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AT A GLANCE

The high-performance FSW signal and spectrum analyzer helps engineers accomplish the most demanding
tasks. Its wide internal analysis bandwidth allows the characterization of wideband components and
communications systems. Its unparalleled phase noise facilitates the development of high-performance
oscillators such as those used in radars. A state-of-the-art multitouch display with gesture support ensures
straightforward and intuitive operation. An embedded SCPI recorder enables easy creation of executable

scripts.

The FSW offers up to 8.3 GHz analysis bandwidth for mea-
suring wideband-modulated or frequency agile signals like
those used in the new 5G New Radio standard or in auto-
motive and pulsed radars.

The 800 MHz real-time analysis bandwidth allows users
to monitor wide portions of the spectrum and trigger on
short duration signals.

The FSW can measure multiple standards simultaneously.
Users can quickly and easily detect and eliminate errors
caused by interaction between signals.

Featuring a multitouch display and intuitive menu struc-
ture, the FSW offers exceptional ease of operation. Various
measurements can be displayed simultaneously in sepa-
rate windows on the large 12.1" screen, which greatly
facilitates result interpretation.

Front view

FSW - Signal & Spectrum Analyzer - 2 Hz - 43.5 GHz
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Frequency range from 2 Hz to 90 GHz (up to 325 GHz
with external harmonic mixers from Rohde & Schwarz)
Low phase noise of =140 dBc (1 Hz) at 10 kHz offset,
-143 dBc at 100 kHz offset (1 GHz carrier)

60 dBc spurious-free dynamic range

for 2 GHz internal analysis bandwidth

Up to 8.3 GHz internal analysis bandwidth

800 MHz real-time analysis bandwidth with

2.4 million FFT/s, 0.46 us POI

Up to 1 GHz streaming bandwidth over the I/Q data
streaming interface

SCPI recorder simplifies code generation

Display with multitouch gesture support

Multiple measurement applications can be run and
displayed in parallel

Outstanding residual EVM (-49 dB for 100 MHz 5G UL
signals at 28 GHz) can be further improved with the
R&S®FSW-K575 1/Q noise cancellation option (-53 dB
for 320 MHz WLAN IEEE802.11be (Wi-Fi 7) signals at
6.905 GHz)
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OUTSTANDING RF PERFORMANCE

The FSW redefines the top of the line for signal and spectrum analyzers, offering superior RF performance
in terms of phase noise, displayed average noise level, intermodulation suppression and dynamic range for

ACLR and harmonic measurements.

Unmatched phase noise: ideal for measuring oscillators

for radar and communications applications

Developers of oscillators, synthesizers and transmit
systems benefit from the FSW analyzer’s excellent RF
performance for phase noise measurements. At 10 kHz
offset from the carrier, the FSW achieves a phase noise
of typical =140 dBc (1 Hz) for a 1 GHz carrier and typical
-131 dBc (1 Hz) for a 10 GHz carrier. It also has an excel-
lent close-in phase noise of typical =114 dBc (1 Hz) at
100 Hz offset. Depending on the frequency and offset
range, the FSW outperforms other high-end analyzers by
more than 10 dB.
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Excellent dynamic range for spurious measurements

thanks to low DANL

Featuring a low displayed average noise level (DANL) of
typical =159 dBm (1 Hz) at 2 GHz and —150 dBm (1 Hz) at
25 GHz without using a preamplifier, the FSW measures
spurious emissions quickly and reliably over a wide fre-
quency range. A built-in preamplifier reduces the DANL
further by over 15 dB and the analyzer’s switch-selected
noise cancellation improves the DANL by up to 13 dB. As
a result, users can identify even the smallest of spurious
emissions that were previously hidden in the noise floor,
and effectively optimize transmit systems.

