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STANDARDIZATION




MEASUREMENT INSTRUMENTATION STANDARD

CISPR 16-1-1

CISPR product standards
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CISPR 16-1-1 FFT-BASED MEASURING RECEIVERS

- Blackbox approach .

Specified input signal Measurement > Outpgt S|gnal_ w_lthm
receiver specfication limits

 FFT-based measurement receiver for compliance testing
I “instrument such as a tunable voltmeter, an EMI receiver,

a spectrum analyzer or an FFT-based measuring
instrument, with or without preselection, that meets the
relevant parts of this standard”
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CISPR 16-1-1 - MEASURING APPARATUS

» Gapless measurement without blind time and signal loss

Level 4 Measurement time

Not detected signal
during blind time

|
Blind time |

_'_______________1_

Time
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STEPPED SCAN ON PULSED SIGNAL




PULSE SPECTRUM

Time domain | Frequency domain
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PULSE SPECTRUM (DURATION)

Period: 100 us, Duration: 100 ns Period: 100 us, Duration: 500 ns
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PULSE SPECRUM
1/T =100 kHz
Period: 10 ys, Duration:1ps T=10us

et

| |._,. | \| " l h |

Siel

hhhhhhhhhhhhh



STEPPED SCAN @ 1 MS MEASUREMENT TIME

Period: 2 ms, Duration: 1 us

= 7.5 s total time
- Not corretly resolved
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STEPPED SCAN @ 2 MS MEASUREMENT TIME

Period: 2 ms, Duration: 1 us

150 kHz to 30 MHz - 29,85 MHz
span @ 9 kHz RBW
- 7463 steps with each 2 ms
= 15 s total time

TF

Start 150.0 kHz Stop 30.0 MHz
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STEPPED SCAN @ 2 MS MEASUREMENT TIME

Period: 2 ms, Duration: 1 us

Correctly resolved only if DUT
interference is continous for the
duration of the scan (here 15 s)
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Start 150.0 kHz

Within the long time (here 15 s), the

DUT might change it's behavior
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Stop 30.0 MHz




TIME DOMAIN SCAN @ 2 MS MEASUREMENT TIME

Period: 2 ms, Duration: 1 us

FFT based scan sees all at once in just 2 ms

If applied 15 s of measurement time, the TDS

sees every intermittent interference over the
full bandwidth during the long observation time

ot

|
Start 150.0 kHz Stop 30.0 MHz

TF
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FFT BASED TIME DOMAIN SCAN




FFT-BASED TEST RECEIVER

L =

iRl l

Frequency range
Split the measured frequency
range in consecutive frequency
intervals

Time-domain
Sampling of the filtered signals with
high sampling rate/resolution and
windowing

[ .
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| Frequency dolmalin ' Fast-Fourier transform
Merging the spectral distributions of Signal transformation of the filtered signals from time to
all frequency blocks frequency domain in blocks
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LEAKAGE EFFECT

1x(t)-w(t), continued periodically X1
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Windowed, finite time TR : Sidelobes

interval of signal S from leakage
— Ii'a'} effect
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LEAKAGE EFFECT - WINDOWING

Ax Frequency Spectrum For Rectangular, Hanning And Flattop Windows
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=» Gaussian window suppresses the sidelobes

the best to achieve optimal accuracy
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FFT OF INTERMITTENT SIGNALS

A

Rectangular window
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Continuous overlapping:
Short-time FFT (STFFT)
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200 HZ RESOLUTION BANDWIDTH

30 MHz —150 kHz — 597000

» Trace points: 0TIz
4

More points than displayable on screen (~ 1000)

2 Scan
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Zoom to 9.1 MHz ... 9.12 MHz
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COMPARISON WITH SPECTRUM ANALYZER SWEEP




MEASUREMENT WITH SPECTRUM ANALYZER

Period: 2 ms, Duration: 1 us

Ref Level 90.00 dBpv ® RBW 100 kHz SGL

® Att 10dB  SWT 1.04 ms VBW 100 kHz Mode Auto Sweep Frequency 15.0750000 MHz
Input 1AC PS On lotch Off

1 Frequency Sweep e 1Pk Clrw

Sweep time 1.04 ms

Linear display (instead of
logarithmical in receiver)
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MEASUREMENT WITH SPECTRUM ANALYZER

Period: 2 ms, Duration: 1 us

Ref Level 90.00 dBpv ® RBW 100 kHz SGL

® Att 10dB SWT 1.04ms VBW 100kHz Mode Auto Sweep Frequency 15.0750000 MHz
Input 1AC PS On ‘lotch Off

