EMI EBER 12 sRERI T #E

COMPANY RESTRICTED



AGENDA

» EMI ERGEHHEFIREATE
— SEZEMTEEIEMI Test Receiver FZERE M
— WMAKIRAREBIEfERY EAIEMI Emission 571508
— UMAI'FREER(Time Domain Scan)Ed1FHERY = HIEMI Emission F5%
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EMI &R T8N A
SAE > HT{REIEMI TEST RECEIVERZEZ R4

Start Frequency from 1Hz

Preselector in the input of Mixer

Amplitude Level Define to dBuV, dBUA..........

RBW BW definition is 6dB BW, not 3 dB BW

Measurement method is used Scan Measurement, not Sweep Measurement
Sweep Type_01: it is used a logarithmic Measurement, not Linear Measurement
Sweep Type_02: Sweep Time and Sweep points Defiition

Detector Type: QP, CISPR-AV........

Transducer Factor Setting: dBuV, dBuA, A/m......................

Transducer Test Fixture: LISN, Current Probe, Antenna, Slider Bar............

vVvVvvyvVvVYVyVYVYyVYVYVYY
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EMI EBEG R T2 #E
EMI TEST RECEIVER FEATURE AND FUNCTION

High-end compliance receiver based on proven FSW platform

/ » 1Hzto8/26.5/44 GHz
,ffé’gy » All relevant standards from commercial to military
i

RS

» Best HF performance receiver and spectrum analyzer in one device

\B

T ————

Frequency 13.5560000 MHz

-63.01 dBm

Highlights
» Sensitivity: Built-in preamplifier, optional LNA and notch filters

At Rl

"!"r.\!'a‘-‘.m

Speed: Unique time-domain scan with parallel CISPR detectors

18235 kHz —
-34.04 dBm

18&.25 kHz
=30.23 ABM

>
» Usability: Big high resolution touch screen
» MultiView: All needed measurements in one display

-34.85 dBm

5A% AE Lue
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EPL1000
EPL1001
EPL1007

» EMI measurement
application

» EMI Compliance testing in

line with commercial,
automotive, avionic and

military standards (CISPR,

EN, FCC, DO 160, MIL-
STD-461)
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EMI MEASUREMENT KEY SPECIFICATION

EMI filters (6 dB) CISPR 16-1-1:

200 Hz, 9 kHz, 120 kHz, 1 MHz

MIL-STD-461:

10 Hz, 100 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz
EMI detectors Peak, Quasi-peak, CISPR-average, RMS-average

(CISPR 16-1-1)
Number of sweep points 101 to 200001
Number of meas. markers 1-16

Limit line library, transducer factor library, LISN control, AM/FM demodulation,
logarithmic display, reporting, ...
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EMI MEAS. ON TEST RECEIVER TEST AUTOMATION SETTING

I Semi/ fully automatic EMI test sequences including

7

Fast preview measurement

— Pk or Pk/Avg detection

— TD scan or stepped frequency
Data reduction

— Evaluation of the critical
frequencies for final measurement

Final measurement
— Quasipeak or Quasipeak/CAV detection
— Measurement on a frequency list

Remote control for automatic phase switching of
Rohde & Schwarz artificial mains networks (LISNS)

/\ | Test Automation

Overview
Preview Data Reduction Final
Measurements Measurement

Bargraph
Maxhold

Single Scan OFF

Scan Parameter |ERRERE Current

Add to
Peak List

Bargraph+
Scan

. . B k
Peak List Final Results ELJET) ].Jr
IF Analysis

i- ™
Scan Gount (1 ) IF Analysis

+Scan

Test

Peak Search

] [ Run Final Test Automation

Rohde & Schwarz ~ 18/4/2025 EMC Basic Training_ TASA 2025
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EMI MEAS. ON TEST RECEIVER SCAN TABLE SETTING

8 Rohde & Schwarz

/\ 2 Test Automation

Scan Table

T

Scan Start (150.0 kHz

Scan Stop [7.0 GHz

Time Domain Scan OFF OnN

A

Delete Range ]

—

Adjust Axis ] [

[
Step Mode [AUTO :] [Insert Range Before] [Insert Range After]

