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Spectrum analyzers with EMi@e-compliance testing capability have become very affordable in recent
yearsEMCpreO2 YLI Al yOS GSadAiy3a O RILBEARNGEE YR &FEISNEE / &z
QuasiPeak detectors in addition to the standard features of spectrum analyzers.

Spectrum analyzers offer a wide range of parameter settings and needdet g correctly in order to

make measurements as close as possible to the requirements of EMC standards. EMC standard related
requirements affect correct setting of RBW filteideo bandwidth, detector type, frequency span and
sweep time. Radiation linsd and transducer characteristieffect settings which arenecessary to achieve

a good compromise betwednigh sensitivity andow distortion

Measurement plots documented in this application note are created using a SE&8021X Plus, an
entry levd EMI spectrum analyzer with excellent price performance ratio.

Several standards specify EMC test set ups and requirements for measurement equipment. Most
prominent arethe CISPR 18ndEN 610064 series. There are additional relewatandards, such as CISPR
25, Mit461, DO 160 and more. This document is mainly focused on the CISPR 16 standard to keep this
application note as compact as possible.

In RF applications, [dBm] is the predoant amplitude unit. [dBm] is a logarithmic power unit, which
makes sense, as input and output impedance of RF building blocks are typically designed to 50 Ohm.

In EMC precompliance applications, impedance of EUTs and power supply sosittasllypredictable.
Consequentlyemission limits are predominantly specifieddBpV] and [dBpA] amplitude units.
Standardizedransducers such as LISN, CDN, RF current probes and others are used to establish interfaces
with defined impedancgn order to connect 50 Ohm measurement equipment.

Typically, spectrum analyzers use Gaussian shaped IFifilieds3 -10 sequence, e.g. 100 Hz, 300Hz, 1
1172 o1l T2 mn 11T on 117X

In order to be compliant witlCISPRtandards the spectrum analyzer musidditionally provideso called
CISPRilters:

Gaussian Filter

3dB I

v
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Besides specifyinfiter shape, impulse responsad side lobe suppression, CISPR specifies frequency
bands and the corresponding filter bandwidths that have to be used:

Frequency range CISPR filter bandwidth
9 kHz¢ 150 kHz 200 Hz

150 kHz; 30 MHz 9 kHz

30 MHz¢ 1 GHz 120 kHz

Above 1 GHz 1 MHz

The smaller the bandwidth, the lower the base noise le¥eli may already have observed steps in test
house plotswhich are caused by switchififer bandwidth
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Spectrum analyzer base noise level versus resolution bandwidth
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Spectrum analyzers sweep tfrequency range in discrete steps. Typically, the number of frequency steps
per sweep is identical with the number of display pixelX¥direction. The Siglent SSA3021X, as an
example has a resolution 0f51 equidistant frequency poinfger sweep Othercommon spectrum
analyzerdhave 601 measurement points per sweep.

Spectrum analyzer usually power up with the sweep set to full span and RBW set to 1 MHz.

When feeding the analyzer with a signal, it n@observed that frequency and amplitude is not déasped
correctly.A brief calculation andbking at the filter curves and spacing between adjacent frequency
pointsandthe reason becomes obvioudividing the span of 2.1 GHz by 751 frequency points results in
adjacent frequency points being spadayglapproximately 2.8 MHz:

ESI"I.I"IHz EEMHZ

AL

2.1 GHz S5pan, 1 MHz RBW

Input signals may fall in between two adjacent filter curves or into the shoulder of a filter curve.
Consequently, the signal is attenuated and the analyzer display shows a lower amplitude telue
measurement value is incorrecthe displayed frequenayill be corresponding with the center frequency
of the closest measurement frequency point and offset / incorrect as well.

