2QWDULR . 3 1

7THOHSKRQH
)DI
KWWS ZZZ VFF FD

Canadians Standards Association (CSA)
6SHFWUXP :D\
Mississauga, Ontario LAW 5N6
7THOHSKRQH
800 463 6727
)DI

KWWS Z7ZZ FVD FD

20134 Milano

)D [

KWW S ZZ2Z FHLZHE LW

Japan

Japanese Standards Association
$NDVDND

OLQDWR .X

7RN\R

7HOHSKRQH

)DI

KwWwS zZzZZ MVD RU MS GHIDXOWBHQJOLVK DVS
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Appendix E (continued)

EMC regulatory agencies

Netherlands United Kingdom

Nederlands Normalisatie-Instituut BSI Standards

$IG 9HUGRRS HQ ,QIRUPDWLH &KLVZLFN +LJK 5RDG
.DOIMHVODDQ 32 %R London

2600 GB Delft W4 4AL

7THOHSKRQH THOHSKRQH

)DI )D [

ZZ2Z QQL QO Z72Z EVL JOREDO FRP
Norway British Defence Standards

Norsk Elektroteknisk Komite DStan Helpdesk
+DUEL]DOOHHQ % UKDefence Standardization
3RVWERNYV 6NR\HQ 5RRP

N-0212 Oslo 2 .HQWLJHUQ +RXVH
7HOHSKRQH %URZQ 6WUHHW

)D [ *ODVJRZ

KWWSV ZZZ VWDQGDUG QRGHEEXWRSSYDOJ QHN
7KH 1RUZHJLDQ (OHFWURWHMHOHSKIRQBRPPLWWHH

VDc6XO08IF7c )D

KWWS 7ZZZ GVWDQ PRG XN
South Africa United States of America
South African Bureau of Standards America National Standards Institute Inc.
(OHFWURQLF (QJLQHHULQJ 'Sb&PDEW.PHQW
Private Bag X191 %URDGZD\
Pretoria 1HZ <RUN 1<

5HSXEOLF RI 6RXWK $IULFDOHSKRQH
KWWSV ZZZ VDEV FR ]D )DJ
KWWS ZHEVWRUH DQVL RUJ

Spain
Comite Nacional Espanol de la CEI FCC Rules and Regulations
Francisco Gervas 3 Technical Standards Branch
E-28020 Madrid 0 6WUHHW 1 :
7THOHSKRQH 06 %
)D[ Washington DC 20554
KWWS ZZZ DHQRU HV THOHSKRQH

KWW S Z27ZZ IFF JRY
Sweden
Svenska Elektriska Kommissionen FCC Equipment Authorization Branch
PO Box 1284 2DNODQG 0OLOOV 5RDG
6 .LVWD 6WRFNKROP 06 %
7THOHSKRQH &ROXPELD 0
)D[ 7THOHSKRQH

KWWS Z7Z2ZZ HOVWDQGDUG VKWW Qz&D GHAJ JHRFYFB VW D Q
GDUGHU DVS

Switzerland

Swiss Electrotechnical Committee

Swiss Electromechanical Association
/IXSSPHQVWUDVVH

CH-8320 Fehraltorf

7HOHSKRQH

)DI

KWWS Z22Z HOHFWURVXLVVH FK
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*ORVVDU\ Rl $FURQ\PV DQG 'HOQLWLRQV

Ambient level

1. The values of radiated and conducted

Antenna-induced voltage

The voltage which is measured or calcu-

VLIQDO DQG QRLVH H[LVWL QtédDoWxisx aer8sd the opeGeikdUHed W

location and time when the test sample is
not activated.
2. Those levels of radiated and conducted

antenna terminals.

Antenna terminal conducted

VLIQDO DQG QRLVH H[LVWL%t]eHé(}{eRCgSHFLOHG WHVW

location and time when the test 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 a signal 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
FDUULHU ZDYH LV YDULHG
law.

Anechoic chamber

1. A shielded room which is lined with radio
DEVRUELQJ PDWHULDO WR
from all internal surfaces. Fully lined
anechoic chambers have such material on
DOO LQWHUQDO VXUIDFHYV

, WV DOVR FDOOHG D kIXOO

A semi- anechoic chamber is a shielded
room which has absorbing material on all

Any undesired voltage or current
generated within a receiver, transmitter,
or 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.

Balun

Iﬁ b%lgn'?szah gn{er%a\éggr'u'::irlfgodgvﬂsce,
which facilitates use of coaxial feeds with
symmetrical antennae, such as a dipole.

Broadband emission

Decoupling network

A decoupling netlis an electrical circuit for
preventing test signals, which are applied

to the EUT interfering with 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.

Dipole

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 produc-
ing a radiation pattern approximating hat
of an elementary electric dipole.

