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AT A GLANCE

Every R&S®ESW comes with an FFT based time domain 
scan for fast measurements. When equipped with the 
wideband extension option with an FFT bandwidth of up 
to 970 MHz, it can measure the CISPR band C and D all 
at once. The high bandwidth is captured in real-time even 
with CISPR detectors enabled. 

The wideband extension creates faster and more reliable 
measurements. Tests to military standards have shorter 
test times and a higher probability of intercept. 

The R&S®ESW EMI test receiver meets the highest EMI 
compliance testing requirements with its wide dynamic 
range and high sensitivity resulting from its low noise and 
built-in preselection with 21 filters. 

The R&S®ESW also features highpass filters at 2 MHz 
and 8 MHz for better conducted sensitivity in power elec-
tronic testing. Notch filters for the 2.4 GHz and 5.8 GHz 
ISM bands round out the input filter design. The notch fil-
ters prevent high carrier signals in the ISM bands, such as 
Bluetooth® or WLAN, from affecting the dynamic range of 
the R&S®ESW. 

The R&S®ESW is a high-performance EMI test receiver for compliance testing. With its outstanding RF 
characteristics, high dynamic range and measurement accuracy, the R&S®ESW is ideal for fast and reliable 
certification measurements. It meets the most stringent requirements in line with CISPR, EN, MIL‑STD-461, 
DO‑160 and FCC. The FFT based time domain scan in the R&S®ESW captures and weights disturbance 
spectra with the shortest testing times and maximum insight. Real-time spectrum analysis enables detailed 
investigations of even the shortest disturbance signals.
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Certification measurements
The R&S®ESW is primarily intended for certification mea-
surements in line with EMC standards. These place the 
highest demands on test equipment since it must correctly 
detect, measure and weight all disturbance signals, includ-
ing pulsed, sinusoidal, modulated and intermittent signals.

With its integrated preselection, 20 dB preamplifier and 
highly linear frontend, the R&S®ESW meets the require-
ments of commercial and military standards, including 
CISPR, EN, ETS, ANSI, FCC, VCCI, MIL-STD-461 and 
DO‑160.

Weighting detectors, such as quasi-peak, CISPR-average 
and RMS-average, and the amplitude probability distri-
bution (APD) measurement function comply with the 
CISPR 16‑1‑1 basic standard, including edition 5. The 
same holds for the required 6 dB resolution bandwidths 
of 20 Hz, 9 kHz, 120 kHz and the 1 MHz pulse bandwidth. 
For MIL-STD-461, DO‑160 and ICNIRP standards, the 
R&S®ESW comes with resolution bandwidths in decade 
steps from 1 Hz to 10 MHz.

STANDARD-COMPLIANT 
EMI MEASUREMENTS

EMI testing of a microwave oven in an anechoic chamber in line with CISPR 11.

Standard-compliant EMI measurements in 
spectrum analyzer mode
The R&S®ESW is not just an EMI test receiver. It is also a 
full-featured spectrum analyzer. When preselection is acti-
vated, the R&S®ESW can perform standard-compliant EMI 
measurements in spectrum analyzer mode – in addition to 
EMI analysis during development.

Configurable markers can be placed on the frequencies of 
EMI signals to carry out targeted analysis. Markers can be 
coupled with CISPR weighting detectors to enable direct 
comparison with limit lines. The spectrum can also be dis-
played along a logarithmic frequency axis, which simplifies 
result analysis across a wide frequency range and displays 
limit lines in compliance with relevant standards. Critical 
frequencies are presented in a peak list and are used for 
fast, standard-compliant comparison of EMI signals with 
limits. 
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Up to 970 MHz FFT bandwidth
The bandwidth extension option reduces overall testing 
time by speeding up measurements over CISPR bands C 
and D as one single frequency segment with 970 MHz of 
bandwidth, for greater insight and more detailed interfer-
ence analysis of sporadic interference. 