Trace/Data
“| Ex/1mport

Phase noise at 10 kHz offset from a 10 GHz carrier:
typical =133 dBc (1 Hz)

1 Frequency Sweep NCAN e 1Rm View ©3Rm View e 4Rm Clrw
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2 Marker Table
Type Ref Trc X-Value Y-Value Function
M1 1 10.0 GHz -87.55 dBm
M2 3 10.0 GHz -98.51 dBm
10.0 GHz -105.12 dBm

Span 43.0 GHz

Function Result
-152.36 dBm/Hz
-163.63 dBm/Hz
-170.33 dBm/Hz
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Displayed average noise level (DANL) of an R&S®FSW43
with preamplifier and noise cancellation switched on/off
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Harmonic measurements made easy thanks to integrated
highpass filters

The FSW can optionally be equipped with switchable
highpass filters (R&S®FSW-B13) for carrier frequencies

up to 1.5 GHz for harmonic measurements on transmit
systems. This preselection clearly improves the dynamic
range compared with conventional spectrum analyzers.
External filters are no longer needed, which simplifies test
system setups.

High sensitivity even at low frequencies

The DANL of the FSW at low frequencies up to approxi-
mately 40 MHz is improved by routing the input signal
directly to the A/D converter. Even in the audio and
baseband frequency range it offers a high sensitivity of
—120 dBm (1 Hz) at 2 Hz, surpassing comparable analyzers
by up to 20 dB.

Image rejection up to 85 GHz

A YIG preselector at the input of the FSW ensures that
image frequencies are rejected and out-of-band interferers
are suppressed. The R&S®FSW8b signal and spectrum
analyzer features a YIG preselector for frequencies
between 8 GHz and 85 GHz. It provides image-free spec-
trum analysis at very high frequencies like those used in
automotive radar.

High accuracy

The FSW offers high level measurement accuracy. It mea-
sures signal levels with < 0.37 dB total measurement
uncertainty for frequencies < 8 GHz.

Residual EVM over signal power for a 100 MHz wide
5G NR downlink signal at 28 GHz

EVM in dB
5

EVM without R&S®FSW-K575

EVM with R&S®FSW-K575

-50 -40 -30 20 -10 0 10
Input power in dBm

Unparalleled dynamic range up to 1 GHz with separate
receive path

The FSW has a separate receive path optimized for fre-
quencies < 1 GHz. This yields a previously unattained
dynamic range, for example for measurements on radio
systems for public safety and security.

Ultrawideband filters in sweep mode

UWB regulations such as EN 302065 call for a 50 MHz
resolution filter to measure the peak power, a measure-
ment easily performed with the FSW. With its optional
resolution bandwidths of 20 MHz, 40 MHz, 50 MHz and
80 MHz, the FSW offers unique possibilities for wideband
signal testing.

Outstanding EVM performance up to the millimeterwave range
for wideband modulated signals

Thanks to its high dynamic range, the FSW achieves very
low EVM results across a wide range of input power. For a
100 MHz wide 5G NR signal at 28 GHz, it achieves a resid-
ual EVM below —49 dB.

R&S®FSW-K575 1/Q noise cancellation further reduces the
residual instrument EVM with a simple software upgrade
and without any hardware changes or second measure-
ment path. The option lets the FSW cover measure-

ment scenarios with very stringent EVM requirements.
R&S®FSW-K575 reduces the residual EVM for the FSW
to less than -53 dB for a 320 MHz wide and 4096QAM
WLAN IEEE802.11be (Wi-Fi 7) signal at 6.905 GHz.

Residual EVM over signal power for a 320 MHz
WLAN IEEE 802.11be signal at 6.905 GHz
(modulation order 4096QAM)

EVM in dB

EVM without R&S®FSW-K575

EVM with R&S°FSW-K575

45 40 -3 -30 -25 -20 -15 -10 -5 0 5 10
Input power in dBm
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SCALABLE ANALYSIS BANDWIDTH

The demand for analysis bandwidth is constantly increasing. The FSW with up to 8.3 GHz internal analysis

bandwidth is ready to take on this challenge.

