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Keysight Helps You Get to Market Faster

The innovation leader in Founded in 1939 by Bill Trusted hardware,
electronic design and test Hewlett and Dave Packard iInnovative software and a
for over 75 years as HP with an ongoing global network of experts

mission to help create new
markets
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We Help You Unlock Insights to Succeed

Communications

Expertise in precision
measurement across
the broadest frequency
ranges and modulations

We help customers
develop emerging forms
of connections
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Network Test,

Visibility, Security

Expertise in large-scale
traffic and security attack
simulation combined with

data access into operations

We provide customers
trusted environments to
develop, deploy, and
operate their networks

Electronic
Industrial

Expertise in high
density electronics of all
sizes and power levels

We help customers
from design, verification
and manufacturing to
installation and
maintenance

EMI Interference Analysis and Troubleshooting

Services

Expertise in helping
customers extract the best
from their test environments

We help customers find
ways to maximize asset
usage, streamline
engineering operations and
reduce risk



Best-in-Class Solutions

ACROSS DESIGN, TEST, AND OPTIMIZATION
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Agenda

« EMI Concepts & Terminology

« EMI Compliance Process

* Regulatory Standards Overview

« EMI Measurement Fundamentals
« EMI Solutions
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EMI Basics

CISPR - Comité International Spécial des Perturbations Radioélectriques
(Special International Committee on Radio Interference)

EMC — Electromagnetic Compatibility

EMI — Electromagnetic Interference

EMS — Electromagnetic Susceptibility

EUT — Equipment Under Test

LISN — Line Impedance Stabilization Network

IEC - International Electrotechnical Commission

NPI - New Product Introduction

CE — Conducted Emissions

RE — Radiated Emissions

RFI - Radio-Frequency Interference
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Getting Started — Basic Terms

EMI, EMS, EMC

EMI, EMS, EMC

Electromagnetic
Interference

When a device generates
excessive energy that can

interfere with other devices

Electromagnetic
Susceptibility

A device’s ability to function

properly in an electromagnetic
environment

Electromagnetic Compatibility

The ability of an electronical device to function satisfactorily in its
electromagnetic environment, without introducing intolerable
electromagnetic disturbances to other devices in that environment

KEYSIGHT

TECHNOLOGIES




Getting Started - Basic Questions

What is EMI?

H

« EMI is disturbance that affects an electrical
circuit

What analysis tool can | use?

« EMI emissions can be captured and analyzed
with a spectrum analyzer

What do spectrum analyzers
(signal analyzers) do?

Radiated
EMiSSioNS [ | e
Conducted
gl Emissions

2

Radiated
Immunity

« Spectrum analyzers provide accurate
frequency, power, and other important
measurements of EMI emissions
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EMI Examples
INTERFERENCE FROM A HIGH-SPEED DIGITAL CIRCUIT WITH A MOTOR

B Monitor Serial#:5A07430012
2o 00 RN ¢« D2 I 0

M1 10.000 MHz
Ref: 0.00dBm #Atten: 20dB -0.21 dBm
Log f
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generated by a
motor
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EMI Basics

« Natural Sources (also called radio-frequency interference or RFI)

» Natural sources below 10MHz are dominated by atmospheric noise generated by electrical storms.
* Lighting

» Above 10 MHz natural sources consist primarily of cosmic noise and solar radiation.
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EMI Basics

Caused by:

* Intentional Man Made Sources _ _
« Transmitted signal

« 2-way radi mmunication .
ay radio communicatio * Intended transmission of a frequency

* Cellular Phones - Sometimes called ‘On carrier’ or ‘Carrier
frequency’

« A Continuous Wave (CW) signal
« Control Signal

* Beacon

* Radio and TV broadcasters

* Internet Of Things (IoT)

* QOscillators

* Modulated Signal
* Analog Voice or Data
* Digital Voice or Data
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EMI Basics

Caused by:

« Un-Intentional Man Made Sources - Leakage

* RF frequency leaking out of an
Toaster ovens
enclosure

Bug zappers )
e Harmonics

Hair dryers * Multiples of a frequency

Electric Motors
e Spurs

 Addition and subtraction of
frequencies can generate spurs

Etc.
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3 Elements of EMC

Radiated

Interference Susceptible
source @ Device

Propagation path

Conducted +*

AC power network
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EMI Compliance Process Overview

EMI
O Certification
EMI Testing
Troubleshooting &
O Redesign
EMI

Pre-Compliance
Testing
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EMI Compliance vs. EMI Pre-Compliance

_ Compliance Test Pre-Compliance Testing

Purpose To achieve certificates (e.g. C-tick, CE, To increase the confidence level at final
UL, KC, CCC, FCC compliance test
Overall Must follow the standard procedure Not identical to, but can simulate the standard
procedure as much as possible
Physical Must be done in test house (for Can be done in-house, throughout the design
setup certification) process
requirements  n1yst pe in an anechoic chamber Can be done in a shielded room, or an open area
Must use an EMI receiver EMI receiver or spectrum analyzer
Must use standard test setup Simplified test setup
Cost Very expensive and time consuming Much less expensive, and quick turn-around
Result Will report an EMI failure Will report an EMI risk
Cannot tell where the failure comes Able to track to the interference source with a NF

from probe
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The Impact Of An EMI Failure During The Product
Development Cycle

Product Development Cycle including EMI Testing

Investigation

< Viable —> Pass Wi
T $ lmu T $

Bread board

<€— FMC Education —>

<— EMC diagnostic evaluation—>
€— Pre-Compliance testing—>

Proto

ﬂ Pass

lND

Redesign

Pilot run Compliance testing

—><  Pass Pass

Enliknz

<— Compliance testing —>

KEYSIGHT

EEEEEEEEEEEE

Increasing flexibility to solve EMI problems

Increased cost to solve EMI problems



What Is A Test House Looking For?

