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EMI Measurement Application/N6141EMOE

Measurement Guide

1 About the EMI Measurement Application

This book provides information on using the N6141EMOE EMI application in
your PXE EMI Receiver or your X-Series Signal Analyzer.

The PXE EMI Receiver allows you to fully test devices in compliance with CISPR
16-1-1:2019 and MIL-STD-461G. The X-Series signal analyzers allow you to
make the same measurements in a precompliance environment.

The N6T141EMOE EMI measurement application enables you to perform
conducted and radiated emissions tests to both commercial and MIL-STD
requirements. It provides better sensitivity, accuracy, and reduces test margins,
across the PXE EMI Receiver or X-Series signal analyzers, so you can make
more precise measurements. The wide range of features enables you to use the
scan table to set up frequency ranges, gains, bandwidths and dwell time. You
can scan a frequency range and display the results in log or linear format,
search for signals, measure the peak, quasi-peak, and average values of the
signals and place the results in a table. Use the Signal List feature to mark and
delete unwanted signals, leaving only those of interest.

This measurement application enables you to:

— Identify out-of-limit device emissions
— See device emissions typically hidden in the noise floor
— Differentiate between ambient signals and device emissions
— View signals over time to identify intermittent responses

— Maximize signals and compare against regulatory requirements

— Use built-in commercial and MIL-STD compliant bandwidths,
detectors and band presets

— Continuously monitor signals with bar meters to detect maximum
amplitude

— Compare measured emissions to regulatory limits

KEYSIGHT

TECHNOLOGIES
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About the EMI Measurement Application

The following topics are in this section:

“The Role of Precompliance in the Product Development Cycle” on page 11
“Compliance Measurements” on page 11

“User Interface Layout” on page 12

“Navigating the Menu System” on page 13

N6141EMOE EMI Measurement Application Measurement Guide



About the EMI Measurement Application
The Role of Precompliance in the Product Development Cycle

The Role of Precompliance in the Product Development Cycle

To ensure successful electromagnetic interference (EMI) compliance testing,
precompliance testing has been added to the development cycle. In
precompliance testing, the electromagnetic compatibility (EMC) performance
is evaluated from design through production units.

It is important to have a strategy that will help you test for potential EMI
problems throughout the product development cycle. It is also important to
have equipment and processes in place that will allow you to observe how
close you are to compliance at any given time in the development cycle. This
reduces the time and cost associated with final compliance testing.

Compliance Measurements

Electrical or electronic equipment that use the public power grid or has the
potential for electromagnetic emissions must pass EMC (electromagnetic
compatibility) requirements. These requirements fall into four broad types of
testing:

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

— Radiated emissions testing searches for signals being emitted from the
EUT 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.

— Radiated immunity is the ability of a device or product to withstand
radiated electromagnetic fields.

— Conducted immunity is the ability of a device or product to withstand
electrical disturbances on power or data lines.

N6141EMOE EMI Measurement Application Measurement Guide 11



About the EMI Measurement Application
User Interface Layout

User Interface Layout

The default startup mode in the N9048B PXE is EMI Measurement application
(N6141EMOE) mode. For the X-Series signal analyzers, the default mode is
Spectrum Analyzer mode. There are several measurements in the EMI
Measurement mode accessible via the Mode/Meas key.

You can access this application by way of the front panel or a remote interface.
The EMI measurement application provides the following measurements:

— Frequency Scan

— Strip Chart

— APD (Amplitude Probability Distribution)

— Disturbance Analyzer (Click)

— Monitor Spectrum

— Real time Scan (N9048B PXE EMI Receiver only)

The user interface for a frequency scan measurement has three display regions
showing information regarding different setting menus.

Figure 1-1 ~ EMI measurement mode user interface

input Z: 50 2 [atten: 0 db IScan Type: Time Domain 2 [Atten: 10 dB
Correchions: On  Preamp. 3.60 GHz Seq Search w3 , Preamp: Of
Freq Ref Int(S) [ EMC Std CISPR  #of Scans: =11 X
MFE: Off

| 1 Spectrum
| Scale/Div 10.0 dB

Ref Value 106.99 dBuV/im KV a0.60 - f SEARCH

MEASURE

) ‘ Meters

~ Video BW 1.2 MH ' — Stop 1.000 GHZI 452 | T
] & z op 1. Simes T and Measure
Dwell Time 10.0 ms (30 kHz)| rreq 4ic.0.MHz Standard
| Res BW 120 kHz Scan and

Freq PeakAmptd  QPD Amptd EAvgAmpld Peak LL1A QPDLL1A EAvg LL2 A ComposileA l| Ssarch ‘ E;’t':na
31.590 MHz 46 631 dBuVim —_— 16.864 dB
45.390 MHz 39.114 dBuV/im -0.886 dB 11.883 dB I

30 MHz 44747 dBpVim [ 5 J 10.436 dB

280 MHz 38.866 dBuvim | 2= - LT -1.134dB 9.746 dB (Re)Measure
69.000 MHz 42.529 dBu\vim 7.300dB
746810 MHz 45 522 dBpVim 7.154dB

7.108 dB

7 | sep 18, 2018 1" Y [
| & | 101917 AM | =" =au [ (| X‘

Search
and Measure Advanced

Global

— Region 1: Spectrum and setting information of the scan table,
trace/detector, and input/output

— Region 2: Meter graphs, metrics, and related setting information

— Region 3: Signal list with suspect signals populated by searching

12 N6141EMOE EMI Measurement Application Measurement Guide



About the EMI Measurement Application
Navigating the Menu System

Navigating the Menu System

It is important to understand the N6141EMOE’s menu structure. The Meters
menu is for making a single frequency measurement with up to three detectors
updated simultaneously. The frequency of meters represents the current
frequency of EMI Measurement mode.

The Scan and Measure menus apply to Scan Sequence. A Scan Sequence is
very important for understanding the philosophy of N6141EMOE operation
because it aligns with the CISPR test flow. The N614T1EMOE is designed with
clearly independent settings for Scan (Region 1), Meters (Region 2), and (Re)
Measure (Region 3). The current values for Region 1 and Region 2 settings are
presented in each region. Figure 1-2 shows the EMI test flow recommended by
CISPR 16-2-3. Scan only, Search only, and Re Measure are the settings of the
Scan Sequence on the N6141EMOE corresponding to prescan, data reduction,
and final measurement of the EMI test flow. Table 1-1 lists the menu path of
the sets of settings for Meters, Scan, and (Re)Measure respectively.

Figure 1-2 CISPR-recommended EMI test flow
PRESCAN
v
DATA REDUCTION
v
Optional for a
MAXIMIZATION conducted measurement.
v
FINAL MEASUREMENT
v
REPORT GENERATION
Table 1-1 Key path for settings of Meters, Scan, and (Re)Measure
Settings Meters Scan (Re)Measure
Frequency FREQ > Frequency (Meters) MEAS SETUP > Settings tab >
Scan Table > Start Freq / Stop
Freq?
Detector MEAS SETUP > Detectors MEAS SETUP > Detectors MEAS SETUP > Detectors
RBW BW >Res BW (Meters) MEAS SETUP > Settings tab >

Scan Table >RBW
The resolution bandwidth for
each range can be adjusted.

Attenuation AMPTD > Attenuation tab » MEAS SETUP> Settings tab >
Atten (Meters) Scan Table > Atten
The attenuation for each range
can be adjusted.

N6141EMOE EMI Measurement Application Measurement Guide 13



About the EMI Measurement Application
Navigating the Menu System

(Re)Measure

Table 1-1 Key path for settings of Meters, Scan, and (Re)Measure
Settings Meters Scan
Preamp AMPTD > Signal Path tab > MEAS SETUP > Settings tab >

Internal Preamp (Meters) Scan Table Int. Preamp, or
AMPTD > Signal Path tab >
Internal Preamp (Scan) to set

for the Current Scan Range

Auto range, auto MEAS SETUP > Meters tab > MEAS SETUP > Settings tab »

MEAS SETUP > MEASURE tab >

preamp Meters Config > Scan Table > Int Preamp Measure Config >
Autorange/Auto Preamp Autorange/Auto Preamp

Dwell time MEAS SETUP > Meters tab > MEAS SETUP > Settings tab > MEAS SETUP > MEASURE tab >
Meters Config > Dwell Time Scan Table > Dwell Time Measure Config > Dwell Time

Limit lines MEAS SETUP > Meters tab > MEAS SETUP > Limits tab > MEAS SETUP > MEASURE tab »

Meters Config > Limit Limits Table
In Limit column, limit lines can
be modified and turned on or

off.

Measure Config > Limit

In the Limit for A column, the
limit associated with each
detector can be changed.

RF input (1/2) Input/Output > Input tab > RF

(PXE only) Input port

RF coupling Input/Output > Input tab > RF
(AC/DC) Coupling

(PXE only)

Preselector on/off
(PXE only)

Input/Output > Input tab > RF
Preselector

Corrections Input/Output > Corrections tab

a. The Start Freq and Stop Freq in the FREQ menu is for setting the displayed spectrum span on the screen, not for
scanning. By default, they are coupled to the Start Freq and Stop Freq in the Scan Table (MEAS SETUP, Settings

tab, Scan Table) if Auto is selected.

14 N6141EMOE EMI Measurement Application Measurement Guide



Keysight X-Series Signal Analyzer
EMI Measurement Application/N6141EMOE

Measurement Guide

2 Conducted Emissions Measurement Example

Conducted emissions testing focuses on emissions that are conducted along a
power line that are generated by the equipment under test (EUT). The
transducer that is typically used to couple the emissions of the power line to
the EMI receiver is a line impedance stabilization network (LISN).

The regulatory limits specify the maximum EUT emission energy, usually in
dBuV, detected by the LISN. The test range for these measurements is typically
150 kHz to 30 MHz, though some limits may start as low as 9 kHz, depending
on the regulation.

This procedure follows the EMI test flow recommended by CISPR.
The following topics are in this section:

“Prescan” on page 16

“Data Reduction” on page 27

“Final Measurement” on page 32

“Report Generation” on page 34

KEYSIGHT

TECHNOLOGIES
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Conducted Emissions Measurement Example
Prescan

Prescan

For some EMI standards, limit lines are given for quasi-peak and EMI average
detectors, which requires an extremely long measurement time. Usually, a
prescan with the peak detector (faster than quasi-peak or EMI average) is used
to collect suspect signals. A prescan is run with the LISN set to both the
Neutral and Line positions. (Some LISNs offer four-phase testing.) Then, final
measurements are made with quasi-peak and EMI average detectors.

This example will show you how to
— setup a scan table
— load limit lines and amplitude corrections

— set two traces to scan against a limit line simultaneously

Step 1: Access the EMI measurement application and setup the
prescan

This section demonstrates how to set up and perform conducted emission
tests in the 150 kHz to 30 MHz range.

TIP You can set up two or more ranges with different settings for a single scan.
Select the check boxes to select the appropriate ranges and the receiver will
scan them sequentially. The maximum scan points is 4,000,001 and the
maximum scan time is 4,000 seconds.

All limit lines, corrections, traces, signal lists, and scan tables can be saved in
csv format. This format allows you to easily edit or create files on your PC.

Before connecting a signal to the receiver or signal analyzer, make sure the instrument can
safely accept the signal level provided. The signal level limits are marked next to the RF Input
connectors on the front panel.

Step Action Notes

1. Test setup Connect the EUT, Limiter, and LISN, to
the EMI receiver as shown below.

Set the LISN to Neutral (N) L2.

16 N6141EMOE EMI Measurement Application Measurement Guide



Conducted Emissions Measurement Example
Prescan

Step Action

Device e ey
under test Q 2wk

Limiter is necessary only
if using Input 1 on PXE.

- LT R G S i A ——— ]
2. Make sure you are in EMI  Select MODE/MEAS, EMI EMI Receiver is the default startup
Receiver mode Receiver Mode, Frequency Scan mode for the PXE. The X-Series
Measurement, and Normal View. analyzer’s default startup mode is

Spectrum Analyzer.

Alternately, if you are using a remote
desktop connection, select the Screen
tab (at the top of the Spectrum display)
to open the Made selector window.

Mode / Measurement / View Selector  [Screen Name EMI Recalver 1

Sequencer

User View

When Sequencing is On and AFD
there are multiple Screens, all
Screens udpate in sequence.
When Sequencing is Off, anly
the selected Screen updates.

IQ Analyzer (Basic) Disturbance Analyzer
W-CDMA with HSPA+ Ionitor Spectrum
GSM/EDGE /EDGE Evo

Phase Noise

Moise Figure

Analog Demod

Bluetooth

LTE FDD & LTE-AFDD

To launch 89600 VSA press the button below.

LTE TOD & LTE-ATDD
Launch VSA

N6141EMOE EMI Measurement Application Measurement Guide 17



Conducted Emissions Measurement Example

Prescan
Step Action Notes
3. Preset the EMI Receiver Select Mode Preset. Alternately, if you are running the
mode application from a remote desktop
connection, select Mode Preset. .
4. Setthe EMC standardto  Select MEAS SETUP, Meas For MIL Std measurements, change
CISPR Standard tab and set EMC Standard ~ range preset to MIL.
to CISPR.
5. Open the Scan Table and  Select the Settings tab, Scan The Scan Table allows you to configure
select the desired range Table, then select Range 2 to turn up to 10 different scan ranges. Each
on. scan range has settings for critical

measurement parameters, such as
frequency, attenuation, and preamp
settings. You can choose to use the
default parameter settings in each range
or set each one individually to meet you
measurement needs.

Ensure all other ranges are off.

Q Meas Setup v

Range 1 Range 3 Range 4 Range 5 SEARCH SCAN

Start Freq |9.000 kHz 30.000000 MHz 300.000000 MHz 30.000000 MHz MEASURE SEARCH

Pause
Stop Freq 150,000 kHz 300000000 MHZ 1.000000000 GHz | 1.000000000 GHz . MEASURE

Scan Sequence

RBW 200 Hz cHz 120 kHz 120 kHz 120 kHz Scan Meters
AUTO AUTO|

Dwell
Time

Start Sequence B giona) | ist

410 ms 5. 6.73 ps 6.73 s
[ AUTO AUTO

< Scan Table -

Step Size 100.00 Hz . d 60.003 kHz 60.002 kHz Limits
AUTO AUTO AUTC |

Points/ = . ” ” <

RBW B B

Detactors Meas

Standard

Meas Praset Tune &

Aiten 10 dB Listen
Int

Preamp | O : o off Advanced

AUTD AUTO AUTD ALTD

Global

Step 2: Load limit lines

The EMI measurement application has many built-in limit line files for
commercial and military standards. They are organized in different folders such
as EN, FCC, GB and VCCI.

18 N6141EMOE EMI Measurement Application Measurement Guide



Conducted Emissions Measurement Example
Prescan

In this section we will load a built-in limit line file.

Step Action Notes
6. Load the built-in limit line  Select Recall, Limit tab, set Select Alternately, if you are running the
file Limit to Limit 1, set Preloaded Limitsto  application from your desktop, select the
Preloaded, then Recall From. folder icon in the Control Bar (bottom of
the window).

Recall

State
Recall From >
Screen Config + State

Measurement Data

Correction

Caorrection Group

7. Recall the limit Select EN folder, 55022 folder, then ~ For MIL Std measurements, load the
EN55022, Cond, dass A, built-in limit file, "MIL CE101-2 Cond,
Quasi - Peak, then Recall. Power Leads, AC+DC,28V".

N6141EMOE EMI Measurement Application Measurement Guide 19



Conducted Emissions Measurement Example
Prescan

State

Recall from File x
v

Screen Config + State A\ Date Size Content

Measurement Data D EN 55022, Cond, Class A, Average.csv 6/1/2018 3:35 PM 339B Csvfile
D EN 55022, Cond, Class A, Quasi-Peak.csv 6/1/2018 3:35 PM 342 B Csvfile
Correction D EN 55022, Cond, Class A, Telecom, Current, A 6/1/2018 3:35 PM 341 B Csvfile

Correction Group D EN 55022, Cond, Class A, Telecom, Current, G 6/1/2018 3:35 PM 344 B Cev file

D EN 55022, Cond, Class A, Telecom, Voltage, A 6/1/2018 3:35 PM 341B Csvfile
D EN 55022, Cond, Class A, Telecom, Voltage, G 6/1/2018 3:35 PM 344 B Csvfile
D EN 55022, Cond, Class B, Average.csv 6/1/2018 3:35 PM 360 B Csvfile
D EN 55022, Cond, Class B, Quasi-Peak.csv 6/1/2018 3:35 PM 363 B Csv file
D EN 55022, Cond, Class B, Telecom, Current, A 6/1/2018 3:35 PM 341 B Csvfile

rhl EN 55022, Cond, Class B, Telecom, Current, C 6/1/2018 3:35 PM 344 B Csv file

File name: EN 55022, Cond, Class A, Quasi-Peak.csv File type: Csv files (".csv) Recall

8. Assign Limit 1 to Trace 1 Select MEAS SETUP, Limits, Limits  Limit lines are assigned to a specific
Table, select Limit 1 to Trace1, then trace.

select Enabled.
9. Add a5 dB margin to Select the Value entry for Limit 1 and set
Limit Line 1 the Margin to =5 dB, select Enabled,

then Close the Limit Table.