Range 1 Range 2

50.0 kHz 0.0 MHz
0.0 MHz .0 GHz
25 kHz 0.0 kH=z

.0 kHz 20.0 kHz

[ Range1 |

00 ms

H
R
@]
=

O

=
i
=
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@]
Z
o
o
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I
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o
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fay
H
A

Measuring... |:D:|:|:|:|:|I| v

18/4/2025 EMC Basic Training_ TASA 2025

p—
Run
Continuous

e

Run I

Single

Freq Axis
Lin |[L0G)

05.07.2012
11:48:30
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EMI MEASUREMENT ON TEST RECEIVER WITH IF ANALYSIS

Spectrum display around the receiving
frequency

I Level measurement with simultaneous
display of bar-graph & adjacent spectrum
and audio demodulation (AM, FM)

I or

I Measurement of adjacent spectrum and
display of overview scan

Max. span 10 MHz

Sample detector

9 Rohde & Schwarz ~ 18/4/2025 EMC Basic Training_ TASA 2025

Spectrum Receiver Real-Time Spectrum
RBW kHz v 100 ms

Input dé Preamp 20de Step TD Scan

IF An:
M1[2]

ML
¥

|'|
| l"|‘

56.59 dBpY
92.400000 MHZ,

N ] f Weoono b NI
Y A B A

RBW 10.0 kHz

M1[2]

Start 30.0 MHz

54.17 dBpv
92.400000 MHZ,

“ [ IF Analysis
+Scan

Test
Automation
Stop 1.0 GHz

04.07.2012 p
13:27:07 7]
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FPL1-K54
FSV3-K54
FSW-K54

» EMI measurement
application

» EMI Precompliance testing
in line with commercial,
automotive, avionic and
military standards (CISPR,
EN, FCC, DO 160, MIL-
STD-461)
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C ==
on

BW Sweep

EMI MEASUREMENT OVERVIEW |
EMI MEASUREMENTS ON SA WITH K54 ()=

Ref Level 0.00 dBm RBW 3 MHz
Spectrum
Att 13dB  SWT 52ms VBW 3MHz Mode Auto Sweep
* 1AP Clrw

im—

_.4»_,-

1EMI

Power Measurements Further Measurements Basic Measurements

|lll| Channel Power ACLR /\g\/ Time Domain Power J\M Frequency Sweep

/\M Harmonic Distortion NV Zero Span

IVVV\ Third Order Intercept EMI Measurements
Input
Source

W AM Modulation Depth l . ‘ EMI l Config

Output
q Config

Emission Measurements Statistics Measurements

. Marker
I I Spectrum Emission Mask “II“II APD Functions
Display

e T AT I

CF 1.5 GHz
2 Result Summary No meas marker active ( final test )!

A

Increase sweep points ( at least 2000 points ) and/or RBW and/or reduce span

COMPANY RESTRICTED
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EMI MEASUREMENT OVERVIEW

EMI MEASUREMENTS ON SA WITH K54_SWEEP MODE

Lire EN 55011 VOLTAGE MAINS AV CLASSB | 1 MHz PASS

1Pk Clrw - 2Av Clrw ® 3Pk Clrw

, 5 AV CLASS B | © 1 10MHz
Lirje EN 55011 VOLTAGE MAINS QP CLASS B | FAIL |
70 dBpV

EN'55011 VOLTAGE MAINS QP CLASSB | | |

—

60 dBpV ———+—— =
| I I
EN'55011 VOLTAGE MAINS AV CLASSB | | | |
P A
50 dBuV =
" i S (\
20 dBuV i I

3faByv

0 dByl

0 dBy\

150.0 kHz 35320 pts
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EMI MEASUREMENT OVERVIEW
EMI MEASUREMENTS ON SA WITH K54_FFT MODE

1EMI 1Pk Clrw - 2Av Clrw ® 3Pk Clrw
Li rie EN 55011 VOLTAGE MAINS AV CLASS B i 1 MHz PASS | ; ; | ' ' ' 10 MHz H
Li ri e EN 55011 UOLTAGE MAIN$ QP CLAS$ B i FAIL i i ! [