Let’s take another example and look at a typical conducted emission measurement. In most cases, this
measurement covers the frequen range up to 30 MHz and requires a CISPR RBW of 9 kHz. Attempting to
make a full sweep across the entB® MHz results in a spacing of BtHz/ 751= 3.9 KHz. A significant

part of the sgctrum will not bemeasuredat all:

39.9 kHz 39.9 kHz

r 3
L
L

9 kHz

sanw > sann

30 MHz Span, 9 kHz REW f
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In order to cover the ®tire spectrum within the span of a frequency sweep, CISPR 16 specifies that
adjacent frequency points shall not be spaced more than half of the resolution bandwidth. In case of the

example above, the spacing shall not be more than 9 kHz / 2 = 4.5 kHz.

v

"RBW / 2

> sann

With this information in mind, the frequency span settings have to be chosen in order to fulfill the
frequency spacing and RBW specifications of CISPR 16

Number of measurement points per sweep: 75Biglent SSA3021X)

Frequency range CISPR filtebandwidth Maximum frequency span
9 kHz¢ 150 kHz 200 Hz 75 kHz

150 kHz; 30 MHz 9 kHz 3.38 MHz

30 MHz¢ 1 GHz 120 kHz 45 MHz

Above 1 GHz 1 MHz 375 MHz

Consequently, a conductive emission measurement for the frequency range 150 kHz to 30 MHz has to be
split into at leasR9.85 / 3.38 = 9 segments with a span of 3.38 MHz.

Doing such a measurement manually, would be a tedious process. Various analygeusiherease the
default number of measurement points to a higher value. Newer analyzers also offer the capability to
select standard conformant EMI measurement routines, which also ensure that adjacent measurement
points have the correct frequency spagi The disadvantage is that the resulting graph is still limited to the
number of available display pixels

Tekbox offers EMCview, an EMI measurement softywahéch splits the measurement into consecutive
sweepsegmens. The measurement values of @lleeps are thestitched together to a single graph.
EMCviewalsosimplifies EMI measuremenky providinga vast list of preconfigured measurements.

Tiacel

Conducted noise measurement with EMCview.

The 30 MHz sweep is split into 12 segments ®ihMHz span each
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CISPR 16 differs between wide band and narrow band noise. Narrow band rigpeallycaused bylock
signals. Wideband noise is caused by data signals. As the spectrum of data signals is caused by a more or
less arbitranybit sequence, it is dynamic and wide band. Furthermore, signals may be present or not,
depending on taskaunning on the controller. Sweeping too fast woutdss pulses andot correctly

measure the wide band noise spectrum.

ConsequentlyCISPR 18pecifesminimum sweep times, depending on frequency range and detector:

Frequency range Peak detector Quastpeak detector
9 kHzc 150 kHz 100 ms / kHz 20 s/ kHz

150 kHz; 30 MHz 100 ms / MHz 200 s/ MHz

30 MHz¢ 1 GHz 1 ms/MHz 20 s/ MHz

CISPR 25pecifieaminimum sweep timedelow.

Frequency range Peak detector Peak detector Quastipeak detector
150 kHz; 30 MHz 10 s/ MHz 10 s/ MHz 200 s/ MHz

30 MHz¢ 1 GHz 100 ms / MHz 100 ms / MHz 20 s/ MHz

above 1 GHz 100 ms / MHz 100 ms / MHz n.a.

Longer sweep times have an averaging effect, reducingdise level:
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Base noise with 500 ms sweep time versus 10 s sweep time
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Most conducted and radiated emission tests have limits specified for average detector and quasi - peak
detector.

Whereas measurement scans with average and peak detector can be carried out reasonably fast, quasi-peak
detectors require a measurement time of 1 second per measurement point for measurement receivers and
similar long time for spectrum analyzers. A single, complete measurement scan may take several hours, when
carried out with quasi peak detectors.

However, there is a workaround, which reduces measurement time significantly:

The measurement result of the peak detector is always higher than the measurement result of the average
detector.