STANDARDIZED EMI

PASS/FAIL CRITERIA

Limit Lines

KEYSIGHT

TECHNOLOGIES

Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF

Coupling: AC
@ Align: Auto

7 Measure At Marker v

Frequency
120.002 MHz

Detector 1

Peak
4(‘\ 12 ADoN/

R

Dwen. 2uu s

Detector 2
Quasi Peak

38.52 dBuV

RBW: 120.0 kHz
Dwell: 1.00 s

Detector 3

EMI Average
38.96 dBuV
RBW: 120.0 kHz
Dwell: 1.00 s

RS E:

+ 3

Input Z: 50 Q Atten: 6 dB PNO: Fast Avg Type: Voltage 234
Corrections: Off Preamp: Off Gate: Off Trig: Free Run W
Freq Ref: Int (S)  |Source: Off IF Gain: Low

Sig Track: Off

Select Marker
Marker 1

Marker Frequency
120.019991 MHz

. Peak
Band Function Search
Off L
Pk Search

Properties

Settings
1 Spectrum 9

Scale/Div 10 dB

Mkr1 120.02 MHz

Ref Level 87.70 dBuV 41.56 dBpVvV

Trace 1 Pass

ot

Off
Measure at
Marker

< Measure at
Marker Config

Meas at Mkr Window
(0];]
Dec 31, 200 .:: w A Off

Center 165.0 MHz
Res BW (CISPR) 120 kHz

Video BW 910 kHz Span 270.0 MHz

Sweep 30.3 ms (4503 pts)

5:34:11 AM

¥

Characterize against
Pass/Fail criteria
before sending
DUT'’s to a certified
EMI Test Lab
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 Introduction to Regulatory Standards
« EMI Measurement Fundamentals

« EMI Solutions
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CISPR Recommends Commercial Limits,
Measuring Equipment and Methodologies

- CISPR (Comité International Spécial des Perturbations Radioélectriques )
English: (Special International Committee on Radio Interference)

* A sub committee of the IEC (International Electrotechnical Commission)

« Determines and recommends required emissions and immunity:
- limits for products sold in the worldwide commercial market

- test equipment requirements
- test procedures/methodologies

KEYSIGHT
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EMC Standards

/ EMC St‘andards \
J

Categories: International Comnlercial
_ IEC  CISPR FCC ETS/EN GB -
Generic Standards Product Standards
CISPR * Provide general and * Provide essential test * Apply to specific products or
standard fundamental rules requirements, procedures, and families of products
* Serve as a reference but not limits * Provides test procedures and

structure: applicable to specific products limits for these products
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CISPR Product Groups

CISPR 11 - Industrial, Scientific, and Medical (ISM) Radio-Frequency Equipment
CISPR 12 - Vehicles, Motorboats, and Spark-Ignited Engine-Driven Devices
CISPR 13 - Sound and Television Broadcast Receivers and Associated Equipment
CISPR 14 - Household Appliances, Electric Tools, and Similar Apparatus

CISPR 15 - Electrical Lighting and Similar Equipment.

CISPR 17 - Suppression Characteristics of Passive Radio Interference Filters and Suppression Components.
CISPR 18 - Overhead Power Lines and High-Voltage Equipment

CISPR 20 - Sound and Television Broadcast Receivers and Associated Equipment
CISPR 21 - Interference to Mobile Radio communications

CISPR 22 - Information Technology Equipment—Radio Disturbance Characteristics
CISPR 24 - Information Technology Equipment—Immunity Characteristics

CISPR 25 - Receivers Used on Board Vehicles, Boats, and on

CISPR 32 — Multimedia devices emission testing (under development)

CISPR 35 — Multimedia devices immunity testing (under development)
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CISPR Product Groups

CISPR 11 - Industrial, Scientific, and Medical (ISM) Radio-Frequency Equipment
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Example of Products Subject to CISPR 11 Testing

KEYSIGHT
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T&M instruments
follows CISPR 11

EMC

Complies with European EMC Directive 2004/108/EC

« |EC/EN 61326-1 / IEC/EN 61326-2-1

* CISPR Pub 11 group 1, class A

= AS/NZS CISPR 11:2004

» ICES/NME-001:2008

This ISM device complies with Canadian ICES-001

Cet appareil ISM est conforme 4 la norme NMEB-001 du Canada




Key Influencer - Commercial Regulations

|IEC/CISPR
Measurement Std. — CISPR 16
Equipment Std. — CISPR 16

~ Product Std. - CISPR 11-15 etc.
IEC 61XXX
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Emissions Regulations