70 dBp\I

N 55011 VOLTAGE MAINS GP CLASS B

N 55011 VOLTAGE MAINS AV CLASS B

60 By ——— “\

| | . | P BERAL
FFT Sub Span | FFT Sub Span T FFT Sub Span FFT Sub Span

150.0 kHz 35320 pts 3

13 Rohde & Schwarz ~ 18/4/2025 EMC Basic Training_TASA_ 2025 COMPANY RESTRICTED



EMI MEASUREMENT OVERVIEW
EMI DETECTORS RESPONSE IN TIME AND FREQUENCY

¢ Time Domain € Spectrum Domain

Ref Level 100.00 dBpuV ® RBW (CISPR) 120 kHz SGL Ref Level 100.00 dBpV ® RBW (CISPR) 120 kHz SGL
Att 6dB ® SWT 2s  VBW 1 MHz ® Att 6dB ® SWT 599s VBW 1MHz Mode Sweep
1 Zero Span 1GP Clrw - 2CA Clrw ® 3Pk Clrw 1EMI 1Pk Clrw  2Av Clrw © 3Pk Clrw
M3[3] 79.81dBuV M1[3] 79.79 dBuV
. | 40600 ms N 122.9978341 MHz
90 dBpv MI[1] 74.28 dBpV 90 dBpv M2[1] 79.79 dBpV|
m3 720.00 ms M2 122.9978341 MHz
80 dBpV - 80 dBpV 3
| — Ny —— | I
70dBRv- - — 70 dBuV;
ES— ~ d
N
60 dBuV - - 60 dBV
~
50 dBpv \*‘. 50 dBjv/
N
S~ T
40 dBpV- N~ BV
oy - T
30 dBuV- 30 dBpv
-y
~
20 By — \
TR L) AT TR N R | ST T e N“h N/u T Y WAL i o T e T T T e R
-~y
oy NN LU
™y
- ~ ~
CF 123.0 MHz 1001 pts M. CF 123.0 MHz — 35320 pts 100.0 kHz/ Span 1.0 MHz
2 Marker Table 2 Reﬁ T
M1 1 720.0 ms 74.28 dBpV [ 3 122.9951 79 !p& Peak — 79.80 dBpV
M2 2 506.0 ms 31.76 dBuV M2 1 122.997834 o ! Quasi-Peak — 74.28 dBpV
M3 3 406.0 ms 79.81 dBuV M3 2 122.9978341 ... .18 dBp CISPR Avq - 31.76 dBuV
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EUT | CW TYPE | STATIONARY SIGNAL

» EMI Test Receiver » Spectrum Analyzer
» Scan » Spectrum

RBU‘VI(QFL) SkHz MT
t de Preamp OFF Step TD Scan
dBpv Frequency  1.1107500 MHz

Max Peak 76,67 Emm—— ———

CISPR Average  76.67 SN —0— |

All detectors show Spectral components
same readings can be clearly identified
(if Af >> RBW)

15 Rohde & Schwarz  18/4/2025 EMC Basic Training_ TASA 2025

» Spectrum Analyzer
» Time

Steady reading over time
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EUT | COMMUTATOR MOTOR | “BRUSH FIRE”

» EMI Test Receiver » Spectrum Analyzer » Spectrum Analyzer

Spectrum 2
RBW (QPK) @ kHz MT 1s
Input L OC = At 30 0B Preamp OFF  Step TD Scan

Level dBpY Frequency 7.0215000 MHz
Max Peak 62,04 [e——— | o,

CISPR Average

Sean 1Pk Clrwe 20P Clrw 8 3C4 Clrw 9.4R4 Clrw

Start 150.0 kHz Stop 30.0 MHz

Short signals create Noise like spectrum Noise like
broadband spectrum
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EUT | PULSED WITH “SHORT” PULSE REPETITION INTERVAL

» EMI Test Receiver » Spectrum Analyzer
» Scan » Spectrum

RBW (OP£) 9 kHz  MT 1s
nput 1 5c = Ate & praamp
Level dBpv
Max Peak 43.61 E -
Eviim—
20 0

