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The fast and secure way of certification: 
EMC diagnostics during development
Time-consuming fixes, repeated acceptance testing, missed market launch date? A horrific scenario, yet one 

that can be avoided by using spectrum analyzers for simple EMC diagnostics during development. Since 

developing complex electronic products involves tremendous cost and effort, it is worthwhile to assess 

EMC properties before final acceptance testing. The R&S®FSV-K54 is a powerful option now available for 

the R&S®FSVR and R&S®FSV families of analyzers.

A cost-effective way to play it safe
Investing in an in-house EMC test lab or resorting to  external 
service providers are two methods companies can use to 
test their electrical and electronic innovations for compliance 
with official EMC regulations. Performing these types of mea-
surements is often too expensive for small and medium-sized 
companies.

One appealing alternative is the use of precompliance test 
receivers and/or spectrum analyzers for performing EMI mea-
surements during development and preparing for compliance 
testingasearlyasinthelab[*].Thesemeasurementsprovide
a comprehensive overview of the basic EMI behavior of a 
product and help identify potential problems early on.

Since developing complex electronic products involves tre-
mendous cost and effort, it is worthwhile to assess EMC 
properties before final acceptance testing. Otherwise, there 
is a risk of time-consuming and expensive fixes, which 
require acceptance testing to be repeated several times and, 
in turn, jeopardizing the planned date of market introduc-
tion. Serious defects in the EMC design are practically impos-
sible to fix later, which is why clear-sighted action pays off. 
Observing the relevant EMC regulations earlier on during the 

development phase requires less time and money for ensur-
ing the EMC conformance of a particular product. Then, get-
ting beyond the final hurdle of “certification”, i.e. submitting 
the necessary proof that the specified limits have been com-
plied with, is usually little more than a formality.

EMC diagnostics with spectrum analyzers
The R&S®FSV-K54 EMI measurement application option is 
for anyone who wants to use the R&S®FSV signal and spec-
trum analyzer and the R&S®FSVR real-time spectrum ana-
lyzer to perform measurements during development that 
very closely resemble the standard-compliant EMI measure-
ment. The option is ideal for developers in the IT, communi-
cations and automotive industries, for T&M and control engi-
neering, household appliance development, universities and 
for service and test labs. The high-performance features 
of these analyzers simplify the way toward fast and secure 
certification. 

EMI measurement detectors
Comparing the amplitudes of noise signal spectra with the 
emission limits laid down in the product family standards 

In research and development environments, the EMC  behavior 
of circuit designs can be assessed and analyzed with reliable 
and reproducible results using the R&S®FSVR real-time spectrum 
analyzer (photo) or the R&S®FSV signal and spectrum analyzer. 
The analyzers offer a high degree of accuracy and sensitivity for 
detecting even low signals with the precision stipulated.
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(EN 55011toEN 55025)requiresusingthedefinedIFband-
widths and detectors, e.g. in line with CISPR. Detectors 
with CISPR-compliant time constants are slow due to their 
required transient response, making them unsuitable for fast 
preview measurements. For this reason, fast peak and aver-
age detectors are used to identify the critical disturbance lev-
els and frequencies. The R&S®FSV-K54 option includes all 
the necessary detectors for this purpose. The advantages of 
the R&S®FSVR and R&S®FSV spectrum analyzers, with their 
fast sweep cycles and simultaneous display of up to three 
traces of different detectors (e.g. two Pk+ traces and one 
AV trace), prove valuable when performing these types of 
measurements.

Detectors with CISPR-compliant time constants are used 
only for final measurements when analyzing critical frequen-
cies with signal levels that exceed or are very close to the limit 
value. In order for the impulsive disturbance to be weighted 
correctly, the measurement time required for the final test is 
one second per frequency.

Correct pulse weighting – with bandwidths  
in line with CISPR and MIL standards
A qualitative assessment yielding average accuracy is often 
sufficient for EMC measurements performed during devel-
opment, e.g. when localizing disturbance sources with sen-
sors or near-field probes. However, this is less true for test 
 setups and coupling devices used to measure the disturbance 
voltage, disturbance power and disturbance field strength in 
order to find out whether a DUT complies with the maximum 
permissible limit values. These types of measurements require 
a precise, reproducible, quantitative assessment with speci-
fied IF bandwidths and detectors. The CISPR bandwidths cor-
respondtothepulsebandwidth(approx.–6 dB)andaretobe
used in line with the corresponding CISPR bands:
 ❙ CISPRbandA(9 kHzto150 kHz)  Bres = 200 Hz
 ❙ CISPRbandB(150 kHzto30 MHz): Bres = 9 kHz
 ❙ CISPRbandC(30 MHzto300 MHz): Bres = 120 kHz
 ❙ CISPRbandD(300 MHzto1 GHz): Bres = 120 kHz
 ❙ CISPRbandE(1 GHzto18 GHz):  Bres = 1 MHz