Electromagnetic compatibility
(EMC)

1. The capability of electronic equipment
VI\VWHPV WR EH RSHUDWHG ZL\
margins of safety in the intended opera-

tional environment

DW GHVLIJQHG OHYHOV RI HIoOF

YRGS EER IR EW WY 6 H 0 0 L withBugddqRadaton dieQdtintitidrsnde.

ence amplitude when several spectral

OLQHV DUH ZLWKL
ZD 9 FHLOLQJ DQG
andwidth

DOHEKRLF FKDPEHU vy
Broadband interference

VXUIDFHV H[FHSW WKH pR R (neasurements)

Antenna (aerial)

1. A means for radiated or receiving radio
waves.

2. A transducer which either emits

radio frequency power into space from

a signal source or intercepts an arriving
HOHFWURPDJQHWLF oHOG
electrical signal.

Antenna factor

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

A disturbance that has a spectral energy

GLVWULEXWLRQ VXIoOFLHQWO\ EUR

response of the measuring receiver in use

2. EMC is the ability of equipment to func-

WpKRHR % ) tido Befidfdctotilyun ¥s dlettidmiagnidtia

environment

without introducing intolerable distur-

bances into that environment or into other

equipment.

Electroma%netic interference
D VR WKDW WKH

Electromagnetic interference is the

GRHV QRW YDU\ VLJQLoF D QWRINMER Af@ Wanked elesiramagngtic
D VSHFLoOHG QXPEHU R UH Figpayhyan glectsamagnetipdisturbance.

Conducted interference
R eYerdd Wdufnh f:of deRIWERID Q

radio noise or unwanted signals entering a
transducer (receiver) by direct coupling.

Cross coupling

The coupling of a signal from one channel,
circuit, or conductor to another, where it

0HOG VWUHQJWK LQ YROW Vph&bhbsRh Wdddkel SoialD
PDIJQHWLF oHOG VWUHQJWK LQ DPSHUHV SHU

meter.

Electromagnetic wave

The radiant energy produced by the oscil-
lation of an electric charge characterized

by oscillation of the electric and magnetic
OHOGV

Emission

Electromagnetic energy propagated from a
source by radiation or conduction.



27 | Keysight | Making EMI Compliance Measurements - Application Note

*ORVVDU\ Rl $FURQ\PV DQG 'HOQLWLRQV

)DU oHOG Open area Stripline

TKH UHJLRQ ZKHUH WKH SRZXsitt)fqu Mafliated €eciromagnetic Parallel plate transmission line to gener-
from an antenna approximately obeys an interference measurements whichisopen DWH DQ HOHFWURPDJQHWLF oHO
inverse squares law of the distance. For pDW WHUUDLQ DW D GLVWDh@posessDU HQRXJK DZD\

a dipole, this corresponds to distances from buildings, electric lines, fences,
greater than 1/2 where | is the wavelength trees, underground cables, and pipe lines Susceptlblllty
of the radiation. so that effects due to these factors are . . .
negligible The characteristic of electronic equip-
' that i irabl
Ground plane 7KLV VLWH VKRXOG KDYH D WXIloFLH. Wge\s'ra © responses
when subjected to electromagnetic

low level of ambient interference to

1. A conducting surface of plate used . . : o energy.
. L permit testing to the required limits.

as a common reference point for circuit

returns and electric or signal potentials. . .

2. A metal sheet or plate used as a com- Polarization

mon reference point for circuit returns A term used to describe the orientation of

andelectricalorsignal potentials. WKH oHOG YHFWRU RI D UDGLDWHG oHOG

Immunity Radiated interference

1. The property of a receiver or any other  paio interference resulting from radiated

equipment or system enabling it to reject  nyise of unwanted signals. Compare radio

a radio disturbance. frequency interference.

2. The ability of electronic equipment

to withstand radiated electromagnetic L

OHOGV ZLWKRXW SURGXFL&AAEIENvLuDEOH

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

Intermodulation

- . . Radio frequency interference

Mixing of two or more signals in a

nonlinear element, producing signals RFl is the high-frequency interference

at frequencies equal to the sums and with radio reception. This occurs when

differences of integral multiples of the undesired electromagnetic oscillations

original signals. 0QG HQWUDQFH WR WKH KLJK TUHTXHQF\ LQSXW
of a receiver or antenna system.

Isotropic

Having properties of equal values in RFI sources

all directions. Equipment and systems as well as their
components which can cause RFI.

Monopole

An antenna consisting of a straight Shielded enclosure

conductor, usually not more than one-
quarter wavelength long, mounted im-
mediately above, and normal to, a ground
plane. It is connected to a transmissions
line at its base and behaves, with its
image, like a dipole.

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
. performance degradation as well as
Narrowband emission prevent emissions from causing interfer-
That which has its principal spectral ence to outside activities.

energy lying within the bandpass of

the measuring receiver in use.
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