The measurement result of the quasi-peak detector will always be somewhere in between the results of the
average and peak detector. The measurement result of the quasi-peak detector will never be higher than the
measurement result of the peak detector.
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Consequently, a complete scan will be carried, asing the peak detector and the result will be compared
against the quagpeak limits. If thepeak detector measurement is within gilits, the EUT has passed the
test. f the peak detector result has fewspurious whichscratch orcrossthe limit line, there is still the
chance that thequastpeak result is within the limits. However, if the spurious is 10 dB or more above
limits, the chance is pretty slim.

To verify,a selective raneasurementusing quaspeak detectorwill be carried out at only the frequency
points, where the peak detector measurement crossedliting line.

When selectively reneasuring spurious with critical amplitude, it also needs to be densd, that the
spurious may have drifted in frequency in the time that passed between peak detector measuramgent
selective remeasurement with quasi peak detector. Especially spurious originating from switched mode
regulators may drift considerably oveéme and temperature. Doing selectivere-measurement may
completely miss the spurious at a later timehave the spurious frequency offset far enough to obtain a
wrong measurement result. EMCview offers a selective measurement option consideringrfogoprift.

Instead of just measuring at a single frequency, the gpaak measurement can be carried out across
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several adjacent frequency poinEMCview will then make a peak search through this frequency points to
ensure capturing the correct quasigeamplitude.

Hz 23.000 MH=z 24.000 MHz
ndo zool Clear chart | Dizplay peaksl Clear peaks ||7 MaxFilter [~ Show Markers [~ Zoom' Axiz v kHz/MHz

Example of spurious drifting over time. Both measurements were taken with the same settings, but with a
time difference of 15 minutes.

The screenshot below shows a plot from a test house showing the concept of selectivpepiasi
measurement. The orange graph shows the peak detector measurement with the blue markers at the
frequencies, where the quapieak limits are violated. Thed makers show the results of selectively-re
measuring with quasi peak detector.
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When setting up the spectrum analyzer for any EMC measurement, careful choice of internal attenuator

settings is essential.

The screenshot below shows the effect of the internal attenuator and pre-amplifier settings on the base noise

of the spectrum analyzer.
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When doing conductedmissiontesting,there is highprobabilityfor high amplitude spurious. Choosifig

dB attenuation and eventually turning on the gaenplifier at the same time may cause intermodulation
distortions and/or ADC saturation. Consequently, the default settings for most conducted emission tests in
EMCviews 20 dB internal attenuation and peemplifier off. Some standards however, such as CISPR 25
Class 5 conducted emissions, voltage method, have very low limit leveteguick less internal

attenuation.

Radiated emission measurements require very higytsgivity. Corresponding defauEMCviewproject
settingsare typically O dB internal attenuation and gaenplifier on.

CISPR 16 specifies that the base noise has to be at leagi@@adBhe limit lines in order to have sufficient
dynamic range to redbly measure critical spurious.

The spectrum analyzer itsetfay produce distortion products, and potentially disturb measuremeifts
strong signals are applied to the-Riput. As spectrum analyzers contain components with-liosar
behavior such asiixersand amplifiersthey willalwaysgeneratesomedistortion products This internal
distortion can, at worst, completely cover up the distortiocreated by the Equipment Under Test.
The user needs to understand how distortisirelated to the input signal, to determine for a particular
measurement, whether or not the distortion caused by the analyzer, will affect the measurement.

The dominant nodinear distortions are second order and third order harmonics.

The secongrder distortion increases as a square of tamplitude of thefundamentalsignal and the
third-order distortion increases as a cube.

When the fundamental power is in/decreased 1 dB, the seeuntigr distortion in/decreases by 2 dB.
When the fundamental powes in/decreased 1 dB, the thiakder distortion in/decreases 3 dB.
Using attenuators, it can be determined whethary spuriousome from the signal source or whether
they are generated by the spectrum analyzer.

Distortion — Internal or External?