Analysis bandwidth extensions for the different FSW models

Model Option

R&S®FSW-B80, R&S°FSW-B160,
R&S®FSW-B320, R&S®FSW-B512
R&S®FSW-B80, R&S®FSW-B160,
R&S®FSW-B320, R&S®FSW-B512
R&S®FSW-B80, R&S®FSW-B160,
R&S®FSW-B320, R&S®FSW-B512,
R&S®FSW-B1200, R&S®FSW-B2001

R&S°FSW8

R&S°FSW13

R&S°FSW26

R&S®FSW-B80, R&S°FSW-B160,
R&S®FSW-B320, R&S®FSW-B512,
R&S®FSW-B1200, R&S®FSW-B2001,
R&S®FSW-B4001, R&S®FSW-B6001,
R&S®FSW-B8001

R&S°FSW43

R&S®FSW-B80, R&S®FSW-B160,
R&S®FSW-B320, R&S®FSW-B512,
R&S®FSW-B1200, R&S°FSW-B2001,
R&S®FSW-B4001, R&S®FSW-B6001,
R&S®FSW-B8001

R&S°FSW50

R&S®FSW-B80, R&S®FSW-B160,
R&S®FSW-B320, R&S®FSW-B512,
R&S®FSW-B1200, R&S°FSW-B2001,
R&S®FSW-B4001, R&S°FSW-B6001
R&S®FSW-B8001

R&S°FSW67*

R&S®FSW-B80, R&S®FSW-B160,
R&S®FSW-B320, R&S®FSW-B512,
R&S®FSW-B1200, R&S®FSW-B2001,
R&S®FSW-B4001, R&S°FSW-B6001,
R&S®FSW-B8001

R&S°FSW85

Frequency range

" Available options: 28 MHz standard, 40 MHz, 80 MHz, 160 MHz, 320 MHz, 512 MHz.

2 Available options: 1.2 GHz and 2 GHz.

3 6.4 GHz and 8.3 GHz analysis bandwidth available for frequencies above 18 GHz and 18.5 GHz.

up to 512 MHz"

up to 2 GHz?

4 6.4 GHz analysis bandwidth available for frequencies from 18 GHz to 58 GHz. 8.3 GHz analysis bandwidth available for frequencies from 18.5 GHz to 57 GHz.

Recommended signal analysis bandwidth extensions for the different signal analysis applications

Standard applications and measurements on single carriers,
e.g. WCDMA, CDMA2000, TD-SCDMA, TETRA, NB-loT

LTE, WLAN IEEE802.11a/b/g/p signals

5G NR

WLAN IEEE802.11n signals

WLAN IEEE802.11ac, IEEE802.11ax and IEEE802.11be signals
HRP UWB WLAN IEEE802.15.4z

WLAN IEEE802.11ad signals

WLAN IEEE802.11ay signals

Component characterization and linearization
(amplifiers, frequency converters, etc.)

Pulsed radar
Wideband measurements on CW and frequency hopping radar systems

Automotive radar

28 MHz
Standard

40 MHz
R&S°FSW-B40

80 MHz 160 MHz

R&S°FSW-B80 R&S°FSW-B160
[

L] [ ]

L] [ ]
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4.4 GHz 6.4 GHz ® 8.3 GHz®

320 MHz 512 MHz 1.2 GHz 2 GHz 4.4 GHz 6.4 GHz 8.3 GHz
R&S°FSW-B320 R&S°FSW-B512 R&S°FSW-B1200 R&S°FSW-B2001 R&S°FSW-B4001 R&S°FSW-B6001 R&S°FSW-B8001

Rohde & Schwarz FSW Signal and Spectrum Analyzer 7



ADVANCED USER INTERFACE

The FSW is designed for convenience — with straightforward result display.