COMPARISON OF REGULATORY AGENCY REQUIREMENTS

FCC CISPR EN's Description
| 18 " EN 55011 Industrial, scientific and medical equipment Differe.nt .Organizations
have similar standards
— 12 — Automotive
15 13 EM B5013 Eroadcast receivers
14 EM B5014 Household appliances/tools
15 EM 55015 Fluorescent lights/luminaries
15 22 EN BR022 Information technology equipment
— EMG1000-6-3.4 Genenc emissions standards
16 — Measurement apparatus/methods
25 EMN b5025 Automaotive component test
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Country
/Organization

Commercial EMC Standards and Entities - Examples

Standards

IEC CISPR IEC CISPR Pub. xx
IEC TC77 IEC IEC 6XXXX
EC CENELEC (€ EN 550xx
us FCC, DoD Fc FCC Part xx, MIL-STD. xxx
Canada CSA @ | 1cES xxx
Australia/Nz | AS/NZS 0 AS/NZS CISPR xx
Japan VCCI J550xx
China CCC, MoD @ GB XXXX- XXXX
(Mainland) GJB xxx- xx (equivalent to Mil-STD)
Korea MIC WiC Equivalent to EN 550xx
Taiwan BSMI S CNS xxxx



http://www.google.com/imgres?imgurl=http://www.technicalscribe.net/resources/fcc.gif&imgrefurl=http://www.technicalscribe.net/resources/&h=221&w=219&sz=3&tbnid=jC_mtIYWL8zCQM:&tbnh=107&tbnw=106&prev=/search?q=fcc+symbol&tbm=isch&tbo=u&zoom=1&q=fcc+symbol&hl=en&usg=__vAvCXXqW6J_cElGQSBIs3EGATHA=&sa=X&ei=pcglToamOof-mAXazo2HCg&ved=0CDkQ9QEwBQ
http://www.freelogovector.com/gallery/c/CSA%20logo.jpg
http://www.google.com/imgres?imgurl=http://www.acma.gov.au/webwr/telcomm/stds/compliance_marks/c-tick01.jpg&imgrefurl=http://www.acma.gov.au/scripts/nc.dll?WEB/STANDARD/1001/pc=PC_2796&h=100&w=100&sz=5&tbnid=Rvjty5nx_-rMKM:&tbnh=82&tbnw=82&prev=/search?q=c+tick+mark&tbm=isch&tbo=u&zoom=1&q=c+tick+mark&hl=en&usg=__HTiD_0DnCP_H-cnEh6_u7Sd8mqg=&sa=X&ei=pOwlToSBEpHyrQe_heyZCQ&ved=0CDMQ9QEwBA
http://www.google.com/imgres?imgurl=http://www.notecheckers.com/userimages/Ce-logo.jpg&imgrefurl=http://www.notecheckers.com/page2.htm&h=350&w=500&sz=20&tbnid=4McGIzj9blqxQM:&tbnh=91&tbnw=130&prev=/search?q=ce+symbol&tbm=isch&tbo=u&zoom=1&q=ce+symbol&hl=en&usg=__-WRtjehnwdbyoJUQtatA3zPHUs4=&sa=X&ei=CsolTu3lGInumAW3oMn7CQ&ved=0CC8Q9QEwBQ

Which Standards to Test Against?

Three preliminary questions to answer when developing a product:

1. Where will the product be sold (for example, Europe, United States, Japan)?
2. What is the classification of the product?

a) Information technology equipment (ITE)

b) Industrial, scientific or medical equipment (ISM)

c) Automotive or communication

d) Generic (equipment not found in other standards)

3. Where will the product be used (for example home, commercial, light industry or heavy industry)?

KEYSIGHT
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Agenda

« EMI Concepts & Terminology

« EMI Compliance Process

* Introduction to Regulatory Standards
« EMI Measurement Fundamentals

« EMI Solutions

KEYSIGHT

EEEEEEEEEEEE



Example Radiated Emission Testing Environments

Bench Top: semi-anechoic

Chambers

Definitions:

Anechoic Chamber - Room with no echoes: absorbers on all 6 sides
Semi-anechoic - Ground plane; reflection like OATS; correlation to OATS

OATS - Open Area Test Site

KEYSIGHT EMI Interference Analysis and Troubleshooting

TECHNOLOGIES
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Example Radiated Emission Testing Environments

+4+++4+4+1
44444
+ddddd

i
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EMI Measurement Units

Conducted Emissions Radiated Emissions
®@Commercial: dBuV ®Electric field strength: dBuV/m
®Military: dBuA ®Magnetic flux density: dBpT

Assuming a 50 ohm impedance, power measurements may be converted as follows:

dBuV = dBm + 107

dBm = dBuV — 107

dBuA = dBuV - 34

dBuA=dBm + 73

dBuV/m = dBuV + AF (Antenna Factor)
dBpT =dBpuA/m + 2.0

/m=meter
pT= pico Teslas (magnetic flux density)

KEYSIGHT
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Antenna Factor (AF)

* AF is defined as the ratio of the electric field strength to the voltage induced across the terminals of
an antenna.