CISPR Average 30.17 IS 0

Short signals create Indiviual spectral lines
broadband spectrum cannot be resolved with
RBW

17 Rohde & Schwarz  18/4/2025 EMC Basic Training_ TASA 2025

» Spectrum Analyzer

» Time Domain

ectrum

Short PRI enables short

dwell times (= 500 us)
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EUT | PULSED WITH “LONG” PULSE REPETITION INTERVAL

» EMI Test Receiver » Spectrum Analyzer » Spectrum Analyzer
» Scan > Spectrum » Time Domain

1] ||||||||||w

“Wide trace” indicates Lowest PRI in time
intermittent capturing domain. Defines shortest
dwell time!

Short signals create
broadband spectrum
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FREQUENCY RANGES & RBWS | CISPR STANDARDS

EMI LISN

Bandwidth Settings
Filter Type Normal(3dB)

Normal(3dB)

eI T Channel

Auto Peak CISPR(6dB)

MIL{6dB
Dwell Time ! )

Final Test Detector Marker Config

Frequency Settings

Axis

19 Rohde & Schwarz

18/4/2025

» Commercial & Industrial Standards

9 kHz to
150 kHz

150 kHz to
30 MHz

30 MHz to
300 MHz

300 MHz to
1000 MHz

30 MHz to
1000 MHz

1 GHz to 18 GHz

EMC Basic Training_ TASA 2025

C/D

E

200 Hz

9 kHz

120 kHz

120 kHz

120 kHz

1 MHz

Frequency range RBW (6 dB) EMI Detectors

PK, QKP, CAV

PK, QKP, CAV

PK, QKP, CAV

PK, QKP, CAV

PK, QKP, CAV

PK, CAV
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FREQUENCY RANGES & RBWS | MIL STANDARDS

» Military standards

EMI LISN

Bandwidth Settings

30 Hz to 1 kHz
Filter Type Normal(3dB)

Normal(3dB) 1 kHz to 10 kHz

[ ET s Channel

10 kHz to 150 kHz

Auto Peak CISPR(64B)

150 kHz to 30 MHz
Final Test Detector Marker Config

30 MHz to 1 GHz

Frequency Settings

L Above 1 GHz

20 Rohde & Schwarz ~ 18/4/2025 EMC Basic Training_ TASA 2025

10 Hz

100 Hz

1 kHz

10 kHz

100 kHz

1 MHz

Frequency range RBW (6 dB) EMI Detector

PK

PK

PK

PK

PK

PK
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EMl ml&:Fj&ﬂ%E Target: defined and reproducible test
GN{pl kiR R FE IE fEARY =/ EMI EMISSIONGHLAR RADIATION

» The receiver evaluates the received field (~ Evaluation of
strength and compares the result with a the RF Emission =

defined limit. |

T
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i
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EMI EBiERFIENE
bN{n){kiE R EEIEERN =

Al EMI EMISSIONZA 3T CONDUCTIVE

0.4m I Z-folding D

0.8 m
< > «  Non-conductive table
0.8 m .« 0.8m height
. EUT to RGP: 0.4 m

Cabling to RGP: > 0.4 m

EUT to AMN: 0.8 m

Impedance AMN to RGP
<10Q @ 30 MHz
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EXAMPLE: DISTURBANCE VOLTAGE LIMITS | MAINS

Frequency range Method
Quasi-peak Average
NOTE: CISPR-average

9 kHz to 50 kHz 110 -
50 kHz to 150 kHz 90 to 80V i
150 kHz to 0.5 MHz 66 to 569 56 to 469 ClFR 15‘32‘1
0.5 MHz to 5.0 MHz 56 46

5 MHz to 30 MHz 60 50

a) At the transition frequency, the lower limit applies.
b) The limit decreases linearly with the logarithm of the frequency in the ranges 50 kHz to 150 kHz and 150 kHz to 0.5

MHz.
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EMI BB B #a
M4{el'R3E(TD SCAN)EZIEHERIERIEMI EMISSIONEH 3k

| |

' Y |
A ] : :
Level : i
| CISPRBand A ! CISPR Band B
i RBW 200 Hz i RBW 9 kHz
9 kHz 150 kHz 30 MHz Freqtency
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EMI EBERTFEN A
BNl RaE(TD SCAN)ER IE Y =R EMI EMISSIONEA 37%