Toolbar

Quickly access frequently used functions
Load and save configurations

Take screenshots

Zoom graphs

Configure displayed items

v

vvyyvyy

12.1" high-resolution, multitouch display
» 1280 x 800 pixel resolution
» Multitouch operation

SCPI recorder
Simplified code generation for automatic,
remote controlled measurements

FSW - Signal & Spect{jum Analyzer - 2 Hz - 43.5 GHz
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Three USB 2.0 ports

» For storage media

» For connecting accessories

» For power sensors with USB connector




R&S®MultiView and R&S®Sequencer
» Display all tabs on one screen

» Measure consecutively

» Receive continually updated results
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Power Sensor Probe  Noise Source Control

Noise source control

» 28V DC power for noise sources
with BNC DC input

» Control with instrument firmware

Smart port
» For power meters
» For smart noise sources

Rohde & Schwarz FSW Signal and Spectrum Analyzer 9



BE AHEAD IN 5G AND OTHER
WIRELESS STANDARDS

To meet the increasing demand for wireless connectivity, network infrastructures and user equipment
need to accommodate diverse wireless technologies such as LTE, 5G NR, IEEE802.11 and NB-IoT. The
applications range from high speed wireless access to autonomous cars and artificial intelligence.

The FSW provides the right capabilities and measurement
applications with uncompromised performance for fast and
straightforward testing of numerous wireless standards
with their specific requirements and characteristics.

Analysis of 5G signals

The FSW 5G measurement applications simplify and
speed up in-depth analysis of the physical layer, allowing
you to test at higher frequencies and wider measurement
bandwidths and cover all the physical layer options speci-
fied in the standard with the best RF performance on the
market.

The R&S®FSW-K144 and R&S®FSW-K145 options cover
in-band measurements of 3GPP 5G NR in the downlink
and uplink in line with 3GPP 5G NR releases 15 and 16
(R&S®FSW-K148) as well as 17 (R&S®FSW-K171). Each
signal subframe is analyzed and a wide range of measure-
ment results are provided, including EVM, frequency and
power of different channels and signals.

With its wide internal analysis bandwidth of optionally up
to 8.3 GHz, the R&S®FSW-K144 can capture the entire
bandwidth of the downlink signal and allows you to evalu-
ate the complete system. Its high-performance digitizer
yields a low inherent error vector magnitude (EVM), pro-
viding new insight into designs. Another advantage is

that the bandwidth option is an internal FSW option. This
reduces both the size of the test setup and the amount of
cabling between components and also increases measure-
ment accuracy.

The R&S®FSW-K144 5G New Radio downlink measurement application
SARLENCERIED 2@

MultiView &8 Spectrum X 5GNR b3
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The R&S®FSW-K144 and R&S®FSW-K145 support all speci-
fied 5G signal bandwidths from 5 MHz to 2 GHz, with mul-
tiple numerologies, multiple bandwidth parts and modula-
tion formats from QPSK to 256QAM.

The R&S®FSW-K145 supports both the OFDMA and the
transform precoded modes in the uplink.

The R&S®FSW-K147 option enables combined measure-
ment of ACLR, SEM and EVM. R&S®FSW-K147C extends
the functionalities for multi-component carrier measure-
ments. Thanks to parallelized calculations and adaptable
trigger settings, the application offers significant speed
advantages. This is of particular interest for the over-the-air
(OTA) characterization of devices that require a large num-
ber of measurements.

To simplify signal analysis, several parameters are auto-
matically detected, which reduces the number of user set-
tings to a minimum.

For out-of-band measurements, a wide range of settings
and limit lines are provided for adjacent channel leakage
ratio and spectrum emission mask measurements.

The R&S®FSW-K175 option provides test models in line

with the O-RAN conformance specifications for 5G NR
and LTE.

The R&S®FSW-K106 NB-loT measurement application

3.8975 Mtz



Narrowband loT (NB-loT)

The R&S®FSW-K106 covers all three operating modes
(in-band, guard band and out-of-band) for base station
testing in line with the 3GPP specification. It delivers
signal modulation results as well as out-of-band spectral
measurements (ACLR and SEM). The timing alignment
measurement is included to be able to easily measure the
timing between transmitters in MIMO operation.