 For an electronic field antenna (V/m, or uV/m):

. . . — E
« Expressed in linear quantity: AF = ; (1/meter)

- Expressed in log quantity: AF = E dBuv/m — Vv dBuV

* For a magnetic field antenna (A/m):
. _9.73 | _
AF /A\/G G: the antenna gain

Antenna Factor should be provided by the Manufacturer
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CISPR 16-1-1 Compliant Receiver

A CISPR 16-1-1 receiver must have the following functionality in the range 9 kHz - 18 GHz:

« Anormal +/- 2 dB absolute accuracy
» CISPR-specified resolution bandwidths (-6 dB)
» Peak, quasi-peak, EMI average, and RMS average detectors

« Specified input impedance with a nominal value of 50 ohms; deviations
specified as VSWR

* Be able to pass product immunity in a 3 V/m field
* Be able to pass the CISPR pulse test (implies pre-selector below 1 GHz)

 Other specific harmonic and intermodulation requirements

KEYSIGHT
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Theory of Operation

SWEPT SPECTRUM ANALYZER BLOCK DIAGRAM

RF Input
Attenuator IF Gain

/

IF Filter
(RBW)

Input
signal

I: Log

Envelope

Detector

>

,

1 /
Amp
Pre-Selector or Low .
Pass Input Filter Video
Filter
Local _/\_ 7]
Oscillator
Sweep
Generator =
Crystal
Reference Display
Oscillator
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Theory of Operation M- >

MIXER %
gt

Q
T fsic - fir

‘ ---------------- I ------------- > Sometimes use other mix product
Some use 2 mixers
Some mix up in frequency
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IF Filter

Theory of Operation = 2 A5
.

L i
Input
Spectrum @
IF Bandwidth [\ m (\
(RBW)
Display
Wide Medium Narrow
Faster Resolve in Freq

See Wide Freq Reduce Noise Floor
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Theory of Operation it —D @;
-

Displayed noise is a function of RBW filter bandwidth: '
noise decreases as bandwidth decreases. SW"""’"_..A.A.;_
1 Hz RBW DANL spec’ed
--------------------------------------- . in 1 Hz RBW
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RBWs for CISPR & MIL

Commercial (CISPR) Military (MIL-STD-461)
Bands Frequency range CISPR RBW Frequency range CISPR RBW
(-6 dB BW)
A 9 — 150 kHz 200 Hz 30 Hz — 1 kHz 10 Hz
B 150 kHz — 30 MHz 9 kHz 1—-10 kHz 100 Hz
C 30 — 300 MHz 120 kHz 10 — 150 kHz 1 kHz
D 300 MHz — 1 GHz 120 kHz 150 kHz — 30 MHz 10 kHz
E 1-18 GHz 1 MHz 30 MHz — 1 GHz 100 kHz
Above 1 GHz 1 MHz

KEYSIGHT
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Theory of Operation

ENVELOPE DETECTOR

Before detector After detector

(m0mm Vit

\ Envelope
4 \ Detector
>
+- pih,

71\

L A
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Theory of Operation

AVERAGE DETECTOR TYPE

Volts

A

Positive Peak

A

=
=]
A 4

Detection

Sample

Envelope
Detector

/‘D"’%

Negative Peak

Detection

Detection

» Time

Power Average Detection (rms): Square root of the sum of the
squares of ALL of the voltage data values in the bin divided by 50Q
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Quasi-Peak Detection

* There are three commonly used detection modes for @ : R, M
making T

EMI measurements, including peak, average, and quasi-
peak detection.

« Why use quasi-peak detection?

 Used for CISPR based measurements

» Weighting signals as a function of repetition rate

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

« Lower repetition rate noise has less “annoyance factor”
and thus has a lower magnitude with a quasi-peak

detector | Test limit
* CISPR bandwidth: 200 Hz, 9 kHz, and 120 kHz | ' -t
bandwidth

Test limit

t

KEYSIGHT
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Detection Modes
PEAK 2 QUASI-PEAK 2 AVERAGE

"ﬂ""D ----- A ————— a——— Peak Detection
n A IR 21 (R i PR 2 bl Quasi-Peak Detection

- Average Detection

ﬂ‘ ~~ Peak Detection

“““““““““““““ | - Quasi-Peak Detection
Il I —L=~ Average Detection
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Video Filter

Theory of Operation !
TR "

L !

—
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Modern Digital IF

+- TH>e,

Replaced
by

Digital RBW

Analog IF o
Filter Digital Detectors

Pre-amp Filter

——————————————————————

e AD—- T HEoo X WA )

/ - .

Attenuation
Swept vs . FFT Digital Log Amp

YIG
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Data Acquisition and Processing
N\ ) SweptLO

« Aswept LOw/an
assigned RBW. /L

« Covers much wider span.

P Freq

Lost Information

 Good for events that are
stable in the frequency
domain.

« Magnitude ONLY, no
phase information (scalar
info).