Real-time measurements with CISPR detectors in 
receiver mode
The quasi-peak detector with long time constants and the 
high dynamic range requirements in the frequency range 
up to 1 GHz form a bottleneck that limits overall speed for 
commercial testing. The wideband extension reduces test-
ing times to the technical minimum by capturing the full 
quasi-peak range between 30 MHz and 1 GHz in one seg-
ment. MIL-STD testing with peak detector benefits from 
extended measurement times that increase the probability 
of intercept for sporadic interference while still enabling 
higher testing speeds. Highly complex devices under test 
are easier to debug and analyze with the real-time spectro-
gram in the full CISPR bands C and D range.

High dynamic range wideband testing
The wideband extension adds eight parallel paths to the 
input stage. Each path covers one frequency segment and 
with all combined, the FFT bandwidth is extended to up 
to 970 MHz. Each path has its own preselection filter to 
ensure frequency selectivity and the parallel concept of the 
R&S®ESW wideband extension ensures a high dynamic 
range. An FPGA with high computing power combines 
the data streams from the eight analog-to-digital convert-
ers and calculates the spectral components, while deliver-
ing traces to the instrument at an unprecedented band-
width in real‑time with no time gaps between consecutive 
measurements. Parallel CISPR detectors reduce the need 
for pretesting. Pulse resolution with a repetition rate of 
< 5 Hz makes the wideband extensions fully CISPR 16-1-1 
compliant in the 300 MHz to 1 GHz frequency range 
(see detailed description of time domain scan modes on 
previous page).

WIDEBAND EXTENSION FOR 
HIGH TESTING SPEEDS AND 
MORE INSIGHT

Standard Frequency range Resolution bandwidth Measurement time Detector(s) Automatic TDS 1)  
(base unit)

Automatic TDS 1)  
(with R&S®ESW‑B1000 or 
R&S®ESW‑B1000R option)

Speed TDS 2)  
(with R&S®ESW‑B1000 or 
R&S®ESW‑B1000R option)

CISPR band C/D 30 MHz to 1 GHz 120 kHz 10 ms peak 380 ms 18 ms 18 ms

CISPR band C/D 30 MHz to 1 GHz 120 kHz 1 s quasi-peak and CAV 50 s 18.5 s 1.8 s

CISPR band C/D (automotive) 30 MHz to 1 GHz 9 kHz 1 s quasi-peak and CAV 64 s 22.5 s 22.5 s

CISPR band E 1 GHz to 6 GHz 1 MHz 1 s peak and CAV 293 s 26 s 26 s

MIL-STD 30 MHz to 1 GHz 100 kHz 150 ms peak 4.1 s 155 ms 155 ms

MIL-STD 1 GHz to 18 GHz 1 MHz 15 ms peak 13.1 s 11 s 11 s

1)	 Automatic TDS mode ensures full compliance to CISPR 16-1-1 in all frequency ranges.
2)	 Speed TDS mode maximizes testing speed while resolving pulses with repetition frequency < 5 Hz (10 Hz with base unit).

Improvements in testing time with wideband extensions
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Standard Frequency range Resolution bandwidth Measurement time Detector(s) Automatic TDS 1)  
(base unit)

Automatic TDS 1)  
(with R&S®ESW‑B1000 or 
R&S®ESW‑B1000R option)

Speed TDS 2)  
(with R&S®ESW‑B1000 or 
R&S®ESW‑B1000R option)

CISPR band C/D 30 MHz to 1 GHz 120 kHz 10 ms peak 380 ms 18 ms 18 ms

CISPR band C/D 30 MHz to 1 GHz 120 kHz 1 s quasi-peak and CAV 50 s 18.5 s 1.8 s

CISPR band C/D (automotive) 30 MHz to 1 GHz 9 kHz 1 s quasi-peak and CAV 64 s 22.5 s 22.5 s

CISPR band E 1 GHz to 6 GHz 1 MHz 1 s peak and CAV 293 s 26 s 26 s

MIL-STD 30 MHz to 1 GHz 100 kHz 150 ms peak 4.1 s 155 ms 155 ms

MIL-STD 1 GHz to 18 GHz 1 MHz 15 ms peak 13.1 s 11 s 11 s

Receiver measurement with CISPR 

detectors from 30 MHz to 1 GHz in one 

single segment with R&S®ESW‑B1000 

bandwidth extension option with 

real‑time spectrogram.