To simplify signal analysis, several parameters such as cell
ID and modulation formats are automatically detected.

Wireless connectivity: WLAN IEEE 802.11ax/be

The latest WLAN standards such as WLAN IEEE802.11be
aim to significantly increase data rates. To achieve a higher
throughput, WLAN IEEE802.11be has several new fea-
tures, including a channel bandwidth of up to 320 MHz.
The WLAN IEEE802.11be standard is an extension of the
WLAN IEEE802.11ax standard. Its aim is to improve sys-
tem capacity especially in scenarios that are interference
limited due to the high density of WLAN devices. The out-
standing performance of the FSW signal and spectrum
analyzer permits the precise signal analysis necessary
when characterizing DUTs with the R&S®FSW-K9TAX

and R&S®FSW-K91BE options. For a 320 MHz bandwidth
and 4096QAM modulation, the residual EVM is as low as
-50 dB in conjunction with the R&S®FSW-B320 option and
can be further improved and reduced to less than =53 dB
with the R&S®FSW-K575 1/Q noise cancellation option.

Ultrawideband (UWB) WLAN IEEE 802.15.4/4z

The ultrawideband (UWB) standard was developed a long
time ago for simpler near-field communications. The lat-
est WLAN 8802.15.4z revision was made in 2020 and

the UWB standard has become increasingly popular for
applications in the automotive, healthcare and indus-

try market segments. In addition to communications,
positioning capabilities are becoming ever more impor-
tant. This requires highly accurate chip clocks and chip

Analysis of a 320 MHz wide and 4096QAM modulated WLAN IEEE802.11be signal
using the R&S®FSW-K91BE option.
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frequency. The R&S®FSW-K149 option, together with the
R&S®FSW-B1200 or R&S®FSW-B2001 bandwidth exten-
sion option, enables precise analysis of UWB signals and
PSD measurements on up to 1.355 GHz wide channels.

WiGig WLAN IEEE 802.11ad/ay: very high data rates at 60 GHz
The WLAN IEEE802.11ad standard provides data through-
put speeds of up to 7 Gbps with a channel bandwidth

of 2.16 GHz bandwidth in the 60 GHz ISM band. WLAN
IEEE802.11ay bonds up to four of those channels together
for transmission rates of 20 Gbit/s to 40 Gbit/s.

The R&S®FSW67 and R&S®FSW8b signal and spectrum
analyzers, which are equipped with the R&S®FSW-B2001
and the special R&S®FSW-K95 WLAN IEEE802.11ad mea-
surement option, are the only one-box solutions on the
market that cover WLAN |IEEE802.11ad applications.

In addition, the R&S®FSW85 with optional bandwidth
extensions up to 4 GHz, 6.4 GHz or 8.3 GHz
(R&S®FSW-B4001/-B6001/-B8001) and a dedicated

WLAN IEEE802.11ay measurement application
(R&S®FSW-K97) allows an easy WLAN IEEE802.11ay
analysis. Using the 8.3 GHz analysis option, up to four
bonded channels can be evaluated at the push of a button.

Bluetooth® BR/EDR/Low Energy

Modern communications devices and smartphones use
various radio standards such as LTE, 5G NR, Wi-Fi, UWB
and Bluetooth®. The FSW signal and spectrum analyzer is
a single instrument for analyzing various modern devices
in line with dedicated standards. The R&S®FSW-K8
Bluetooth® measurement application supports modulation
characteristic measurements in 1/Q mode and ACP/in-band
trace emission measurements in swept spectrum mode.

It also supports basic rate (BR), enhanced data rate (EDR)
and Bluetooth® Low Energy signal measurements to cover
mandatory output power, carrier frequency stability, modu-
lation accuracy and adjacent channel power (ACP).