Features of the 
R&S®FSV-K54 option Function Benefits
EMI bandwidths bandwidths for commercial (CISPR) and military (MIL) standards standard-compliant IF bandwidths provide for correct, reproduc-

ible measurements of the pulsed energy
EMI detectors detectors with weighting factor for pulse analysis standard-compliant signal analysis using detector weighting
Limit lines limit lines in accordance with standards direct comparison against specified limits with PASS/FAIL results
Correction value table 
(transducer factors)

frequency-dependent correction values for installed accessories greater accuracy during amplitude measurements by considering 
the frequency response of the accessories

Log. sweep logarithmic sweep correlation and easy comparison using measurement screenshots 
for documentation purposes

Measurement marker linking of selectable detectors to the measurement markers to 
allow weighting of the signal levels for direct comparison with the 
limit line

immediate level comparisons deliver critical PASS/FAIL informa-
tion for specified limits

Frequency table  
Peak search

marker peak search for a maximum of 16 points critical signals are displayed immediately and can be analyzed 
using the measurement marker and selectable detector

Touchscreen menu, function and parameter selection on the display convenient operation 
Enabling of options via  
key code

installation of option easy upgrade of spectrum analyzers for EMI diagnostics, without 
having to recalibrate the instruments 

Spectrogram mode standard with R&S®FSVR  
optional with R&S®FSV (R&S®FSV-K14)

seamless recording of a frequency band over time for the analysis 
of critical signal amplitudes

Operating mode:  
realtime mode

realtime analysis (R&S®FSVR only) seamless recording and analyzing of unstable, sporadic signals 
with CPU processing

 ❙ EMI measurement detectors: peak, quasi-peak RMS, 
average, as well as CISPR-average and RMS-average

 ❙ 6 dBbandwidthsorbandwidthsinlinewith
CISPR 16-1-1:200 Hz,9 kHz,120 kHz,1 MHz

 ❙ 6 dBbandwidthsorbandwidthsinlinewithMIL stan-
dard:10 Hzto1 MHz,decadical

 ❙ Measurement marker with selectable detector assign-
ment

 ❙ Limit line comparison and consideration of correction 
value tables (transducer factors)

 ❙ Logarithmic frequency axis

Key features of the R&S®FSV-K54 option at a glance
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¸FSV

¸FSVR
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

¸FSVR40 40 GHz
¸FSVR30 30 GHz
¸FSVR13 13.6 GHz
¸FSVR7 7 GHz

¸FSV40 40 GHz
¸FSV30 30 GHz
¸FSV13 13.6 GHz
¸FSV7 7 GHz
¸FSV3 3.6 GHz

Range of analzers
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Spectrum analyzers normally offer resolution bandwidths with 
Gaussian or Gaussian-like distribution characteristics with a 
specifiedbandwidthof3 dB.However,bothCISPRandMIL
standardsrequiresteep–6 dBfiltersforEMImeasurements.

EMI limit lines, transducer tables 
The new option for measurement tasks performed during 
development expands the range of Rohde&Schwarz spec-
trum analyzers by adding a database with limit lines in line 
with the relevant standards. They can be easily activated 
to display any potential out-of-limit conditions during tests 
(LIMIT CHECK). When using different limits, e.g. for proprie-
tary standards in the automotive industry, the other limit lines 
can simply be entered and saved in the tables.

The effect of attenuator pads and pulse limiters, as well as 
cable losses, antenna factors and the frequency response of 
an external preamplifier must be taken into consideration to 

Fig. 2 TheR&S®FSVRand

R&S®FSV family of spectrum ana-

lyzers in combination with the 

R&S®FSV-K54 option offer nine dif-

ferent models for performing EMI 

measurements.

ensure high measurement accuracy and reproducibility. These 
frequency-dependent correction values are stored in transducer 
tables. Depending on the application and how the measure-
ment is activated, the correction values are calculated into the 
current readings, without affecting the measurement speed. 