1 Frequency Sweep e 1Pk Clrw

SWT 2 ms

Sweep time 1.04 ms

Linear display (instead of
logarithmical in receiver)
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MEASUREMENT WITH SPECTRUM ANALYZER

4 Pulse interval

SWT19s

il H' G %

Some trace points
not detected




MEASUREMENT WITH SPECTRUM ANALYZER

Period: 2 ms, Duration: 1 us

Sweep time 250 ms
1001 trace points
- 250 us per point

sk
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11

. 30 MHz —150 kH
» Trace points: e ~ 6633

2
(Minimum requirement by CISPR 16-2)
» Measurementtime: 6633 -2ms ~ 13.27 s
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Sweep time 250 ms
101 trace points (very low frequency
resolution) = 2.5 ms per point

Sweep time 13.3 s
6633 trace points
- 2 ms per point




FIND PULSE PERIOD IN ZERO SPAN MODE

» Single frequency displayed over time

Ref Level 90.00 dBuV

® Att & e 0 ms Frequency 10.0000000 MHz
Input AC 0 O

1 Zero Span e 1Pk Clrw
D2[1] 01 dB
2.

M1[1] r
Min. measurement
time = Pulse interval

fid ;'1: i “'"\'* 1 Al m’"" Ay AL By i
e I

CF 10.0 MHz 1001 pts 1.0 ms/
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X-axis in time




WIDEBAND TIME DOMAIN SCAN




KEY FEATURES OF NEW ESW WIDEBAND OPTION

CISPR
970 MHz :
FFT bandwidth seartime detectors

Gapless measurements in :
« 100/120 kHz RBW receiver spectrogram Simultaneous measurement

e 30 MHz — 1 GHz of CISPR detectors at full
bandwidth

Pulse resolution 5 Hz - Fully compliant in CISPR Band D (300 MHz - 1 GHz)
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PRESELECTION FILTER

Pulse in frequency domain
Ratio of Preselector bandwidth

and measurement bandwidth
define required dynamic range of

RF Bandwidth
RF frontend and ADC

Preselection

S o B =) B e

Preselection
Mixer level

"‘ Dynamic range
|" . ]“ I (indication)

Measurement bandwidth

A
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PARALLEL MEASURED FFT-SEGMENTS

A Gapless in
Time frequency

Frequency Segment l Frequency Segment Frequency Segment Frequency Segment

oo oo oo

Preselector filters =
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T FFT Width ' FFT FFT




CONCEPT OF NEW ESW WIDEBAND OPTION

Preselector wide Wideband Signal User
30 MHz...1 GHz Processing Unit T e
A L~
o
FaEd FPGA CPU
=
f — 3 \
Parallel signal paths cover Parallel A/D converters Massive computing power
CISPR bands C and D o _ to calculate the spectrum
Split signal path increases in real-time
All eight paths have their own dynamic range for pulses

preselection and preamplifier to
achieve maximum dynamic range
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ESW EQUIPPED WITH NEW WIDEBAND OPTION

Preselector narrow
1 Hz...8 GHz

Frontend
6 Pd-{e}- 7 e
L‘Ol LO2 LO3

:\

Preselector wide
30 MHz...1 GHz

DSP

[ s

=z

DSP wideband

=

> L]
> P4

Signal

CPU

ESW-B1000 Wideband Option

Direct path up to 1 GHz (full 970 MHz FFT bandwidth)
Connection to IF2 @ > 1 GHz (450 MHz FFT bandwidth)

Rohde & Schwarz




ADVANTAGES OF WIDEBAND TESTING

Commercial MIL Automotive

Direct QP measurement * Longer Meas Time - Greater insight for
Higher speed * Probability of intercept debugging
Better insight for debugging *  Wide spectrogram for analysis * Higher




COMMERCIAL TESTING

» Challenging DUT's
— Short operating modes
— High complexity
» Direct QP measurement
— CISPR Band C+D at one shot
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CONSTANT TURNTABLE ROTATION

Turntable

FFT segments

LogPer Antenna
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IN-SITU COMMERCIAL TESTING

» CISPR 37

— Direct QP measurement recommended
(instead of prescan - critical frequency
selection - final scan)

— High variability in ambient noise

— Reproducability
— Constant operating mode
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WIDEBAND FFT

» Evolution towards very wide FFT bandwidth for faster measurement

behavior during
ttgtm
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