HRP UWB signal analysis with the R&S®FSW-K149 high rate pulse repetition
frequency ultrawideband measurement application.
CEIAFIERY [ BT SR =R EAEN

X HRP UWB X

100.0 s/
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EXTENSIVE RADAR ANALYSIS FUNCTIONS

Extensive analysis functions and fast identification of spurious emissions are essential prerequisites when
testing modern radar systems with their wideband signals, intrapulse modulation techniques and frequency

hopping capabilities.

Fast and comprehensive radar signal analysis

The R&S®FSW-K6 pulse measurement application mea-
sures all relevant pulse parameters such as pulse duration,
pulse period, pulse rise and fall times, power drop across
a pulse and intrapulse phase modulation at the touch of
a button. It produces a trend analysis over many pulses.
The user selects which results to display simultaneously
on the screen. The FSW delivers a full picture of a radar
system within seconds. The segmented I/Q capture func-
tion ensures that 1/Q data is timestamped and stored in
memory only when a pulse is detected. This feature sig-
nificantly increases the analysis period — by a factor of
nearly 1000 for pulse lengths less than 1 us and a 1 kHz
pulse repetition interval (PRI). With up to 8.3 GHz inter-
nal analysis bandwidth, the FSW is ready to support the
design of ultrawideband radar.
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Detailed pulse compression radar measurements

The R&S®FSW-KBS time sidelobe measurement option
measures the pulse compression parameters and helps
evaluate the degradation of radar performance caused,
for example, by modulators and exciters. You can import
any 1/Q based reference waveform in I/Q data file format,
allowing the use of confidential, proprietary waveforms.
The R&S®FSW-KBS also supports reference waveforms
captured with the FSW and stored in 1/Q data file format
as well as built-in waveforms such as Barker and polyno-
mial FM.

Characterization of transient chirp and hop signals

The R&S®FSW-KB0/-K60C transient analysis option/chirp
measurement option characterizes FMCW signals such as
those used in car radar sensors.

Equipped with the R&S®FSW-K6 pulse measurements option,
the FSW delivers pulse parameters at the touch of a button.

Peak
Correlation
(€]

Pulse compression parameters and correlated magnitude display
of a chirped pulse are shown with the R&S®FSW-K6S option.



The FSW automatically calculates the chirp rate and the
deviation from the ideal FMCW chirp to enable efficient
radar sensor optimization.

The R&S®FSW-K60 with the R&S®FSW-K60H transient hop
measurement option is a convenient tool for analyzing
signals with fast channel-switching characteristics such

as those that occur in frequency hopping radios. Results
include dwell time/hop, switching time, frequency and
deviation.

Pulse compression measurement setup with the
R&S®FSW-K6/-K6S measurement option

FSW signal and spectrum analyzer
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The R&S®FSW-KB0P transient phase noise extension adds
phase noise measurements to individual chirps or hops in
the measurement results.

The analyzer shows trends and performs statistical
analyses on all pulse, chirp and hop parameters. Trend
analysis allows you to quickly identify the effects of supply
voltages (or their frequencies, such as 50 Hz or 400 Hz)
and to rapidly verify frequency hopping patterns and
changes in the pulse repetition interval.

Fast and reliable detection of spurious emissions

In order to measure the low levels of spurious emissions,
it is often necessary to reduce the resolution bandwidth,
which increases the measurement time. The R&S®FSW-K50
spurious measurement option automates spurious
searches, which are performed faster than the standard
spurious search measurements available in spectrum ana-
lyzers. You only need to enter the frequency range and the
desired spur detection level. The application calculates the
optimum resolution bandwidth (RBW) for measuring at
each frequency. The R&S®FSW-K50 spurious search option
is significantly faster than conventional spurious search
methods for measurements at —120 dBm or below.
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Analysis of an FMCW signal with the R&S®FSW-K60C option
and 8.3 GHz analysis bandwidth
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