Lost Information

Lost Information
« Captures only events that

occur at right time and
right frequency point.

« Data (info) loss when LO
is “not there”. \

Time

KEYSIGHT
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Freq

| Acquire Lost
\ Information
L Process
OSt Inf,
Ormatlon Acquire
Process
LOStI
nfOrmaﬁOn Lost Acquire
\ Information RIS
£y True Sweep y Stepped FFT
Very wide spans Narrow RBW

Stationary, repetitive

KEYSIGHT
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Y Real-Time FFT

Gap-free, high Pol
Span of Digitizer




Real-Time Spectrum Analysis

=aeral —rom this ... to this!!

Ref 10.00 dBm Ref 10.00 dBm

Center 1.50000 GHz Span 160.0 MHz Center 1.50000 GHz
Res BW 1.5 MHz VBW 50 MHz Sweep 1.00 ms {1001 pts) Res BW 700 kHz

SENSEINT]|

ALIGNAUTO |

y  Trig:Free Run

Atten: 20 dB

Avg Type: Log-Pwr

05:43:40 AM Jan 04, 2013
TRA

N
i

i

i |\. i
Ih'huﬂ i

Span 160.0 MHz
Sweep (# 30.0 ms (871 pts)

Detect signals as brief as 3.5 us
Density (histogram) color-map display
Persistence: brief events stay visible
Capture rare events with FMT trigger

KEYSIGHT
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Accessories for EMI Testing

N ~— /',- i
\
\

N—~ .| 7
- /
Log Periodic Antenna: /\ '
200 to 1000 MHz | Double ridged horn antennas
Biconical Antenna; 18 GHz or even higher

30 to 300 MHz

Rotating Table:

Hybrid log periodic
yborid log periodi To rotate DUT for testing

Broadband Tripods: used to raise and
30 MHz to 2 GHz lower antennas

KEYSIGHT
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http://tdkrfsolutions.com/WebDataSheets/HLP-2601WebSheet.htm

Accessories for EMI Testing —

LISN: Line Impedance Close Field Probe Set
Stabilization Network

Coupling and decoupling Current injection probe EM-Clamp
network (CDN)

KEYSIGHT
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EMI Measurements

Radiated Conducted
Emissions Emissions
A

Keysight Equipment: X-Series Signal Analyzers
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http://cp.home.agilent.com/agilent7/s7viewers/flash/genericzoom.swf?logo2=false&serverUrl=/agilent7/is/image/&contentRoot=/agilent7/skins/&locale=en&config=Agilent/AGILENT-IMGSET&image=Agilent/PROD-1000001160.epsg.pro-IS

Conducted Emissions

9 KHZ - 30 MHZ

_ Noise
Isolation (EMI)
transformer Filter

LISN

Provide clean AC

power for DUT

KEYSIGHT
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Capture interference
signal for EMI receiver /
spectrum analyzer

Vv

Limiter

Spectrum analyzer / EMI receiver



Radiated Emissions Setup

Test in vertical and

1to 4 m above horizontal position

ground plane /
\

!

-|

\\\ : N B
Y

—_—

3 or 10 Meter distance /

<€

X-Series Signal Analyzer
with N6141C EMC App

Ground Plane

The goal is to find and record the maximum emissions from the DUT by rotating the
turn table, changing the polarity and the height of the antenna.

KEYSIGHT
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Use Time Domain Scan to enhance speed
. :/m\7 7 Test in vertical an
(NOt avallable On CXA) z\l\ / horizontal pos!itior(:I

ltodm
above ground r

PXE EMI
Receiver

‘E ) 1]

Frequency Time
Domain Domain
Scan Scan 10 scans

30MHQzP—D1GHz 60 2 orientations
1s dwell time 1 hr X~Hhar/scan
RBW =120kHz secC
4 pts/RBW

-20hours-
2 minutes

Not counting antenna
KEYSIGHT and turntable positioning time

EEEEEEEEEEEE



Agenda

« EMI Concepts & Terminology

« EMI Compliance Process

* Introduction to Regulatory Standards
« EMI Measurement Fundamentals

« EMI Solutions

KEYSIGHT
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Pre-Compliance vs. Full Compliance Solutions

Pre-Compliance Measurement Solutions:

Evaluate the conducted and radiated emissions of a
device using correct detectors and bandwidths before
going to a test house for compliance testing.
Characterizes the EMI performance of the DUT.

Full Compliance Measurement Solutions:

Full compliance testing requires an EMI receiver that
Is tested to meet all CISPR 16-1-1 requirements.