Meas Setup

Limits Table Limits Table

Edit Limit
Touch any setiing value to change it

Search Criteria Peak Criteria And Limits # of Peaks
# of Subranges

Margin
Trace Description
alue Enabled

-5.00dB Trace 1
Limit 2 0.00 dB Trace 1
Limit 3 0.00 dB Trace 2
Limit 4 0.00dB Trace 2

| Advanced
Limit § 0.00 dB Trace 3

Limit & 0.00dB Trace 3

20 N6141EMOE EMI Measurement Application Measurement Guide



Conducted Emissions Measurement Example
Prescan

Step Action Notes

10. Make sure that both the See the figure below.
limit and the margin are
on

Meas Setup

Input Z: & |Atten: 10 dB Scan Type: Smooth E ; Allen; 10dB
Corechons. Of Preamp: Off Seq. S w Preamp: Off
Freq Ref. Int (5) EMC Std CISPR # of Scans. 1

NFE: Off Trig: Free Run P

| Scale/Div 10.0 dB Ref Value 106.99 dBpv

' MEASURE

L ' Meters

| Start Sequence

1 - 1
|._< AR ) Limits

| i {  Detectors |

IStart 150 kHz Video BWY 1.2 MHz Stop 30.00 MHz| — < | Meas
|Res BW 9.0 kHz Dwell Time 108 ps (4.5 kHz)| L bt - | Standard
| Res BW 120 kHz | Meas Preset

Sig Trc Freq PeakAmptd QPDAmptd EAVGAmptd PeakLL1 A QPDLL1A EAvgLL1 A Composite AmpCor RE [ ';I;;‘:‘n&

| Advanced

| Global

Step 3: Load corrections

The EMI Measurement application has built-in typical correction files for many
accessories on the market, such as amplifiers, Line Impedance Stabilization
Networks (LISNs), transient limiters and antennas. You can create your own
correction files for devices not preloaded in the application or modify the
existing ones.

In this section we will load a built-in correction file.

Step Action Notes

1. Load a built-in LISN Select Recall, Correction tab.

correction file Set Select Correction to

Correction 1, Preloaded Correction
to Preloaded, then Recall From.

SelectLI SN, 10A (9 kHz to
30 MHz). csv, Recall.

N6141EMOE EMI Measurement Application Measurement Guide 21



Recall

State

Screen Config + State

Measurement Data

Limit

Comrection Group

[ Lisn, 10A (3 kHz to 30 MHZ) csv

Conducted Emissions Measurement Example
Prescan

Recall from File

A Date

| amp. 874154 (2 GHz to 8 GHz).csv 6/1/2018 3:35 PM

B Antenna, 11940A Close Field Probe (30 MHz & 6/1/2018 3:35 PM
]3 Antenna, 11941A Close Field Probe (9 kHz o { 6/1/2018 3:35 PM
B Antenna, Biconical (30 MHz o 300 MHz).csv  6/1/2018 335 PM
D Antenna, Broadband (26 MHz to 3 GHz).csv  6/1/2018 3:35 PM
D Antenna, Double Ridged Homn (1 GHz to 18 Gt 6/1/2018 3:35 PM
D Antenna, Log Periodic (200 MHz to 2 G v 6/1/2018 3:35 PM
B Cable, 10 meter Type-N (30 MHz to 1 GHz).cs 6/1/2018 3:35 PM
D Limiter, 11947A Transient Limiter (9 kHz to 200 6/1/2018 3:35 PM
61/2018 335 PM

File name: LISN, 10A (9 kHz to 30 MHz).csv

Content

Cav file
Csv file
Csv file
Csv file
Cav file
Cav file
1KB Csv file
232 B Csvfile
321 B

Csv file

426 B Csvfie

File type:  Amplitude Comections (*.csv) Recall

2.

(For X-Series Signal
Analyzers or when using
Input 1 on the PXE)

Load a built-in transient

Select Recall, Correction tab.

Set Select Correction to
Correction 2, Preloaded Correction
to Preloaded, then Recall From.

limiter correction file

SelectLi mter, 11947C
Transient Limter (9 kHz
to 200 M. csv,then Recall.

Atransient limiter is

used to prevent

damage to the
sensitive RF input circuitry of signal
analyzers from power line transients
encountered when using a LISN.

The N9048B PXE, has a built-in limiter
so that an external limiter is not needed
when using Input 2.
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Recall ile Recall from File

State s ) EMC Limits and Ampcor ) Ampcor
Scraen Gonfig + State Date Size Content

Ij Amp, 87415A (2 GHz to 8 GHz).csv 6/1/2018 3:35 PM 456 B Csv e
Measurement Data

B Antenna, 119404 Close Field Probe (30 MHz &t 6/1/2018 3:35 PM 2 Csv file
Limit

B Antenna, 11941A Close Field Probe (9 kHz to { 6/1/2018 3:35 PM Csv flle

D Antenna, Biconical (30 MHz to 300 MHz).cs: 018 3:35 PM Csv file
Corraction Group
D Antenna, Broadband (26 MHz to 3 GHz).csv  6/1/2018 3:35 PM Csv flle
D Antenna, Double Ridged Hom (1 GHz to 18 Gt 6/1/2018 3:35 PM : Csv file
Csv flle

D Cable, 10 meter Ty, = 2B Csvfile

D Limiter, 11947 C Transient Lirmiter (9 kHz to 200 6/1/2018 3:35 PM Csv file

D LISN, 104 (9 kHz to 30 MHz). 6/1/2018 3:35 PM 426 B Csvfile

File name: ... 11947A Transient Limiter (9 kHz to 200 MHz).csv File type: | Amplitude Comections (".csv) | Recall

3. Verify that Corrections T Sglect Input/Output,
and 2 are turned on Corrections tab, Correction 2,
Correction On.

Select Correction Correction2,
Correction On.

Input'Output v

Input 2= 50 0 Aften: 10dB Scan Type: Smooth E Aften 10 dB

Comections: On Preamg: Off | Scan Praamp: Of Select Correction Input

Freq Ref: Int {S)  EMC Sid: CISPR  # of Scans; —1 Comrection 2

NFE. Off Trig. Free Run P P . Extarnal
Gain

Ref Value 106.99 dBpV

" VideoBW12MHz = Stop30.00MHz|  24¢

Freq 515.0 MHz
Dwell Time 108 ps (4.5 kHz)| b HNoD

1
Tre Freq Peak Amptd QPD Amptd EAvg Amptd Peak LL1A QPDLLTA EAvglLL1 A Composite AmpCor RE Correction Group.
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Step 4: Take a scan of the ambient environment with the EUT off

At this point the EUT is setup with all of the correct parameters, including
bandwidth, frequency range, LISN compensation, transient limiter
compensation (if using an X-Series signal analyzer), and limit line. However,
before starting conducted measurements, consider the effect of the ambient
environment on the results. The power cable between the LISN, (limiter, if
applicable) and EUT can act as an antenna, which can cause false EUT
responses on the display. To test this, turn off the EUT and check the display to
ensure that the noise floor is at least 6 dB below the limit line.

Step Action Notes

1. Set the scan sequence Select MEAS SETUP, the Settings  The default value.
for a Scan only tab and set Scan Sequence to
Scan.

2. Turnthe EUT offand start  Select Start Sequence.
the scan

Q Meas Setup i :
Inpul Z 50 0 Alten. 10 dB Scan Type. Smooth | | = | |Atten, 10 dB 5 s
Comections: On Preamp: Off Seq; Scan M Praamp: Off SCAN
Freq Ref Int (5)  EMC Std: CISPR. # of Scans =11 i

NFE" Off Trig: Fraa Run SEARCH ] G
o

! 4|
Scale/Div 10.0 dB Ref Value 106.99 dBpV f MEASURE |[ SEARCH

-E
MEASURE

| Meters

| signal List
| i |

Start 150 kHz N Video BW 1.2 MHz ] ) i ; 0.00 r-.-leas
Res BW 9.0 kHz Dwell Time 54,1 ps [z 25 th; , _;tandard
R e Meas Freset l Tune &

Listen

" Advanced

Glolx:]

3. Stop the Scan Ensure the noise floor is at least 6 dB If ambient signals are within 6 dB of the

below the limit line. limit line, try shortening the cables
between the devices. Some additional
shielding may also be required. Do not
use ferrite beads on the power cord
because common mode signals from the
EUT may be suppressed causing a lower
value measurement.

Select Stop Sequence.

24 N6141EMOE EMI Measurement Application Measurement Guide



Conducted Emissions Measurement Example
Prescan

Step b: Run a prescan with the LISN in the neutral position

TIP The analyzer’s digital IF architecture guards against IF overload, even if
signals are above the reference level. This reduces operator error by
eliminating an overload caused by incorrect reference level settings.

Step Action Notes

1. Turnon all three meters  Select MEAS SETUP, Meters tab,  Itis not necessary to turn on three

Meters Config. detectors for scanning, searching, and
measuring, but it is helpful to see three
meters for tuning signals later in the
process.

Set Meter 2 to Quasi Peak and Meter 3
to EMI Average. (These are the default

values.)
Note: For MIL-Std measurements, do

Turn On all three meters, then Close not turn on Meters 2 and 3.

the table.

2. Setthe line switchonthe  Onthe LISN, set the line to (N) L2.
LISN to neutral

Meters Config CIose) |< Meters Config Settings

; : | Reset Peak Hold SCAN
Touch any setling value to change it J
Reset Peak Hold

Limt On Freq Change SEARCH
mit
Detector Use Limit Line : On
Value On m (et N MEASURE
. Meters—Signal
Paak 80.00 cBuV/m off | " Roace,
: Meters—List
Quasi Peak 80.00 dBu\im Off {Append)
: st Signal List
EMI Average £80.00 dBpVim Off
Limits
& Meas
: [ Standard
Autcrange i , | Peak Hold Time Infinite Nl Tune &
A Listen
Auto Preamp on | [Pe ; —_— _8 Advanced
Couple Meters
o
Dwell Time 10.0 ms YT 2 ”mg:' H Global
Freq 483.0 MHz Off
Res BW 120 kHz
Couple Meters
3. Start the scan Select the Settings tab, then Start  Alternately, you can go to SWEEP, Start
Sequence. Scan, or press the front panel Restart
key.
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Step

iEMI Receiver 1
Frequency Scan a Meas Setup v
KEYSIGHT |Input RF Input Z: 50 O Atten: 10 dB Scan Type: Smooth \Atten” 10 dB

Coupling: DC Cormections: On  Preamp: Off Seq: Scan Preamp: Off Limits Table Settings
(D Align: Auto Freq Ref: Int (S) EMC Std: CISPR  # of Scans: =1/1

NFE: Off Trig: Free Run

Edit Limit SCAN
1 Spectrum

Mkr1 23.336 MHz

Scale/Div 10.0 dB Ref Value 106.99 dBpV 34.58 dBpvV

All Limits

Test Limits & i

Update A Limit

Delete All Limits

Video BW 90 kHz Stop 30.00 MHz| Meas
Dwell Time 108 ps (4.5 kHz) Standard

Trc  Freq Peak Amptd QPD Amptd EAvg Amptd Peak LL1 A QPDLL1 A EAvgLL1A Composite Am I;?:n&

Advanced

Global

4. Observe the trace data Select Stop Sequence.
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Data Reduction

Suspect frequencies that are close to or greater than the specified limits
warrant further review and final measurement. Sometimes the suspect signals
are searched in subranges based on a certain standard requirement. You might
also want to add or delete signals from the suspect list manually. This process
is called data reduction.

Step 1: Search for signals above a limit line

In this section, we will set the Scan Sequence to Search only. The Search
Criteria will be set to Peak Criteria and Limits for collection of signals over the
limit.

Step Action Notes

1. Setthe scan sequenceto  Select MEAS SETUP, the Settings
search only tab, and set Scan Sequence to
Search.

Meas Setup

KEYSIGHT InputRF  [inpulZ. 500 Alten; 10 dB [Scan Type: Smooth E [Alien; 10.dB :
G q DG Comections: On Preamp: Off Seq Search Preamp: Off SCAN
Auto Freq Ref: Int (S) EMC Stk CISPR - # of Scans: =11 i R B
NFE: Off Trig: Free Run I i SEARCH ".

G g

1 Spectrum T 2 Maters

ScnlEfDiv 10.0dB Ref Value 106.99 dBuv

MEASURE J[

| | L1l il | Y I I | | . Scan, Search
Start 150 kHz Video BW 90 kHz Stop 30.00 MHz 1441 and Maasure

Freq 168.0 KHz
Res BW 9.0 kHz Dwell Time 108 ps (4.5 kHz)
Res BW 9 kHz Sean and

[Sig  Trc  Freq  PeakAmptd QPD Amptd EAvgAmptd PeakLL1A QPDLL1A EAvgLL1A Composite Am||| Search
Search
and Measure

(Re)Measure

2. Setthe search criteriato  Select the Limits tab, Limits Table, When Peak Criteria and Limits is

peak criteria and limits then Search Criteria to Peak selected, the search finds the peaks that
Criteria and Limits. meet the Excursion and Threshold (set in

the Limits tab) and also considers limits

Setthe # of Peaks t0 10, then and margin if they are turned on. Setting

Close the Limits Table. the number of peaks to 10 will add only

the top 10 signals over the limit line
margin to the signal list.
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Search Criteria

Limit

Limit 2
Limit 3
Limit 4
Limit &

Limit &

Limits Table

Touch any setling value to change it

Peak Criteria And Limits

Peak Criteria Only

# of Peaks

# of Subranges

Description
Enabled

Subranges And Limits

Sep 06, 2018
25317 PM ||

$

Close ) I.( Limits Table

Meas Setup v
Settings

{  EdiLimit

MEASURE

Update A Limit Meters

Dedete All Limits
Signal List

Meas
Standard

Tune &
| Listen

Advanced

Global

3. Start the search

Select the Settings tab, Start
Sequence.

Tip: To Clear existing signals in the
Signal List table, select the Signal List
tab then Delete All. Otherwise, new
signals will be appended to the signal
list without clearing older ones.

4. Stop the search

Once the signals have been added to
the list, select Stop Sequence.

If there are no signals in the signal list,
then no further measuring needs to be
done and the product passes the
conducted emissions limit.

If there are signals above or close to the
limit, continue with the process below.
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a Meas Setup v

KEYSIGHT Input: RE Input Atlen. 10 dB Scan [ype. Smooth . Atien. 10 dB
C:J 1 DC 5 o Preamp, Off
Al 0 P IC St CIS [

' | sEARCH
1 Spectrum 2 Meters

| Scale/Div 10.0 dB Al o MEASURE

Reitie | MEASURE

Scan Sequence
Search | Meters

Start Sequence | gignay List

ScanTable ||
< { Limits

Start 150 kHz Video BW 90 kHz Stop 30.00 MHz, 4468 1425 | Detectors | Meas
Res BW 9.0 kHz Dwell Time 108 s (4.5 kHz) Freq 168.0 kHz ™ Standard
Res BW 9 kHz Meas Preset |
Tic  freq  PeakAmpid QPDAmpd EAvgAmpld PeakLL14 QPDLLTA EAVGLLTA Composie Am| ;I“is;‘:n&
- 64.369 dBpV_— = 2 47.951d8 || -
Hz 62.664dBEY — - 48.081dB8 ||
z 87.406 dBpV 4814508 |
77.350 dBpv -1.650dB 43.471dB
75.397 dBpV - 48.711 0B
72270 BV — — 0.730dB 48.791dB
EEEEEQ‘QQ - —— 43.861 dB

=

IS e T

| Advanced

| Global

Step 2: Save the measurement data with LISN in the neutral position

Save Measurement Data lets you specify a data type (for example, trace data)
for saving and exporting purposes. Measurement Data files are .csv files that
can be exported into Excel or other spreadsheets.

The main application of a Measurement Data file is for importing data to a PC
for further analysis, but in this case, we will be using this feature to save and
later recall a Prescan/Data Reduction signal list back into the instrument for
performing the final measurement.

Step Action Notes
1. Save the Measurement Select Save, Measurement Data.  This list will be recalled later for running
Data the final measurement.

Set Save From Trace to Trace 1, Data
Type to Signal List, then select
Save As.

Enter a file name (for example,
Prescan_Neutral ), then Save.
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( Measurement Data Save to Fila
State a ) FSCan ) SignalList )

Screen Config + State Size Content

|| [™ Prescan_Neutrt.csv 972712018 11:09 AM 380B Csvile

L
i
Measurement Report B Signall_0000.csv 9272018 11:08 AM 3B0E Csvfile

Limit
Cormection
Correction Group

Scraen Image

File name: | Prescan_Meutral.csv File type:  Csvfiles (“.csv) Save

Step 3: Run prescan and data reduction with LISN in the line position

Since the measurement parameters have been set up, it is easy to run the
prescan and data reduction with the LISN in the line position.