- Meas BW  (QPK) 9 kHz Meas Time 100 ms RunS
® Att 10d8  Preamp off Step TD Scan Frequency 30.0000000 MHz "U"°>%"
Input DC PS Oon 10 dB min On

[ TOF "ENV216"
1 Bargraph :
ﬁ] Max Peak dBuvV

v 2 Scan ® 1QP Max ® 2CA Max

[_&d B
Cmr
Range 1 I Overview
Start 9.0 kHz Stop 30.0 MHz

~ Scanning ...
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EMI BB B #a
M4{el'R3E(TD SCAN)EZIEHERIERIEMI EMISSIONEH 3k

» Rohde & Schwarz was the lead manufacturer
in the Tri Services Working Group on the FFT is faster by numbers of
integration of Time Domain Scan within magnitude than the classic scan
MIL-STD-461G

» Conducted band (150 kHz — 30 MHz)

fits in one FFT analysis BW FFT-based Measurement Classic Scan
e | f | f
» Perform QP & CISPR Avg in real-time on the It |
conducted band / Frequency Segment " g

| FFT Width ‘ hess. RBW
Time /\
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TEST RECEIVER WITH IF ANALYSIS ON EMI MEASUREMENT
TIME DOMAIN SCAN VS STEP SCAN ON TEST RECEIVER

Frequency Weighting detector; R&S ESR26
range measurement time; IF
bandwidth; step width for
stepped scan (SS) and
Time Domain Scan (TD)
Stepped Time Domain
frequency scan Scan option
CISPR Band B P; 10 ms; 9 kHz; 82s 0.11s
150 kHz to 30 MHz | SS: 4 kHz, TD: 2.25 kHz (745 x)
CISPR Band B QP, 1s,9 kHz approx. 3.8 h 2s
150 kHz to 30 MHz | SS: 4 kHz, TD: 2.25 kHz (6 940 x)
CISPR Bands C/D | Pk, 10 ms, 120 kHz 14 s 099s
30 to 1000 MHz SS: 40 kHz, TD: 30 kHz (115 x)
CISPR Bands C/D | Pk, 10 ms, 9 kHz 3693 s 1.08 s
30 to 1000 MHz SS: 4 kHz, TD: 2.25 kHz (3 420 x)
CISPR Bands C/D |QP, 1s, 120 kHz approx. 10 h 80s
30 to 1000 MHz SS: 40 kHz, TD: 30 kHz (450 x)
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TEST RECEIVER WITH IF ANALYSIS ON EMI MEASUREMENT
TIME DOMAIN SCAN VS STEP SCAN ON TEST RECEIVER

Frequency Weighting detector; R&S ESR26
range measurement time; IF
bandwidth; step width for
stepped scan (SS) and
Time Domain Scan (TD)
Stepped Time Domain
frequency scan Scan option *
CISPR Band E Pk, 1 ms, 1 MHz 63s 21s
1 GHz to 18 GHz SS: 400 kHz, TD: 250 kHz (3 x)
CISPR Band E Pk, 10 ms, 1 MHz 448 s 34s
1 GHz to 18 GHz SS: 400 kHz, TD: 250 kHz (13.2 x)
CISPR Band E Pk, 15 ms, 1 MHz 663 s 40s
1 GHz to 18 GHz SS: 400 kHz, TD: 250 kHz (16.6 x)
1 GHz to 26.5 GHz | Pk, 1 ms, 1 MHz 94 s 35s
SS: 400 kHz, TD: 250 kHz (2.7 x)
1 GHz to 26.5 GHz | Pk, 15 ms, 1 MHz 995 s 66s
SS: 400 kHz, TD: 250 kHz (15 x)
* FFT width for frequencies > 7 GHz: max. 10 MHz (use of YIG filter)

28 Rohde & Schwarz ~ 18/4/2025 EMC Basic Training_ TASA 2025
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THANK YOU FOR YOUR ATTENTION
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