KEYSIGHT

TECHNOLOGIES
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N9000B CXA Signal Analyzer

Standard EMI features:

* Built-in CISPR limit lines

* Correction data
management

Option EMC:

» Provides basic EMI test
features

* CISPR band presets,
bandwidths, and detectors

» Measure at marker (with 3
detectors simultaneously)

N6141C EMI measurement

N9000B CXA Signal Analyzer, Multi-touch application: |
« 9kHz-3/7.5/13.6/26.5 GHz * Performs pre-compliance
« -162 dBm DANL performance radiated and conducted
. TOI: +17 dBm emissions measurements

« Comprehensive EMI
signal analysis capability

KEYSIGHT

TECHNOLOGIES



Built-in CISPR and MIL-STD Limit Line

A LIST OF COMMERCIAL LIMITS FOR RECALLING

State

Recall imi Recall from File E) ? x
v

Mode EMI Receiver
Screen Config + State A Date Size Content

|j EN 55015, Cond, Control, Average.csv 1/9/2017 9:10 AM 354 B Csvfile
Measurement Data

D EN 55015, Cond, Control, Quasi-Peak.csv 1/9/2017 9:10 AM 357 B Csvfile

D EN 55015, Cond, Load, Average.csv 1/9/2017 9:10 AM 351 B Csvfile
Correction
EN 55015, Cond, Load, Quasi-Peak.csv 1/9/2017 9:10 AM 354 B Csv file

Correction Group
D EN 55015, Cond, Mains, Average.csv 1/9/2017 9:10 AM 386 B Csvfile
D EN 55015, Cond, Mains, Quasi-Peak.csv 1/9/2017 9:10 AM 459 B Csvfile
D EN 55015, Rad, 30-300MHz (10m).csv 1/9/2017 9:10 AM 3608 Csvfile
D EN 55015, Rad, 9kHz-30MHz, Loop=2m.csv  1/9/2017 9:10 AM 383 B Csvfile
D EN 55015, Rad, 9kHz-30MHz, Loop=3m.csv  1/9/2017 9:10 AM 383 B Csvfile

D EN 55015, Rad, 9kHz-30MHz, Loop=4m.csv  1/9/2017 9:10 AM 373 B Csvfile

File name: EN 55015, Cond, Load, Quasi-Peak.csv File type: | Csv files (*.csv) Recall

B EN 55015, Cond, Load, Quasi-Peak.csv 1/9/2017 9:10 AM 354 B Csv file

KEYSIGHT

TECHNOLOGIES



N9000B Option EMC

Spectrum Analyzer 1 o +
Swept SA
KEYSIGHT /Input RF Input Z: 50 O Atten: 6 dB PNO: Fast Avg Type: Voltage 1234 D
Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run
@ Align: Auto Freq Ref Int (S)  Source: Off IF Gain: Low W
PASS Sig Track: Off PNNNNN

1 Spectrum \j
Scale/Div 10 dB Ref Level 87.70 dBpV

Trace 1 Pass

- 7 ]

Meas Setup v |- ::—

Radio Std .

Enable Non-Std Meas

On

Off
EMC Standard
CISPR

CISPRA
9 kHz-150 kHz

CISPR B
150 kHz-30 MHz

CISPR C
30 MHz-300 MHz

CISPR C/D
30 MHz-1 GHz

CISPR D
300 MHz-1 GHz

CISPRE
1 GHz-18 GHz

Limits

WL anacy
Col npat

Ture &
Lis zn
Ad' anced

Glc »al

Sol rce

Start 30.0 MHz Video BW 910 kHz Stop 300.0 MHz
Res BW (CISPR) 120 kHz Sweep 30.3 ms (4503 pts)

OO 7]

according to CISPR

Measurement parameters set

bands

KEYSIGHT

TECHNOLOGIES

PROVIDES THE ESSENTIAL CAPABILITIES ON EMI INTERFERENCE ANALYSIS

8

N9000B-EMC option provides:

. CISPR 16-1-1 (2010) fully-

compliant detectors

» CISPR band presets to 18 GHz
« Measure at marker with three

detectors

* Tune and listen for signal

discrimination

One-button EMI presets




N9000B Option EMC

MEASURE AT MARKER WITH 3 DETECTORS SIMULTANEOUSLY

Measure at marker with
three detectors:
 Peak

* Quasi-peak

 EMI average

KEYSIGHT

TECHNOLOGIES

KEYSIGHT |nput RF

[:] Coupling: AC

Align: Auto

7 Measure At Marker

Frequency
120.002 MHz

Detector 1
Peak

40.18 dBpV
RBW: 120.0 kHz
Dwell: 200 ms

Detector 2
Quasi Peak

38.52 dBuV
RBW: 120.0 kHz
Dwell: 1.00 s

Detector 3

EMI Average
38.96 dBuV
RBW: 120.0 kHz
Dwell: 1.00 s

-. —Y
L] |

¥

+ Q Marker

Input Z- 50 O Atten- 6 dB PNO: Fast Avg Type: Voltage 234
Corrections: Off Preamp: Off Gate: Off Trig: Free Run
Freq Ref: Int (S) Source: Off IF Gain: Low

Sig Track: Off

Select Marker
W Marker 1

Marker Freguency
I Spectrum Mkr1 120.02 MHz[} 120.019991 MHz

3cale/Div 10 dB Ref Level 87.70 dBuV 41.56 dBuVvV . Peak
Band Function S

Trace 1 Pass Off

Settings

Pk Search
Config

Properties

Marker—

N dB Points
-3.01dB

On
off

Counter

Measure at
Marker

Measure at
Marker Config

Meas at Mkr Window
On

w Off
-is Y

;enter 165.0 MHz
tes BW (CISPR) 120 kHz

9 Dec 31, 200
H 5:34:11 AM

Video BW 910 kHz Span 270.0 MHz

Sweep 30.3 ms (4503 pts)