Step Action Notes

1. Run the prescan with the  Set the line switch on the LISN to L1(L)

LISN set to line From the EMI Measurement application:

— Select MEAS SETUP, the
Signal List tab, Delete All

— Select the Settings tab, set
Scan Sequence to Scan

— Select Start Sequence

— Once the prescan has run,
select Stop Sequence

2. Run Data Reduction Set Scan Sequence to Search.

Select Start Sequence.
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Step Action Notes

3. Stop the Search Once the signals have been added to
the list, select Stop Sequence.

If there are no signals in the signal list,
then no further measuring needs to be
done and the product passes the
conducted emissions limit.

If there are signals above or close to the
limit, continue with the process below.

4. Save Measurement Data  Once the signals have been added to This list will be recalled for making the
the list, select Save, final measurement.
Measurement Data.

Set Save From Trace to Trace 1,
Data Type to Signal List, Save
As.

Enter a file name (for example,
Prescan_L1), then Save.
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Final Measurement

The final measurement process contains the tasks of remeasuring signals for

increased frequency accuracy and performing an automatic measure process
to identify the highest signal amplitudes using peak, quasi-peak, EMI average
detectors.

Step 1: Making a final measurement

For this example we will remeasure all signals in both the neutral and line
signal lists using different limits for Detector 1 and 2. Auto range and auto
preamp will be turned on for this measurement.

TIP The EMI Measurement application can be set up to conduct a scan, search,
and final measurement automatically by selecting MEAS SETUP, Scan
Sequence, Scan, Search, Measure.

Step Action Notes
1. Recall the neutral Select Recall, Measurement
measurement data Data.

Set Recall To Trace to Trace 1,
Data Type to Signal List, then
Recall From.

Select the Prescan_Neut r al
file, Recall.

2. Setthescansequenceto  Select MEAS SETUP, Settings
Re(Measure) tab, set Scan Sequence to
(Re)Measure.

3. Set the LISN to Neutral Select (N)L2.

4. Select the signals for Select the MEASURE tab, and select
Re(Measure) (Re)Measure Type.

Current Signal will make a final
measurement on the signal selected in
the signal list.

All Signals will make a final
measurement on all signals in the signal
list.

5. Start the search Select the Settings tab, Start
Sequence.
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Step Action

6. Repeat the final Select Stop Sequence.
measurement procedure

for Prescan,_ L1 Recall the Prescan L1 file and Start

Sequence to measure the signals in the
Prescan_L1 file.

Set the LISN to L1(L).

Notes

N6141EMOE EMI Measurement Application Measurement Guide
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Report Generation
The EMI Measurement application supports two formats, HTML and PDF. You

can customize content to include amplitude corrections, limits, scan tables,
trace data, signal lists, and screen captures.
Step 1: Configure and generate a report

In this example we will generate a report with customized content and header

information.
Step Action Notes
1. Open the Measurement Select Save, Measurement
Report form Report.
2. Fillin the header Click on the Title entry line and use the
information soft keypad to type a name for this

report, then select the check box to the
left of the entry to include this in the
report.

Do the same for the other Header fields
as needed.

3. Select the data you want  Select the data you want to include in

to include in the report, the report (such as, Amplitude
and the output format Correction, Limits, Trace Data and so
on.

Then select the Output format, either
HTML or PDF.
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Measurement Report

o
State Header Information

Sereen Config + State Title ENS55022 Class A 10 meter

Measurement Data Ciient Keysight

Operator Jack Smith
i
Limit Descriplion  N9048B PXE EMI Receiver

Logo
Correction 2 >

Correction Group Ampiitude Correction Limits Output Format
of off HTML

Screen Image

Description & Description &
Comment Only Comment Only

Full Data Full Data

PDF

Measurement Data Seftings
Trace Data
Signal List
|
4. Save the report Select Save As, enter a file name, Note the location of the Measurement
then Save. Report as shown below.

< Measurement Report Save fo File
Sl b) Usarst‘: Instrument |

Screen Config + State Date Size Content

Measurement Data D ENS5022_PXE_precompliance. pdf 9¢20/2018 10:09 AM 3 MB Pdf file

Limit
Coraction
Correction Group

Screen Image

File name: | EN55022_PXE_compliance.pdf | File type: | Pdf files (*.pdf)
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Keysight X-Series Signal Analyzer
EMI Measurement Application/N6141EMOE

Measurement Guide

3 Radiated Emissions Measurement Example

Radiated emissions measurements are not as straightforward as conducted
emissions measurements. There is the added complexity of the ambient
environment, which could interfere with measuring the emissions from the
equipment under test (EUT).

This procedure follows the EMI test flow recommended by CISPR and uses a
whip antenna to simulate radiated emissions.

“Prescan” on page 38

“Data Reduction” on page 54
“Maximization” on page 60
“Final Measurement” on page 66

“Report Generation” on page 68

KEYSIGHT

TECHNOLOGIES
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Prescan

For some EMI standards, limit lines are given for quasi-peak and EMI average
detectors, which requires an extremely long measurement time. Usually, a
prescan with the peak detector (faster than quasi-peak or EMI average) is used
to collect suspect signals. Then, final measurements are made with quasi-peak
and EMI average detectors. For a commercial radiated compliance
measurement, when conducting a prescan, it is important to investigate the
full frequency spectrum with the equipment under test (EUT) rotated 360° as
well as the antenna height scanned between 1 and 4 meters and adjusted
between vertical and horizontal orientations.

This example will show you how to:
— load limit lines and amplitude corrections

— setup a scan table with both discrete and time domain scan types for
comparison

— set two traces to scan against the two limit lines simultaneously
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Prescan

Step 1: Access the EMI measurement application and setup the

prescan

Before connecting a signal to the receiver or signal analyzer, make sure the instrument can
safely accept the signal level provided. The signal level limits are marked next to the RF Input
connectors on the front panel.

Step

1. Test setup

Action

Arrange the antenna, EUT, and receiver
as shown below.

Notes

Separate the antenna and device under
test (EUT) as specified by the regulatory
agency requirements. If space is limited,
the antenna can be moved closer to the
EUT and you can edit the limits to reflect
the new position. For example, if the
antenna is moved from 10 meters to

3 meters, the amplitude must be
adjusted by 10.45 dB. Itis important
that the antenna is not placed in the
near field of the radiating device.

CISPR radiated EMI test setup

1-4 meters above
ground plane

Equipment
under test

Antenna

Table is 80 cm high,
non-conductive

radl_p=e.png

EMI
receiver

Ground Plane

2. Make sure you are in EMI
Receiver mode

Select MODE/MEAS, EMI
Receiver Mode, Frequency Scan
Measurement, and Normal View.

N6141EMOE EMI Measurement Application Measurement Guide

EMI Receiver is the default startup
mode for the PXE. The X-Series
analyzer’s default startup mode is
Spectrum Analyzer.

Alternately, if you are using a remote
desktop connection, select the Screen
tab (at the top of the Spectrum display)
to open the Mode selector window.
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Mode ! Measurement / View Selector  |screen Name EMI Recelver 1

Sequencer Measurement

Spectrum Analyzer I 1Frequency Scan

Strip Chart User View

VWhen Sequencing is On and Er |
there are multiple Screens, all E‘_EMI Recaiver APD

Screans udpats in uence. e :

When "aequl;nclng Ia:%ﬂ only G Analyzer (Basic) Disturbance Analyzer

the selected Screen updates.

Real-Time Spectrum Analyzer

W-CDMA with HSPA+ Monitor Spectrum
GSM/EDGE /EDGE Evo

Phase Noise

Moise Figure

Analog Demod

Bluetooth

To launch 89600 VSA press the button below, | -1 D0 & LTE-AFDD

LTE TOD & LTE-A TDD
Launch VSA

3. Preset the EMI Receiver Select Mode Preset. Alternately, if you are running the
mode application from a remote desktop

connection, select Mode Preset

4. Setthe EMC standardto  Select MEAS SETUP, Meas For MIL Std measurements, change to
CISPR Standard tab. MIL

Set EMC Standard to CISPR.

5. Open the Scan Table and  Select the Settings tab, Scan
select the desired range  Table, then select Range 5 to tumn
on.

Ensure all other ranges are off.
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Meas Setup ¥

Range 1 Range 2 Range 3 Range 4 Range 5 SEARCH SCAN

Start Freq |9.000 kHz 150,000 kHz 30,000000 MHz ~ |300.000000 MHz | 30,000000 MHz MEASURE SEARCH

Pause
Stop Freq 150.000 kHz 30.000000 MHz 300.000000 MHz 1.000000000 GHz 1.000000000 GHz MEASURE

Scan Sequance

RBW 200 Hz 9 kHz 120 kHz 120 kHz 120 kHz Scan Meters
AUTO ALTO AUTO

Dwell 4 1oms 108 ps 6.73 s 6.73 s 6.73 s Start Sequence | signal List

Time AUTG AUTG AUTO AUTC

: ¢ Scan Table =
Step Size 100.00 Hz 4.45995 kHz 60.003 kHz 60.002 kHz Limits
AUTD AUTO AUTO AUTD
{ Detectors v
=i il =
P ~ 2 Standard
p— -~ Meas Preset Ture &
) AUTOD Listen

Points/
RBW 2

Int
Off oft Off Advanced
Preamp AUTD

Global

Step 2: Load and edit limit lines

The EMI Measurement application has many built-in limit line files for
commercial and military standards. They are organized in different folders such
as EN, FCC, GB and VCCI.

This section demonstrates how to load the built-in limit line file, "EN55022,
Rad, Class A, 30 MHz to T GHz (10m)" and use the limit line editor to view the
limit line values. We will then add a 5 dB margin to the limit line. Using a
margin on a limit line allows you to account for the system uncertainties in the
measurements.

TIP All limit lines, corrections, traces, signal lists, and scan tables can be saved in
.csv format. This format allows you to easily edit or create files on your PC.

Before connecting a signal to the receiver or signal analyzer, make sure the instrument can safely
accept the signal level provided. The signal level limits are marked next to the RF Input
connectors on the front panel.
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Prescan
Step Action Notes
1. Load the built-in limit Select Recall, Limit tab, set Select  For MIL Std measurements, load the
line file Limit to Limit 1, set Preloaded built-in limit file, "MIL RE102-1 Rad,
Limits to Preloaded, then select Surface Ship, Below Deck.csv."
Recall From. Alternately, if you are running the

Select EN folder, 55022 folder, then  2PPlication from your desktop, select
' ’ the folder icon in the Control Bar

EN55022, Rad, dass B, 30 (bottom of the window).
ME to 1 G (10n), Recall

State Mode EMI Receiver

Recall imi Recall from File (= x
A 4

Screen Config + State Name & Date Size Content

B EN 55022, Cond, Class B, Telecom, Voltage, A 6/1/2018 3:35 PM 341 B Csvfile
Measurement Data

m EN 55022, Cond, Class B, Telecom, Voltage, ¢ 6/1/2018 3:35 PM 344 B Csvfile
[ N 55022, Rad, Class A, 1to 6GHz, Average ( 6/1/2018 3:35 PM 7B Csvile
Correction

D EN 55022, Rad, Class A, 1to 6GHz, Peak (3m 6/1/2018 3:35 PM Csv file
Correction Group

D EN 55022, Rad, Class A, 30MHz to 1GHz (10n 6/1/2018 3:35 PM Csv file
D EN 55022, Rad, Class A, 30MHz to 1GHz (3m| 018 3:35 PM 367 B Csvfile
D EN 55022 Rad. Class B, 1 to 6GHz, Average ( 6/1/2018 3:35 PM 343 B Csvfile
D EN 55022, Rad, Class B, 1 to 6GHz, Peak (3m 6/1/2018 3:35 PM 340 B Csvfile
D EN 55022, Rad, Class B, 30MHz to 1GHz (10n 6/1/2018 3:35 PM 368 B Csvfile

D EM 55022, Rad, Class B, 30MHz to 1GHz (3m 6/1/2018 3:35 PM 36T B Csvfie

File name:  EN 55022, Rad, Class B, 30MHz to 1GHz (10m).csv File type: | Csw files (".csv) Recall

2. Edit the limit line Select MEAS SETUP, Limits tab, You can now add or delete a point or
Edit Limit. modify the frequency and amplitude of

the current point.
Select Close when finished. - pol
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Edit Limit ? | Ciose)
J -

ST Freq s Scale/Div 10.0 dB Ref Value 106,99 dBuV
Limit 1 e []
30,000 MHz 40,000 dByV
Go To Row
2

230.00 MHz| 40.000 dBpY

Insert Row Balow
230,00 MHz 47,000 dBpY
Scale X Axis
| 1.0000 GHz 47.000 dBpY
X Offset
0.0000 Hz

¥ Offset
| 0dB

Apply Offsets o
Limit Table

Delate Row

Detete Limit

Settings >

Start 30.0 MHz ] " Video BW 1.2 MHz “Stop 1,000 GHz
Res BW 120 kHz Dwell Time 6.73 ps (60 kHz)
3. Assign Limit 1to Trace 1 Select the Limits Table, select Limit lines are assigned to a specific
Limit 1 to Trace1, Enabled. trace.

Meas Setup
I
Limits Table close) (B{  Limits Table
Touch any setting value to change it
Search Criteria Peak Criteria And Limits # of Peaks

# of Subranges

' Update A Limit
Margin

Enabled Trace Description G
Value Enabled || Delete All Limits

0.00 dB Trace 1
Limit 2 0.00 dB Trace 1

Limit 3 0.00dB Trace 2

Limit 4 0.00dB Trace 2

| Advanced

Limit 5 0.00 dB Trace 3 |
| Global

Limit 6 0.00 dB Trace 3
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Step Action
4. Add a5 dB margin to Set the Margin to -5 dB, select
Limit Line 1 Enabled, then Close the Limit Table.

Search Criteria

Limit

Limit 2

Limit 3

Limit 4

Limit &

Limit &

Q Meas Setup v

| o "
Limits Table CInse) < Limits Table | Settings

' EditLimit | SCAN
Touch any setting value to change it < v | A

Peak Criteria And Limits # of Peaks | SEARCH

# of Subranges i MEASURE

Update & Limit | ,
Margin | Meters
Enabled Trace Description |

Value Enabled Delete All Limits

! Signal List
-5.00 dB Trace 1

0.00dB Trace 1 | Meas
' Standard

0.00dB Trace 2 | Tune &

| Listen
0.00dB Trace 2
| Advanced

0.00dB Trace 3 |
Global

0.00 dB Trace 3

5. Check that both the limit
and the margin are on

1 Spectrum
Scale/Div 10.0 dB

Ref Value 106.99 dBpV

PRI NI AT .Hu.l.n.nud

Y

mwﬂ WFWMFF il

Step 3:

44

Load and edit corrections

The EMI measurement application has built-in typical correction files for many
accessories on the market, such as amplifiers, Line Impedance Stabilization
Networks (LISNs), and antennas. You can create your own correction files for
devices not preloaded in the application or edit the existing files.
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In this section we will load a built-in correction file and then edit the
correction.

Step Action Notes

1. Load a built-in Antenna Select Recall, Correction tab.

correction file .
rrection 1 Set Select Correction to

Correction 1, Preloaded
Correction to Preloaded, then
select Recall From.

Select Ant enna, Broadband (26
Mz to 3 Gz).csv,then
Recall.

Recall from File

Sl nstrument ) Documents ) EMC Limits and Ampcor ) Ampc Mode
Screen Config + State L4 Date Size Content

D Amip, B7405A (46 MHz to 3 GHz).csv 6/1/2018 3:35 PM 485 B Csvfile
Measurement Data

D Amp. 874058 (10 MHz to 4 GHz).cav 6112018 3:35 PM 485 B Csvfile
Limit

D Amp, B7415A (2 GHz to 8 GHz).csv 6/1/2018 3:35 PM 466 B Csv file

| D Amtenna, 119404 Close Field Probe (30 MHz & &/1/2018 3:3% PM ] 3 Csvfile
Correction Group

D Antenna, 11941A Close Field Probe (S kHz to 1 6/1/2018 3:35 PM 37 Csy file

D Antenna, Biconical (30 MHz to 300 MHz).csv  6/1/2018 3:35 PM 56 B Csv file

D Antenna, Broadband (26 MHz to 3 GHz).csv  6/1/2018 3:35 PM Csv file

D Antenna, Double Ridged Homn (1 GHz to 18 Gt 6/1/2018 3:35 PM Csy file

D Antenna, Log Periodic (200 MHz to 2 GHz).csv 6/1/2018 3:35 PM 1 KB Csvfile

D Cable, 10 meter Type-N (30 MHz to 1 GHz).cs' 6/1/2018 3:35 PM 232 B Csvfile

File name:  Antenna, Broadband (26 MHz to 3 GHz).csv File type:  Amplitude Corrections (".csv) Recall

2. Edit the correction Select Input/Output, You can add or delete a point or modify
Corrections tab, Select the frequency and amplitude of the
Correction, Correction 1, then current point.