Wideband extension option
The wideband extension option is available for the full 
FFT bandwidth of up to 970 MHz (R&S®ESW‑B1000) 
and 350 MHz (R&S®ESW‑B350). R&S®ESW‑B350 
can be upgraded to R&S®ESW‑B1000 with a soft-
ware license. Two versions are available for either 
option, R&S®ESW‑B350 and R&S®ESW‑B350R or 
R&S®ESW‑B1000 and R&S®ESW‑B1000R. 

The “non‑R” versions are export license free, but restricted 
to a real-time bandwidth of 170 MHz. The “R” version is 
export restricted and allows real-time processing for the 
full available bandwidth.
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With a displayed average noise level (DANL) of –168 dBm 
(1 Hz) and a 1 dB compression point of +15 dBm, the 
R&S®ESW features an exceptionally wide dynamic range 
that can handle even the most challenging tasks. The 
R&S®ESW delivers reproducible and reliable results with 
a measurement uncertainty of ±0.37 dB (for f ≤ 8 GHz).

RF PERFORMANCE THAT MEETS 
EXACTING DEMANDS

Phase noise at 10 kHz from the carrier: –137 dBc (1 Hz).

Displayed average noise level (DANL) up to 1 GHz. 

The noise figure with the preamplifier switched on 

is approx. 8.5 dB.

The instrument’s wide dynamic range and very low phase 
noise make it possible to detect small signals in the vicin-
ity of large carrier signals. The R&S®ESW phase noise is 
–137 dBc (1 Hz) at 10 kHz offset from a 1 GHz carrier sig-
nal, and –128 dBc (1 Hz) at 10 kHz offset from a 10 GHz 
carrier signal. Close to the carrier, at 10 Hz offset, the 
phase noise is –110 dBc (1 Hz).
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The R&S®ESW offers 21 preselection filters for the range 
up to 8 GHz, plus selectable highpass filters for 2 MHz 
and 8 MHz, to suppress data carriers on AC supply lines in 
compliance with CISPR 16‑1-1. In addition, the R&S®ESW 
offers notch filters specifically for the license-free ISM 
bands at 2.4 GHz and 5.8 GHz that are used by wireless 
transmission technologies such as Bluetooth® and WLAN. 
A switchable pulse limiter additionally protects the second, 
pulse-resistant, RF input against high-energy signals.

PRESELECTION FILTERS AND 
PREAMPLIFIER
During EMI measurements, preselection filters are essen-
tial for test equipment such as test receivers and spectrum 
analyzers, since wideband disturbance spectra can over-
load test equipment frontends. Preselection filters sup-
press strong out-of-band signals so that high-sensitivity 
measurements can be performed within the passband. 
The built-in preamplifier can be activated to further 
enhance sensitivity.

Configurable preselection filters.

Display of trace and active preselection filter.
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Microwave oven testing in line with CISPR 11
The CISPR 11 product standard defines the procedures 
and limits for emission testing of microwave ovens. Such 
products cause fluctuating interference above 1 GHz, 
which can be captured with peak detection. 

The repeatability of peak measurements on microwave 
ovens is poor. Moreover, the sheer amplitude of the high-
est peak emission, without information on its duration and 
repetition rate, provides very limited information on the 
real disturbance potential. Therefore, CISPR 11 requires 
weighted measurements on peaks that exceed the peak 
limit. The most advanced measurement function for this 
is APD, which delivers insights into both the duration and 
level of an interference signal. 

2D probability plot for easy PASS/FAIL visualization for all measurement channels.

Measurement and evaluation settings for testing microwave ovens against CISPR 11.

CISPR 11 is the first standard to introduce multichannel 
APD testing. The 2019 version defines five measure-
ment points, the critical interference frequency itself and 
±5 MHz and ±10 MHz offsets. APD measurements are 
performed in the frequency range from 1 GHz to 18 GHz 
with an analysis bandwidth of 1 MHz. An amplitude proba-
bility limit of 10 –1 is defined. This means that the amplitude 
of the interference exceeds the specified field strength 
level during the defined acquisition time (AQT) of 30 s with 
a probability of 10 %. If the equipment passes the mea-
surement with the APD weighting function, the final test 
result is PASS.
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Real-time spectrum in persistence mode (top) and spectrogram of fast changing 

emissions (bottom).