N6141C EMI Measurement Application

RUNS INSIDE CXA SIGNAL ANALYZER

EMI precompliance test capabilities:

* Built-in CISPR and Mil-STD compliant BW,
: detectors and band presets

[ | « Automated testing to regulatory limit lines

: eshbed = with user-selected margins

e = « Amplitude corrections for antennas, LISNSs,
P " NF probes, etc

Meas Setup

| Scale/Div 10.0 dB Ref Value 106.99 dByVim
|

® | signal List

Start 30.0 MHz Video BW 1.2 MHz Stop 1.000GHz 0%
Res BW 120 kHz s (60.002 kH;

Measurement features:

« 3 simultaneous detectors (Peak, Quasi-
peak, Average)

« Built-in signal list tracking those non-
compliance emissions

« Strip chart for analysis of emissions versus
time

» Supports precompliance “Click”
measurements

KEYSIGHT

TECHNOLOGIES



Range 1

Start Freq | 9.000 kHz

Stop Freqg | 150.000 kHz

RBW 200 Hz

Dwell
Time

Step Size | 100 Hz

Points/ 2
RBW
Atten 10 dB

Int

Preamp Off

RF Input | Input1

KEYSIGHT

TECHNOLOGIES

30.000000 MHz

30.000000 MHz

410 ms

Dec 31, 2009 | T

N6141C Measurement Procedure

STEP 1. SET UP THE SCAN TABLE

0 Meas Setup v

SCAN

Range 4 Range 5 SEARCH SCAN

300.000000 MHz | 300.000000 MHz MEASURE SEARCH

Pause

300.000000 MHz 1.000000000 GHz | 1.000000000 GHz MEASURE

Scan Sequence

120 kHz 120 kHz Scan ¥ | Meters
AUTO AUTO

6.73 us 6.73 s SELLEILEEE | List
AUTO AUTO
|‘ < Scan Table

60.003 kHz 60.003 kHz Limits
AUTO AUTO

. ) < Detectors Meas
Standard

Meas Preset
Tune &

Listen

Advanced

Global

Press [Meas Setup] 2
{Scan table} to configure
the measurement range, as
well as other parameters, if
needed

The X-series signal
analyzer will set the EMI
measurement parameters
according to the scan table
automatically



N6141C Measurement Procedure

STEP 2. LOAD LIMIT LINE. LOAD CORRECTION DATA.

Edit Correction q (ﬁ ? Close>

S W T T W w— Select Correction Trale/Div 10.000 dB Ref Level 50.000 dB
State — riey AP
@ ) ) EMC Limits and Ampcor | ) ) y Correction 1

Recall ( Limit Recall from File

30.000 MHz 26.000dB

Screen Config + State Name Go To Rew
|j EN 55015, Cond, Control, Average.csv 1/9/2017 9:10 AM g 680.00 MHz 26.640 dB
Measurement Data

Insert Row Below

_ D EN 55015, Cond, Control, Quasi-Peak.csv 1/9/2017 9:10 AM 3 700.00 MHz 24.290dB
Limit

D EN 55015, Cond, Load, Average.csv 1/9/2017 9:10 AM 750.00 MHz 23.000 dB
Correction

D EN 55015, Cond, Load, Quasi-Peak.csv 1/9/2017 9:10 AM 800.00 MHz 22.850 dB
Correction Group

[™ ens5015, Cond, Mains, Average.csv 1/9/2017 $:10 AM 850.00 MHz  23.680dB
[ eN 55015, Cond, Mains, Quasi-Peak.csv 1/9/2017 :10 AM 900.00 MHz ~ 24.270dB
[™ En 55015, Rad, 30-300MHz (10m).csv 1/9/2017 9:10 AM 95000 MHz 24,540 dB

D EN 55015, Rad, 9kHz-30MHz, Loop=2m.csv  1/9/2017 9:10 AM 1.0000 GHz 25.000 dB

[™ N 85015, Rad, 9kHz-30MHz, Loop=3m.csv  1/9/2017 %:10AM PEED e

Delete Correctior
D EN 55015, Rad, 9kHz-30MHz, Loop=4m.csv  1/9/2017 9:10 AM

. . Settings >
File name:  EN 55015, Cond, Load, Quasi-Peak.csv
-91.25 MHz 1.12125 GHz

* Press [Recall] = {Limit} to load a pre-
defined limit file

* Press [Recall] > {Correction} to load a
pre-defined correction file

To edit a correction, press [Input/Output] - {Correction}, to
manually edit correction data

KEYSIGHT

TECHNOLOGIES



N6141C Measurement Procedure

STEP 3. SCAN, SEARCH, AND MEASURE

Sl Meas Setup
Frequency Scan
KEYSIGHT !nput RF Input Z: 50 O EMC Std: CISPR  Scan Type: Smooth 2
o> Coupling: AC Corrections: On Trig: Free Run Seq: RemeasAll W
Align: Auto Freq Ref: Int (S) # of Scans: 1/1