Edit Correction.
Close when finished.

N6141EMOE EMI Measurement Application Measurement Guide 45



Select Corraction
Correction 1

Go To Row
1

Insert Row Below

Delete Row

Delete Comrection

Settings

Radiated Emissions Measurement Example

Prescan

Freq

Edit Correction

ale/Div 10.000 dB

26,000 MHz

26.000 MHz

30.000 MHz

40.000 MHz

50.000 MHz

60.000 MHz

70.000 MHz

£0.000 MHz

90.000 MHz

100.00 MHz

110.00 MHz

120.00 MHz

-345.75 MHz

r‘ :{""ﬂ ? CIGSE) :

 Ref Level 50.000 dB

3. Verify that Corrections 1

is turned on

Select Correction,
Correction1, toggle Correction
to On.

Corrections will automatically turn on
once you have entered the editor.

TEMI Receiver 1
Frequency Scan

KEYSIGHT :{'PutilRF e
Coupling:
[:] Align: Auto

1 Spectrum
Scale/Div 10.0 dB

Start 30.0 MHz
Res BW 120 kHz

Tre Freq

34.650 MHz
49.560 MHz
93.636 MHz
99.119 MHz
100.11 MHz

101.76 MHz

Input Z: 50 O

Corrections: On
Freq Ref: Int (S)

NFE: Off

Atten: 10 dB
Preamp: Off
EMC Std: CISPR

Scan Type: Smooth
Seq: Scan

# of Scans: —/1
Trig: Free Run

Ref Value 106.99 dBuVim

i Al

Video BW 1.2 MHz

Peak Amptd
46.647 dBpV/m
48.538 dBpV/m
68.445 dBpV/m
65.822 dBpV/m
67.933 dBpV/m
51,615 dBpV/m

Input/Output

&

Select Correction
Correction 1

Atten: 10 dB
Preamp: Off

Correction
On
Off

Correction Port
Current Input v

Stop 1.000 GHz

Dwell Time 6.73 ps (60 kHz)

QPD Amptd

EAvg Amptd

Peak LL3 A

67.308 dBpVim  65.897 dBuVim

40.782 dBpV/m

7wt 10350 MHZ 82344 dBpVIM

WO~

?

Sep 06, 2018
8:25:41 AM

QPDLL1A

EAvg LL2 A Cor| Foriiin Group

|
15, Correction Group

[o])]
Off

Break
[o])]
Off

Reload Corrections
From Files
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Modify the Scan Table settings

The Scan Table allows you to configure up to 10 different scan ranges. Each
scan range has settings for critical measurement parameters, such as
frequency, attenuation, and preamp settings. You can choose to use the
default parameter settings in each range or set each one individually to meet
your measurement needs.

In this section we will set Range 5 to CISPR C/D 30 MHz - 1 GHz and then
make setting changes to dwell time, attenuation, and preamp. The dwell time
selected results in a recommended minimum CISPR scan time.

TIP You can set up two or more ranges with different settings for a single scan.
Select the check boxes to select the appropriate ranges and the receiver will
scan them sequentially. The maximum scan points is 4,000,001 and the
maximum scan time is 4,000 seconds.

Step Action Notes

1. Open the Scan Table Select Settings tab, Scan Table go  Clear any other range that is selected.

to Range 5.

2. Set the dwell time, In the Scan Table, set Dwell Time to For MIL-Std
attenuation, and 62 ps. NOTE measurements, leave
preamplifier . the default dwell

Set Attenuation to 0 dB. time setting as 6.73 yiS.

Set Internal Preamp to Low To access the Int Preamp settings,

Band. select "Off". You will then be given the

Close the Scan table. option of selecting Off, Low Band, or Full
Range.
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G Meas Setup ¥

Range 5 v
Scan Table GIose) Settings

| Range—SA

Range 1 Range 2 Range 3 Range 4 Range 5

SCAN

Start Freq | 9.000 kHz 150.000 kHz 30.000000 MHz 300.000000 MHz | 30.000000 MHz : .3???5*1‘; 4 SEARCH

CISPR B
Stop Freq | 150.000 kHz 30.000000 MHz 300.000000 MHz 1.000000000 GHz | 1.000000000 GHz 150 kHz-30 MHz MEASURE

CISPRC
REW  |200Hz 9kHz 120 kHz 120 kHz 120 kHz 30 MHz-300 MHz [ Meters
AUTC AUTD AITO - = —
P - CISPR C/D
Dwall |4 1oms 108 ps 673 s fr 62.0 s 30 MHz-1 GHz Signal List

Time = >
= AUTO AUTC SPRD

Step Size |100.00 Hz 44995 kHz 60,000 kHz 60.003 kHz 60.002 kHz b ML H o
ALTO ALTO ALITE CISPRE
Points! 2 5 s 5 5 1 GHz-18 GHz

RBW MIL 5td 1 kHz
30 Hz - 1kHz

Limits

At 108 10d 0dB e &
= AUTO AUTO MILStd 10 kiHz | Listen
- - 1 kHz — 10 kHz

Off Off Low Band MIL Std 150 kHz Advanced
A 10 kHz — 150 kHz
MIL Std 30 MHz | Global
150 KHz — 30 MHz

MIL Std 1 GHz
I MHz — 1 GHz

Int
Preamp

MIL Sid =1 GHz

Step b: Use a multiple trace scan to view max hold and current signal
values

The recommended commercial prescanning methodology requires that
suspect emissions be collected while the device is rotated on a turntable and
antenna heights are scanned. This ensures the identification of all signals that
might exceed the limit. You can use the multi-trace capability of the receiver to
simplify this collection and provide insight into which instrument orientation
contributes to the highest signal levels.

In this section, we will set Trace 1 to Max Hold to capture a summary of the
emissions from the measured turntable azimuths and antenna heights. In
addition, we will set Trace 2 to Clear/Write to capture the emissions profile of
the current EUT position. The signals in Trace T will be tested against Limit
Line 1 and written to the suspect list.
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TIP The X-Series signal analyzer’s digital IF architecture guards against IF
overload, even if signals are above the reference level. This reduces operator
error by eliminating an overload caused by incorrect reference level settings.

Step Action Notes

1. Turnon all three meters  Select MEAS SETUP, the Meters  Itis not necessary to turn on three
tab, Meters Config. detectors for scanning, searching, and

. measuring, but it is helpful to see three
Set Meter 2 to Quasi Peak and meters for tuning signals later in the

Meter 3 to EMI Average. (These  procegs
are the default values.)

For MIL-Std
Turn On all three meters, then Close measurements, do
the table. not turn on Meters 2
and 3.

Meters Config CIose) |< Meters Config Settings

) " | ResetPeakHold ] scaAN
Touch any setling value to change it ’
Reset Peak Hold

Limit : On Freq Change SEARCH
on Detector Use Limit Line d > On
Value on | 3 MEASURE
. Meters—Signal
Peak £0.00 dBV/m of | oo
. Meters—List
Quasi Peak 80.00 dBpVim Off {Append)
Pp——— Signal List
Meters Max—Signal
EMI Average  80.00 dBp\/m Off (Replace) ' ®
| Meters Max—sList f§ -Mits
¢ {mndl o
' Snap to Meters o
: (Select Closest Standard
Autorange . | Peak Hold Time Infinite N Sanall M Tine &
fpens Dwell Time Listen
! : 10.0 m
Alto Preamp ; | . — s - Advanced
) Couple Meters
to Signal List =
4457 4070 on Global
Freq 483.0 MHz Off
Res BW 120 kHz
Couple Meters
2. Set the scan sequence Select the Settings tab, set Scan The default setting.
for a Scan only Sequence to Scan.
3. Set the scan type to Select the SCAN tab, set Scan
stepped Typeto:

MXE: Smooth (Swept),
PXE: Discrete (Stepped)
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o

'Scan Sequence
Search

Meas Setup ¥

Metars Canfig

Touch any setting value to change it e
Smooth (Swept) |

S = , SEARCH
Limit Discrete (Stepped)

On Detector Use Limit Line

Value On | | MEASURE
Meter 1 Peak

50,00 dEuVim ofF

Meters
Time Domain
Quas| Peak 80.00 dBpVim Off
e = Signal List
Scan Pause/ |
Resume
(For Scan only)

At Range Break

EMI Average 80.00 dBuVim Off

| Limits
= Meas
Standard

= Tune &
| Listen

.5f< Scan Table

Autorange Peak Hold Time Infinite

Signal Zoom

Auto Preamp !l Advanced

Dwell Time 4370 10
Freq 483.0 MHz
Res BW 120 kHz

| Global

4. Setthe frequency scan to The default value.

continuous

Select Sweep, Frequency Scan
to Continuous.

5. Set trace 1 to max hold
and the detector to peak

Select Trace, set Select Trace to
Trace 1, set Trace Type to Max
Hold, and View/Blank to Active.

Select the Detector tab and select
Peak.

Trace 1is the yellow trace.

6. Set trace 2 to clear write
and the detector to peak

Select the Trace Control tab, set Trace 2 is the blue trace.
Select Trace to Trace 2, Trace
Type to Clear/Write, and set

View/Blank to Active.

Select the Detector tab and select
Peak.

7. Start the scan

Select MEAS SETUP, Settings
tab, then Start Sequence.

Alternately, you can go to SWEEP, Start
Scan, or press the Restart key.
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1 Spectrum
Scale/Div 10.0 dB

=Ty

Start 30.0 MHz
Res BW 120 kHz

E Tre

Freg

# Iieas Setup

Scan Type: Smooth 1 2 [ |Aten 10dB
amp: 3.60 GHz |Seq Stan Mow W Praamp: Off
C Std: CISPR  |# of Scans: =171

Trig: Frea Run il

Ref Value 106.99 dBpVim

il 1 5

4.0

30.68 34.0
Dwell Time 62.0 pis (60 kHz) :f::‘;:f;ig‘r:z

PeakAmptd  OPDAmptd  EAvgAmpid PeakLL3A QPDLL1A EAvgLL2 A Conl |

" Videa BW 1.2 MHz ] " Stop 1.000 GHz|

8. Observe the two traces Select Stop Sequence.
updating, then stop the

scan

Step 6: Reduce the prescan time by using a time domain scan or
Accelerated TDS (N9048B PXE EMI Receiver only)

Smooth Scan is currently only available in the X-Series signal analyzers.

The EMI measurement application supports three scan types: Discrete
(Stepped), Smooth (Swept), and Time Domain. Discrete scan is the traditional
stepped frequency scan. Smooth scan is a swept frequency scan. It is faster
than a discrete scan because it does not require retuning the local oscillator
(LO) for each frequency point. Time domain scan, while based on stepping the
LO, is the fastest scan type. Time domain scan uses overlapped FFT technology
to collect data in acquisition bandwidths that contain multiple resolution
bandwidths.

In this section, we will demonstrate the advantage that time domain scanning
offers for reducing prescan times when using longer dwell times. Commercial
test methodology requires that engineers set the measurement dwell time to
the inverse of the slowest emission pulse repetition frequency from the EUT. In
this example we will use a 10 ms dwell time.

N6141EMOE EMI Measurement Application Measurement Guide 51



Radiated Emissions Measurement Example
Prescan

TIP The EMI Measurement application allows you to set reference levels, limit
lines, traces, meters, corrections and more during scanning. For example, if
you did not set the reference level or limit line appropriately, you can do so
without stopping the scan. The changes will take effect immediately during

the scan.
Step Action Notes
1. Turn off trace 2 and set Select Trace, set Select Trace to
trace 1 to clear write Trace 2, and View/Blank to
Blank.
Set Select Trace to Trace 1, set
Trace Type to Clear Write.
2. Set the dwell time to Select MEAS SETUP, Scan
10 ms Table, Range 5, Dwell time to
10 ms.
Close the table.
3. Change the scan typeto  Select the SCAN tab, set Scan The scan speed of a Time Domain scan
time domain Type to Time Domain. is much faster than that of the Smooth

- Swept) or Discrete (Stepped).
Select the Settings tab, then Start oY O Discrete (Stepped)

Sequence.

4. Start the scan Select Start Sequence. Observe the time required to cover the
frequency span.

Input Z: 50 O Atten; 10 dB Scan Type: Time Domain | | > Atten; 10 dB -
Corrections: On Preamp: Off Seq. Scan w SCAN
Freq Ref Int (S) |EMC Std: CISPR  # of Scans: >1/1

g Free
AL S L ki SEARCH

1 Spectrum

Scale/Div 10.0 dB Ref Value 106.99 dBuVim

B e SR LR PR T T L '~MW | !

Video BW 1.2 MHz Stop 1.000 GHZ% i
Dwell Time 10.0 ms (30 kHz)|

Tre Freq Peak Amptd QPDAmptd EAvgAmptd Peak LL3A QPDLL1 A EAvgLL2 A Composite AmpCor RE
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Step Action Notes

5. Stop the scan Select Stop Sequence

Alternately, if you are using a PXE EMI Receiver, you can use the Accelerated TDS feature to reduce prescan time.

NOTE Accelerated TDS requires Option WT1/WT2 on the N9048B PXE EMI Receiver.

6. Turn on Accelerated TDS  Select the SCAN tab, turn
Accelerated TDS (30 MHz -
3.2 GHz) to On.

7. Start the scan Select the Settings tab, Start Observe the time taken to complete the
Sequence. scan. You will find the time taken is
greatly reduced with Accelerated TDS
turned on.
8. Stop the scan Select Stop Sequence
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Data Reduction

Suspect frequencies that are close to or greater than the specified limits
warrant further review and final measurement. Sometimes the suspect signals
are searched in subranges based on a certain standard requirement. You might
also want to add or delete signals from the suspect list manually. This process
is called data reduction.

Step 1: Search for signals above a limit line

Step

1. Stop the scan

In this section, we will set the Scan Sequence to Search only. The Search
Criteria will be set to Peak Criteria and Limits for collection of signals over the
limit. To simplify the process, Trace 2 and Limit 2 will be turned off.

Action Notes

Select MEAS SETUP, Settings If not done at the end of the last section.
tab, then Stop Sequence.

2. Setthe scansequenceto Set Scan Sequence to Search.

search only

Q Meas Setup

KEYSIGHT !nput RF Input £ 50 0 Attern. 0 dB Scan Type: Time Domain| | | 2 Atlen 10dB TS
$ Coupling DG Comactions: On Preamp: 360 GHz Seq: Search ., Preamp Of | SCAN Ii

Aligne Auto

Fraq
31.580 MHz
45,390 MHz

0 MHz
53.280 MHz
69.000 MH.

S M

Fraq Ref Int{S)  EMC Sid CISFR |t of Scans: >1/1 w

] % b, .

"l £ ters ; |"
Ref Value 106.99 dByiV/m dBuV/ G | mEasuRe | SR

e . m MEASURE

' || scan Sequence
¥ | Meters

N signai List

Video BW 1.2 MH; Stop 1.000 GH ieg A |
L] . z op 1. Fi e : and Measura
Dwell Time 10.0 ms (30 kHz) Erag 463.0 M2

| Res BW 120 kHz Scan and
Peak Amptd QFD Amptd EAvg Amptd Feak LL1A QPDLL1A EAvgLL2 A Compositas | Search

46.631 dBuVim 16.864 dB I

\ Standard

|t| Tune &

Search

39.114 dBuV/ -0.886dB .88 de and Measure Advanced

44 747 d 10.436 dB
-1.134dB 9.746 B (Re)Measure
7.300 dB
7.154 dB
7.108 dB

7 | sep 18,2018 ) .
H 101917 AM | 2= u B

Giobal

3. Setthe search criteriato  Select the Limits tab, Limits Table, When Peak Criteria and Limits is
peak criteria and limits Search Criteria to Peak Criteria  selected, the search finds the peaks that

and Limits, then Close the Limits meet the Excursion and Threshold (setin
Table. the Limits tab) and also considers limits

and margin if they are turned on.
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ﬁ Meas Setup v

Limits Table CIose) | < Limits Table Setlings

Edit Limit SCAN
Touch any setiing value to change it ’ |

SearchCrieria  Peak CriteriaAnd Limits |  #of Peaks [

Peak Criteria Only # of Subranges L J MEASURE
Update A Limit Melers

Limit ipti f
i Enabled heeciplin Delete All Limits

Signal List
Subranges And Limits g > s

Limit 2  Meas
| Standard
Limit 3 Tune &

| Listen
Limnit 4
Advanced
Limit 5 1
Global
Limit &

= ~ Sep 06, 2018
il & ?| eSS

4. Start the search Select the Settings tab then, Start ~ TIP To Clear existing

Sequence. signals in the Signal
List table, select the
Signal List tab then
Delete All. Otherwise,
new signals will be
appended to the signal
list without clearing
older ones.