The R&S®FSV-K54 option provides all the required settings 
and analysis functions for diagnostic and precompliance 
measurements. It shows critical signals identified using the 
AUTO PEAK SEARCHfunctioninawell-organizedtable:Val-
ues that overshoot the limit line are shown in red, valid sig-
nal amplitudes in green and values lying within the toler-
ancerange(MARGIN)inyellow(Fig. 1).Allthesefeatures
are included in the entire R&S®FSVR and R&S®FSV family of 
spectrum analyzers, offering users nine models for perform-
ingEMImeasurementsinthe10 Hzto40 GHzrangeforEMI
applications(Fig. 2).

Example: working with broadband noise spectra
If the user is certain that a DUT is only emitting narrowband 
disturbance and no broadband pulsed signals, it is also pos-
sible to perform the measurement using a spectrum analyzer 
equipped with an overload indicator at the RF input and cou-
pled with the RF attenuator setting. The coupling ensures 
valid, reproducible measurements and an accurate level 
display. 

If pulsed disturbance signals are present in the spectrum, 
caution is required. The spectrum of very short pulses or 
pulses with steep edges can reach very high frequencies. The 
input of the spectrum analyzer is loaded with high voltages. 
The spectral components of these voltages are outside the 
analysis bandwidth and may overload the analyzer. This need 
not necessarily trigger an overload detector but can also be 
expressed by incorrectly displayed signal amplitude values 
that appear to be below the limit lines. The result: successful 
EMC measurements during development but an unpleasant 
surprise during certification.

Fig. 1 ThemainmenuforEMIapplicationsofferedbythe

R&S®FSV-K54 option.
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Measurement on a switching power supply
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Measurement on a switching power supply
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Fig. 3 EMImeasurementperformedduringdevelopmenttoshowcon-

ducted disturbances on a switching power supply in compliance with 

EN 55022.Therearetwocriticalsignalpeaksat197 kHzandat329 kHz.

Fig. 4 SamemeasurementasshowninFig. 3,butwiththefocusonfre-

quenciesbelow100 kHz.At65.8 kHz,thefundamentalfrequencyofthe

switching power supply with a signal amplitude that is too high.

Fig. 3showstheresultsofanEMImeasurementperformed
during development to show conducted disturbances on a 
switchingpowersupplyincompliancewithEN 55022.The
measurementbetween150 kHzand30 MHzshowstwocrit-
icalsignalpeaksat197 kHzandat329 kHz,whicharejust
below the quasi-peak limit lines. Even when analyzing the 
measurement with the quasi-peak detector, they are still 
withinthevalidrange.Intherangebelow100 kHz(Fig. 4),
however,thereisaninterfererat65.8 kHz(thefundamen-
tal frequency of the switching power supply) with a high sig-
nalamplitudeat110 dBμV.Thisamplitudeislargeenoughto
overload the RF input of many analyzers. The entire energy 
content of the input spectrum makes up the total load; the 
signalsat197 kHzand329 kHzareharmonicsofthefunda-
mentalfrequency(3×and5×)oftheswitchingpowersup-
ply resulting from overload. This is not immediately apparent 
inFig. 3,whichiswhy,forthesakeofsafety,asteep150 kHz
highpass filter should be used when performing conducted 
EMI diagnostic measurements during development with 
spectrum analyzers, in general in the case of unknown DUTs. 
In the example above, this filter would have suppressed the 
fundamental frequency of the switching power supply at 
65.8 kHzbyapprox.60 dB.Overloadingwouldhavebeenpre-
vented and the measurement result would have been correct.

Summary
The R&S®FSV-K54 EMI measurement application option 
expands the R&S®FSVR real-time spectrum analyzer and the 
R&S®FSV signal and spectrum analyzer by adding EMC func-
tions such as CISPR and MIL bandwidths, CISPR detectors, 
limit lines, correction value tables and logarithmic sweep 
display. As a result, EMC measurements can be performed 
quickly at the diagnostic and precompliance level. Convenient 
analysis and marker functions allow the analyzers to serve a 
key role during EMC measurements in development. How-
ever, utmost reliability and reproducibility are achieved using 
full-compliance EMI test receivers with integrated preselec-
tion filters.

The two well-established R&S®FSVR and R&S®FSV spectrum 
analyzer families also include the entire range of features pro-
vided by general-purpose analyzers. They offer a variety of 
options for measuring RF parameters and analyzing digitally 
modulated signals. 

Volker Janssen

Reference
* CISPR16-1-1,2010(Ed. 3):Specificationforradiodisturbanceandimmunitymea-

suring apparatus and methods.
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