NFE: Off P P P |
SCAN

SCAN l Settings

1 Spectrum
Scale/Div 10.0 dB Ref Value 106.99 dBpV/m

Scan Sequence
(Re)Measure

Start Sequence

- - L
e R
. . imits
Capture out of limit Start 30.0 MHz Video BW 1.2 MHz : N

Signal List

emissions and listing Res BW 120 kHz Dwell Time 10.0 ms (60.002 kHz)  rod o0 MHZ- Standard
them in the tab|e belOW i Trc  Freq Peak Amptd Neg Amptd EAvgAmptd PeakLL1A NegLL1A EAvgLL1A Com IiusT:n&
1ob.0b MAZ 47.£24 QBPvV/M  -1/.409 ABPVIiM  34.£33 ABPv/iM -oU.409 Q0 -o./of A 2
168.25 MHz 58.436 dByV/m | 33.822 dBuVim  51.041 dBuVim -9.178 dB 9.61 Advanced
I 17474 MHz 50.262 dBV/m | 32.155 dBuVim  46.153 dBuVim -10.845 dB 9.79
B 184.27 MHz 56.806 dBu\Vim | 30.041 dBuVim _ 49.467 dBuVim -12.959 dB 100 Global

200.24 MHz 46.149 dBpV/m |-11.364 dBuV/im  35.694 dBpVim -54.364dB -7.306dB 105
205.69 MHz 44.328 dBpV/m |-14.445 dBpVim  32.736 dBpVim -57.445dB -10.264dB  10.7
216.01 MHz 45.770 dBpV/m | -15.055 dBpuV/Im  34.775 dBpV/m -58.055dB -8.225dB  11.2

Dec 22, 2016
- ? 82747 P

KEYSIGHT
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Three meters let you
observe single emission,
with 3 detectors
simultaneously

View results for each
failure with their
deviations from the limit



N9000B CXA Signal Analyzer

—N9000B CXA signal analyzer
» Option 503/507/513/526
» Option PO3/P07/P13/P26
» Option EMC

A

BkSp
Y
Del
o

If you need more flexible and
comprehensive EMI analysis,

B e B

Z
(8

£

also order:
N6141C EMI measurement
application
Go to www.Keysight.com/find/CXA For EMI di .
for more product information or lagnostic

purpose, a close field
probe set is required. Pl
Refer to N9311X-100 (H field) |

KEYSIGHT
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http://www.keysight.com/find/CXA

N9048B PXE EMI Receiver, 2 Hz to 26.5 GHz

« Standards-compliant EMI receiver
hardware
 Software supports full compliance tests

KEYSIGHT
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N934xC HSA and N9322C BSA

 Portable, rugged, fanless design

* Benchtop performance with —144 dBm DANL, 1.3 dB
amplitude accuracy, and < 0.95 s full span (20 GHz) sweep
time

« EMI bandwidths and detectors

* Fast, value-priced, general-purpose performance up
to 7 GHz

« Straightforward and efficient operation with marker
demodulation, one-button optimization, and user-
definable soft keys

KEYSIGHT

TECHNOLOGIES



Keysight’s RF Test Equipment

www.keysight.com/find/RFBench

KEYSIGHT
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http://www.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=2859282&nid=-11144.0.00&id=2859282
http://www.keysight.com/find/RFBench

Reference Material

You may download following literature from Keysight.com/find/EMI

Application note Making conducted and radiated emissions measurements
YouTube Series The ABCs of EMC
White paper EMI troubleshooting: The need for close field probes

EMC
Precompliance!

Making Conducted and Radiated
Emissions Measurements

w I‘(‘EY‘S!GHT

KEYSIGHT
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Keysight.com/find/EMI
http://literature.cdn.keysight.com/litweb/pdf/5990-6152EN.pdf?id=1928691
https://www.youtube.com/playlist?list=PLzHyxysSubUnvmcOC3aXoMipRqSoZXFHN
http://literature.cdn.keysight.com/litweb/pdf/5991-0144EN.pdf?id=2349297

Summary: EMI Pre-Compliance with a Signal Analyzer

PERFORM TESTING IN-HOUSE TO SAVE TEST TIME AND COSTS

How to measure EMI?

Use a spectrum analyzer or EMI receiver. It should have the
following features:

CISPR resolution bandwidth and detectors

Able to load antenna factor

Able to set trace points, dwell time, etc.

Selection of antenna?
Biconical: broad-band dipole antenna,
omnidirectional, fit for 30~230 MHz EMI test
Log-periodic: wide frequency range, directional
antenna, fit for 230 MHz ~ 1 GHz EMI test
Whip: Used in automotive electronic devices’ EMI test
Close field probe: Used for near field interference hunting

KEYSIGHT
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Which test environment?
Semi-anechoic chamber
Open area

Boardroom

Parking garage

Understand the value in
Pre-Compliance testing

ldentify EMI issues with your device
early in the design process

Save time & money



EMI Interference Analysis and Troubleshooting

QUESTIONS?

KEYSIGHT
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