Atlen 101 dB Scan Type Time Domain| 1 | > Aften. 10 0B
5 W v Preamp: Off

SEARCH SCAN
MEASURE AEARCH
MEASURE

Scan Sequence
| Search Meters

; T T T R | B N Signal List

< Scan Table

Limits

Video BW 1.2 MHz Stop 1.000 GHz| {  Dstectors Meas

Dweil Time 10.0 ms (30 kHz) Eis B O e i | Standard
| = 5 5

QFD Amptd EAvg Amptd PeakLL3A QPDLL1A EAvg LL2 A Composite A : [:’;s‘fnf-
16.828 dB ||
16.828 dB
10,499 dB
10.499 dB
7472dB

Advanced

Ghobal
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Step Action Notes

5. Stop the search Once the signals have been added to
the list, select Stop Sequence.

If there are no signals in the signal list,
then no further measuring needs to be
done and the product passes the
conducted emissions limit.

If there are signals above or close to the
limit, continue with the process below.

Step 2: Searching in subranges

In this section, we will set the search criteria to Subranges and Limits. When
Subranges and Limits is selected, the entire start and stop frequency span is
divided into equal width of subranges. The number of subranges depends on
the value set for # of Subranges. Performing a search finds the peaks for each
subrange, and the peaks that exceed the limits and margin (if they are turned
on) will be added into the signal list.

Step Action Notes
1. Setthe search criteriato  Select the Limits tab, Limits Table, When Peak Criteria and Limits is
subranges and limits Search Criteria to Subranges and selected, the search finds the peaks that
Limits. meet the Excursion and Threshold (set in

the Marker menu) and also considers

Set the # of Subranges to 10, then limits and margin if they are turned on.

Close the Limits table.

Q Meas Setup v

Limits Table c:|oss.-> | ¢ Limits Table Seftings

Edit Limit
Touch any setfing value to change it ( s

Search Criteria Subranges And Limits # of Paaks Test Limits SEARCH
on
# of Subranges of | MEASURE

Update A Limit :
Margin Meters
Trace Description iz
A - [B= -
Value Enabled Signal List

-5.00 dB Trace 1

Limit 2 0.00d8 Trace 1 MEAS

Standard

Limit 3 0.00 dB Trace 2
Tune &

Listen
Limit 4 0.00 dB Trace 2
Advanced
Limit 5 0.00dB Trace 3
Global

Limit & 0.00dB Trace 3
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2. Clear the list and start a

new search
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Action Notes

Select the Signal List tab, Delete ~ TIP Alternately, you can go

All to Sweep, Start

. Sequence. From this
Select the Settings tab, then Start menu you can use
Sequence. Clear List and Start to

clear a signal list
before starting a new
search. Otherwise,
new signals will be
appended to the signal
list without clearing
older ones.

EMI Receiver 1
Freguency Scan

KEYSIGHT Input RF
Coupling: DC
(D \Align: Auto
1 Spectrum
Scale/Div 10.0 dB

Trc Freq

Meas Setup v

Atten: 10 dB
Preamp: Off
EMC Std: CISPR

Input Z: 50 Q
Corrections: On
Freq Ref: Int (S)
NFE: Off

Atten: 10 dB
Preamp: Off

Scan Type: Time Dnmain 2

Seq: Search W
# of Scans: =11
Trig: Free Run

Mkr1 524.31 MHz| 2 Meters

SCAN Settings

SEARCH

MEASURE

Ref Value 106.99 dBpV/m SEARCH

MEASURE

Search Meters

Start Sequence Signal List

Scan Table
Limits
36.05 Detectors
Freq Hz
Res BW 120 kHz

EAvg LL2 A Composite A

Meas
Standard

Video BW 1.2 MHz Stop 1.000 GHz

Dwell Time 10.0 ms (30 kHz)

Meas Preset
eas Presel Tune &

Peak Amptd Listen

QPD Amptd EAvg Amptd Peak LL1 A QPDLL1 A

31.680 MHz  48.548 dBpuvim
45.270 MHz | 41.604 dBpV/m
50.010 MHz ' 47.291 dBuVim
61.230 MHz 40.999 dBuV/m
74.400 MHz  48.799 dBuVim
87.930 MHz 42.342 dBuvim

16.828 dB
11.919dB
10.498 dB
8.077 dB
7.156 dB
7.259dB
7.259 dB

Advanced

Global

Step 3: Deleting and adding signals

The EMI measurement application allows you to edit a signal list by marking
and deleting signals or adding a signal at the current marker frequency. The
application offers flexible features to adjust the frequencies of signals in the
signal list as shown in Table 3-1. EMC engineers spend a lot of time optimizing
the signal list during the data reduction and radiation maximization process.

In this demonstration, we will use Mark Signals and Delete Marked functions to
delete signals from signal list. We will also use the Mkr->List function to add
additional signals to the signal list.
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Table 3-1 Key path for adjusting the frequencies in a suspect list
Category Description Key path
Move to Frequency = Move meters to marker frequency Marker, Marker-> tab, Move Meters to Marker
Freq
Move marker to meters frequency Marker, Marker-> tab, Move Maker to Meters
Freq
Move meters to the frequency of the closest MEAS SETUP, Meters tab, Snap to Meters
signal (Select Closest Signal)
Add to List Add marker frequency to list Peak Search, Marker-> tab, Mkr->List
Couple frequencies  Add meters frequency to list. MEAS SETUP, Meters tab, Meters->List
(Append)
Replace current signal frequency with meters ~ MEAS SETUP, Meters tab, Meters->Signal
frequency. (Replace)
Couple Meters Couple meters frequency to current signal. The  MEAS SETUP, Meters tab, Couple Meters to
blue line form meters frequency follows the Signal List

current signal when navigating signals

Couple meters frequency to current marker. MEAS SETUP, Meters tab, Couple Meters to
The blue line for meters frequency follows the ~ Marker
current marker movement.

Step Action Notes

1. Select a signal from the Select MEAS SETUP, Signal List  You can also mark signals in the signal
signal list and mark it tab, Select Signal, Mark Signal. list by selecting the check bax in the Sig

lumn.
Use the knob, up/down arrow keys, corumn

mouse, or your finger touch to highlight
the signal. The highlighted signal is
shown in the Select Signal box.
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KEYSIGHT Input RE  — Inpi 7 <0
e
)
NFE: Off
1 Spectrum

Scale/Div 10.0 dB

ST

Start 30.0 MHz
Res BW 120 kHz
Tre Fregq

1 100.08 MHz

1 101.66 MH
1
1

oF

104,94 MHz 57.157 dEBpvim

Input Z- 50 Q1

Fraq Ref Int (5)

Video BW 1.2 MHz

Atten: 10 dB

Pri v 360 GHz Seq- Scan

EMC Sid: CISPR # of Scans: =171
Trig: Free Run

W

0On

2 Meters

Ref Value 106.99 dBuVim

Stop 1.000 GHz
Dwell Time 10.0 ms (30 kHz)

QPD Amptd EAvg Ampld Peak LL3 &4 QFD LL1a

Scan Type: Time Domainl 1 | »

Meas Setup

ko,

Select Signal I Setiings

Aften: 10 dB
Praamp: Off

Mark Signal o

“Mark Duplicates
Al

Mark Duplicates =

SEARCH

MEASURE

Lower Meters

Clear Mark

Mark All
o = Limits
Clear All Marks Noas

Standard

Tune &
Listen

Freq 103.5 MHz B
Res BW 120 kHz |Sort By

EAvgLL2 A Composite || Frequency

Descending

Delete Signal

Deleta All

2. Delete the marked signal

Select Delete Signal.

Or, you can use Delete All to delete all
signals.

3. Add a peak into the
signal list using Mkr->List

Select Peak Search, Marker->,
Mkr->List.

The frequency of the current marker will
be added to the list. This signal may be a
duplicate of an already existing signal,
but any signal can be added.
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Maximization

Before final measurement, it is important to maximize each signal. This step
allows you to find out the maximum amplitude of each suspect signal through
frequency adjustment, antenna height scan, azimuth rotation, and polarization
change. Several features in the EMI receiver mode, such as signal zoom,
marker zoom, global center frequency, monitor spectrum, and strip chart, can
be used for this purpose.

Step1: Tune signals by zooming in

In this demonstration, we view signal details by zooming in with the Signal
Zoom function. The cross marker may not be well centered on the signal, so we
can adjust the signal frequency with Meters and the Meters->Signal (Replace)
function.

Step Action Notes

1. Select a signal from the Select MEAS SETUP, Signal List
signal list tab.

Use the knob, arrow keys, scroll bar,
mouse pointer, or finger to select a

signal, or use Select Signal and
enter in the Sig #.

Select Mark Signal.

2. Zoom in on the signal Select the SCAN tab, Signal Each time you select Signal Zoom, it
Zoom. centers the selected signal and
Select Signal Zoom as many times as increases the magnification factor by 10.
needed to reduce the frequency Meters are coupled to the current signal
uncertainty of the signal. frequency, so the blue meter’s

frequency line follows the signal.
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EMI Receiver 1
Fregquency Scan

KEYS|GHT Input RF Input Z: 50 O Atten: 10 dB Scan Type: Time Domai 2 Atten: 10 dB
Couplin Corrections: On Preamp: 3.60 GHz |Seq: Scan Preamp: Off
(:] FreqRef: Int (S) EMC Std: CISPR  # of Scans: =1/1
NFE: Off Trig: Free Run

1 Spectrum

Scale/Div 10.0 dB Ref Value 106.99 dBpV/m

Meters
Signal List
Limits

Video BW 1.2 MHz Stop 1.000 GHz 5 Meas

Dwell Time 10.0 ms (30 kHz) ::“;:fﬂ;"::z Standard
Tune &

__Freq _ PeakAmptd QPDLLTA EAvgLL2 A Composite 4 e
100.08 MHz | 52.725 dBuV/m 7501dB M

101.66 MHz | 33.921 dBuVim 7.517 dB Advanced
102 A9 MHz 32 247 rlFllll\Hm 7.527dB

103.50 MHz | 55.102 dBuv/m 7.535dB Global
104°9T ViFZ 5436 T aBav/m 7.539 dB

104.94 MHz | 57.157 dBuV/m 7.549 dB

7 549 dR

. 0,
EMI Receiver 1 Q Meas Setup v | -, -

Freguency Scan

KEYSIGHT |[Input RF Input Z: 50 Q Atten: 10 dB Scan Type: Time Domain| 1 | 2 /Atten: 10 dB ST ST e
Coupling: DC Corrections: On Preamp: 3.60 GHz |Seq: Scan Preamp: Off q
[:] Align: Auto Freq Ref: Int(S) |[EMC Std: CISPR  # of Scans: >1/1 Scan M

NFE: Off Trg: Free Run

Scan Type
1 Spectrum 2 Meters Time Domain v

Scale/Div 10.0 dB Ref Value 106.99 dBuV/m 9

s
I

Start 98.65 MHz Video BW 1.2 MHz Stop 108.4 MHz

Res BW 120 kHz Dwell Time 10.0 ms (30 kHz) ;:“;Sfﬂg‘:;z Standard

= Tune &
__Freq _  PeakAmptd QPDLL1A T Listen

100.08 MHz | 52.725 dBuVim 7.501 dB
101.66 MHz | 33.921 dBuV/im 7.517 dB Advanced
+82-65 -84 7-dBp'm 7.527 dB
103.50 MHz | 55.102 dBuv/m 7.535 dB Global
104.91 MHz | 54.381 dBuVim 7.539 dB
104.94 MHz | 57.157 dBpVim 7.549 dB

MR T 1 1MNA A MHZ TR IR ARINIm T — T A7 aRT A 7 /49 dR
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Maximization
Step Action Notes
3. Adjust the frequency of Select FREQ, Frequency
the current signal and (Meters), use the knob to adjust the
replace the older one meter frequency (blue line on the
spectrum display) to the center of the
signal.

Select MEAS Setup, the Meters
tab, Meters->Signal (Replace)
to replace the current signal with the
meters frequency.

Zoom out to full span Select the Scan tab, then Zoom
view Out until the spectrum is back to full
span view.

TIP

Step 2: Tune signals in Monitor Spectrum measurement

Monitor Spectrum is a measurement in EMI Receiver mode that updates the
spectrum and the meters simultaneously. In this measurement, the center
frequency of the spectrum display is tuned to the meter frequency. The
spectrum display is created from an FFT of the signal in the receiver IF
bandwidth. Monitor Spectrum simplifies identification of the signal’s maximum
amplitude and allows you to update the suspect signal list with the
adjustments.

In this section, we will pick an FM signal (around 100 MHz) from the signal list
and use Monitor Spectrum to adjust the meters frequency. Then, turn on Trace
2 with Max Hold to track the envelope of the frequency shift for the FM signal:
Marker->CF and CF->Signal (Replace) are used to adjust the meters frequency
and replace the current signal.

The Monitor Spectrum measurement shares the same signal list with the
Frequency Scan measurement, This allows you to update the signal list
directly from the Monitor Spectrum measurement.

Step Action Notes

1.

Select a signal from the Select MEAS SETUP, Signal List  Meter frequency is coupled to the
signal list tab. current signal by default. (MEAS SETUP,

Use the knob, arrow keys, scroll bar, Meters tab, Couple Meters to Signal

mouse pointer, or finger to highlight a List.
signal. An FM signal with drifting frequency was

Select Mark Signal select for this example.
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Maximization
Step Action Notes
2. Switch to a monitor Select MODE/MEAS, Monitor Alternately, if you are using a remote
spectrum measurement Spectrum Measurement. desktop connection, select the Screen

tab (at the top of the window) to open
the Mode/Measurement/View window.

Mode / Measurement / View Selector gereen Name EMI Receiver 1 Dlets This Scrasn E_Jre:ite S?rllag;t;t
|

Sequ;r;cing Spectrum Analyzer Frequency Scan I l

2 Real-Time Spectrum Analyzer Strip Chart

e e T
there are multiple Screens, all btz User View

Screens udpate in sequence. e \ i \ Nomal 1
When Sequencing is OF, anly 1Q Analyzer {Basic) .D|slurbanca N8 e .

the selected Screen updates. r
W-CDOMA with HSPA+ Monitor Specitrum
GSM/EDGE /EDGE Evo

Fhase Noise

Noise Figure

Analog Demod

Elustooth

To launch 85600 VSA press the button below. LTE FDD & LTE-AFDD

LTE TDD & LTE-ATDD
Launch VSA

Cancel

3. Turnontrace2andsetto Select Trace. In the Select Trace
max hold field, select Trace 2. In the Trace
Control tab, set Trace Type to
Max Hold, and View/Blank to
Active.

4. Put a marker on trace 2 Select Marker, the Properties tab,
set Select Marker to Marker 2.

Set Marker Trace to Trace 2.

5. Use peak search and Select the Peak Search tab, Peak
move the marker to the Search.

center frequenc
q y Select the Marker-»> tab, Mkr->

CF.
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Alter: 10 dB
Praamp: O

lInput Z: 50 Q
[Corrections: On
Freq Ref Inf {S)
INFE- Off

ScaIeIDhr 10.0 dB Ref Value 106.99 dBpVim

Tre Fi'eq
1 50.280 MHz 44.747 dBu\V/m
1 80 MHz -

1 |69.000 MHz
1
1
1

eq  PeakAmptd QPDAmptd EAvgAmptd Peak LL1 A

EMC Sid CISPR  Avg Type. Voltage
[Trig: Free Run

Mkr1 100.11 MHz| 2 Meters
€3.54 dBpVim

A
Span 1 MHz|
Meas Time 269 I-'S%

-1.134 dB

|-0.573dB

Q | Marker

[Select Marker

; Pk Search
| Gonfig

i Properties

[T} Res BW 120 kHz
QPD LL1 A EAwg LL2 A Composite #

10.436 dB
9.746 dB
7.300 dB I
7.154 dB
7.108 dB

6. Replace the current
signal with the frequency
of the marker

Select FREQ, CF-> Signal
(Replace).

Input Z- 50 0
Comactions: On
Fraq Ref: Int [5)
p MFE: Off
1 Spectrum

Scale/Div 10.0 dB Ref Value 106,99 dBpV/im

il
Res BW 10 kHz

Peak Amptd
39.427 dBu\VIm -

Atten 10 dB
Preamp: OfF

EMC St CISPR  Avg Type: Voitage

Trg: Fres Run

ALY

Span 1 MHz|
Meas Time 269 ps

QPD Amptd EAvg Amptd Peak LL1 A QPDLL1A

-0.573dB

# Frequency

| requency |
100080000 MHz

Span
1.0 MHz

1 [7]

WM
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Maximization
Step Action Notes
7. Switch back to a Select MODE/MEAS, Frequency  Alternately, if you are using a remote
frequency scan Scan Measurement. desktop connection, select the Screen
measurement tab (at the top of the window) to open

the Mode/Measurement/View window
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Final Measurement

The final measurement process contains the tasks of remeasuring signals for
increased frequency accuracy, performing an automatic measure process to
identify the highest signal amplitudes using peak, quasi-peak, EMI| average
detectors.