REAL-TIME SPECTRUM ANALYSIS 
AND IF ANALYSIS

Real-time measurement mode
In real-time measurement mode, receiver measurements 
are performed consecutively within the real-time band-
width and with no time gaps between measurements. This 
enables the measuring of sporadic or fast changing distur-
bances for detailed analysis. The normal receiver scan cap-
tures all signals within the given measurement time before 
moving to the next frequency segment. By contrast, the 
real-time mode remains at a fixed frequency segment to 
capture all signals practically for an infinite amount of time 
and without any time gaps. The R&S®ESW enables such 
real-time measurements by simultaneously capturing and 
processing signals with high computational power. 

Wideband real-time measurements
Instruments with the R&S®ESW‑B1000 bandwidth exten-
sion option have up to 970 MHz real-time bandwidth in 
all operating modes when the span is within the appli-
cable real-time bandwidth. The R&S®ESW‑K55E or 
R&S®ESW‑K55R wideband real-time spectrogram option 
ensures safe operations and correct settings at all times. 
The R&S®ESW‑K55 option adds the real-time mode to all 
R&S®ESW instruments that are not equipped with the 
R&S®ESW‑B1000 or the R&S®ESW‑B350 option at a maxi-
mum bandwidth of 80 MHz. The real-time R&S®ESW‑K55E 
and R&S®ESW‑K55R bandwidth extension options also 
use CISPR detectors. R&S®ESW‑K55R is only avail-
able for instruments with the R&S®ESW‑B1000R or 
R&S®ESW‑B350R options.

Spectrogram for seamless spectrum display 
The R&S®ESW has a spectrogram function to analyze dis-
turbance signal behavior in the time domain in all operat-
ing modes. The spectrum for each time interval (i.e. mea-
surement time) is displayed as a horizontal line, with levels 
assigned different colors. The seamless recording has an 
acquisition memory depth of up to 100 000 frames. 

Real-time options

Option Real-time bandwidth CISPR 
detector(s)

Persistence 
mode

Spectrogram 
mode

Frequency mask 
trigger

Log-axis, 
limit lines and 
transducers

R&S®ESW-K55 1) 80 MHz • • •

R&S®ESW-K55R 2)

	►up to 970 MHz with 
R&S®ESW-B1000R
	►up to 350 MHz with 
R&S®ESW-B350R

• • •

R&S®ESW-K55E

	►60 MHz
	►up to 170 MHz with 
R&S®ESW-B350 or 
R&S®ESW-B1000

• • •

1)	 Not available if instrument is equipped with wideband extension option.
2)	 Requires R&S®ESW-B1000R or R&S®ESW-B350R wideband option (export restrictions apply). 
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IF analysis (middle) and scanned RF spectrum (bottom).

Persistence mode (spectral histogram) to clearly identify 
pulsed and continuous disturbances 
Frequently occurring signals are in red and sporadic 
signals in blue. If signals no longer occur at a specific 
frequency with a specific amplitude, the pixels will 
disappear after a user-defined persistence period. The 
different pulsed disturbances can also easily be distin-
guished from one another.

IF analysis function for displaying the spectrum around 
disturbance signals
The R&S®ESW IF analysis function provides a spectral dis-
play of an RF input signal of interest in a selectable range 
around the EMI receive frequency. The IF spectrum dis-
play can be coupled to the bar graph display for the cur-
rent receive frequency. Alternatively, the IF spectrum can 
be displayed together with the stored results of a preview 
measurement. The marker in the preview diagram can be 
used to control the center frequency of the IF spectrum 
(marker track function).

The IF spectrum center frequency always corresponds 
to the current receive frequency. The test receiver can be 
quickly and accurately tuned to the signal of interest. The 
IF spectrum also provides a detailed overview of spec-
trum occupancy around the measurement channel. Any 
received signals can be quickly classified as disturbance 
or useful signals. AM and FM audio can be demodu-
lated in parallel, making detected signals easier to iden-
tify and ambient interferers easier to exclude in open-area 
measurements.