Ongnal distortion signal

Attenuator Test: LJ Signal with 10dB nput attenuation
Change power to the mixer

P
) Change input attenua
l\!/ Change input attenuator

by 10 dB

(:2\/; Watch distortion amplitude on

" screen

13
I

No change in amplitude: distortfon

1s part of input signal (external)

Change in amplitude /

at least some of the distortion is bein

generated inside the analyzer (internal)
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Example CISPR 32 Class A, conducted emissions, mains supply line:
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When choosing the amplitude settings of the spectrum analyzer, compare the limit lines against the base noise
of the analyzer. The screenshot above shows that there is 80 dB dynamic range between limit lines and base
noise, if the analyzer will be set to maximum sensitivity. On the other hand, CISPR 16 requires a minimum
spacing of 6 dB between base noise and limit lines.

The above settings should be modified to Att = 20 dB and PreAmp = OFF. This would rise the noise floor
approximately 40 dB, but still leaves 40 dB dynamic range below the limit lines. The sensitivity is still more
than sufficient and the risk of creating non-linear distortions or ADC saturation is significantly reduced.

Whenever choosing the analyzer settings, first have a look at the limit lines and then decide on the amplitude
settings.

Most standards have the limits for conducted noise settings sufficiently high, to operate with at least 20 dB
attenuation and without pre-amplifier.

Exceptions are automotive standards such as CISPR 25 Class 5 or generic car manufacturer standards, which
require higher sensitivity:
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In case of nonlinear distortion issues, the pre-amplifier could be turned off at the most, in order to leave
sufficient dynamic range for the frequency range above 60 MHz.

When doing conducted noise measurements with RF current monitoring probes, theinmpadance
valueAy R. K &dz 0N} OGSR FTNRY GKS YSIadNBYSyld @+t dzS Ay

dBLA = dBWV 1 dB(q)
In case of an RF current monitoring probe withamsA YLISRI yOS 2F n R. KX GKS NBI
output in dBuV are equivalent to the RF current passing the probe cross section in dBuA.

The screenshot below shows the limits for a CISPR 25 Class 5 Current Method measurement. Note that the
limits aregiven in dBUA.

The displayed base noise corresponds to settings for maximum analyzer sensitivity: Att = 0dB, PreAmp=0ON
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If an RF current probe withatradsY LISRIF yOS 2F n R. K g2dzf R 06S dzaASR T2
noise would collide with thémits above 25 MHz, even at maximum sensitivity settings.

In order to carry out a useful measurement, an RF current monitoring probe with aitrgesiance of at

fSFAd mp R.K 2 Hn R.K A& NBIldzANBRO®

The screenshot below shows the base noise of a CISBIRs8% Current Method measurement, using a
TBCP500 RF current monitoring probe from Tekbox with the spectrum analyzer internal attenuation set
to 0 dB and the pramplifier turned on. This setup gives sufficient dynamic range to carry out a useful
measuement

Author: Mayerhofer 12 of 17 TekBox Digital Solutions 25-Nov-21



How to use spectrum analyzers for EMC testing_20210308.docx V1.0

How to correctly use spectrum analyzers for EMC pre-compliance tests

2 065 MHz ~_3556 dBpv ~ 27138 dBpv %:?;L‘IE.I\SPH%fCNfbase hoise_1.dmw R:E:g
100 - g
S0
80
70
60
z 50
é_t 40
E
R
:J 20 H
© 10 - —|7
0 Ll
M spectrum analyzer Att=0dB, PreAmp=0N h
_10fs W, - . L et
v g TBCP2-500 RF current monitoring probe I
= "’““""’"ﬂm =
. VN ’
g s TN | A
EIT '
:gn kHz 1.000 MHz 10.000 MHz 100.000 MHz 245.000 MHz

Radiated noise testing in TEM cells can be started with sensitivity set to maximum. There is typically no big
risk to overdrive or damage the analyzer. In case of high amplitude emissions, the settihgsachnsted
accordingly.

The screenshot below shows the limits for CISPR 25 Class 5 TEM Cell versus spectrum analyzer base noise
with the spectrum analyzer internal attenuation set to 0 dB and thegimglifier turned on
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