Step1: Making a final measurement

For this example we will remeasure all of the signals in the signal list using
different limits for Detector 1 and 2 and also turn on auto range and auto
preamp for the measurement.

TIP The EMI measurement application can be set up to conduct a scan, search,
and final measurement automatically by selecting MEAS SETUP, Scan
Sequence, Scan, Search, Measure.

Step Action Notes
1. Set the scan sequenceto  Select MEAS Setup, the Settings
Re(Measure) tab, set Scan Sequence to
(Re)Measure.
2. Select the signals for Select the MEASURE tab, and select
Re(Measure) (Re)Measure Type to:

Current Signal will make a final
measurement on the signal selected in
the signal list.

All Signals will make a final
measurement on all signals in the signal

list.
3. Select the detectors, Select Measure Config. For MIL-Std measurements, turn off
C!well time, and limits for In the Detector column, verify that both Detectors 2 and 3 and keep Detector 1
final measurement on.

Quasi Peak and EMI Average detectors

are set to 1.0 s, the default value. If the message, "changing limit or
detector will discard the delta values"

In the Limit for A column, verify that appears, select Enter to confirm.

Quasi Peak detector is set to Limit 1
and EMI Average detector is set to
Limit 2, the default values.

4. Set auto range and Select Autorange On and Auto Preamp
preamp for final On.
measurement

Close the Measure Config window.
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Q Meas Setup v

§
Measure Config Glo:;e> ‘ < Measure Config | Settings

| {ReWéasu@ Type
This dialog is use for Measure and Maasure at Marker | Current Signal
Presel Center Autorange e < Detectors
Auto Preamp .
Off
WEEH
Detactor Dwell Time Limit for A

Detector | Peak 200,000 tns Limit 1 e

Detector | Quasi Peak 1.00000 8| Limit 1 |-

! Meas
Detector EMI Average 1.00000s Limit 2 | Standard

| Tune &
| Listen

Touch any setting value to change it |
b = He | Advanced

| Global

5. Start the final In Meas Setup, select the Alternately, you can select Start
measurement Settings tab, then Start Sequence from the Sweep menu or
Sequence. press the Restart key.

Scan Type. Tine Domain | | - | - [Allen: 10dB
) asCurrent . 1 [PTESMP. O
Freq Ref. Int (5) ! - CIS| i ng: —1
NFE: Of Tng: Free Run
1 Spectium

Scale/Div 10.0 dB Ref Value 106,99 dBpuVim [ a0 20 | 3§ SEARCH

— | MEASURE
an Sequence
| (Re)Measure Meters

start Sequence Wl signa) List

< Scan Table N Limits

Start 30.0 MHz ) Video BW 1.2 MHz ) Stop 1.000 GHz Meas

| < Detectors
Res BWW 120 kHz Dwell Time 10.0 ms (30 kHz) Fieq B0.00 MHe - | Standard

Res BW 120 kHz Meas Preset |
EP L Tune &

Listen

T ot 8.263 dB i

185.40 MHz 10.062 dB Advanced

205.71 MHz 43.513 1077448 ||

399.99 MHz 52,377 16.700 dB Gilobal

483.00 MHz 54. 18.460 dB .
19.421dB ||

6. Stop the search Select Stop Sequence.
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Report Generation

The EMI measurement application supports two formats, HTML and PDF. You
can customize content to include amplitude corrections, limits, scan tables,
trace data, signal lists, and screen captures.

Step: 1 Configure and generate a report

We will generate a report in PDF format with customized content and header

information.
Step Action Notes
1. Open the Measurement Select Save, Measurement
Report form Report.
2. Fillin the header Click/touch the Title entry line and use
information the soft keypad to type a name for this

report, then select the check box to the
left of the entry to include this in the
report.

Do the same for the other Header fields
as needed.

3. Select the data you want  Select the data you want to include in

to include in the report, the report (such as, Amplitude
and the output format Correction, Limits, Trace Data and so
on).

Then select the Output format, either
HTML or PDF.

Measurement Report

State Header Information

Screen Config + State Title ENS5022 Class A 10 meler
Measurement Data Cihient Kaysight
Operator Jack Smith

L Description  N9048E PXE EMI Receiver

Logo >

Corraction

Corraction Group Ampiitude Comection Output Format

: of of of HTML
Screen Image

Description & Description &

Comment Only Comment Cnly Catine PDE

Full Data Full Data Fllled

Measurement Data Settings

Trace Data
Scan Table

Signal List
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Step Action Notes
4. Save the report Select Save As, enter a file name, Note the location of the Measurement
then Save. Report as shown below.

< Measurement Report Save to Flla
Hiate . Computar‘D Ussrs.ﬂj.lnsn'urnsnt_"} Documents ) EMI dataqj FSCan ) MeasResult )
Screen Config + State Name A Date Size Content

Measurement Data D ENS55022_PXE_precompliance.pdf 9/20/2018 10:09 AM 3 MB Pdf file

Limit
Correction
Coirection Group

Screen Image

File name: | ENS5022_PXE_compliance.pdf [ Filetype: | Pdffiles (".pdf) | Save
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4 Disturbance Analyzer Measurements

The following topics are in this section:
“Overview” on page 72
“Making a Measurement” on page 73

“Setup Table Parameters” on page 77
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Disturbance Analyzer Measurements
Overview

A broad range of commercially-available electronic devices exhibit intermittent
operation that generates impulsive (or discontinuous) radiated and conducted
disturbances. Common examples of these devices are washing machines,
refrigerators, thermostats, motor-operated apparati, and automatic dispensing
machines. The level of effective interference created by the discontinuous
nature of these disturbances is significantly different (and typically less) than
the effective interference created by a continuous disturbance.

To address this situation, CISPR (Comite International Special des
Perturbations Radioelectriques) developed different sets of conducted
emissions limits for these classes of devices. There is one set of limits for
continuous disturbances and a different set of limits for discontinuous
disturbances, commonly called "clicks". The definitions of a click, the
measurement conditions and methodologies, and the limits associated with
different classes of equipment are all presented in the CISPR 14-1
International Standard document.

Because the effective level of interference caused by a discontinuous
disturbance can be less than the effective level of interference caused by a
continuous disturbance, CISPR limits for click amplitudes are relaxed from
limits for continuous disturbances. The amount of relaxation depends upon the
rate of the measured clicks over time. The lower the click rate, the greater the
relaxation.

The following sections describe the operation of the Disturbance Analyzer
measurement included in the N6141EMOE EMI Measurement application. It is
important to note that compliant discontinuous disturbance measurements
require an EMI receiver that is CISPR-compliant.
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Making a Measurement

Before connecting a signal to the PXE receiver or X-Series signal analyzer, make sure the
instrument can safely accept the signal level provided. The signal level limits are marked next to

the RF Input connectors on the front panel.

Setting up a Click measurement

Step Action Notes

1. Test setup Connect the EUT, Limiter, and LISN, to
the EMI receiver as shown below.

Device
under test

Limiter is necessary only
if using Input 1 on PXE.

= e e e
2. Select the Disturbance Select MODE/MEAS, EMI Alternately, if you are using a remote
Analyzer measurement Receiver Mode, Disturbance desktop connection, select the Screen
Analyzer Measurement, Normal tab (at the top of the Spectrum display)
View. then OK. to open the Made selector window.

Atton: 42 aB EMC Sid CISPR Duration: 0000500 [ — > F .

RF Presot On | Access the navigation
and editing features of

the disturbance list.

Scale/Div 10.0 dB Ref Value 106.99 dBuV

Access the measurement
setup table.

\anCe

Freq 150.00 kHz

[\ View the status of the data
collection in progress.

m The RF Preselector tab is only available in the N9048B PXE EMI Receiver.
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Step

3. Access the Setup Table
to configure a Click
measurement

Action

Select MEAS SETUP, the
Settings tab, Setup Table.

Notes

This table enables you to configure the
measurement with all parameters
needed to measure Clicks to the
appropriate limit.

Setup Table

Measurement Setup

Attenuation
Channel Setup

Terminal

Duration (hh:mm:ss) 00:05:00

Hours

Minutes

Seconds

General
Test Procedure
42 dB Click Rate
AUTI

Mains Click Count

Factor f
0

5

0

Meas Selup

! Disturbance
List

Start Analysis || Meas
N Standard
on Search Disturbance Afancad

& Global

< Setup Table

Meas Preset

Touch any setting value to change it | RF

| Preselector

NOTE The EMI measurement application allows you to either make measurements using autocoupled

settings or manual settings. When using autocoupled settings, the limits and input attenuation settings

used during the measurement are determined by your measurement frequency and terminal selection.
These autocoupled settings provide the appropriate limit values as given in CISPR 14.

4. Set up the measurement
parameters in the
General tab

Under Measurement Setup,
select:

Attenuation: Auto

Terminal: Mains

5. Setup the test procedure
in the General tab

Under Test Procedure, select:

Click Rate: Measured
Click Count; Off
Factor f: Off

6. Setup the test duration in
the General tab

Select 1 minute.

7. Set up Channel
parameters

74

Select the Channel Setup tab,
select:

Frequency: 150 kHz

Limit: Auto

Correction: 0.00 dB
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Q Meas Setup v

Setup Table Channel Setup Close> ‘ |

Start Disturbance

General List

Channel 1
Start Analysis || Meas
o Standard

Frequency 150 kHz [ o Distisba l
Seart nce |
: ; | Advanced

|{ setupTable |
L | Global

Limit 66.00 dBuV Meas Preset r ar
Preselector
Correction 0.00 dB

~ Na\r23.2019-
- “’) ] - ? 12:51:01 AM

8. Start the measurement Close the Setup Table and select If there is information in the disturbance
Start. list, you will be asked if it is okay to
delete before starting a new
measurement.

Q Meas Setup

KEYSIGHT Input RF Input Z: 50 Q Alten 42 dB EMC Std: CISPR  Duration: 00:01:00
DC Corrections: On
o Align: Auto Freq Ref. Int (S)
NFE: Off

1 Graph 2 Metrics | Start Anaiysis

| -
| Scale/Div 10.0 dB Ref Value 107.0 dBpV Time Remaining | [ —

Click Counted
Click Rate 20.00

Advanced
L Global

: ) Meas Preset RF
Running Analysis Preselector

Lq (dBuV) 69.5
Clicks > Lq 11 (100%)
Continuous Disturbances

Counted 0
Total Time 0.0000s

Freq 150.000 kHz
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Step

9. Review the final results

Action

Results are automatically presented
after data collection has finished (either
test duration or click count).

Notes

After the data collection has finished,
the Disturbance Measurement will
automatically analyze the data, apply all
appropriate exceptions (as defined in
CISPR14) and display the results.

Input Z: 50

Aften: 42 dB

Corrections: On
Freq Ref Int (S)

NFE: Off

I 4 Meas Result

| Clicks
Click Rate
< 10ms
<= 10ms
> 10ms - 20ms
> 20ms
>Lq
>Lq (%)
Duration
Overload Occured

| Sig Duration Peak Amptd QPD Amptd

0.0010 s 95.295 dBuV

0.0010 s 95.285% dBpV
0.0010s 85 dBpV
0.0010s 95

0.0010s

0.0010s 95

~N ;b W=

00:01:00
No
Type Of Disturbance

'0.0010's 95.277 dBpV 79.124 dBuV

Continuous Disturbances
Counted

Total Time

Limit

L

L

Exception Rule Used
600ms Combination

“TimeStamp
7 16:00:49.179000

EMC Std: CISPR  Duration: 00.01:00

Separation of Click < 200ms

ck
Click

v Click

7 16:01:01.183000
7 16:01:04.216000
7 16:01:07.204000

Q Meas Setup v

1]

0.0000 s

66 dBuV
69.5 dBuV

No

No

‘Comment

10. Save the results

Select Save, Trace + State.

You can save to either a register or a file.

76
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Setup Table Parameters

General Tab

Meas Setup

Attenuation

The attenuation is set so that, in the worst case, an input signal with a
quasi-peak value equal to the maximum relaxed discontinuous disturbance
limit will not overload the receiver. If you know in advance that your input
signals will be lower, you can use a lower value of input attenuation.

Terminal

CISPR 14 defines limits based on the terminals at which the measurements are
made. Table 1 in CISPR 14 defines the limits for continuous disturbance over
frequency for both mains and load terminals and for motors of varying power
levels. The limits for discontinuous disturbances (clicks) are based on these
limits.

Test Procedure

Click Rate

The click rate (N) is the key metric used to determine the click limit Lg. The
click rate is determined by counting the number of clicks per minute. The
determination of N is based on whether you are using continuous operation or
switching cycles to collect clicks. For devices that operate continuously:

N =n1/T,

where n1 = number of clicks during the operation time
T = observation time.

For certain appliances requiring switching operations as defined in CISPR
14-1, Annex A, N is calculated as:

N=(n2 *f)/T,

where n2 = number of switching operations during the operation time
f = factor given in CISPR 14 Annex A.

CISPR 14-1 requires that the click rate N be determined at:

— 150 kHz for measurements in the frequency range of
148.5 kHz - 500 kHz

— 500 kHz for measurements in the frequency range of
500 kHz - 30 MHz.

In this application you have two choices of click rate to be used to determine
the click limit:
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— MEASURED - the click rate measured from the particular signal under test,
using the formulas listed above, or

— USER - a manually-entered click rate

Click Count

Uses a fixed number of clicks to terminate the click data collection cycle. The
measurement will use both the number entered and the set measurement
duration as terminators for data collection.

Factor f

For certain types of products that must be cycled to emit discontinuous
disturbances (rather than run continuously), CISPR 14-1 requires users to
operate the product over enough cycles to produce 40 clicks.

Factor f is used to calculate the click rate for these types of devices. See CISPR
14-1, Annex A Table A.2 for the factor to use for your specific EUT.

Channel Setup tab

Frequency

CISPR 14 requires that discontinuous disturbance measurements be made at
four frequencies: 150 kHz, 500 kHz, 1.4 MHz and 30 MHz. The EMI
measurement application allows you to select these default frequencies or to
enter a non-standard measurement frequency.

Limit

The limit used for the data analysis is a function of the nature and rate of the
measured discontinuous disturbances and the level of the continuous
disturbances. CISPR 14-1 defines the limit for a continuous disturbance (L) as
a function of frequency and measurement location (mains or terminal). This
document also defines a limit that can be used for discontinuous disturbances

(Lg). Lqg is relaxed from L according to the number of clicks measured per
minute, known as the click rate N:

44 dB for N < 0.2
20 log (30/N) dB for 0.2<= N < 30
No relaxation for N>= 30

Selecting Auto Limit configures the receiver to autocouple the default
continuous disturbance limit values to the frequency and terminal selection.
This will be the starting point of the Lg calculation once N has been calculated
during and after the data collection. Turning off Auto, allows you to enter a
specific limit value as a starting point from which to calculate a discontinuous
disturbance limit based on the characteristics of the measured signal.

N6141EMOE EMI Measurement Application Measurement Guide



Disturbance Analyzer Measurements
Setup Table Parameters

Correction

Offsets the amplitude of all measured values by the value you enter.

This information is given as an example. CISPR 14-1 is the reference document for disturbance
NOTE measurement requirements. Refer to CISPR 14-1 to identify the test requirements for your

specific EUT.
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5  APD (Amplitude Probability Distribution) Measurements

The following topics are in this section:
“Overview” on page 82

“Making a Measurement” on page 83
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TIP

APD (Amplitude Probability Distribution) Measurements
Overview

CISPR (Comite International Special des Perturbations Radioelectriques)
introduced the Amplitude Probability Distribution measurement (APD) in
Amendment 1:2005 to CISPR 16-1-1:2003 as a new weighting method to
accurately determine the electromagnetic disturbance emitted by electrical
appliances or equipment, which degrade the performance of digital
communication systems, especially the impact of impulsive disturbances on
the system.

The APD of disturbance is defined as the complimentary cumulative
distribution function of the absolute amplitude of the signal you are measuring.
Alternately, it can be estimated from the measured data by finding the ratio of
the time the signal amplitude exceeds a certain level (x0) and the total signal
analysis time.

The APD measurement results can be used to evaluate its interference
potential on digital communication systems according to CISPR 16-3,
sub-clause 4.7. The experimental results show the correlation between APD
and performance of digital communication systems (for example, BER and
throughput results). Therefore an APD measurement may be applicable to the
compliance test of some products or product families, such as microwave
ovens.

The APD measurement is passed when:

— the Disturbance Level (E meas) at the specified Probability is within the limit
and,

— the Probability of time (p meas) at the specified Disturbance Level is within
the limit.

The following sections describe the operation of the APD measurement
included in the EMI receiver measurement application. The APD measurement
results show the power statistical data both in graphical format and in a signal
list on the screen.

It is important to note that compliant measurements require to be run on an
EMI receiver that is CISPR-compliant, like the Keysight N9048B PXE EMI
receiver.

Traditional limit lines are a function of frequency and amplitude. APD limits
differ from traditional limit lines because APD is dependent on frequency,
amplitude, and probability.
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Making a Measurement

Before connecting a signal to the PXE receiver or X-Series signal analyzer, make sure the
instrument can safely accept the signal level provided. The signal level limits are marked next to
the RF Input connectors on the front panel.

See the AMPTD Y Scale menu for details on setting internal attenuation to
prevent overloading the receiver.

NOTE This measurement requires Option DP2 or Option B40 on the X-Series analyzers.

Step Action

1. Test setup Arrange the antenna, EUT and receiver
as shown below.

CISPR radiated EMI test setup

1-4 meters above
ground plane

Antenna
\ I

Equipment
under test

EMI
receiver

Table is 80 em high,
non-conductive

Ground Plane

2. Select the APD Select MODE/MEAS, EMI
measurement Receiver Mode, APD Measurement,
Normal View.
3. Set the frequency Select FREQ, set Frequency to
1 GHz.
4. Set the measurement Select MEAS SETUP, set Meas
time Timeto 1.2 s.
5. Set the resolution Select BW, Res BW 1 MHz.
bandwidth
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Step Action Notes
6. Select the APD method to Select MEAS SETUP, the Limits You need to define the limit before
Disturbance Level and define tab, Edit Limit. making the limit test. Once you define
alimit line the limit data, the PASS/FAIL box (in
— Set APD Method to upper left corner) will be shown.

Disturbance Level.
— Set Probability of Time (p)
t0 1074,

— Select Insert Row Below and
set Freq to 1.0 GHz. .

— Set Dist Level (E limit) to
50 dBuV

— Select Close.

Dist Level (E limit)

50.000 dBpv
Insert Row Below

Delete Row

Clear Table

|APD Method
Disturbance Level v/

Probability of Time (p)
10+ v

Settings >

m
@
=
(=]
@
<
o
=
3
8
3
i
@
E
E
5
£
F=1
g
[

ATHED 66°001 [9A97 Joy

Freg 1.000000000 GHz Meas Time 1.200 s
#Res BW 1 MHz

7. Turn on the limit line Set Test Limits On.

8. Measure signals Select the Settings tab, set Measure ~ Watch the APD measurement as it
to All Signals or Marked progresses.
Signals.
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Meas Setup v

Inpul Z: 50 0 Atten 0 dB EMC Std CISPR  Measure: All Signals
Comections: On  |Preamp: Off Trig: Free Run Edit Limit Settings
Fraq Ref: Int (5) -
MNFE- Ot
Signal List

Meas
;. Standard

Tune &
Listen

Advanced

Global

{ = |
m
= |
c |
i

| =
o
=
=1
=

-
]
-1

| m
=
=

Freq 1.000000000 GHz Meas Time 1.200 s
_SResEWAMME. I
Tre Freq Dist Level (E meas) Frbity of Time (p)
168.00 kHz

N6141EMOE EMI Measurement Application Measurement Guide 85



86

APD (Amplitude Probability Distribution) Measurements
Making a Measurement

N6141EMOE EMI Measurement Application Measurement Guide



Keysight X-Series Signal Analyzer
EMI Measurement Application/N6141EMOE

Measurement Guide

6  Strip Chart Measurement

The following topics are in this section:
“Overview” on page 88

“Making a Measurement” on page 89
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Strip Chart Measurement
Overview

The Strip Chart measurement can be used to monitor and record a signal
amplitude over time. The three detectors can be monitored at the same time
for up to 2 hours of signal capture.

This measurement can also be synchronized with the rotation of the turntable
to record emission patterns, allowing you to identify and record the orientation
of maximum signal emission.

This example will use the Strip Chart measurement to capture a time variant
signal and use markers to analyze the time difference of two pulses. The pulses
were generated by an N5182B MXG X-Series signal generator with the
following settings:

— Frequency: 515 MHz

— Amplitude: =10 dBm

— Pulse source: free run

— Pulse period: 4 seconds

— Pulse width 200 ms

— Pulse, RF output, and Modulation turned on

While the signal used for this example may not simulate an interference signal,
it will allow you to see the basic functionality of the Strip Chart measurement
and how it may be useful for determining greater detail about an interference
signal that you may be investigating.
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Making a Measurement

Before connecting a signal to the PXE receiver or X-Series signal analyzer, make sure the
instrument can safely accept the signal level provided. The signal level limits are marked next to
the RF Input connectors on the front panel.

Step Action Notes
1. Preset the EMI Receiver Select Mode Preset. Alternately, if you are running the
mode application from a remote desktop

connection, select Mode Preset. .

2. Select the Strip Chart Select MODE/MEAS, EMI
measurement Receiver Mode, Strip Chart
Measurement, Normal View, OK.

3. Turn on Meters Select MEAS SETUP, Meters
Config, and select all three meters to
turn on.

ﬁ Meas Setup v

Meters Config CIos.e) |< Meters Config

| ResetPeakHold | Signal List
Touch any setling value to change it | | =g -
. | |Reset Peak Hold .
i Meas
Limit u ||OnFreqChange | srangarg
On Detector Use Limit Line : v i On |
Value On | Of Tune &
| L v —— Listen
Meter 4 Peak 80.00 dBpV off e ETRJ;;; cha |
! ¢ | Advanced
Meters Max—List |
Meter 2 Quasi Peak 80.00 dBpV off I (Append)
| Dwell Time
EMI Average 80.00 dBpV Ooff ' 100 ms

“ Global

| Couple Meters
\to Signal List
| on

Autorange Peak Hold Time Infinite ox

( Detectors

l Meas Preset
Dwell Time .

1840  93.48
Freq 515.0 MHz
Res BW 120 kHz

Auto Preamp

4. Select single sweep Select Sweep, Sweep/Control,
Single.

5. Select the duration time  Select the X-Scale tab, Strip
Chart Duration, sett0 30 s.

6. Restart the sweep Select the Sweep/Control tab, You can also just press the Restart key.
Start.
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Step Action Notes
7. Zoom in, if needed, by Select the X-Scale tab, Ref
adjusting the x and y Value and set as applicable.

scales and reference
value of time until you Select AMPTD, Ref Value and

can see the appropriate  Scale/Div and set as applicable.

pulses
8. Place a marker on the Select Peak Search.
highest peak
9. Place a delta marker on Select the Settings tab, set The time and amplitude difference
the next highest peak Marker Mode to Delta. between the markers can be read at the
top of the Markers display.
Select the Peak Search tab, Next P Spay
Peak

03 Marker
Input 2+ 50 0 Aften 10 dB EMC Std: CISPR Select Marker
Corrections: Of  Proamp: Of Trig: Free Run
Fraq Ref: Int (S} Marker 1
NFE: On —
|Marker & Time

| Scale/Div 10.0 dB Ref Value 106,99 dBpV

$100 e Peak Search

Next Peak

rker

Minimum Peak Function

Markear—

il el oottt ire ™
[-10.000 5 0.000 s| 15.40 95 48
| Freg 515.0 MHz
e ] Res BW 120 kHz .
Sig Trc Freq Peak Ampld QPD Amptd EAvgAmptd Peak LL1 A QPDLL1 A EAvgLL1 A Composite AmpCor RB
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/  Real Time Scan Measurements

The following topics are in this section:
“Overview” on page 92
“Making a Measurement” on page 93

“Increasing the Frequency Span with Accelerated TDS” on page 99
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Real Time Scan Measurements
Overview

The Real Time Scan measurement provides real-time results of the spectrum at
the receiver input by limiting the measurement to a single FFT acquisition. It
sets the LO to a fixed frequency, captures data and performs Fast Fourier
Transforms (FFT) simultaneously. This provides gap free spectrum data.

The measurement is only available on the N9048B PXE with Wideband Digital
IF (WF1) and Wideband Time Domain Scan (WT1/ WT2) options installed and
licensed.

The Real-time Scan application enables the following:
— detection of small signals close to the noise level

— displays the frequency domain, time domain, and spectrogram with three
EMC detectors simultaneously

— meets dwell measurement requirements using the Time Domain Scan
capabilities

This example will use a time variant signal connected to the RF Input, which is
generated by an N5182B MXG X-Series signal generator with the following
settings:

— Sweep: Frequency

— Sweep Type: Step

— Sweep Repeat: Continuous

— Frequency Start: 490 MHz

— Frequency Stop: 530 MHz

— Amplitude: =20 dBm

— Pulse Source: Free Run

— Pulse Period: 1 s

— Pulse Width: T ms

— Pulse, RF Output, and Modulation: On

This example explains the versatile functionality of the measurement when
working with time slices in different views and markers.

While the signal used for this example may not simulate an interference signal,
it will allow you to see the basic functionality of the Real Time Scan
Measurement and how it may be useful for determining greater detail about an
interfering signal that you may be investigating.
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Making a Measurement

Making a Measurement

Before connecting a signal to the PXE receiver, make sure the instrument can safely accept the

signal level provided. The signal level limits are marked next to the RF Input connectors on the
front panel.

This measurement requires Option WF1 on the N9048B PXE EMI Receiver.

Step Action Notes
1. Preset the EMI Receiver Select Mode Preset. Alternately, if you are running the
mode application from a remote desktop

connection, select Mode Preset.

2. Select the Real-time Select MODE/MEAS, EMI
Scan measurement Receiver Mode, Real-time Scan
Measurement, Spectrogram View,
OK.

Mode / Measurement [ View Selector Soreen Name EMI Recebver 1

View

iEMI Receiver Strip Chart Time Domain

SCP1 Language Com patibility AFD
Dishurha

Maon

Moise Figure Real Time Scan

Phase Noise

Cancel

3. Select single sweep Select Sweep, Sweep/Control, The Sweep/Control is default to
Single. continuous.
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Step

4, Set the measurement
count

Action

Select MEAS SETUP, Settings
tab, set Hold Number to 1000.

Notes

In continuous sweep, the measurement
keeps the last 12,000 time slices based
on first in first out method.

5. Turn on Max Hold trace

Select Trace, Trace/Control tab,
turn Max Hold Display On.

Max Hold trace is available for all 3
traces.

Max Hold operation runs in the
background by default if a trace is
turned on. Therefore, you can turn it on
anytime during the measurement and
the max hold trace data is readily
available without restarting the scan.

6. Start the Scan

Select Sweep, Restart.

The scan stops when the count reaches
the set hold value.

Trace 1- 3 show the latest time slice.
This is the result you can view in the
Monitor Spectrum measurement, but
each time slice is recorded. Max Hold
Trace 1 is shown in green.

Coupling. Al

KEYSIGHT Input RF Prosal
AC

51
NFE: Adaptive

Res BW 120 kHz

2 Watarfall

15.1600 &
758

Ref Value 106,99 dBpV

Display Trace 1000 Start Time 20.0000 s

ﬁ Display

Display Trace
1000
Auto View
Man

Annotation

) to
\Display Trace
On

{ | Time Domain Freq
.00 MHz
& Domaln Freq
Line
Stop Freq 544.2 MHz| On
Dwell Time 20.00 ms (1947 pts) om
|Waterfall Trace
Trace 1

"( Color Adjust

7. Review time slices

94

Select Display, the Meas Display
tab, change the Display Trace value
to one between 1-1000.

Alternately, move the vertical blue bar
at the left edge of the Waterfall view.

Display Trace mode changes to Manual
when the value is changed manually. To
view the latest trace, toggle it to Auto.
Trace 1- 3 show the trace data
corresponding to time slice number
since the scan was started.
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Step

8. Peak Search on the
selected time slice

Real Time Scan Measurements
Making a Measurement

Action

Select Marker, the Peak Search
tab, Next Peak.

Notes

This places the marker on the highest
peak of the selected trace in the
Spectrum. Marker annotations is shown

“, n

as a “+” sign in the Waterfall view.

Start Freq 485.8 MHz
Res BW 120 kHz

2 Watarfall

B.4400 s
2

lopul £ 50 O Adter: 10 diB
Ci O Preamp: OF
RF Presel. On

IC CISPR  #0wsp Tro 646/1000
3 Off

Ref Value 106.99 dBpV
|

Display Trace 646 Start Time 12.9200 s

¢ Display v

| Display Trace
| B46

View
Annotation

| Couple Marker to
| Display Trace

Time E&)n'ualn‘?leq
515.00 MHz

e Domaln Freg

Stop Freq 544.2 MHz

Dwell Time 20.00 947 pts) off

.| Waterfall Trace
| Trace 1

} ( Color Adjust .

9. Peak Search on all
available time slices

N6141EMOE EMI Measurement Application Measurement Guide

Select Marker, the Peak Search
tab, Peak Search All Traces.

Select the Marker -> tab, Move
Display Trace -> Marker

This places a marker on a different time
slice than the time slice currently
shown, you will find the marker diamond
disappears from screen.

This action auto-couples the display
trace to the time slice of the current
marker. Move Marker —> Display Trace
does the opposite coupling.
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. RF Presal . Alten. 10 dB HDsp Tre 1961000
Coupling: AC v 5 Freamg: Odf -
Mg Aute

1 Spectruam v

Scale/Div 10.0 dB Ref Value 106.99 dBpV

Start Freq 485.8 MHz
Res BW 120 kHz

Display Trace 196 Start Time 3.9200 =

Display v

Auto View

Annotation

uple Marker to
splay Trace
On
I Off
| Time Domain Freq
| 515.00 MHz

Time Domailn Freq

Stop Freq 544.2 MHz
Dwell Time 20.00 ms {1347 pis

10. Select Waterfall Trace Select Display, the Meas Display

tab, set Waterfall Trace to Trace
2.

Waterfall shoes Trace 1 by
default.Waterfall shows a blank screen if
an off trace is selected.

KEYSIGHT Input RF Presal Atten, 10 dB d CISPR  Disp Trc. 1000
Coupling: AG Correc Preamg: Off n
Align Ao | j RF Presat On

L

Ref Value 106.99 dBuV

[5tart Freq 485.8 MHz
es BW 120 kHz
2 Waterfall

Display Trace 1000 Start Time 20.0000 =
15.1600 5
758

ﬁ Display v
| !__Dlsplay Trace I
| 1000

Auto View
Man

| Start Time
20.00000000 5

Annotation

| Couple Marker to
{Display Trace
On
on
{ Time Domain Freg
MHz
ime Domain Freq |
Line
Stop Freq 544.2 MHz On
Dwell Time 20.00 ms (1947 pts)| § on
Waterfall Trace
| Trace 2

{  ColorAdjust

11.Turn on Time Domain
view to see the time
variant behavior

Select the icon, add the Time
Domain view to the bottom of the
Window.

The Time Domain window displays the
signal amplitude over time. The trace is
aggregated from all the time slices,
where one frequency bin is extracted
from each time slice and they are
stitched to form a trace.
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Q Display v

KEYSIGHT Input RF Presel  Input £ 50 0 Atlen: 10 dB C Sid © 1 2 f -
Coupling: AC Cosections, O Praamg: OFF cx TDS. O - ! z ! DL‘F’EY Trace
Align: Austo Froq Het Int{S)  RF Presat On 3 " 1000
NFE: Adaplive |
| Auo i View

v

i i
Ref Value 106.99 dBpV Start Time I Annotation
| 20.00000000

Off

—_— 527.57 MHz

[ ——
Dispiay Trace 1000 Start Tima 20.0000 5 EE Dol ed
| Ton
|Waterfall Trace.
Trace 2

00 s |

({ color Adjust

3 Time Domain ..
Scale/Div 10.0 dB Ref Value 106.99 dByV

0000 - [ima Domai &l

12.Change the frequency of  Select Display, the Meas Display  Alternately, drag the vertical blue bar on

the Time Domain view tab, set the Time Domain Freq to the Spectrum view horizontally. As you

500 MHz. move, the Time Domain trace is updated
accordingly.

The Time Domain Frequency sets the
frequency on which the Time Domain
trace is built. This is essentially the
result you can view in the Strip Chart
measurement.

Lo Display

KEYSIGHT input RF Presal EMC Std; CISPR Disp Trc. 1000 [ 7 " —
Coupling: AC C . ] Ao TOS Off ! ;DJ;piamicc
| 1000 I

i | Auto I View

Ref Value 106.99 dBuV Time i Annotation

Start Fraq 485.8 MHz
R 120 kHz
hortal

500.00 MHz

Display Trace 1000 Start Time 20.0000 s I::‘: DALY

18.0200 =

3 Time Domain
Scala/Div 10.0 dB Ref Value 106.99 dBuV

|
Time Domain Freq 500.00 MHz 20.000 5/ 8
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Step

13.Turn on markers on all

views

Real Time Scan Measurements
Making a Measurement

Action

Select the Spectrum view, select
Marker, turn on Marker 1, set
Marker Trace to Trace 2. Perform
a Peak Search.

Select the Time Domain view, select
Marker, turn on Marker 2, set
Marker Trace to Time Domain
2.

Notes

Marker is default to Trace 1 if the
Spectrum window is in focus when the
marker is turned on, and Time Domain 1
if the Time Domain window is in focus
when the marker is turned on.

If you move the display trace slider on
the Waterfall view vertically, you will see
all marker readings change accordingly.

If you change the Time Domain
Frequency, you will find the marker
values are not matched anymore. You
can auto-couple the value by
performing a Move Time Domain Freg
—> Marker.

KEYSIGHT Input RF Presel
Coupling: AG
Aign: At

1 Spectrum L

Scale/Div 10.0 dB

Start Freq 485.8 MHz
R

18.0200 s
901

f 955
1000

20.0000 =
3 Tirme Domain

Scale/Div 10.0 dB

98

Allen 10 dB
Préarmp Off
RF Preset On

Ref Value 106.99 depv

Display Trace 955 Start Time 19,1000 5

Ref Value 106.00 dBpV

Time Domain Freq
\Line

On

on

Color Adjust
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Increasing the Frequency Span with Accelerated TDS

Increasing the Frequency Span with Accelerated TDS

The Accelerate TDS feature enables you to increase the data capture
bandwidth in the Real Time Scan measurement. Compared to non-Accelerated
TDS, you can analyze a data spectrum up to 350 MHz in a single segment.

This section demonstrates how to set up Accelerated TDS to increase the
frequency span when measuring in the radiated range.

This measurement requires Option WT1/WT2 on the N9O18B PXE EMI Receiver.
NOTE
Step Action Notes
1. Preset the EMI Receiver Select Mode Preset. Alternately, if you are running the
mode application from a remote desktop

connection, select Mode Preset. .

2. Select the Real-time Select MODE/MEAS, EMI
Scan measurement Receiver Mode, Real-time Scan
Measurement, Spectrogram View,
OK.
3. Select Full Segment Select FREQ, Full Segment. With the default standard RBW of
120 kHz, the span is limited to
58.4 MHz.

ﬁ Frequency ]
Atten: 10 dB CISPR  Disp T 736 3

. Preamp Off ce off | = e & | Center Frequency
(S} RF Presel On w v " 515.000000 MHz

58.400000 MHz
Ref Value 106.99 dBpV —

{ 15tart Freq

% 485,500000 MHz
| EE.i.t(:lp Fﬁ':q
; 544,200000 MHz
||cF swep
|| 60,000 kiiz

Autn

Start Freq 485.8 MHz

Stop Freq 544.2 MHz| 12
Res BW 120 kHz

Dwell Time 20.00 ms {1948

18 Previous Segment |

2 Waterfal

Display Trace 736  Start Time 14.7200 s | Next Segment
9.8400 s i
42 ' r Full Segment
4. Select Next Segment Select FREQ, Next Segment. The frequency range moved to the next
segment.
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Comections. Off

Freq Ref Int (S)

NFE Adaplive
v

Scale/Div 10.0 dB

ﬁ Frequency

Adten: 10 dB EMC Std. CISPR. Disp Trc 1085

Preamp; Off Acc TDS: Off . Center Frequency
RF Presat D 4 573.400000 MHz

| Span
58 400000 MHz
Ref Value 106.99 dBpV
Start Freq
| 944200000 MHz

Iéto.p.Freq
602.600000 MHz

\CF Step
| | 60.000 kHz
Auto
Man
i
Stop Freq 602.6 MHz|

Dwell Time 20.00 ms (1948 pts)| 8 o o [rmm—

Display Trace 1086 Start Time 21.7200 s Next Segment

Full Segment

5. Turn on Accelerated TDS  Select MEAS SETUP, turn

Accelerated TDS (30 MHz -

3.2 GHz) to On.
6. Select Full Segment Select FREQ, Full Segment. With the default standard RBW of
120 kHz, the maximum span is
increased to 350 MHz.

KEYSIGHT Input RF Presel  Inpul

Coupding, AC

31.7600 5
1588

100

Q Freguency
Atten 10 dB W Disp Tre 1830 i

Preamp. Off ! 50 = i o Center Frequency
RF Presel On e ) 475.000000 MHz
Span
350.000000 MHz
y 2 106.!
Ref Value 106.99 dByV |2
|1 300.000000 MHz
| IStop Freq
| 650.000000 MHz
|IcF step
| 60.000 kHz

Stop Freq 650 MHz)
20.00

Display Trace 1830 Start Time 36.6000 s Next Segment

Full Segment
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Increasing the Frequency Span with Accelerated TDS

Step Action Notes
7. Select Next Segment Select FREQ, Next Segment. The frequency range moved to the next
segment.

Frequency ¥

SPR [Desp Tic 546
—  Coupling A Corme
G tign: Auto Froq Ret: Int (S)
NFE: Adapive
um v

.$<_.ah:1|'Di\l 10.0 dB Ref Value 106.99 dByV Stan Freq
|| 650.000000 MHz

: Stop Freg
1000000000 GHz

|
Start Fraq 650 MHz Stop Freq 1 GHz|
Res BW 120 kHz Dwell Time 20.00 ms {11668 pts)|

Natertall

Previous Segment

Display Trace 547 Start Time 10.9400 5 Next Segment
6.0400 5
2

30 Full Segment
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A: Line Impedance Stabilization Networks (LISN)

A line impedance stabilization network serves three purposes:

1. The LISN isolates the power mains from the device under test. the power
supplied to the EUT must be as clean a 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 power mains. Excess noise on the power mains can cause interference
with the proper operation of other devices on the line.

3. The signals generated by the EUT are coupled to the EMI receiver using a
high-pass filter, which is part of the LISN. Signals that are in the pass band
of the high-pass filter see a 50Q2 load, which is the input to the EMI
receiver.
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LISN Operation

LISN Operation

The following graphic shows a typical LISN circuit diagram for one side of the
line relative to earth ground. The chart represents the impedance of the EUT
port versus frequency.

50 pH
From power source > I mﬁ T <ToDUT

0.1 pF

1 ”FI 10I]Ilﬂi_<T0 Receiver or EMC analyzer (500))

Impedance (ohms) g

50}
40
30F
20
10 ] 1 1

0 10 100 Frequency (MHz)

—

The T uF inductor in combination with the 50 uH inductor is the filter that
isolates the mains from the EUT. The 50 uH inductor isolates the noise
generated by the EUT from the mains. The 0.1 puF inductor couples the noise
generated by the EUT to the EMI receiver. At frequencies above 150 kHz, the
EUT signals are presented with a 50Q impedance.
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Types of LISNs

The most common type of LISN is the V-LISN. It measures the unsymmetrical
voltage between line and ground. This is done for both the hot and the neutral
lines or for a three phase circuit in a “Y” configuration, between each line and
ground. There are 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, measures the asymmetric voltage, which is
the potential difference between the midpoint potential between two lines and
ground.

—_—,
V' asymmefric

Ground Vo unsymmetric

V-LISN Vector Diagram

V-LISN: Unsymmetric emissions {line-to-ground)
M-LISN: Symmetric emissions (line-to-line)
T-LISN: Asymmetric emissions (mid point line-to-ling)

Transient Limiter Operation

The purpose of the limiter is to protect the input of the signal analyzer from
large transients when connected to a LISN. Switching EUT power on or off can
cause large spikes generated in the LISN.

The N9048B PXE RF Input 2 has a built in transient limiter and does not
require the use of an external limiter.

The Cokeva 11947C transient limiter incorporates a limiter, high-pass filter,
and an attenuator. It can withstand 10 kW for 10 pusec and has a frequency
range of 9 kHz to 200 MHz. The high-pass filter reduces the line frequencies
coupled to the spectrum analyzer.

N6141EMOE EMI Measurement Application Measurement Guide 105



Line Impedance Stabilization Networks (LISN)
Types of LISNs

106 N6141EMOE EMI Measurement Application Measurement Guide



Keysight X-Series Signal Analyzer
EMI Measurement Application/N6141EMOE

Measurement Guide

B: Antenna Factors

Field Strength Units

Radiated EMI emissions measurements measure the electric field. The field
strength is calibrated in dBuV/m. Field strength in dBuV/m is derived from the
following:

Pt = total power radiated from an isotropic radiator

PD = the power density at a distance r from the isotropic radiator (far field)

PD = Pt /4nr2
R=120 mQ
PD = E2/R

E2/R = Pt /4mr2
E =(Ptx30)1/2 /r (V/m)

Far field' is considered to be >A/2%

1. Far Field is the minimum distance from a radiator where the field becomes a planar
wave.
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Antenna factors

The definition of antenna factors is the ratio of the electric field in volts per
meter present at the plane of the antenna versus the voltage out of the
antenna connector.

Biconical Log periodic
dB/m s gim
30 —
5F
20f
15F
10
5 E 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 BOO 1000
Frequency, 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(dBuV)
E(dBuV/m) = V(dBuV) + AF(dB/m)
NOTE Antenna factors are not the same as antenna gain.
The antenna factor is the ratio of the electric field strength to the voltage V (units: V or pV)
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induced across the terminals of an antenna. The voltage measured at the output terminals of an
antenna is not the actual field intensity because of the actual antenna gain, aperture
characteristics, and loading effects

Antenna gain combines the antenna's directivity and electrical efficiency. In a receiving antenna,
the gain describes how well the antenna converts radio waves arriving from a specified direction
into electrical power. A plot of the gain is the radiation pattern.
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Types of antennas used for commercial radiated 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)

Biconical Antenna
{30 - 300 MHz)

Broadband Antenna
{30 - 1000 MHz) Log Periodic Antenna
(200 - 1000 MHz)

—_—
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C. Basic Electrical Relationships

The decibel is used extensively in electromagnetic measurements. It is the log
of the ratio of two amplitudes. The amplitudes are in power, voltage, amps,
electric field units, and magnetic field units.

decibel = dB =10 log (P2/P1)

Data is sometimes expressed in volts or field strength units. In this case,
replace

P with V2/R.
If the impedances are equal, the equation becomes:
dB =20 log (V2/V1)

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

dBuV = 107 + PdBm

This is true for an impedance of 50Q.

Wave length (1) is determined using the following relationship:
A =3x108/f (Hz) or A = 300/f (MHz)
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D: Detectors Used in EMI Measurements

Peak Detector

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

Peak detector operation

The EMI receiver has an envelope or peak detector in the IF chain that has a
time constant, such that the voltage at the detector output follows the peak
value of the IF signal at all times. In other words, the detector can follow the
fastest possible changes in the envelope of the IF signal, but not the
instantaneous value of the IF sine wave.

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

e

<5

(YY)

WV
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Quasi-Peak Detector

Quasi-Peak Detector

Most radiated and conducted limits are based on quasi-peak detection mode.
Quasi-peak detectors weigh signals according to their repetition rate, which is
a way of measuring their annoyance factor. As the repetition rate increases, the
quasi-peak detector does not have time to discharge as much, resulting in a
higher voltage output. (See the following graphic.) For continuous wave (CW)
signals, the peak and the quasi-peak are the same.

Quasi-peak detectors always give a reading less than or equal to peak
detectors, but quasi-peak measurements are much slower by two or three
orders of magnitude compared to a peak detector.

Quasi-peak detector operation

The quasi-peak detector has a charge rate much faster than the discharge
rate. 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
amplitude signals in a linear fashion. High-amplitude, low-repetition-rate
signals could produce the same output as low-amplitude, high-repetition-rate

signals.
Quasi-peak detector output
varies with impulse rate
Quasi-peak Quasi-peak
Peak response detector reading detector response
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Average Detector

Average Detector

The average detector is required for some conducted emissions tests in
conjunction with using the quasi-peak detector. Also, radiated emissions
measurements above 1 GHz are performed using average detection. The
average detector output is always less than or equal to peak detection.

Average detector operation

Average detection is similar in many respects to peak detection. The following
graphic shows a signal that has just passed through the IF and is about to be
detected. The output of the envelope detector is the modulation envelope.
Peak detection occurs when the post detection bandwidth is wider than the
resolution bandwidth. For average detection to take place, the peak detected
signal must pass through a filter whose bandwidth is much less than the
resolution bandwidth. The filter averages the higher frequency components,
such as noise at the output of the envelope detector.

Average detection

o— @ o)
Envelope detector

7

O

-

Filters

Average detector
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RMS Average Detector

RMS Average Detector

RMS (root-mean-square) average weighting receivers employ a weighting
detector that is a combination of a RMS and an average detector. It is defined
to evaluate the effect that impulsive disturbance is interfering on modern
digital radio communication services. The RMS average detector output is
always less than peak detection. Its measurement is slower compared to peak

detection.

RMS Average detector operation

RMS average detector is a combination of a RMS detector and an average
detector.

The RMS detector is used for pulse repetition frequency (PRF) above the corner
frequency (f.). Its output is independent of the signal peak-average ratio.

The average detector is used for PRF below f..

Thus the pulse response curve is divided in two regions with the following
characteristics:

10 dB/decade when PRF < f,
20 dB/decade when PRF > f,
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Glossary of Acronyms and Definitions

Ambient level

1.

The values of radiated and conducted signal and noise existing at a
specified test location and time when the test sample is not activated.

. Those levels of radiated and conducted signal and noise existing at a

specified test 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.

. The process by which the amplitude of a carrier wave is varied following a

specified law.

Anechoic chamber

A shielded room which is lined with radio absorbing material to reduce
reflections from all internal surfaces. Fully lined anechoic chambers have such
material on all internal surfaces, wall, ceiling and floor. Its also called a “fully
anechoic chamber.” A semianechoic chamber is a shielded room which has
absorbing material on all surfaces except the floor.

Antenna (aerial)

1.

KEYSIGHT

TECHNOLOGIES

A means for radiating or receiving radio waves. A transducer which either
emits radio frequency power into space from a signal source or intercepts
an arriving electromagnetic field, converting it into an electrical signal.

. A transducer which either emits radio frequency power into space from a

signal source or intercepts an arriving electromagnetic field, converting it
into an electrical signal.
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Antenna factor

The factor which, when properly applied to the voltage at the input terminals of
the measuring instrument, yields the electric field strength in volts per meter
and a magnetic field strength in 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.

Balun

A balun is an antenna balancing device, which facilitates use of coaxial feeds
with symmetrical antennas such as a dipole.

Broadband emissions

Broadband is an interference amplitude when several spectral lines within the
RFI receivers specified bandwidth.

Broadband interference (measurements)

A disturbance that has a spectral energy distribution sufficiently broad, so that
the response of the measuring receiver in use does not vary significantly when
tuned over a specified number of receiver bandwidths.

Conducted interference

Interference resulting from conducted 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 becomes an undesired signal.
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Decoupling network

An electrical circuit for preventing test 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 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 producing a radiation pattern
approximating that of an elementary electric dipole.

Electromagnetic compatibility (EMC)

1. The capability of electronic equipment of systems to be operated within
defined margins of safety in the intended operating environment at
designed levels of efficiency without 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

The impairment of a wanted electromagnetic signal by an electromagnetic
disturbance

Electromagnetic wave

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

Emission

Electromagnetic energy propagated from a source by radiation or conduction.
Far Field

The region where the power flux density from an antenna approximately obeys
the inverse square law of the distance. For a dipole this corresponds to
distances greater than |/2 where L 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.
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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 enabling it to
reject a radio disturbance.

2. The ability of electronic equipment to withstand radiated electromagnetic
fields without producing undesirable 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 antenna

An antenna consisting of a straight conductor, usually not more than
one-quarter wave length long, mounted perpendicularly over a ground plane.
For receiving antennas the output signal to the receiver is taken, between the
lower end of the monopole and the ground plane. One side of the antenna
feedline is attached to the lower end of the monopole, and the other side is
attached to the ground plane, often called “Earth”. This contrasts with a dipole
antenna which consists of two identical rod conductors, with the signal from
the transmitter applied between the two halves of the antenna.

Narrowband emissions

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

Open area

A site for radiated electromagnetic interference measurements which is open
flat terrain at a distance far enough away from buildings, electric lines, fences,
trees, underground cables, and pipe lines so that effects due to such are
negligible. This site should have a sufficiently low level of ambient interference
to permit testing to the required limits.

Polarization

Describes the orientation of the field vector of a radiated field.

Radiated interference
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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

RFlis the high frequency interference with radio reception. This occurs when
undesired electromagnetic oscillations find entrance to the high frequency
input of a receiver or antenna system.

RFI sources

Sources are equipment and systems as well as their components 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 electromagnetic fields from causing

performance degradation and to prevent emissions from causing interference
to outside activities.

Stripline

Parallel plate transmission line to generate an electromagnetic field for testing
purposes.

Susceptibility

Susceptibility is the characteristic of electronic equipment that permits
undesirable responses when subjected to electromagnetic energy.
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